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ear  Colleagues,

ecently,  on  June  18,  2025,  the  Journal  of  Citation  Reports
eleased  the  metrics  for  2024  of  the  96  audited  journals
n  Dermatology  and  related  specialties.  The  various  met-
ics  calculated  are  intended  to  show  the  performance  of  the
ournals  and  define,  even  if  this  is  not  an  explicit  intention,
nd  there  may  be  biases,  their  ranking  in  their  respective
reas  of  activity  or  specialty.  And  once  again,  we  are  happy
o  be  able  to  communicate  to  the  national  and  international
ermatology  community  the  progress  of  the  Impact  Factor
IF),  and  items  contributing  to  the  composition  of  the  IF  and
iteScore  of  the  Anais  Brasileiros  de  Dermatologia  (ABD).  It

s  important  to  emphasize  that  we  understand  this  as  a  col-
ective  achievement,  the  result  of  the  efforts  of  the  body  of
cientific  and  Technical  Editors,  the  contributions  of  count-
ess  Authors,  and  the  quality  of  the  voluntary  work  of  the
eviewers.  Although  the  metrics  are  somewhat  distinct  in
heir  calculation  methodologies,  the  different  metrics  allow
everal  inferences  and  are  indicative  of  paths  to  be  main-
ained  and  others  to  be  corrected  and  improved.

The  IF  of  ABD  for  2024  increased  to  3.6;  one  point  above
he  IF  for  2023.1 This  progress  places  us  in  18th  place  among
he  96  evaluated  international  journals,  therefore  in  the  first
uartile  -  Q1,  and  in  the  3rd  place  among  Brazilian  medical
ournals.  Resulting  from  practically  constant  growth  since
he  indexing  of  ABD  in  PubMed/Medline  in  2009,  considering
he  values  of  its  first  IF  =  0.337  (2010).  The  CiteScore,  which
ses  methodology  and  databases  from  different  source  jour-

als,  also  increased,  albeit  from  a  modest  0.1  to  2.5.  It  is
bvious  that  these  advances,  particularly  in  the  IF,  are  very
elcome,  but  they  do  not  satisfy  or  content  us,  since  the

� Study conducted at the Department of Infectology, Dermatol-
gy, Diagnostic Imaging and Radiotherapy, Universidade Estadual
aulista, Botucatu, SP, Brazil.
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ttps://doi.org/10.1016/j.abd.2025.501168
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
igor  and  productivity  of  Ibero-Latin  American  dermatology
ualify  us  for  positions  of  greater  prominence.  Anyhow,  such
esults  justify  the  celebrations  of  ABD  on  its  centenary.

The  metrics  and  auxiliary  data  provided  allow  Editors
o  identify  areas  or  subjects  with  the  greatest  impact
nd  repercussion  and,  consequently,  to  expand,  as  much
s  possible,  the  space  allocated  to  such  topics.  Likewise,
o  identify  subjects  or  topics  with  less  or  no  repercus-
ion  and  impact.  The  ABD  has  historically  been  a  journal
ith  multiple  subjects  and  of  interest  to  readers,  as  it
rioritizes  the  most  classic  clinical  dermatology,  allocating
pace  to  aesthetic  and  surgical  dermatology,  and  also  to
ropical  and  infectious  dermatology  and  dermatopathology.
nd,  it  uses  the  ‘‘Letters’’  resource  with  fewer  words  and
gures,  to  expand  the  allocated  space  to  portray  the  indis-
utable  wealth  of  the  clinical  and  therapeutic  universe  in
ermatology.2---6

The  numbers  reported  above  suggest  that  we  are  on  the
ight  track:  a  journal  with  multiple  sections,  robust  in  its
mphasis  on  clinical  dermatology  in  its  broadest  sense,  and
hat  remains  demanding  in  the  intellectual,  visual,  and  edi-
orial  quality  of  the  articles.  However,  we  want  to  go  further,
nd  in  2025,  the  ABD  will  start  publishing  35  articles  per
ssue,  or  15%  more,  as  an  essential  initiative  to  avoid  a
acklog  of  approved  articles  awaiting  publication.  Further-
ore,  what  we  believe  to  be  of  great  importance  in  terms  of

ncreasing  the  visibility  and  equalization  of  articles:  starting
ith  volume  101  (1),  the  ABD  will  be  published  exclu-

ively  in  English,  both  online  and  in  print,  without  changing
ts  historic  and  century-old  name.7 Therefore,  starting  in
eptember  2025,  all  articles  will  have  to  be  submitted  in
nglish.

We  will  continue  to  count  on  the  financial  support  and
nfrastructure  of  the  Brazilian  Society  of  Dermatology  and

n  the  quality  of  the  Authors  and  Reviewers  who  honor  us
ith  their  work,  observations,  and  dissemination.

We  would  like  to  give  our  thanks  to  all  of  you.

lsevier España, S.L.U. This is an open access article under the CC

https://doi.org/10.1016/j.abd.2025.501168
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2025.501168&domain=pdf
https://doi.org/10.1016/j.abd.2025.501168
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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Abstract  The  guidelines  project  of  the  Brazilian  Society  of  Pathology  aims  to  disseminate  rec-
ommendations  for  pathologists,  surgeons,  and  clinicians,  based  on  solid  data  from  the  literature
and through  adaptations  of  international  guidelines  to  the  reality  of  Brazilian  physicians.  This
article is  the  result  of  the  efforts  of  a  group  of  pathologists,  members  of  the  Dermatopathology
Melanoma;
Microscopy;
Pathology

Committee  of  the  Brazilian  Society  of  Pathology,  focused  on  melanocytic  diseases,  who,  through
topics, established  pertinent  recommendations  for  clinicians  and  surgeons  for  the  accurate  diag-
nosis of  melanocytic  lesions  suspected  of  melanoma.  This  article  aims  to  clarify  the  best  way  to
perform excision  in  cases  of  suspected  melanocytic  lesions,  as  well  as  the  pre-analytical  care

� Study conducted at the Brazilian Society of Pathology, São Paulo, SP, Brazil.
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related  to  the  material,  how  to  interpret  the  anatomopathological  report,  and  the  situations  in
which immunohistochemical  and  molecular  studies  can  be  auxiliary  tools  for  diagnosis  and/or
therapy.
© 2025  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Sociedade  Brasileira  de  Dermatologia.
This is  an  open  access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/
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ccording  to  data  from  the  Global  Cancer  Observatory
GLOBOCAN),  in  2022,  331,647  new  cases  and  58,645  deaths
rom  cutaneous  melanoma  were  identified1;  the  primary
kin  tumor  is  the  most  lethal  and  there  is  a  tendency  for
ncreased  mortality  from  this  neoplasm  in  the  elderly  Brazil-
an  population.2 Moreover,  national  data,  in  agreement  with
he  international  literature,  indicate  an  increase  in  the  inci-
ence  of  melanoma  cases  in  a  time  series,3,4 with  stability
f  histological  subtypes  that  show  early  invasive  behavior,
hich  corresponds  to  a  considerable  fraction  of  specific
ortality.3 Patients  with  clinically  suspicious  pigmented  skin

esions  should  preferably  undergo  (whenever  possible)  surgi-
al  excision  (excisional  biopsy),5 since  the  diagnosis  remains
natomopathological,  despite  all  the  advances  in  molecular
athology  and  in-vivo  imaging  tools  regarding  the  knowl-
dge  of  these  neoplasms.6 As  is  also  the  case  with  most
alignant  neoplasms  in  other  sites,  an  accurate  early  diag-

osis  of  cutaneous  melanoma  is  associated  with  a  better
rognosis.7,8 In  addition,  the  creation  of  standardized  pro-
ocols  for  collection,  preparation,  analysis,  and  structured
eports  is  essential  for  the  correct  monitoring  of  these
atients9 and  to  ensure  the  integrity  of  the  material  for
ossible  complementary  studies  (immunohistochemical  and
olecular  ones),  when  applicable.
It is  worth  noting  that  this  guideline  was  developed  by  the

razilian  Society  of  Pathology  (SBP,  Sociedade  Brasileira  de
atologia),  which  created  a  working  group  of  experts  in  the
rea  to  evaluate  the  literature,  Brazilian  legislation,  classic
ooks,  and  international  recommendations  to  propose  a  pro-
ocol  oriented  to  the  reality  of  health  care  in  the  country.
hese  recommendations  will  be  published  in  two  articles,
ith  similar  and  complementary  content.  The  present  arti-
le  was  written  with  a  focus  on  clinicians  and  surgeons,
hile  another  article,  aimed  at  pathologists,  will  be  pub-

ished  in  the  journal  Surgical  and  Experimental  Pathology,
f  SBP.  The  present  article  aims  to  clarify  the  best  way  to
erform  excision  in  cases  of  suspicious  melanocytic  lesions,
s  well  as  the  pre-analytical  care  with  the  material,  how
o  interpret  the  anatomopathological  report,  and  the  situa-
ions  in  which  immunohistochemical  and  molecular  studies
an  be  auxiliary  tools  for  diagnosis.  Table  1  shows  the  list  of
ll  recommendations  in  this  article.

urgical procedure

roviding  an  appropriate  biopsy  and  a  pertinent  clinical  his-

ory  is  essential  for  the  diagnosis  and  accurate  prognosis  of
elanoma.5 In  cases  of  lesions  suspected  of  melanoma,  an

xcisional  biopsy  with  exiguous  free  margins  should  be  the
referred  approach.  Occasionally,  an  incisional  biopsy  may
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e  considered  the  first  approach  in  very  large  lesions  or  in
esions  located  in  regions  of  aesthetic  or  functional  inter-
st.  Shaving  biopsy  is  expressly  contraindicated  because  it
ay  add  difficulties  to  the  histopathological  diagnosis  and,

n  the  future,  compromise  the  correct  determination  of  the
reslow  index  (thickness).10---12 The  use  of  the  Mohs  surgery
echnique  is  not  validated  for  the  approach  to  melanocytic
esions  and  may  also  compromise  the  accurate  diagnosis  of
hese  lesions.13

After  the  procedure,  the  biopsy/surgical  specimen  must
e  immediately  submerged  in  a  clean,  transparent,  wide-
outhed,  well-sealed,  and  accurately  identified  container

ontaining  buffered  formalin  (10%  buffered  formaldehyde)
n  a  volume  approximately  10  to  20  times  the  size  of  the
pecimen  (Fig.  1).  The  ideal  fixation  time  may  vary  between
ix  and  72  hours.  It  is  expressly  contraindicated  to  send
pecimens/biopsies  in  other  media  such  as  petroleum  jelly,
lcohol,  or  saline  solution.  All  of  these  measures  are  impor-
ant  to  maintain  the  morphological  integrity  of  the  tissue,
s  well  as  the  proteins  and  genetic  material  of  the  tumor
ells;  potential  future  targets  of  immunohistochemical  and
olecular  studies,  respectively.11 To  ensure  that  the  forma-

in  used  is  buffered,  direct  communication  with  the  person
n  charge  of  the  hospital  unit  or  with  the  partner  pathol-
gy  laboratory  is  suggested.  To  prevent  excessive  fixation
f  the  materials,  the  ideal  is  not  to  perform  surgical  exci-
ion  (excisional  biopsy)  on  the  eve  of  holidays,  or  even
n  the  late  afternoon  on  Fridays,  if  the  partner  laboratory
oes  not  have  processing  hours  on  Saturday.  Avoid  perform-
ng  surgical  excision  in  an  institution/clinic  that  does  not
ave  agile  flow  logistics  for  sending  samples  for  processing
nd  analysis  to  prevent  long  periods  of  exposure  to  forma-
in  and  material  overfixation.  It  is  important  to  highlight
he  impossibility  of  processing  and  diagnosing  skin  lesions
n  the  same  day  as  the  lesion  is  removed  since  the  min-
mum  time  for  fixation  and  histological  processing  must
e  taken  into  account.  It  is  also  essential  that  only  one
xcision  specimen  be  placed  in  each  container  to  allow
orrect  lesion  identification  with  the  final  histopathological
iagnosis.

Handling  of  the  surgical  specimen  after  removal  must  be
areful  to  prevent  causing  crushing  artifacts.14 The  use  of
lectrocautery  should  be  cautious,  since,  if  excessive,  it  may
mpair  the  assessment  of  the  lesion  edges.15

Recommendation  1:  In  cases  of  suspected  melanoma,
xcisional  biopsy  with  exiguous  margins  (1-3  mm)  should  be
he  preferred  approach.

Recommendation  2:  After  removal,  the  biopsy/surgical
pecimen  should  be  immediately  submerged  in  an  appro-

riate  container  containing  buffered  formalin  (10%  buffered
ormaldehyde)  in  a  volume  approximately  10  to  20  times  the
ample  size.
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Table  1  Summary  of  recommendations.

Recommendation  1  In  the  case  of  suspected  melanoma,  excisional  biopsy  with  exigous  margins  (1---3  mm)  should
be the  preferred  approach.

Recommendation  2  After  removal,  the  biopsy/surgical  specimen  should  be  immediately  submerged  in  an
appropriate  container  containing  buffered  formalin  (10%  buffered  formaldehyde)  in  a  volume
approximately  10  to  20  times  the  sample  size.

Recommendation  3 Clinical  information,  especially  patient  age  and  sex,  as  well  as  lesion  location  and  size,  are
essential  data  for  the  accurate  microscopic  diagnosis  of  melanocytic  lesions.

Recommendation  4  Whenever  possible,  include  all  the  material  sent  in  case  of  lesions  suspected  of  melanoma.
Clinicians  and  surgeons  are  advised  to  verify  whether  this  recommendation  was  followed  by
carefully reading  the  macroscopy  section  of  the  anatomopathological  report.

Recommendation  5  Immunohistochemical  studies  are  not  essential  for  the  microscopic  diagnosis  of  melanoma,
being reserved  for  selected  cases,  indicated  by  the  pathologist  in  the  report,  often  through
comments  and  notes.

Recommendation  6  Perioperative  examination  is  contraindicated  for  both  diagnosis  and  margin  evaluation  of
melanocytic  lesions.

Recommendation  7  Perioperative  examination  is  contraindicated  for  sentinel  lymph  node  evaluation  in  cases  of
cutaneous  melanoma.

Recommendation  8 Molecular  testing  to  detect  mutations  in  the  BRAF  gene  is  recommended  in  the  scenario  of
patients with  high-risk  stage  2,  3  and  4  melanoma,  using  a  sample  with  adequate  neoplastic
representation  and  a  molecular  te

Figure  1  The  correct  way  to  store  the  specimen  is  using  a
volume of  10%  buffered  formalin  greater  than  10---20  times  the
volume  of  the  specimen  (bottom  right  image).  It  is  not  accep-
t
d
g

R

I
r

f
i
l
b
i

t
r
s
a
o
p
s
r

m
p
m
a
i
m
(
r
i
o
l
a
(
r
o
s
O
o
g

able to  send  the  material  without  formalin,  in  a  volume  that
oes  not  cover  the  specimen  in  its  entirety  or  in  a  volume  slightly
reater  than  the  volume  of  the  specimen.
equest for anatomopathological examination

n  the  absence  of  a  specific  request  form  from  the  labo-
atory,  the  request  may  be  performed  using  a  prescription
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chnique  duly  validated  by  the  laboratory.

orm  containing  the  physician’s  identification,  date  and  min-
mum  patient  identification  information  (always  consider  at
east  three  parameters,  for  example,  full  name,  date  of
irth  and  CPF  (Brazilian/Cadastro  de  Pessoa  Física)  or  other
dentification  document).16

It  is  essential  to  send  the  clinical  history  and  derma-
ological  description  of  the  lesion  (Fig.  2),  its  evolution,
esults  of  complementary  exams  and  diagnostic  hypothe-
es,  as  they  are  part  of  the  prerequisites  for  a  full  report
nd  may  influence  the  diagnostic  decision  in  the  case
f  melanocytic  lesions.  Sex,  location  of  the  lesion  and
atient  age  are  the  minimum  data  for  microscopic  analy-
is  without  which  a conclusive  and  adequate  diagnosis  is  at
isk.8,17,18

Among  the  most  relevant  data  for  the  analysis  of  a
elanocytic  lesion  are:  a)  Age:  Age  range  affects  the  inter-
retation  of  microscopic  findings.  For  example,  the  same
icroscopic  findings  that  would  lead  to  the  diagnosis  of

cral  melanoma  in  an  elderly  patient  may  not  character-
ze  malignancy  in  a  pediatric  patient.  b)  Location:  Benign
elanocytic  lesions  located  in  so-called  ‘‘special  sites’’

e.g.,  scalp,  genitalia,  breast  line,  auricule,  and  flexural
egions)  may  present  microscopic  and  dermoscopic  find-
ngs  simulating  malignancy  that  would  not  be  admissible  in
ther  anatomical  locations.  c)  Clinical  description  of  the
esion:  ABCDE  rule  (asymmetry,  borders,  color,  diameter,
nd  evolution),  as  well  as  any  other  relevant  information
e.g.,  increase  in  size,  changes  in  characteristics,  occur-
ence  of  trauma,  results  of  previous  biopsies,  appearance
f  ulceration,  mainly).  d)  Clinical  history:  Pregnancy,19 per-
onal  and  family  history  of  melanoma  and  dysplastic  nevi.  e)
ther  tests:  Description  of  dermatoscopy  and,  if  applicable,
ther  complementary  tests  (e.g.,  confocal  microscopy  and
ermline  genetic  testing)6,20,21 (Figs.  3  and  4).

Recommendation  3:  Clinical  information,  especially
atient  age  and  sex,  as  well  as  lesion  location  and  size,

re  essential  data  for  the  accurate  microscopic  diagnosis  of
elanocytic  lesions.
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Figure  2  Color  variation  in  melanocytic  lesions  reflects  the  location  of  the  melanin  pigment  in  the  skin.  The  schematic  drawing
shows the  correspondence  of  the  colors/tones  of  melanoma  in  the  dermoscopic  examination  according  to  the  melanin  deposit:  black
in the  stratum  corneum,  brown  in  the  basal  layer  of  the  epidermis,  and  bluish/gray  in  the  dermis.

Figure  3  Traumatized  nevi  are  a  good  example  of  the  need  for  clinical-pathological  correlation.  See  the  panoramic  image  of  a
nevus on  the  thigh  of  a  44-year-old  female  patient.  The  remaining  nevus  can  be  seen  on  the  left,  the  central  fibrosis  and  the  dermal
inflammatory  infiltrate  with  melanophages  on  the  right  (A)  Hematoxylin  &  eosin  ×40.  In  detail,  the  remaining  intradermal  nevus
and the  fibrosis  parallel  to  the  direction  of  the  epidermis,  Hematoxylin  &  eosin  ×200  (B).  In  detail,  the  inflammatory  infiltrate
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submitted  to  microscopic  analysis,  how  many  blocks  were
ith melanophages,  Hematoxylin  &  eosin  ×200  (C).  Presence  of
raumatized melanocytic  lesions,  Hematoxylin  &  eosin  ×400.

re-analytical laboratory evaluation

he  macroscopic  description  consists  of  measuring  the  skin
ragment  received  and  a  direct  but  detailed  description  of
he  identified  lesion  (Fig.  5).  Every  anatomopathological
eport  includes  the  macroscopic  description,  which  is  usu-
lly  found  just  below  the  clinical  information.  This  allows
orrelation  with  data  from  the  surgical  specimen  sent.  Ide-

lly,  the  specimen  should  be  included  in  its  entirety.  In  cases
f  very  large  and  clearly  advanced  lesions  (e.g.  amputation
roducts  with  evident  bone  infiltration),  detailed  sampling
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ical  proliferated  junctional  melanocytes,  a  common  finding  in

ay  be  an  option.  To  verify  whether  all  the  material  has
een  included,  one  should  simply  read  the  statement  at  the
nd  of  the  macroscopy.  It  is  also  possible  to  verify  in  the
acroscopic  description  how  many  paraffin  blocks  resulted

rom  the  material  inclusion,  which  must  be  identified.
See  below,  for  instance,  the  macroscopic  description  of

elanoma,  in  which  it  is  highlighted  that  all  the  material  was
enerated  from  the  specimen  (five  blocks),  and  how  many
ragments  were  placed  in  each  block  (blocks  1  and  2  contain
ix  fragments  and  the  other  blocks  contain  one  fragment
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Figure  4  Another  example  of  the  importance  of  anatomical-clinical  correlation:  intradermal  melanocytic  nevus  removed  for
aesthetic purposes  from  a  14-year-old  female  patient.  Panoramic  view  of  the  intradermal  nevus  (A),  Hematoxylin  &  eosin  ×40.
Melanocytes  arranged  in  nests  with  maturation  to  depth  (B)  Hematoxylin  &  eosin  ×100  and  no  signs  of  atypia  (C)  Hematoxylin  &
eosin ×200.  The  presence  of  atypical  deep  mitosis  in  the  center  of  

& eosin  ×1000.

Figure  5  Macroscopic  image  of  acral  melanoma  with  a
small discontinuous  lesion  (A)  and  a  large  tumor  component
(B). The  identification  of  satellites/microsatellites/cutaneous
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etastases  influences  staging  and  can  occur  through  detailed
acroscopic  examination.

ach):  ‘‘Approximately  circular  skin  fragment  measuring
.0  ×  2.5  ×  0.8  cm  showing,  in  the  center,  a  brownish  pig-
ented  lesion  with  irregular  borders,  with  blackened  areas

easuring  1.8  ×  1.2  cm  and  0.2  cm  from  the  closest  margin.
All  the  material  was  submitted  for  histological  analysis.

egend:  1:  Extremity  (6F);  2:  Extremity  (6F);  3:  Central  por-
ion  (1F);  4:  Central  portion  (1F);  5:  Central  portion  (1F)’’.
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the  image,  which  does  not  change  the  diagnosis,  Hematoxylin

Recommendation  4:  Whenever  possible,  include  all  the
aterial  in  case  of  lesions  suspected  of  melanoma.  Clin-

cians  and  surgeons  are  advised  to  verify  whether  this
ecommendation  was  followed  by  carefully  reading  the
acroscopy  section  of  the  anatomopathological  report.

icroscopy

ollowing  current  international  recommendations,10,11 the
elanoma  excision  report  should  contain  the  following
arameters:  histological  type;  Breslow  index  (maximum
umor  thickness)  measured  in  millimeters,  considering  only
ne  decimal  place  (after  the  period)  and  drawing  a  straight
ine  between  the  deepest  tumor  cell  and  the  most  superficial
ell  of  the  granulosa  layer;  presence/absence  of  ulcera-
ion;  mitotic  index  in  the  ‘‘hot  spot’’  with  the  mitosis  count
er  1  mm2 area;  angiolymphatic  invasion;  perineural  inva-
ion;  presence/absence  of  satellitosis;  presence/absence
f  associated  nevus;  surgical  margin  status  and  anato-
opathological  staging  (Figs.  6---8).  Margin  widening  is  part

f  melanoma  treatment  regardless  of  staging,  so  it  is  not
ecessary  to  measure  the  tumor  distance  in  relation  to
he  margin.  The  main  parameters  for  melanoma  staging
re  the  Breslow  index  and  the  presence  of  ulceration,
hich  define  cutaneous  melanoma  staging.10,11 A  recent

razilian  study  also  demonstrated  a  significant  association
etween  these  two  parameters  and  the  result  of  the  sentinel
ymph  node  and  patient  survival  with  invasive  cutaneous
elanoma.22 The  following  items:  Clark  level,  growth  phase,
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Figure  6  Example  of  a  structured  report.  It  is  important  to  note  that  some  cases  do  not  require  notes  and  services  have  the
autonomy to  adapt  the  structure  by  inverting  the  order  or  merging,  for  example,  microscopy  with  diagnosis.
6
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Figure  7  The  histological  section  (Hematoxylin  &  eosin  ×40)
shows  the  primary  melanoma  in  vertical  growth  (A)  and
microsatellite  (B)  in  the  dermis.  The  microsatellite  is  characte-
rized by  discontinuous  tumor  proliferation,  adjacent  to  the  main
tumor,  permeated  by  normal  tissue,  without  findings  of  inflam-
matory  infiltrate  or  fibrosis  that  could  suggest  tumor  regression.

Figure  8  The  histological  section  (Hematoxylin  &  eosin  ×40)
shows  melanoma  (A)  associated  with  intradermal  melanocytic
nevus  (B).  The  melanoma  is  characterized  by  nests  of  atypical
melanocytic  cells  without  signs  of  maturation  and  exhibit-
ing moderate  nuclear  pleomorphism  (A).  Below  (B)  small
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elanocytic  cells  can  be  observed,  scattered  throughout  the
ermis,  exhibiting  scarce  cytoplasm  and  no  cytological  atypia.

resence/absence  of  peri-  and  intratumor  inflammatory
nfiltrate  and  presence/absence  of  regression  have  been  los-
ng  value  in  recent  years,  and  are  no  longer  mandatory  in  the
eport.11

Ulceration  is  defined  by  the  combination  of  the  following
icroscopic  findings:  complete  loss  of  epidermis  (including

he  absence  of  stratum  corneum  and  basement  membrane);

vidence  of  reactive  changes  (e.g.,  presence  of  fibrino-
eukocyte  infiltrate);  and  thinning/effacement  or  reactive
yperplasia  of  the  adjacent  epidermis  in  the  absence  of
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ecent  trauma  or  surgical  procedure.11 If  the  ulceration
s  secondary  to  a prior  biopsy,  it  should  not  be  reported
nd/or  considered  for  staging  purposes.10,11 Unlike  invasive
elanomas,  the  presence  of  ulceration  does  not  alter  the

taging  of  cases  of  melanoma  ‘‘in  situ’’.10,11 Furthermore,
t  is  suggested  that  ulceration  extent  is  a more  accurate  pre-
ictor  of  survival  than  the  simple  presence  of  ulceration  in
ases  of  invasive  cutaneous  melanomas.23,24

Considering  the  latest  editions  of  the  World  Health
rganization  classification  of  skin  tumors,  the  histological
ubtype  definition  was  redefined  considering  the  car-
inogenesis  pathways  and  the  most  frequently  mutated
enes  in  each  histological  subtype.  In  general  terms,
he  four  most  common  subtypes  (superficial  spreading,
entigo  malignant  melanoma,  acral  and  nodular)  were
edivided  into:  melanoma  associated  with  chronic  sun  expo-
ure/high  cumulative  sun  damage  (which  includes  cases  of
entigo  malignant  melanoma  and  some  cases  of  nodular
elanomas),  melanoma  associated  with  intermittent  sun

xposure/low  cumulative  sun  damage  (which  includes  cases
f  superficial  spreading  melanoma  and  some  cases  of  nodular
elanomas)  and  acral  melanomas  for  which  the  relationship
ith  sun  exposure  is  not  yet  clear.  Some  less  common  types,

uch  as  the  Spitz  melanoma  group,  may  require  molecular
onfirmation  for  correct  diagnosis.6

Regarding  the  evaluation  of  the  lymphocytic  inflamma-
ory  infiltrate,  it  can  be  classified  as  absent,  present  but
ot  active  (‘‘non-brisk’’),  or  active  (‘‘brisk’’).  To  be  consid-
red  active,  the  presence  of  lymphocytes  among  the  tumor
ells  is  not  necessary,  since  the  inflammatory  cells  may
nly  be  on  the  lesion  periphery  (border).  Although  it  is  an
ptional  item  in  the  report,  the  prognostic  value  of  lym-
hocytes  permeating  or  infiltrating  melanoma  cells  remains
nder  discussion.25,26

Aiming  at  performing  the  anatomopathological  diagno-
is  of  melanocytic  lesions  in  diagnostic  categories  based
n  risk  stratification,  rather  than  on  the  classic  histolog-
cal  diagnosis,  the  system  that  receives  the  English  name
‘The  Melanocytic  Pathology  Assessment  Tool  and  Hierarchy
or  Diagnosis  (MPATH-Dx)’’  was  created  in  2014.27 Version
.0  of  this  system  was  published  in  2023,  which  shows  four
iagnostic  classes:  class  I  for  lesions  with  a  very  low  risk
f  progression  to  invasive  melanoma  (e.g.,  dysplastic  nevi
ith  low-grade  cytological  atypia),  class  II  for  lesions  with  a

ow  risk  of  progression  to  invasive  melanoma  (e.g.,  dysplas-
ic  nevi  with  high-grade  cytological  atypia  and  melanoma
‘in  situ’’), class  III  for  lesions  with  a  low  risk  of  metas-
asis  (e.g.,  melanoma  stage  pT1a)  and  class  IV  for  lesions
ith  a  moderate  to  high  risk  of  metastasis  (e.g.,  melanomas

tage  ≥  pT1b).9 It  is  believed  this  classification  system  would
ncrease  diagnostic  agreement  between  services,  reducing
cademic  discussions  that  are  not  relevant  to  patient  mon-
toring  but  are  often  not  understood  by  the  lay  public.  To
ite  an  example,  it  would  be  the  differentiation  between
elanoma  ‘‘in  situ’’ and  dysplastic  nevus  with  high-grade

ytological  atypia  since  both  lesions  would  be  classified  as
lass  II  of  MPATH-Dx9 and  patients  would  have  to  undergo
urgical  margin  expansion.  Categorization  according  to  the
lasses  of  this  system  remains  optional  and  scarcely  used  in

he  medical  community  in  the  studied  country.  Some  barri-
rs  to  the  use  of  this  system  would  be  the  establishment  of

 conduct  that  is  seen  with  a more  comprehensive  view  of
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he  patient  and  not  only  based  on  histopathological  findings,
s  well  as  the  indication  of  more  aggressive  conduct  by  the
ystem,  such  as  margin  extention  in  Spitz  nevi  and  cellular
lue  nevi,  for  example.9

mmunohistochemistry

t  is  a  misconception  to  think  that  every  case  of  melanocytic
esion  should  be  submitted  to  immunohistochemical  study.
herefore,  the  use  of  such  technique  is  indicated  for:

)  Lineage  confirmation  in  cases  of  poorly  differentiated
elanomas;  II)  Cell  proliferation  index  assessment  (Ki-67);

II)  Research  of  markers  related  to  specific  molecular  alter-
tions  (ALK,  ROS,  BAP1,  BRAF,  NTRK,  and  p16).6 It  is  worth
oting,  however,  that  there  is  currently  no  single,  validated,
nown,  and  long-standing  marker  to  differentiate  benign
nd  malignant  melanocytic  lesions.  Furthermore,  the  results
f  immunohistochemical  markers  should  always  be  inter-
reted  together  with  histopathological  findings.

For  highly  pigmented  lesions,  special  techniques  can  be
sed:  the  use  of  magenta  chromogen  in  the  immunohisto-
hemical  reaction  (preferred  method),  counterstaining  with
iemsa,  and  depigmentation  with  hydrogen  peroxide  are
ome  of  the  options.28,29 It  is  important  to  note  that  depig-
entation  with  hydrogen  peroxide  must  be  performed  very

arefully  because  there  is  a  high  risk  of  damaging  the  mate-
ial,  making  the  reaction  unfeasible.

For  cases  that  are  difficult  to  interpret,  some
elanocytic  markers  are  very  sensitive  (e.g.,  MITF,  SOX10

nd  S100)  and  specific  (e.g.,  MART1);  they  are  used  to
etect  cell  density  and  neoplastic  growth  patterns  when  it
s  not  possible  to  do  that  with  Hematoxylin  &  eosin  staining
due  to  coexisting  inflammation,  artifact,  etc.).  In  desmo-
lastic  melanomas,  the  most  sensitive  antibody  is  the  one
hat  detects  the  S-100  protein.6 HMB-45  (Human  Melanoma
lack-45)  is  a  valuable  marker  for  the  differential  diag-
osis  between  nevus  and  melanoma  since  cell  maturation
s  identified  through  a  change  in  color  gradient  in  benign
esions,  which  is  stronger  in  the  upper  portions  and  negative
n  the  deep  portion.  HMB-45  is  also  useful  in  differentiat-
ng  between  nevus  and  subcortical  metastases  in  sentinel
ymph  node  evaluation.30 Careful  analysis  should  also  be  per-
ormed  for  the  p16  protein,  encoded  by  the  CDKN2a  tumor
uppressor  gene,  which  acts  by  slowing  cell  division  through
ell  cycle  progression  inhibition.  Loss  of  p16  nuclear  expres-
ion  assessed  in  immunohistochemistry  is  associated  with
ignificantly  increased  tumor  cell  proliferation,  which  may
ndicate  a  more  aggressive  tumor.30

The  Ki-67  antibody  marks  any  cell  that  is  not  at  rest  (G0
hase  of  the  cell  cycle),  that  is,  it  is  positive  in  all  cells
n  the  G1,  S,  G2  phases,  and  in  mitosis.  Therefore,  it  is
ot  a  specific  marker  for  melanocytes.  In  cases  with  dense
nflammatory  infiltrate,  double  staining  of  MART-1  using  the
agenta  chromogen  (cytoplasmic  staining)  and  diaminoben-

idine  for  K-i67  (nuclear  staining)  is  a  useful  tool  if  there
s  interpretive  doubt.  It  is  also  noteworthy  that  nevi  in

dult  patients  generally  do  not  show  mitoses  and  exhibit  low
ell  proliferation  characterized  by  rare  Ki-67-positive  cells
nd  no  positive  cells  in  the  deep  portion  of  the  lesion.  To
ate,  there  is  no  cutoff  number  for  the  percentage  of  Ki-
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7-positive  cells  that  differentiates  benign  from  malignant
elanocytic  lesions  considering  this  marker  alone.20,31

The  PRAME  antibody  (PRAME-PReferentially  expressed
ntigen  in  MElanoma)  is  a  recent  and  more  efficient  marker
or  differentiating  nevi  from  melanomas,  with  preferential
taining  in  melanoma  in  relation  to  benign  lesions.  However,
t  is  a  marker  whose  positivity  does  not  overlap  with  morpho-
ogical  findings  since  there  is  no  defined  pattern  in  doubtful
ases  that  are  difficult  to  interpret  diagnostically  (intensity
nd  extent  of  staining).32 In  addition,  there  is  more  than
ne  clone  of  this  antibody  on  the  market,  making  it  difficult
o  draw  conclusions  regarding  the  experience  of  different
ervices  and  published  articles.

Recommendation  5:  Immunohistochemical  studies  are
ot  essential  for  the  microscopic  diagnosis  of  melanoma,
eing  reserved  for  selected  cases,  indicated  by  the  pathol-
gist  in  the  report,  often  through  comments  and  notes.

erioperative examination

he  frozen  section  examination  is  one  of  the  types  of  periop-
rative  examination  and  consists  of  the  microscopic  analysis
f  a  specimen  during  the  patient’s  surgery.  It  is  an  indicated
nd  fundamental  tool  in  the  management  of  different  clini-
al  scenarios,  providing  valuable  information  to  the  surgeon,
uch  as  the  diagnosis  of  malignancy  or  the  presence  of  neo-
lasia  in  a  margin,  allowing  therapeutic  conduct  to  be  taken
uring  the  surgical  procedure.33 Briefly,  it  consists  in  submit-
ing  a  representative  tissue  fragment  to  freezing,  allowing  it
o  be  cut  very  thinly,  with  subsequent  staining.  In  this  exam-
nation,  a  limited  microscopic  visualization  is  performed,
llowing  a  preliminary  (not  definitive)  diagnosis  during  the
urgical  procedure.  However,  in  the  scenario  of  melanocytic
esions,  freezing  a  tumor  suspected  of  melanoma  is  not
ppropriate  and  may  put  the  patient’s  accurate  diagnosis
t  risk.11

Below  are  some  reasons:  I)  The  act  of  freezing  the
aterial  generates  artifacts  in  the  tissue  that  impairs  mor-
hology.  Melanocytic  lesions  that  are  difficult  to  interpret
ften  require  serial  sections  for  accurate  evaluation,  and
orrect  microscopic  interpretation  is  not  possible  due  to  the
ess  clear  visualization  provided  by  the  frozen  material.  II)
t  is  not  possible  to  accurately  evaluate  cytological  atypia  in
rozen  sections.34 III)  Melanomas  often  have  unclear  limits
nd  may  present  with  ‘‘skip  lesions’’35,  preventing  margin
valuation  in  these  cases.  IV)  Even  in  histological  sections
fter  adequate  fixation,  it  may  be  difficult  to  microscop-
cally  differentiate  melanocytic  proliferation  secondary  to
olar  damage  from  lentigo  maligna,  and  this  differentiation
annot  be  properly  performed  in  the  histological  evaluation
f  the  frozen  section.35 V)  Additionally,  the  freezing  pro-
ess  may  damage  the  material  and  even  impair  subsequent
mmunohistochemical  evaluation.

Considering  that  perioperative  examination  is  contraindi-
ated,  any  type  of  frozen  section  examination,  including
ohs  micrographic  surgery,  to  define  margins  or  diagnose  a
rimary  melanocytic  lesion  of  the  skin  has  to  be  avoided.  The

old  standard  for  evaluating  surgical  margins  is  the  micro-
copic  examination  of  slides  stained  with  Hematoxylin  &
osin,  after  correct  fixation  and  histological  processing.  Per-
orming  a perioperative  immunohistochemical  study  is  not  a
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alidated  technique  and  is  not  recommended.  Freezing  a
umor  suspected  of  melanoma  is  not  appropriate  and  may
eopardize  the  patient’s  diagnosis.8

Recommendation  6:  Perioperative  examination  is  con-
raindicated  for  both  diagnosis  and  margin  evaluation  of
elanocytic  lesions.

entinel lymph node

he  treatment  of  melanoma  is  a  rapidly  evolving  field,
nd  the  role  of  the  sentinel  lymph  node  has  been  debated
n  certain  clinical  settings  but  remains  an  important  tool
or  disease  staging  and  prognosis.  Therefore,  appropriate
andling,  macroscopy,  and  microscopic  evaluation  of  the
entinel  lymph  node  are  mandatory  to  guide  appropriate
are  for  the  melanoma  patient.  Frozen  section  examination
f  the  sentinel  lymph  node  is  also  contraindicated  because
he  manipulation  required  to  perform  the  perioperative
xamination  may  reduce  the  procedure  sensitivity.11,36

For  melanoma  examination,  careful  handling  of  the  sen-
inel  lymph  node  is  recommended  to  avoid  damage  to  the
ymph  node  capsule.  The  lymph  node  should  be  measured,
ectioned,  and  submitted  in  its  entirety  for  histological
rocessing  and  subsequent  microscopic  evaluation  by  a
athologist.

Several  parameters  have  been  reported  for  the  micro-
copic  evaluation  of  tumor  burden  in  the  sentinel  lymph
ode  of  a  patient  with  melanoma,  including  microanatomic
ocation,  largest  deposit  axis,  tumor  depth,  surface  area  and
urface  area  ratio,  volume,  size,  and  cell  count.37 The  min-
mum  report  should  include  both  dimensions  of  the  deposit
nd  the  presence  of  extranodal  extension.

If  more  than  one  lymph  node  is  sent  for  analysis,  both
ymph  nodes  should  be  analyzed  and  their  identification  and
escription  should  be  kept  separate.

Recommendation  7:  Perioperative  examination  is  con-
raindicated  for  sentinel  lymph  node  evaluation  in  cases  of
utaneous  melanoma.

olecular assessment

he  molecular  tests  currently  applied  in  the  routine  of
atients  with  melanoma  can  be  divided  into  germline  and
omatic.

The  main  germline  molecular  alterations  related  to
he  risk  of  developing  melanoma  are  alterations  in  the
DKN2a,  CDK4,  MC1R,  BAP1,  TERT,  MITF,  PTEN  genes.  In
eneral,  the  suspected  patient  is  one  with  a  personal
nd/or  family  history  of  melanoma,  multiple  melanomas,
nd  cancers  in  the  family  such  as  pancreatic,  kidney,
reast,  uveal,  mesothelioma  and  astrocytoma.  It  is  recom-
ended  that  the  investigation  be  conducted  together  with

n  oncologist/geneticist  for  correct  counseling  and  addi-
ional  decisions  on  testing  the  individual/family.

Somatic  alterations,  that  is,  present  in  neoplastic
ells  only,  can  be  divided  into  two  large  groups:  those
or  therapeutic  decision-making  purposes  (predictive)  and

lterations  that  may  be  useful  for  diagnostic  purposes.

Testing  for  mutations  involving  codon  600  of  the  BRAF
ene  is  necessary  to  establish  therapeutic  decisions  in
atients  with  stage  3  and  4  melanoma.  Its  role  in  high-risk
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tage  II  has  been  increasing.  The  presence  of  this  mutation
an  be  tested  using  different  techniques,  including  immuno-
istochemical  studies  using  the  VE1  antibody  clone,  and
echniques  such  as  PCR  and  Next  Generation  Sequencing
NGS).  The  sample  to  be  tested  is  a  sample  from  histologi-
al  processing,  paraffin-embedded  and  representative  of  the
umor,  which  may  be  from  the  primary  lesion  or  metastasis.
he  sample  must  be  evaluated  by  a  pathologist  to  ensure
hat  it  represents  a  sufficient  quantity  of  tumor  cells  for
esting.  The  molecular  test  success  depends  directly  on  the
uality  of  the  genetic  material  of  the  lesion  in  the  paraf-
n  block,  which  depends,  among  other  factors,  on  how  the
ample  was  fixed  and  packaged.

There  are  many  tests  described  in  the  literature  with
otential  diagnostic  usefulness  for  melanocytic  lesions,  in
efining  whether  a  lesion  is  benign  or  malignant.  Among
he  tests,  there  are  gene  expression  tests,  tests  that
valuate  losses  and  gains  in  genomic  regions  such  as  Fluores-
ent  In-Situ  Hybridization  (FISH)  and  Comparative  Genomic
ybridization  (CGH)  tests.  None  of  these  tests  alone,  to
ate,  is  indicated  for  use  to  define  between  benign  and
alignant  lesions.  A  thorough  morphological  analysis  sup-
orted  by  solid  clinical-pathological  correlation  remains,  to
ate,  the  main  tool  in  the  diagnosis  of  melanocytic  lesions.
he  NGS  test,  by  identifying  molecular  alterations  charac-
eristic  of  any  of  the  nine  distinct  molecular  pathways  of
elanocytic  lesions,  can  help  in  the  diagnostic  definition  of

hese  lesions.
Recommendation  8:  Molecular  testing  to  detect  muta-

ions  in  the  BRAF  gene  is  recommended  in  the  scenario  of
atients  with  high-risk  stage  II,  III  and  IV  melanoma,  using

 sample  with  adequate  neoplastic  representation  and  a
olecular  technique  duly  validated  by  the  laboratory.

onclusions

or  an  accurate  melanoma  diagnosis,  a  close  clinical-
athological  correlation  is  essential.  Excisional  biopsy  with
xigous  margins  (1-3  mm)  is  the  preferred  approach,  and  the
pecimen  should  be  immediately  submerged  in  buffered  for-
alin,  and  the  fixation  time  should  not  exceed  72  hours.
iagnosis  continues  to  be  made  through  complete  inclu-
ion  of  the  lesions  and  evaluation  using  Hematoxylin  &
osin  staining.  Complementary  studies  (immunohistochem-
cal  and  molecular)  are  only  applied  to  a  small  percentage
f  cases.  The  perioperative  examination  is  expressly  con-
raindicated  for  the  diagnosis  or  margin  evaluation  of
uspicious  melanocytic  lesions,  as  well  as  for  the  evaluation
f  the  sentinel  lymph  node  in  cases  of  cutaneous  melanomas.
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Abstract
Background:  Leprosy  is  an  infectious  disease,  endemic  to  Brazil,  associated  with  poor  living
conditions.  Although  curable,  it  is  a  neglected  disease,  posing  a  serious  public  health  problem.
The literature  lacks  comprehensive  and  recent  analyses  of  the  pathology.
Objectives:  The  study  aims  to  describe  and  analyze  the  clinical-epidemiological  profile  of
leprosy patients  in  large  Brazilian  regions  and  compare  it  with  regional  sociodemographic
indicators.
Methods:  This  is  an  ecological,  descriptive,  and  analytical  observational  study,  carried  out
through the  collection  of  secondary  data  from  the  Disease  Notification  Information  System
from 2014  to  2019,  the  2010  census,  and  population  estimates  from  the  Brazilian  Institute  of
Geography  and  Statistics.
Results:  A  total  of  215,155  new  cases  were  reported  and  the  annual  detection  rate  was  main-
tained in  four  Brazilian  regions,  with  only  the  South  showing  a  significant  decrease.  The  highest
rate was  observed  in  the  Midwest  and  the  lowest  in  the  South.  The  predominant  profile  was
male, age  range  between  60  and  79  years  old,  literate,  and  black  and  brown  ethnicity.  There
was a  predominance  of  the  borderline  cases,  multibacillary  form,  more  than  five  skin  lesions,
and zero  grade  of  disability  at  diagnosis.  Bacilloscopy  was  not  performed  in  42.8%  of  the  cases
and cure  was  the  outcome  in  77%.
Study  limitations:  The  use  of  secondary  data  and  the  time  interval  analyzed  are  restricted  by
the data  source  platform  and  the  COVID-19  pandemic.
Conclusions:  This  shows  a  perpetuated  public  health  problem,  mainly  in  the  North,
Northeast,  and  Midwest  regions,  associated  with  socioeconomic  indicators  and  has  a  clinical-

epidemiological  profile  that  favors  the  bacillus  transmission.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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eprosy  is  characterized  as  an  infectious-contagious  dis-
ase  caused  by  Mycobacterium  leprae  (M.  leprae),  known
s  Hansen’s  bacillus,  and  Mycobacterium  lepromatosis  (M.
epromatosis).  It  is  one  of  the  oldest  diseases  known  to
umanity,  with  reports  dating  back  over  3,000  years.  The
tiological  agent  was  first  described  in  1873  by  Norwegian
hysician  Gerhard  Armauer  Hansen.1

The  parasite  is  an  acid-fast,  obligate  intracellular  bacil-
us,  which  multiplies  slowly  and  does  not  proliferate  in  vitro,
aking  it  difficult  to  obtain  scientific  knowledge  about

t.2 Despite  its  low  pathogenicity,  the  bacillus  is  highly
nfective,3 has  an  affinity  for  skin  cells  and  peripheral
erves,  and  its  multiplication  time  is  slow,  lasting  11  to  16
ays.3 It  is  estimated  that  the  disease  incubation  period  lasts
n  average  of  five  years.2 The  infection  is  mainly  transmit-
ed  by  untreated  sick  individuals  with  a  high  bacillary  load,
ho  excrete  the  bacillus  through  the  upper  airways,  which
lso  act  as  a  gateway  for  susceptible  individuals.  Transmis-
ion  occurs  through  direct  contact  between  individuals  and
s  facilitated  by  the  coexistence  of  susceptible  individuals
ith  untreated  patients.  The  hematogenous  route  is  the
echanism  of  dissemination  to  the  skin,  nerves,  mucous
embranes  and  other  tissues.2 Susceptibility  to  the  bac-

eria  has  a  strong  genetic  influence  so  family  members  of
ndividuals  with  leprosy  are  more  likely  to  become  ill.

It  manifests  itself  through  marked  dermatoneurologi-
al  signs  and  symptoms  such  as  skin  and  peripheral  nerve
esions.  There  are  four  clinical  forms  described:  indeter-
inate,  tuberculoid,  lepromatous,  and  borderline,  with

he  latter  being  subdivided  into  borderline-tuberculoid,
orderline-borderline,  and  borderline-lepromatous.  There
s  also  the  primary  or  pure  form  of  neural  leprosy,  which
oes  not  show  skin  lesions  and,  although  it  is  not  listed  as

 specific  clinical  form  in  the  pathology  notification  form,
epresents  up  to  10%  of  all  cases.3 The  disease  is  severe,
nd  the  infected  individual  may  develop  various  degrees
f  physical  disabilities  and  deformities,  often  irreversible
nes,  which  lead  to  several  problems  in  the  social,  pro-
essional,  and  psychological  spheres.3 However,  since  the
isease  has  well-defined  peculiarities,  diagnosis  is  simple  in
ost  cases:  it  is  made  through  anamnesis  and  physical  exam-

nation  with  or  without  the  aid  of  a  bacilloscopy  test2 and  a
orrect  and  early  diagnosis  allows  the  cure  and  interruption
f  the  disease  transmission  chain.  Treatment  is  effective  and
vailable  through  the  Brazilian  Unified  Health  System.2

It  is  a  disease  almost  exclusive  to  the  developing  world,
ssociated  with  poor  socioeconomic  conditions,  poverty,
nd  lack  of  access  to  adequate  housing,  food,  health  and
ducation.2 It  is  classified  as  a  neglected  disease  that
ffects  areas  of  Asia,  Africa  and  Latin  America,4 and  three
ountries  account  for  approximately  80%  of  cases:  India
56.6%),  Brazil  (13.8%)  and  Indonesia  (8.6%).  Leprosy  is  an

ndemic  disease  in  Brazil,  a  public  health  problem  that
eeds  to  be  overcome.  The  country  is  responsible  for  more
han  90%  of  new  cases  of  infection  in  the  entire  region  of
he  Americas.  As  part  of  the  National  List  of  Compulsory
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otification  of  Diseases,  Injuries  and  Public  Health  Events
MS/GM  Consolidation  Ordinance  Number  4,  of  September
8,  2017),  215,155  new  cases  were  diagnosed  between  2014
nd  2019.5,6

Given  Brazil’s  position  in  terms  of  prevalence  in  the
lobal  panorama,  it  is  clear  that  studies  with  current  data
eed  to  be  carried  out,  seeking  to  outline  the  current  clin-
cal  and  epidemiological  profile  of  leprosy.  As  the  disease
ncidence  has  a  positive  association  with  socioeconomic
actors,7 it  is  essential  to  correlate  epidemiology  to  the
ocial  indicators  of  each  region,  since  the  country  has  conti-
ental  dimensions,  divided  into  areas  with  different  climatic
nd  social  conditions.

Thus,  this  study  sought  to  compare  the  clinical-
pidemiological  profile  of  leprosy  in  different  regions  of
razil,  according  to  sex,  age  group,  skin  color  or  race  and

lliteracy;  to  analyze  the  distribution  of  leprosy  in  the  five
razilian  regions  and  to  correlate  the  annual  detection  rate
f  leprosy  with  socioeconomic  indicators  of  the  regions.

ethods

tudy  design  and  area

his  is  an  observational,  ecological,  descriptive  and  ana-
ytical  study,  using  secondary  data  collection.  The  research
opulation  consisted  of  new  cases  of  leprosy  diagnosed  and
egistered  on  the  SINAN  platform  using  the  TABNET  tool
rom  2014  to  2019.  This  interval  was  delimited  in  view  of
he  update  of  SINAN  and  TABNET  in  2014,  which  aimed  to
mprove  data  quality,  so  that  previous  data  are  subject  to
naccuracy,  and  due  to  the  distortions  caused  by  the  COVID-
9  Pandemic  regarding  the  number  of  new  cases  in  2020  and
021.

ata  source  and  variables

n  this  study,  data  from  patients  residing  in  Brazil  whose  new
iagnosis  was  registered  on  SINAN  and  TABNET  from  2014  to
019  were  used  for  the  temporal  analysis.  All  cases  that  did
ot  contain  data  of  interest  for  the  research  were  excluded.

Data  collection  was  carried  out  virtually,  on  the  SINAN
ebsite  on  the  page  ‘‘Indicators  and  Basic  Data  on  Leprosy

n  Brazilian  Municipalities’’  ---  http://indicadoreshanseniase
aids.gov.br,  where  data  from  SINAN,  the  Ministry  of  Health
MoH)  and  the  Health  Surveillance  Secretariat  (SVS,  Sec-
etaria  de  Vigilância  em  Saúde) can  be  found,  and  on
he  DATASUS  website,  through  the  TABNET  page  ‘‘Leprosy
ases  --- Since  2001  (SINAN)’’  ---  http://tabnet.datasus.gov
br/cgi/tabcgi.exe?sinannet/cnv/hanswbr.def. Then,  the
ve  Brazilian  regions  and  the  variables  of  interest  were
elected:  sex  of  the  individual,  age  group,  skin  color  or  race,
lliteracy,  clinical  form,  operational  classification,  bacil-

oscopy,  skin  lesions,  type  of  outcome,  grade  of  disability
nd  year  of  diagnosis.

The  population  and  socioeconomic  data  for  each
egion  were  obtained  from  the  most  recent  complete

http://indicadoreshanseniase.aids.gov.br
http://indicadoreshanseniase.aids.gov.br
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/hanswbr.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/hanswbr.def
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Table  1  Annual  detection  rate  of  new  cases  of  leprosy  per  100,000  inhabitants.  Brazil  and  Regions,  2014---2019.

Year/Region  Brazil  North  Northeast  Southeast  South  Midwest

2014  18.76  41.76  29.07  6.39  4.48  50.73
2015 17.59  37.98  27.66  5.99  4.45  46.99
2016 15.78  36.72  24.32  5.59  3.8  40.03
2017 17.04  38.57  27.15  5.56  3.7  44.69
2018 17.94  42.2  26.83  5.54  3.63  53.95
2019 17.85  40.51  26.7  5.68  3.76  54.05
Mean 17.49  39.62  26.95  5.79  3.97  48.41
AI -0.007  -0.004  -0.014  -0.023  -0.032  0.021
� -0.119  0.201  -0.397  -0.782  -0.849  0.406
p-value 0.823  0.703  0.436  0.066  0.032  0.425
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Fonte: IBGE --- DATASUS, adapted by the authors, 2023.
AI, Annual Increase; �, Beta Index.

ational  census  available,  currently  from  2010,  found
n  the  Brazilian  Institute  of  Geography  and  Statistics
IBGE,  Instituto  Brasileiro  de  Geografia  e  Estatística) 2010
ensus  website  ---  https://censo2010.ibge.gov.br,  and  also
rom  the  most  recent  National  Household  Sample  Survey
PNAD,  Pesquisa  Nacional  por  Amostra  de  Domicílio),  also
ound  on  the  IBGE  website  ---  https://www.ibge.gov.br/
statisticas/sociais/populacao/9127-pesquisa-nacional-por
amostra-de-domicilios.html?=&t=resultados.

The  data  were  transformed  into  an  annual  detection  rate
f  new  cases  for  the  total  cases  and  an  average  detection
ate  between  2014  and  2019  for  the  analyzed  variables,  all
alculated  per  100,000  inhabitants,  for  Brazil  and  its  Major
egions.

Anual  detection  rate

=  (Number  of  New  Cases/Total  Resident  Population)

×  100,  000 (1)

It  is  noteworthy  the  impossibility  of  calculating  the  aver-
ge  detection  rate  of  new  cases  according  to  skin  color  or
ace  in  the  ‘‘unknown/white’’  classification  due  to  the  lack
f  data  for  this  population  in  the  Census.

tatistical  analysis

he  data  were  organized  using  Google  Sheets,  and  the  dis-
ribution  of  variables  was  obtained  in  absolute  values  and
roportions  (%).  The  case  frequency  was  transformed  into
n  annual  and  average  detection  rate,  according  to  the
ariables  of  interest  in  the  study,  to  compare  the  incidence
etween  each  macro-region  and  Brazil.  The  Relative  Risk
RR)  was  calculated  for  the  variables  sex,  race  and  illiteracy
ccording  to  the  detection  rates.

The  statistical  analysis  was  performed  using  the  IBM
PSS  software,  version  23.0  (SPSS  23.0®).  Temporal  trends
ere  analyzed  using  the  average  annual  variation  of  each
ategory,  annual  increase  rate,  linear  regression  (beta

oefficient)  and  Spearman’s  correlation  coefficient.  The
nvestigation  of  an  association  between  the  variables  was
erformed  using  linear  regression  and  Spearman’s  correla-
ion.  Bivariate  analysis  with  calculation  of  R2 (correlation
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oefficient)  was  used  for  the  results  of  the  temporal  series.
alues  of  p  <  0.05  were  considered  statistically  significant.

Anual  increase  rate  =  (Current  Year  Value

−  Previous  Year  Value  )  /  (Previous  Year  Value) ×  100  (2)

esults

razil  is  the  fifth  most  populous  country  in  the  world,  with
n  estimated  population  of  204,860,101  inhabitants  (inhab)
ccording  to  a  survey  carried  out  in  2015  by  the  Brazilian
nstitute  of  Geography  and  Statistics  (IBGE)  and  has  an  aver-
ge  Human  Development  Index  (HDI)  of  0.724,  according
o  the  latest  data  from  the  Institute  of  Applied  Economic
esearch,  calculated  in  2010.  The  country  is  divided  into
ve  major  regions.  The  North  Region  has  an  estimated  pop-
lation  of  17,523,777,  and  an  average  HDI  of  0.667.  The
ortheast  Region  has  an  estimated  population  of  56,640,710
nd  the  lowest  average  HDI  in  the  country  -  0.663.  The  South
egion  has  an  estimated  population  of  29,290,154  and  an
verage  HDI  of  0.754.  The  Southeast  Region,  the  most  popu-
ous  and  most  developed  one,  has  an  estimated  population  of
5,916,158  and  an  average  HDI  of  0.766.  The  Midwest  Region
as  the  smallest  population  among  the  regions,  estimated  at
5,489,302,  and  an  average  HDI  of  0.757.

In  the  period  from  2014  to  2019,  a  total  of  215,155  new
ases  of  leprosy  were  reported  in  Brazil  (Table  1),  with
1,666  cases  in  the  North,  91,623  in  the  Northeast,  44,988  in
he  Midwest,  29,855  in  the  Southeast  and  6,976  in  the  South.
he  highest  annual  detection  rate  of  new  cases  nationwide
ccurred  in  2018  with  17.94/100,000  inhabitants,  and  the
owest  in  2016,  at  15.78/100,000  inhabitants.

Table  1  shows  the  annual  detection  rate  of  newly
eported  cases  of  leprosy  per  year  during  the  studied  period.
here  was  a slight  decline  in  the  detection  rate  in  the
razilian  population  from  18.76/100,000  inhab.  in  2014
o  17.85/100,000  inhab.  In  2019,  with  a  negative  Annual

ncrease  (AI)  of  -0.7%,  without  statistical  significance.  Clear
ifferences  were  observed  in  the  distribution  of  annual
etection  rates  between  the  regions  of  the  country,  with
yperendemic  rates  in  the  Midwest,  very  high  rates  in  the

https://censo2010.ibge.gov.br
https://www.ibge.gov.br/estatisticas/sociais/populacao/9127-pesquisa-nacional-por-amostra-de-domicilios.html?=&amp;t=resultados
https://www.ibge.gov.br/estatisticas/sociais/populacao/9127-pesquisa-nacional-por-amostra-de-domicilios.html?=&amp;t=resultados
https://www.ibge.gov.br/estatisticas/sociais/populacao/9127-pesquisa-nacional-por-amostra-de-domicilios.html?=&amp;t=resultados
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Table  2  Average  detection  rate  (×100,000)  of  leprosy  according  to  sex,  race,  age  group  and  illiteracy.  Brazil  and  Regions,
2014---2019.

Variable/Region  Brazil  North  Northeast  Southeast  South  Midwest

Sex
Male  20.73  47.73  31.23  6.70  4.74  55.39
Female 14.86  31.79  23.21  4.69  2.88  42.60
Race
White 9.01  25.14  15.72  4.48  3.45  36.97
Black and  Brown  22.88  41.60  28.53  6.50  4.98  53.16
Yellow 41.58  337.78  158.72  5.37  54.28  70.94
Indigenous 20.54  25.30  20.79  5.90  3.33  105.83
Age range
0  to  14  years 4.28  11.60  7.88  1.04  0.24  6.17
15---39 years  13.75  34.06  21.01  4.08  2.41  36.28
40---59 years  25.22  58.97  40.01  11.62  5.79  74.66
60---79 years  28.14  70.14  53.64  10.04  8.21  77.47
80 or  older  18.15  46.67  35.50  5.76  4.88  45.08
Illiteracy
Unknown/white  3.82  7.11  7.16  1.45  0.75  7.91
No (>  15  years) 20.71  48.92  32.87  6.74  5.15  66.53
Yes (>  15  years) 28.62  56.83  28.06  11.97  10.23  80.67
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Source: IBGE and DATASUS, adapted by the authors, 2023.

orth  and  Northeast,  and  average  rates  in  the  Southeast  and
outh.  The  highest  rate  observed  in  the  period  was  54.05  in
019  in  the  Midwest;  in  contrast,  the  lowest  rate  was  3.63
n  2018  in  the  South.  The  Midwest  was  the  only  region  to
how  a  positive  AI  (2.1%),  which  shows  an  average  increase.
ext,  the  North  (AI  -0.4%),  Northeast  (AI  -1.4%),  Southeast
AI  -2.3%)  and,  finally,  the  South  (AI  -3.2%)  with  the  low-
st  rate  found  and  a  significant  decrease  in  the  detection
ate  (p  =  0.032).  The  other  regions  showed  a  trend  towards
ndicator  stability  (p  >  0.05).

In  Spearman’s  correlation  analysis  between  the  varia-
les  ‘‘year’’  and  ‘‘new  cases  in  Brazil’’,  which  was  used
o  calculate  the  annual  detection  rate,  a  negative  correla-
ion  (-0.086)  was  observed  without  statistical  significance
p  >  0.05).  The  bivariate  analysis  with  the  calculation  of
2 (correlation  coefficient  =  0.014)  for  the  same  two  varia-
les  also  showed  no  statistical  significance.  Thus,  the
orrelations  demonstrate  that  the  rates  remained  stable
hroughout  the  period.

Regarding  the  epidemiological  characteristics  (Table  2),
t  was  observed  that  the  majority  of  reported  cases  were
ale  (56.59%),  with  a  relative  risk  almost  40%  higher  than

emales  (RR  =  1.39;  Confidence  Interval  [95%  CI:  1.29---1.48];
 <  0.00001).  The  most  affected  age  group  was  40---59  years
ld,  with  62,876  total  cases,  while  the  highest  detection  rate
as  observed  between  60  and  79  years  old,  with  a  rate  of
8.14/100,000  inhabitants.  The  main  ethnicity  is  black  and
rown  (71.98%),  followed  by  white  (23.24%)  and  a  minor-
ty  of  Asians  (1.16%).  Regarding  the  level  of  schooling,  the
etection  rate  in  Brazil  was  higher  among  illiterate  individu-
ls,  comprehending  8.99%  of  the  infected  population,  with  a
ate  of  28.62/100,000  inhabitants,  comprising  a  risk  almost

0%  higher  than  that  of  literate  individuals  (RR  =  1.38;  95%
I:  1.29---1.45;  p  <  0.0001).

Regarding  the  clinical  characteristics  and  progression  of
he  disease  (Table  3),  it  is  observed  that  the  borderline
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orm  (48.48%)  is  the  most  common,  followed  by  the  lep-
omatous  form  (17.59%),  with  the  remaining  cases  being
ivided  between  the  indeterminate  and  tuberculoid  forms.
he  multibacillary  operational  classification  is  the  most
revalent  (75.75%)  and  incident  -  79.55  per  100,000  inhab-
tants.  Regarding  bacilloscopy,  it  was  not  performed  or
gnored  in  42.80%  of  cases,  31.48%  were  negative  and  25.72%
ere  positive.  As  for  the  dermatological  lesions,  36.63%  of

he  patients  had  more  than  five  skin  lesions  affected  by
ycobacteria,  with  a  rate  of  38.47  per  100,000  inhabitants;

9.56%  had  between  two  and  five  lesions  and  21.41%  had
nly  one  lesion,  corresponding  to  rates  of  31.05  and  22.48,
espectively.  The  absence  of  lesions  (0  reported)  and  unre-
orted  lesions  (99  reported)  accounted  for  12.40%  of  cases.

The  majority  of  the  outcomes  comprised  a  cure  for  the
isease  (Table  3),  with  this  amount  being  estimated  at
7.34%.  Other  types  of  outcomes  comprised  transfers  in
.56%  of  the  cases  and  a  rate  of  8.99;  abandonments  in  6.70%
f  the  cases  and  a  rate  of  7.03;  blank  in  4.09%  of  the  cases
nd  a  rate  of  4.3.  The  occurrences  of  death  and  diagnostic
rror  characterized  the  minority,  1.66%  of  the  cases  each,
ith  average  rates  of  1.74.  The  grades  of  physical  disability

ound  in  54.81%,  24.53%  and  8.40%  of  the  patients  at  the  time
f  diagnosis  were  respectively  grade  0,  1  and  2,  and  12.27%
f  the  cases  did  not  have  an  assessed  grade  of  disability.

iscussion

his  study  aimed  to  analyze  the  detection,  temporal  trend,
linical  and  epidemiological  profile,  and  performance  of
ocial  indicators  of  leprosy  in  Brazil  and  its  regions.  The

orld  Health  Organization  (WHO)  stipulated  the  elimina-

ion  of  the  disease,  with  a target  of  less  than  1  case  per
0,000  inhabitants  by  2020.8 Despite  the  slight  overall  drop
n  the  detection  rate  in  the  studied  population,  only  the
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Table  3  Characteristics  of  the  clinical  presentation  and  leprosy  outcome.  Brazil,  2014---2019.

Variable  Frequency  (n  =  215155)  %  Rate  (×100000)

Clinical  Form
Indeterminate  25.909  12.04%  12.65
Tuberculoid  27.633  12.84%  13.49
Borderline 104.300  48.48%  50.91
Lepromatous  37.851  17.59%  18.48
Not classified/unknown  19.462  9.05%  9.5
Operational  Classification
Paucibacilar  51.870  24.11%  25.32
Multibacilar  162.971  75.75%  79.55
Bacilloscopy
Positive 55.337  25.72%  27.01
Negative 67.729  31.48%  33.06
Not performed/unknown  92.089  42.80%  44.95
Skin Lesions
Informed  0  or  99  26.675  12.40%  13.02
Single lesion 46.056  21.41%  22.48
2 to  5  lesions 63.606  29.56%  31.05
> 5  lesions 78.818  36.63%  38.47
Type of  outcome
Cure  166.396  77.34%  81.22
Transferred 18.417  8.56%  8.99
Death 3.552  1.65%  1.73
Abandonment  14.407  6.70%  7.03
Diagnostic error 3.582  1.66%  1.75
Not filled  out 8.801  4.09%  4.3
Grade of  disability
Grade  zero 117.917  54.81%  57.56
Grade I  52.779  24.53%  25.76
Grade II  18.067  8.40%  8.82
Not assessed/unknown  26.392  12.27%  12.88
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Source: IBGE and DATASUS, adapted by the authors, 2023.

outh  and  Southeast  regions  reached  the  target,  even  though
razil  proposed  the  elimination  of  leprosy  as  a  public  health
roblem  three  decades  ago.9

The  parameters  of  the  indicators  for  monitoring  progress
nd  elimination  of  leprosy  by  the  MoH  classify  the
ndemicity  situation  according  to  the  detection  rate  of
ew  cases  as:  hyperendemic  ≥  40/100,000  inhab.;  very
igh  20---39.99/100,000  inhab.;  high  10---19.99/100,000
nhab.;  medium  2---9.99/100,000  inhab.;  and  low  <  2/100,000
nhab.10 Thus,  one  can  list  the  regions  from  highest  to  lowest
ndemicity,  starting  with  the  Midwest,  classified  as  hyper-
ndemic  with  an  average  detection  rate  of  48.41/100,000
nhab.,  followed  by  the  North  and  Northeast,  classified  as
ery  high,  with  39.62  and  26.95/100,000  inhab.,  respec-
ively,  the  Southeast  with  5.79/100,000  inhab.  and  the  South
ith  3.97/100,000  inhab.,  both  regions  with  average  param-
ters.

The  high  rates  found  in  the  Midwest,  North  and  Northeast
egions  are  due  to  the  difficulty  in  controlling  the  disease
nd  late  detection  of  cases,4 proven  by  the  main  indicator
f  late  diagnosis,  physical  disability  grade  II  at  the  time  of

iagnosis.  Of  the  18,067  cases  diagnosed  with  this  grade,
7.5%  occurred  in  the  Northeast  region.  These  results  were
lso  found  in  previous  studies.11,12 In  addition,  these  regions
ave  the  lowest  Human  Development  Indexes  (HDI)  and  the
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orst  variables  related  to  sanitation  (proportion  of  residents
n  households  with  rudimentary  septic  tanks  and  proportion
f  residents  in  households  supplied  with  well  water),  met-
ics  that  show  worse  living  conditions,  which  are  associated
ith  higher  disease  rates.13 Furthermore,  the  states  that
omprise  the  so-called  Legal  Amazon,  an  area  at  risk  for
eprosy  due  to  the  type  of  land  occupation  and  indexes  of
iving  conditions,  are  all  from  these  regions.11

The  highest  average  annual  detection  rates  of  new  cases
f  leprosy  per  100,000  inhabitants  were  48.41  in  the  Mid-
est  and  39.62  in  the  North  regions,  representing  figures

hat  are,  respectively,  2.77  and  2.26  times  higher  than  the
ational  average  for  the  period.  These  regions  have  been
onsidered  risk  areas  for  decades11 and  have  been  tar-
ets  of  internal  migration  since  1970,  encouraged  by  the
razilian  government  with  agricultural  modernization  and
ighway  construction.14 Combined  with  the  overload  and
ack  of  infrastructure,  leprosy  began  to  gain  strength  in
hese  regions.  The  lowest  average  annual  detection  rates
ere  found  in  the  South  (3.97)  and  Southeast  (5.79)  regions,
ell  below  the  national  average  of  17.49  cases  per  100,000
nhabitants.  This  finding  shows  continuity  with  older  stud-
es,  whose  results  also  pointed  to  these  peculiarities.11,12

he  relationship  between  the  disease  and  socioeconomic
onditions  is  unquestionable.  Brazilian  studies  have  already
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emonstrated  a  significant  relationship  between  low  HDI  and
he  disease  in  different  regions  of  the  country.13,15 Thus,  as
xpected,  the  two  most  developed  Brazilian  regions  had  the
owest  rates.  However,  it  is  necessary  to  add  indicators  such
s  higher  temperature  and  humidity,  greater  presence  of
acilliferous  patients  in  endemic  regions,  and  genetic  sus-
eptibility  to  factors  associated  with  high  disease  rates.16,17

he  regions  with  the  highest  rates  are  the  least  developed
nes,  with  more  fragile  urban  spaces,  population  agglomera-
ion,  and  greater  economic  vulnerability.  Thus,  the  national
ituation  provides  exposure,  contamination  and  persistence
f  the  condition,  and  also  conceives  autochthonous  and
mported  cases.4

There  was  a  predominance  of  males,  presumably  jus-
ified  by  the  fact  that  men  are  more  exposed  to  risky
nvironments,  have  greater  social  contact,  and  take  less
are  of  their  health  than  women,  a  phenomenon  that
as  observed  in  other  studies  on  leprosy  in  Brazil.18---20

enetic  susceptibility  and  hormonal  interference  in  the
mmune  response  to  the  bacillus  are  also  factors  that  are
nvestigated.21

There  was  a  predominance  of  cases  in  individuals  with
lack  skin  color,  including  blacks  and  browns,  in  all  age
anges  analyzed,  in  agreement  with  other  studies.21,22 It  is
elieved  that  these  groups  are  more  affected  due  to  the
istorical  process  of  social  inequality.22 The  highest  detec-
ion  rate  occurred  in  the  Asian  ethnic  group,  41.58/100,000
nhabitants,  showing  a  higher  risk  than  other  ethnic  groups.
here  is  no  data  in  the  international  literature  to  support
his  prevalence;  therefore,  in  the  present  study,  the  low
elf-declaration  of  yellow  skin  color  in  the  Census  is  sug-
ested  as  the  probable  cause.  The  Indigenous  population  has
ery  high  rates,  which  can  be  linked  to  the  environment,
enetics  and  lifestyle  of  this  population.23 It  is  worth  not-
ng  the  small  number  of  studies  focused  on  this  group,  is

 detrimental  scenario  for  this  population,  given  the  signifi-
ant  rates  and  the  fact  that  the  lack  of  robust  analysis  delays
ossible  interventions.

Regarding  the  age  range  defined  by  the  study,  the  40-59
ge  range  had  the  highest  number  of  cases  in  total;  however,
he  highest  detection  rate  occurred  between  the  60-79  years
ange  throughout  the  country.  These  data  infer  that  individ-
als  diagnosed  with  leprosy  are  part  of  the  economically
ctive  population  and,  as  this  is  a  limiting  and  disabling  dis-
ase,  it  can  cause  harm  to  the  economy.  It  is  also  worth
oting  that  the  population  at  greatest  risk  is  the  elderly,
s  shown  by  the  detection  rate,  which  is  linked  to  the  long
ncubation  period  and  the  natural  decline  of  the  immune
ystem.21,24 It  is  also  important  to  mention  that  cases  in
hildren  under  15  years  of  age  are  related  to  at  least  one
onfirmed  case  in  the  family,  with  possible  pediatric  conta-
ination  occurring  within  the  family  itself  due  to  failure  to

ombat  the  chain  of  transmission.  It  is  noteworthy  that  there
s  greater  difficulty  in  diagnosis  in  childhood,  culminating
n  possible  disease  complications,  decreased  school  perfor-
ance,  and  development  of  the  individual  due  to  physical

nd  social  impairment.4 The  detection  of  leprosy  in  children
nder  15  years  of  age  is  an  indicator  of  continued  transmis-

ion  of  the  bacillus,25 whose  tendency  has  been  decreasing
n  the  regions,  being  a  national  trend  and  therefore  indi-
ating  a  tendency  for  a  decrease  in  the  disease  incidence
hroughout  Brazil.
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Most  affected  individuals  in  raw  numbers  were  literate
nd  the  highest  detection  rate  was  among  illiterate  people,

 reality  in  most  regions.  This  discrepancy  was  even  greater
n  the  more  developed  South  and  Southeast  regions,  where
he  illiteracy  rate  was  approximately  twice  that  of  the  lit-
rate  population.  Considering  that,  according  to  IBGE,  only
.6%  of  the  Brazilian  population  is  illiterate,26 the  number
f  illiterate  people  affected  is  alarming.  This  makes  them  a
opulation  at  risk,  with  low  levels  of  schooling  and  illiteracy
eing  unfavorable  social  determinants  regarding  the  trans-
ission  of  Hansen’s  bacillus  and  the  progression  to  disabling

orms  of  the  disease,  as  they  make  it  difficult  to  recog-
ize  the  clinical  manifestations  and  understand  treatment
uidelines.7,19,20,24,27

During  the  analyzed  period,  the  borderline  form  predom-
nated,  accounting  for  almost  half  of  all  cases,  followed  by
he  lepromatous  form,  accounting  for  17.59%  of  the  total.
hese  forms  were  also  shown  to  be  dominant  in  some  studies
arried  out  in  the  North  and  Midwest  regions.24,28 Other  ref-
rences  indicate  the  tuberculoid  form  as  the  most  common,
specially  in  regions  where  the  disease  is  endemic.29 Thus,
n  Brazil,  it  can  be  inferred  that  the  predominant  clinical
orm  varies  according  to  the  location  and  its  characteristics
f  endemicity  and  transmission.

The  multibacillary  operational  classification  represented
he  vast  majority  of  cases  (75.75%),  in  agreement  with
everal  studies.24,28,30 This  finding,  combined  with  the  pro-
ressive  increase  in  the  percentage  of  multibacillary  cases
n  Brazil  since  2010,  is  especially  relevant  since  individ-
als  classified  as  multibacillary  are  important  sources  of
ontagion  for  the  community  and  maintenance  of  the  epi-
emiological  chain.2

Of  the  total  number  of  cases  reported  throughout  Brazil
uring  the  period,  only  57.2%  underwent  bacilloscopy,  with
5%  of  the  tests  being  positive,  indicating  a  higher  risk  of
isease  transmission.

Regarding  skin  lesions,  36.63%  of  the  reported  cases  con-
isted  of  patients  with  more  than  five  lesions;  29.56%  had
wo  to  five  lesions,  and  21.41%  had  a  single  lesion.  This  pat-
ern  was  also  found  in  other  studies.19,29 The  absence  of  skin
esions  and  unreported  lesions  are  combined  as  a  single  piece
f  information  in  the  database,  equivalent  to  12.40%.  This
ssociation  compromises  the  accuracy  of  pure  neural  leprosy
requency,  given  the  impossibility  of  measuring  the  absence
f  skin  involvement  alone.

The  vast  majority  evolved  to  cure,  which  means  that
hese  patients  correctly  completed  the  polychemotherapy
reatment  recommended  by  the  Ministry  of  Health,2 with  a
ercentage  of  77.34%.  Other  studies  have  also  shown  a  high
roportion  of  cured  patients  in  Santa  Catarina  and  Bahia,  to
he  detriment  of  low  death  rates.19,31 A  significant  percent-
ge  of  abandonment  (6.7%)  stands  out,  which  may  be  related
o  the  long  treatment  duration,  lack  of  knowledge  about
he  disease  and  its  progression,  skepticism  regarding  the
ure,  lack  of  encouragement,  social  stigma,  leprosy  reac-
ions,  and  also  the  distance  between  the  patient’s  residence
nd  the  health  service.32 These  patients  must  be  rescued
n  such  a  way  as  to  break  the  transmission  chain,  resis-

ance  to  polychemotherapy,  and  the  emergence  of  physical
isabilities.2

Most  individuals  with  leprosy  did  not  have  sequelae  at
iagnosis,  classified  as  having  grade  zero  physical  disabil-
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ty.  This  proportion  was  also  present  in  studies  conducted
n  hyperendemic  regions,  with  very  high  and  medium
ndemicity,19,29---31 demonstrating  a  common  distribution
hroughout  the  country,  with  some  exceptions  that  indicate
rade  I  as  the  most  frequent.24,33 Approximately  33%  of  the
valuated  cases  had  grade  I  or  grade  II  disability  at  diag-
osis,  respectively  occurring  with  decreased  sensitivity  or
uscle  strength  in  the  hands,  feet  and/or  eyes  for  grade

 patients  and  visible  physical  deformities  or  blindness  for
rade  II  patients.2 These  grades  confirm  the  duration  of
isease  progression,  with  grade  II  being  evidence  of  late
iagnosis.

The  current  study  had  some  limitations  inherent  to  its
ature.  Firstly,  the  use  of  secondary  data  may  character-
ze  inconsistencies  due  to  the  fact  that  the  notifications
ere  filled  out  by  health  professionals  who  possibly  did  not

eceive  training  or  standardized  guidelines  for  filling  out
he  notification  forms.  Incomplete  and  ‘‘unknown/white’’
ata,  especially  regarding  the  items’  race/skin  color
nd  level  of  schooling,  hinder  the  epidemiology  study.
nother  issue  was  the  time  period  assessed,  since  the
ata  source  platform  was  changed  and  only  has  more
omplete  and  reliable  data  from  the  initial  year  chosen
or  the  research.  It  is  worth  noting  that  TABNET  is  a
atabase  with  continuous  updates  and  may  show  differences
n  relation  to  epidemiological  bulletins  that  have  closed
ata.  Additionally,  the  study  could  not  last  longer  due  to
he  social  isolation  imposed  by  the  COVID-19  pandemic,
hich  generated  underdiagnosis  in  the  years  following  its
utbreak.

onclusion

t  can  therefore  be  inferred  that  leprosy  remains  a  public
ealth  problem  in  Brazil,  as  evidenced  by  the  maintenance
f  disease  rates  in  four  of  the  five  major  regions,  with  a
ecrease  being  observed  only  in  the  South  region  during
he  studied  period.  The  high  rates  in  the  North,  Northeast,
nd  Midwest  regions  pose  a  risk  to  the  population  due  to
he  perpetuated  endemicity.  Regarding  socioeconomic  indi-
ators,  it  was  observed  that  they  follow  the  same  trend  as
escribed  in  the  literature,  with  a  higher  incidence  in  places
ith  lower  HDI,  worse  living  conditions,  and  type  of  land
ccupation.

The  results  found  in  the  study  indicate  the  need  to
xpand  leprosy  control  measures  and  intervention  strategies
t  the  national  level,  focusing  on  the  regions  with  higher
ndemicity.  The  National  Strategy  for  Combating  Leprosy
hould  be  strengthened;  the  disease  and  its  complications
hould  be  addressed  and  stigma  and  discrimination  should
e  fought.  Based  on  the  analyzed  data,  it  is  suggested
hat  emphasis  be  placed  on  actions  aimed  at  socioeco-
omic  groups  included  in  the  risk  profile  and  that  special
ttention  be  paid  to  early  diagnosis  through  the  active
earch  for  cases  aiming  at  treatment  and  reduction  of
ransmissibility.
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Abstract
Background:  The  increasing  prevalence  of  gastrointestinal  (GI)  malignancies  highlights  the  crit-
ical need  for  a  better  understanding  of  associated  dermatological  manifestations  to  improve
early diagnosis  and  patient  management.
Objectives:  This  study  aims  to  catalog  the  dermatological  findings  in  patients  with  GI  malig-
nancies, emphasizing  the  implications  for  early  diagnosis,  and  management.
Methods:  The  authors  conducted  a  comprehensive  whole-body  dermatologic  examination  on
150 patients  diagnosed  with  GI  malignancies.  Data  on  sociodemographic  factors,  lifestyle  habits,
comorbid conditions,  and  malignancy  characteristics  were  meticulously  collected.
Results:  The  cohort  comprised  96  males  (64%)  and  54  females  (36%),  with  a  mean  age  of  62.47
(SD ±  10.7)  years.  The  most  prevalent  primary  malignancy  was  colonic  (32.7%),  with  a  mean
disease duration  of  12.72  (SD  ±  20.5)  months.  Xerosis  (dry  skin)  was  the  most  frequent  derma-
tological  condition,  affecting  92%  of  patients.  The  itching  was  reported  by  31.3%  of  patients.
Eruptive  seborrheic  keratosis  (20.7%)  and  acanthosis  nigricans  (10.7%)  were  the  most  common

paraneoplastic  dermatoses  observed.  Both  conditions  were  more  common  in  patients  with  BMIs
above 28.5,  and  seborrheic  keratosis  was  seen  more  often  in  men.  Dry  skin,  itching,  paraneo-
plastic dermatoses,  and  skin  infections  were  significantly  more  prevalent  in  patients  older  than
the mean  age  of  62  years.

� Study conducted at the Karadeniz Technical University, Faculty of Medicine, Trabzon, Turkey.
∗ Corresponding author.

E-mail: daksu@ktu.edu.tr (D.A. Arica).
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Study  limitations:  The  cross-sectional  design  of  the  present  study  limits  causal  inference.
Longitudinal  studies  are  needed  to  explore  the  temporal  dynamics  between  dermatological
manifestations  and  GI  malignancy  progression.
Conclusions:  Dermatologic  symptoms  including  pruritus,  xerosis,  seborrheic  keratosis,  and
acanthosis  nigricans  should  be  considered  potential  indicators  of  underlying  malignancy.  Routine
dermatological  screening  is  essential  for  comprehensive  patient  care.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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he  global  incidence  of  gastrointestinal  (GI)  malignancies  is
n  the  rise,  presenting  increasing  challenges  to  healthcare
ystems  worldwide.1 Patients  suffering  from  these  malig-
ancies  constitute  a  particularly  vulnerable  group,  facing
ot  only  the  primary  effects  of  the  cancer  and  its  sys-
emic  repercussions  but  also  the  adverse  effects  associated
ith  various  treatment  modalities.  Dermatological  manifes-

ations  are  emerging  as  significant  both  for  their  potential
n  early  cancer  detection  and  for  their  influence  on  patient
uality  of  life.2,3

Dermatological  complications  in  these  patients  may
nclude  paraneoplastic  skin  conditions,  which  could  act
s  early  indicators  of  underlying  malignancy,  as  well
s  a  spectrum  of  skin  disorders  that  are  often  exac-
rbated  by  immunosuppression  and  adverse  reactions  to
edications.3---6 The  increased  prevalence  of  skin  conditions

n  this  patient  population  offers  dermatologists  a  crucial
ole  in  the  multidisciplinary  approach  to  managing  individ-
als  with  GI  malignancies,  highlighting  the  importance  of
ermatological  assessment  in  this  context.

This  study  explores  dermatological  manifestations  in
atients  with  gastrointestinal  (GI)  malignancies  with  two
ain  objectives:  enhancing  early  cancer  detection  and

mproving  management  of  skin  conditions.  By  examining
hese  correlations,  the  authors  aim  to  advance  early  diag-
osis  and  comprehensive  treatment  of  GI  cancers,  thereby
mproving  patient  outcomes  and  quality  of  life.

ethods

his  cross-sectional  study  was  conducted  in  collaboration
ith  the  Departments  of  Dermatology,  Medical  Oncology,
nd  General  Surgery  at  the  Faculty  of  Medicine,  Karadeniz
echnical  University.  The  study  included  a  cohort  of  patients
ho  presented  to  the  respective  outpatient  clinics  over  a
ne-year  period  from  April  2021  to  April  2022.

A  total  of  150  patients  with  a  confirmed  clinical  and
istopathological  diagnosis  of  gastrointestinal  system  malig-
ancy  were  enrolled  in  the  study.  Inclusion  criteria  were  a
efinitive  diagnosis  of  GI  malignancy,  while  exclusion  crite-
ia  included  patients  without  a  confirmed  histopathological
iagnosis  and  those  who  declined  to  participate  in  the  study.

Sociodemographic  data  (age,  sex,  occupation,  education
evel),  lifestyle  habits  (smoking  status,  alcohol  consump-

ion),  comorbidities,  and  detailed  information  related  to
he  primary  malignancy  (type,  stage,  duration  of  illness)
ere  meticulously  recorded  for  each  patient.  A  standardized
ata  collection  form  was  utilized  to  ensure  the  consistency

(

c
n

2

nd  reliability  of  the  gathered  information.  All  participants
nderwent  a  comprehensive  whole-body  dermatological
xamination  upon  their  initial  visit.  The  examination  was
erformed  by  experienced  dermatologists  in  accordance
ith  established  protocols  to  identify  both  general  dermato-

ogical  conditions  and  specific  paraneoplastic  skin  findings.
he  dermatological  findings  were  meticulously  documented
sing  a  standardized  reporting  form  to  facilitate  subsequent
ata  analysis.

The  study  was  approved  by  the  Institutional  Review
oard  (IRB)  of  Karadeniz  Technical  University  Faculty  of
edicine.  All  procedures  performed  in  the  study  adhered

o  the  ethical  standards  of  the  institutional  and/or  national
esearch  committee  and  with  the  1964  Helsinki  Declaration
nd  its  later  amendments  or  comparable  ethical  standards.
nformed  consent  was  obtained  from  all  individual  partici-
ants  included  in  the  study.

tatistical  methods

ata  analysis  was  conducted  using  the  SPSS  statistical
oftware  package,  version  23.0.  During  the  statistical  evalu-
tion,  quantitative  data  were  expressed  as  mean  ±  Standard
eviation  (SD),  while  categorical  data  were  presented  as
requencies  and  percentages  (%).  The  normality  of  distri-
ution  for  the  quantitative  data  was  assessed  using  the
olmogorov-Smirnov  test.  For  data  following  a  normal  dis-
ribution,  comparisons  between  two  means  were  performed
sing  the  Student’s  t-test  or  the  Z-test,  as  appropriate.
he  Mann-Whitney  U  test  was  employed  for  comparisons  of
ata  not  conforming  to  a  normal  distribution.  Categorical
ata  were  compared  using  the  Chi-Square  test.  Correla-
ions  between  parameters  were  examined  using  Pearson’s
r  Spearman’s  correlation  analysis  depending  on  the  distri-
ution  type.  The  level  of  significance  was  set  at  a  p-value  of
ess  than  0.05  (p  <  0.05).

esults

n  this  study,  the  authors  included  a  total  of  150  patients
iagnosed  with  GI  malignancies,  of  which  96  (64%)  were
ale,  and  54  (36%)  were  female.  The  mean  age  was  62.47

ears  with  a  standard  deviation  of  10.7  years.  The  Fitz-
atrick  skin  types  of  the  patients  varied,  with  type  3  being
he  most  common  at  42.7%,  followed  by  type  4  (29.3%),  type

 (26.7%),  and  type  5  (1.3%).  The  average  Body  Mass  Index

BMI)  was  25.86  with  a  standard  deviation  of  5.7.

The  primary  malignancies  observed  were  predominantly
olon  (32.7%),  stomach  (32%),  and  rectum  (16.7%).  Ade-
ocarcinoma  was  the  most  frequent  histological  subtype,
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Table  1  The  sociodemographic  and  clinical  characteristics
of the  study  population.

Age,  mean  (±)  62.47  (±10.7)

Sex,  n(%)
Male  96  (64%)
Female  54  (36%)

Body  Mass  Index  (BMI)  (±SD)  25.86  (±5.7)
Habits,  n  (%)

Smoker  11  (7.3%)
Alcohol  consumption  2  (1.3%)

Comorbidities,  n  (%)
Hypertension  58  (38.7%)
Diabetes  mellitus 33  (22%)
Cardiovascular  disease  38  (25.3%)
Hyperlipidemia  23  (15.3%)

Malignancy  subtype,  n  (%)
Oral  cavity 1  (0.7%)
Esophagus  5  (3.3%)
Stomach  48  (32%)
Small  intestine 1  (0.7%)
Colon  49  (32.7%)
Rectum 25  (16.7%)
Pancreas 14  (9.3%)
Gallbladder  2  (1.3%)
Liver  5  (3.3%)
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less  common,  and  found  in  0.7%  of  patients.  Herpes  zoster
Disease  duration,  (mean  ±  SD),  month 12.72  (±20.5)

ccounting  for  93.3%  of  cases.  The  mean  duration  of  the
isease  was  12.72  months  (±20.5  months),  calculated  from
he  initial  diagnosis  to  the  inclusion  in  the  study.  A  major-
ty  of  the  patients  (80.7%)  presented  with  advanced  disease
stages  3  and  4),  and  56.7%  were  undergoing  chemother-
py  at  the  time  of  evaluation.  Sociodemographic  and  clinical
haracteristics  are  summarized  in  Table  1.

The  most  prevalent  dermatological  condition  observed
n  this  study  was  xerosis  (dry  skin),  affecting  92%  of  the
atients.  A  higher  incidence  of  dry  skin  was  noted  partic-
larly  in  patients  older  than  the  mean  age  of  62  years,  and
his  finding  was  statistically  significant  (p  =  0.014).  Pruritus
itching)  was  reported  by  31.3%  of  the  cohort,  occurring
ore  frequently  among  those  diagnosed  with  colorectal

nd  gastric  adenocarcinomas.  However,  when  comparing  the
ncidence  of  pruritus  across  different  types  of  malignancies,
o  statistically  significant  difference  was  found.  Addition-
lly,  pruritus  was  more  commonly  experienced  by  patients
bove  the  mean  age,  with  this  correlation  reaching  statisti-
al  significance  (p  =  0.007).

Eruptive  seborrheic  keratosis  (20.7%)  and  acanthosis
igricans  (10.7%)  were  the  most  frequent  paraneoplastic
kin  manifestations.  Both  conditions  were  more  common
n  patients  with  Body  Mass  Index  (BMI)  values  above  28.5
p  =  0.04  and  p  <  0.001,  respectively),  and  seborrheic  kerato-
is  was  seen  more  often  in  men  and  those  over  the  age  of  62
p  =  0.01  and  p  =  0.003,  respectively).  37.5%  of  patients  with
canthosis  nigricans  had  concurrent  diabetes.

The  distribution  of  seborrheic  keratosis  and  acanthosis

igricans  among  the  patients  was  characterized  by  their
natomical  location  and  frequency.  Seborrheic  keratosis  was
redominantly  located  on  the  trunk  (48.4%  of  patients),  fol-
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owed  by  the  head  and  neck  region  (41.9%).  A  total  of  45.2%
f  patients  exhibited  between  50  and  100  lesions.  Acanthosis
igricans  showed  a  predilection  for  the  inguinal  area,  with
5.3%  of  affected  patients  reporting  it  in  this  region.  The
eck  was  the  next  most  common  site  (29.4%),  followed  by
he  axilla  (23.5%).  In  some  cases,  patients  showed  manifes-
ations  in  both  axillary  and  inguinal  regions  (11.8%).

Acquired  ichthyosis  was  found  in  5.3%  of  the  patient
ohort,  with  a  temporal  association  with  malignancy  diag-
osis.  Among  these  patients,  stomach  adenocarcinoma  was
he  most  common  underlying  malignancy  (five  patients),
ollowed  by  esophageal  squamous  cell  carcinoma,  colon
denocarcinoma,  and  pancreatic  adenocarcinoma,  with  one
atient  each.

Acquired  hypertrichosis  lanuginosa  was  observed  in  4%  of
atients,  with  colon  adenocarcinoma  being  identified  in  50%
f  these  cases.  Other  malignancies  associated  with  hyper-
richosis  lanuginosa  included  esophageal  squamous  cell
arcinoma,  hepatocellular  carcinoma,  and  gastric  adenocar-
inoma,  each  comprising  16.7%  of  cases.  This  condition  was
ignificantly  more  frequent  in  female  patients  (p  =  0.023).

Table  2  details  the  statistical  analysis  of  dermatological
ndings  in  relation  to  age,  sex,  BMI,  and  malignancy  type.

Dermatological  assessment  of  facial  conditions  in  this
ohort  indicated  that  rosacea  was  the  predominant  diagno-
is,  affecting  38.7%  of  the  patients.  Within  this  subset,  93.1%
ere  classified  as  having  the  erythematotelangiectatic  sub-

ype  of  rosacea.  The  most  frequently  associated  malignancy
mong  patients  with  rosacea  was  colorectal  adenocarci-
oma,  accounting  for  48.3%  of  cases.  Seborrheic  dermatitis
as  identified  in  6.7%  of  the  patient  population.  Of  those
ith  seborrheic  dermatitis,  a  significant  majority  (80%)  were
iagnosed  with  colorectal  adenocarcinoma.

Upon  examination  of  the  patient  cohort  for  premalig-
ant  and  malignant  skin  neoplasms,  the  authors  identified
ultiple  actinic  keratoses  (defined  as  more  than  10  lesions)

n  3.3%  of  patients.  In  addition,  Bowen’s  disease  and  basal
ell  carcinoma  were  each  detected  in  0.7%  of  the  patient
opulation.

Additional  dermatological  findings  in  our  patient  cohort
ere  as  follows:  multiple  acrochordons,  with  a  presenta-

ion  of  more  than  ten  lesions,  were  observed  in  6%  of
atients.  A  considerable  prevalence  of  cherry  angiomas,
lso  characterized  by  more  than  ten  lesions,  was  noted  in
1.3%  of  the  patients.  Palmar  telangiectasias  were  identi-
ed  in  4%  of  the  cohort.  Conditions  with  a  prevalence  of
.7%  included  trichostasis  spinulosa  and  keratosis  pilaris.
dditionally,  2%  of  patients  were  found  to  have  decubitus
lcers,  and  0.7%  presented  with  post-zoster  granulomatous
ermatitis.

In  terms  of  infectious  dermatological  conditions  within
ur  patient  cohort,  the  following  prevalences  were
bserved:  tinea  unguium  was  the  most  common,  affecting
8.7%  of  patients,  followed  closely  by  tinea  pedis  at  62%.
inea  cruris  was  present  in  4%  of  patients.  Oral  candidiasis
as  diagnosed  in  34.7%  of  patients,  indicating  a  significant

ncidence  of  this  opportunistic  infection.  Pityriasis  versi-
olor  was  identified  in  2%  of  the  cohort,  while  scabies  were
as  noted  in  6.7%  of  patients;  it  was  documented  approx-
mately  two  years  prior  to  the  diagnosis  of  malignancy  in
ight  patients  (5.3%),  following  the  diagnosis  in  one  patient,
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Table  2  Statistical  analysis  of  dermatological  findings  by  age,  gender,  body  mass  ındex,  and  type  of  malignancy.

Seborrheic
keratosis.  n
(%)

p-value  Acanthosis
nigricans.  n
(%)

p-value  Acquired
ichthyosis.  n
(%)

p-value  Acquired
hypertrichosis
lanuginosa.  n  (%)

p-value

Age  0.003  0.310  0.160  0.090
<62 8  (10.8)  6  (8.1)  2  (2.7)  5  (4)
>62 23  (30.3)  10  (13.2)  6  (7.9)  1  (1.3)

Sex 0.010  0.890  0.150  0.014
Female 5  (9.3)  6  (11.1)  1  (1.8)  5  (9.2)
Male 26  (27.1)  10  (10.4)  7  (7.3)  1  (1)

Body Mass  Index 0.039  <0.001  0.120  0.920
<25.8 20  (27.8) 1  (1.4) 6  (8.3) 3  (4.2)
>25.8 11  (14.1) 15  (19.2) 2  (2.6) 3  (3.8)

Malignancy type  0.460  0.250  0.084  0.550
Gastric 8  (16.7)  3  (6.2)  5  (10.4)  1  (2.1)
Colorectal 15  (20.3)  11  (14.9)  1  (1.3)  3  (4.1)
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Other 8  (28.6)  2  (7.1)  

nd  one  patient  presented  with  an  active  infection  during
he  examination.

The  most  prevalent  hair-related  finding  was  androge-
etic  alopecia,  affecting  58.7%  of  the  patient  population.
his  was  followed  by  chemotherapy-associated  anagen  efflu-
ium,  which  was  observed  in  21.3%  of  the  patients.

Within  the  assessment  of  nail  disorders  in  our  patient
ohort,  excluding  tinea  unguium,  longitudinal  ridging
merged  as  the  predominant  condition,  affecting  20.7%  of
atients.  Additional  nail  abnormalities  observed  included
rittle  nails  (onychoschizia)  in  9.3%  of  the  patients,  leukony-
hia  in  6.7%,  Mees’  lines  in  6%,  Muehrcke’s  lines  in  3.3%,
plinter  hemorrhages  in  4%,  and  Beau’s  lines  in  0.7%  of  the
ohort.

In  terms  of  oral  mucosal  health,  oral  candidiasis  was
otably  present  in  34.7%  of  patients,  reflecting  a  significant
oncern  for  oral  health  in  this  population.  Additional  find-
ngs  were  atrophic  glossitis  in  7.3%,  fissured  tongue  (lingua
licata)  in  2.7%,  geographic  tongue  (benign  migratory  glos-
itis)  in  2%,  black  hairy  tongue  also  in  2%,  and  oral  aphthous
lcers  in  0.7%  of  the  patients.

When  analyzing  the  data  based  on  age  and  gender,
t  was  observed  that  certain  dermatological  conditions
ere  significantly  more  prevalent  in  patients  older  than
2  years.  These  conditions  included  paraneoplastic  der-
atoses,  cherry  angiomas,  rosacea,  onychomycosis,  tinea
edis,  and  herpes  zoster,  with  p-values  of  0.008,  0.007,
.027,  0.006,  0.003,  and  0.050,  respectively.  Additionally,
eborrheic  dermatitis  and  tinea  pedis  were  found  to  be
ore  common  in  female  patients,  with  p-values  of  0.014

nd  0.023,  respectively.

iscussion

he  present  study  contributes  to  the  growing  body  of
iterature  on  the  association  between  malignancies  and
ermatologic  manifestations,  particularly  in  patients  with

I  cancers.  This  correlation  has  intrigued  clinicians  for
ecades,  yet  the  lack  of  prospective  epidemiological  studies
as  hindered  a  comprehensive  understanding.  By  cata-
oging  skin  findings  in  our  cohort,  the  authors  aimed  to
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2  (7.1)  2  (7.1)

nhance  clinical  awareness  and  provide  a  reference  for
uture  research.

tching  and  malignancy

ruritus,  commonly  known  as  itching,  has  been  increasingly
ecognized  as  a  symptom  that  may  signal  the  presence  of
ystemic  diseases,  including  cancer.7 A  substantial  study
y  Larson  Valerie  A.  et  al.  Analyzed  16,925  patients  expe-
iencing  pruritus  and  found  that  17.1%  had  malignancies,
ith  a  notable  association  with  cancers  of  the  liver,  gall-
ladder,  biliary  tract,  hematopoietic  system,  and  skin.8

n  a  similar  vein,  Kılıç  et  al.  researched  700  patients
ith  solid  organ  and  hematological  malignancies,  noting

hat  13%  had  generalized  pruritus  together  with  other
kin  conditions.  Upon  investigating  the  skin  findings  in
atients  diagnosed  with  internal  malignancies  within  the
ast  month,  the  most  frequent  conditions  identified  were
inea  pedis/onychomycosis,  followed  by  xerosis  (dry  skin),
nd  pruritus.  These  conditions  were  predominantly  observed
n  patients  with  hematological  malignancies,  accounting  for
8.96%  of  cases.9 These  findings  align  with  these  observa-
ions,  noting  a  higher  prevalence  of  itching  (31.7%)  in  our
ohort,  predominantly  among  colorectal  adenocarcinoma
atients.  This  suggests  that  pruritus  may  be  an  important
linical  indicator  for  underlying  malignancies,  deserving  of
ore  rigorous  investigation.

ermatologic  findings  and  their  ımplications

eborrheic  keratoses  have  been  speculated  to  be  potential
arkers  of  internal  malignancies,  particularly  in  conjunction
ith  acanthosis  nigricans.  In  a  study  by  Fink  AM  et  al.,  42%
f  150  patients  with  internal  organ  malignancies  were  found
o  have  seborrheic  keratoses,  with  a  significant  proportion
f  these  patients  (62)  having  gastrointestinal  cancers.10 The

esions  predominantly  appeared  on  the  trunk  (72.5%)  and
ere  least  common  on  the  head  (5.6%).

These  findings  indicate  a  lower  occurrence  rate  of  seb-
rrheic  keratoses  (20.7%)  compared  to  Fink  AM  et  al.,  yet



atolo

w
i
c
o
r
a

a
r
f
w
m

k
p
c
n
p
m

i
a
t
p
c

l
i
p
3
r
e
p
i
t
g
t
m

b
a
T
o

c
c
w
c
b
c
e
a
g

a
n
t
R
t
i
t
c

m
i
c
i
i
o
c
T
l
a
g
i

r
i
e
o
t
t
u
c

o
c
t
c
t
c
a
a
s
v
c
i
a
i
a
n

I

T
g
o
n
t
o
a
i

p
a
i
p
4

Anais  Brasileiros  de  Derm

ith  a  similar  distribution,  primarily  on  the  trunk.  A  major-
ty  of  patients  in  the  present  study  (90.4%)  exhibited  a  high
ount  of  seborrheic  keratoses  (over  50  lesions),  a  significant
bservation  given  the  sparse  literature  documenting  the  cor-
elation  between  the  number  and  placement  of  these  lesions
nd  malignancy.

While  the  literature  lacks  comprehensive  data  on  the
verage  age,  number,  gender  distribution,  and  direct  cor-
elation  of  seborrheic  keratosis  with  BMI,  the  present  study
ound  a  higher  prevalence  of  these  lesions  among  patients
ith  a  BMI  greater  than  25,  suggesting  a  noteworthy  link  that
erits  further  exploration.
These  insights  enhance  our  understanding  of  seborrheic

eratosis  in  the  context  of  internal  malignancies  and  pro-
ose  that  factors  like  lesion  count  and  BMI  might  play  more
ritical  roles  than  previously  thought.  Further  research  is
ecessary  to  elucidate  these  connections  and  assess  the
otential  of  seborrheic  keratoses  as  indicators  of  underlying
alignancies.
Acanthosis  nigricans,  known  for  its  links  to  metabolic

ssues  like  obesity,  diabetes,  and  metabolic  syndrome,  show
 highly  variable  prevalence  in  literature,  ranging  from  4.5%
o  74%.11---14 This  variance  may  result  from  different  study
opulations,  diagnostic  criteria,  or  associated  metabolic
onditions.

In  comparison  to  existing  studies,  our  findings  indicate  a
ower  prevalence  of  acanthosis  nigricans  (10.7%).  Bahadurs-
ngh  S.  et  al.  reported  a  52.7%  prevalence  among  311
atients  with  type  2  diabetes,13 in  our  cohort,  and  only
7.5%  of  patients  with  acanthosis  nigricans  had  concur-
ent  diabetes.  Similarly,  the  study  by  Garcia-Hidalgo  L.
t  al.14 detected  acanthosis  nigricans  in  29.4%  of  156  obese
atients,  a  rate  that  is  notably  greater  than  the  19.2%  found
n  our  study  of  a  similar  patient  population.  These  dispari-
ies  could  be  influenced  by  ethnic  diversity,  obesity  severity,
lycemic  control,  and  diagnostic  sensitivity,  emphasizing
he  complex  dynamics  between  acanthosis  nigricans  and
etabolic  health.
The  present  study  also  detailed  the  anatomical  distri-

ution,  most  frequently  noting  the  inguinal  region,  which
ligns  with  the  condition’s  tendency  to  appear  in  skin  folds.
his  observation  points  to  a  need  for  further  detailed  studies
n  its  topography  across  different  demographics.

Moreover,  while  Brown  J.  et  al.12 found  a  strong  asso-
iation  between  malignant  acanthosis  nigricans  and  gastric
arcinoma  (55%  of  cases),  our  findings  indicate  a  higher  link
ith  colorectal  cancer  (68.7%),  followed  by  gastric  adeno-
arcinoma  (18.7%).  These  discrepancies  may  be  influenced
y  genetic,  environmental,  or  dietary  factors  and  regional
ancer  prevalence.  The  present  data,  alongside  Brown  J.
t  al.’s,  underscores  the  potential  of  acanthosis  nigricans
s  a  paraneoplastic  marker,  particularly  for  detecting  early
astrointestinal  cancers.

These  results  also  corroborate  the  literature  on  the
ssociation  between  acquired  ichthyosis  and  gastric  ade-
ocarcinoma,  with  the  majority  of  our  cases  linked  to  this
ype  of  cancer,  reinforcing  the  observations  made  by  Pérez
.  et  al.  and  Saldana  M.  et  al.15,16 This  recurrent  link  in

he  literature  and  our  study  suggests  that  when  acquired
chthyosis  is  diagnosed,  especially  in  the  absence  of  other
ypical  causes,  a  thorough  evaluation  for  gastric  adenocar-
inoma  should  be  considered.
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The  relationship  between  hypertrichosis  lanuginosa  and
alignancy  is  similarly  intriguing.  A  review  of  case  reports

ndicated  that  out  of  64  patients  with  acquired  hypertri-
hosis  lanuginosa,  colorectal  adenocarcinoma  was  present
n  17  patients  and  pancreatic  adenocarcinoma  was  noted
n  one  patient.17 This  pattern  of  association  is  mirrored  in
ur  study,  where  50%  of  patients  with  acquired  hypertri-
hosis  lanuginosa  were  found  to  have  colon  adenocarcinoma.
he  consistent  association  between  certain  rare  dermato-

ogic  conditions  and  specific  gastrointestinal  malignancies,
s  observed  in  our  study  and  supported  by  literature,  sug-
ests  a  significant,  non-random  connection  with  diagnostic
mplications.

Although  the  exact  mechanisms  of  these  associations
emain  unclear,  the  uniformity  of  findings  across  stud-
es  indicates  a  biological  interaction  that  deserves  further
xploration.  The  present  research  supports  the  potential
f  these  dermatologic  conditions  as  markers  for  gastroin-
estinal  cancers.  Clinicians  should  be  aware  of  these  links
o  enable  timely  evaluation  and  management  of  possible
nderlying  malignancies,  potentially  improving  patient  out-
omes  through  early  diagnosis.

In  clinical  examinations,  the  authors  observed  that  21.3%
f  our  patients  exhibited  a  widespread  presentation  of
herry  angiomas,  with  more  than  10  lesions  each.  Fac-
ors  such  as  chemical  exposure  and  immunosuppression
aused  by  medications  like  cyclosporine  have  been  reported
o  potentially  induce  or  predispose  individuals  to  develop
herry  angiomas.18 According  to  Corazza  et  al.,  cherry
ngiomas  were  found  in  15.5%  of  patients  with  melanoma
nd  14.4%  of  patients  with  non-melanoma  skin  malignancies,
howing  a  statistically  significant  association.18 While  pre-
ious  studies  have  noted  a  higher  incidence  of  widespread
herry  angiomas  in  older  individuals,  males,  and  those  with
mmunosuppression,18,19 these  findings  particularly  highlight

 significant  prevalence  in  older  patients.  Further  research
s  needed  to  determine  if  widespread  cherry  angiomas  could
ct  as  an  indicator  of  malignancy,  especially  in  relation  to
on-cutaneous  malignancies.

nfections  and  gastrointestinal  malignancies

he  present  study  highlights  a  significant  incidence  of  fun-
al  pathologies,  notably  tinea  pedis/onychomycosis  and
ral  candidiasis,  among  individuals  with  gastrointestinal
eoplasms.  Notably,  the  prevalence  of  onychomycosis  in
his  study  group  significantly  exceeds  the  global  average
f  approximately  5.5%,20 possibly  due  to  factors  such  as
ge,  sociodemographic  variables,  reduced  self-care,  and
mmunosuppression  related  to  malignancy.

Comparatively,  while  Perea  et  al.  reported  a  community
revalence  of  tinea  pedis  at  2.9%,21 these  findings  indicate

 much  higher  prevalence  of  62%  within  our  cohort,  suggest-
ng  a  marked  increase  among  our  subjects.  However,  the
revalence  of  tinea  cruris  in  the  present  study  was  about
%,  which  is  consistent  with  general  population  rates.

For  pityriasis  versicolor,  our  observed  incidence  rate  of  2%

n  patients  with  malignancy  aligns  with  the  broader  range  of
.8%  to  5%  reported  in  the  literature.22,23

Regarding  oral  candidiasis,  which  is  known  to  occur  in
0%  to  40%  of  individuals  undergoing  chemotherapy,24---26 this
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tudy  found  a  similar  incidence  rate  of  34.7%.  These  find-
ngs  emphasize  the  increased  risk  of  infectious  complications
n  immunocompromised  patients  and  highlight  the  need  for
ffective  prophylactic  and  therapeutic  strategies  to  manage
ungal  infections  in  this  vulnerable  group.

Herpes  zoster  was  observed  in  6.7%  of  patients  in  this
tudy,  a  rate  higher  than  the  general  community  incidence
f  4.8%  but  lower  than  the  11.7%  prevalence  among  can-
er  patients,  indicating  potential  variability  influenced  by
ancer  types.27 Ongoing  research,  including  a  meta-analysis
howing  a  relative  risk  of  1.42  (95%  CI:  1.18,  1.71)  for  cancer
evelopment  within  one  year  after  a  herpes  zoster  episode,
uggests  a  possible  link  between  herpes  zoster  and  subse-
uent  cancer  development.28 Furthermore,  5.3%  of  patients
xperienced  herpes  zoster  two  years  prior  to  their  cancer
iagnosis,  highlighting  its  potential  role  as  an  early  indica-
or  of  undiagnosed  malignancy  and  emphasizing  the  need  for
igilant  clinical  assessment  in  these  patients.

air  findings

ndrogenetic  alopecia  emerged  as  the  most  common  hair-
elated  finding  in  the  present  study,  aligning  with  its  known
revalence  in  the  general  population.  Anagen  effluvium,

 rapid  and  diffuse  hair  loss  triggered  by  chemotherapy,
as  another  focus  of  our  research.  Typically  developing
ithin  days  to  weeks  after  starting  cytotoxic  treatment,
nagen  effluvium  affects  about  65%  of  patients  undergoing
hemotherapy,  highlighting  its  significant  impact.29

Interestingly,  this  study  recorded  a  lower  incidence  of
nagen  effluvium  at  25.9%,  much  less  than  the  commonly
eported  rate.  This  notable  difference  can  be  attributed  to
everal  factors,  including  the  type  and  dosage  of  chemother-
peutic  agents,  the  variety  of  cancers  treated,  differences
n  chemotherapy  regimens,  genetic  predispositions,  and  the
se  of  newer,  targeted  therapies  that  tend  to  have  different
ide  effect  profiles.

This  discrepancy  emphasizes  the  need  to  consider
ndividual  factors  in  the  management  and  counseling  of
hemotherapy  patients.  It  shows  that  while  anagen  efflu-
ium  is  a  major  concern,  its  severity  and  likelihood  can  vary
ignificantly  among  individuals.

Further  studies  are  needed  to  better  understand  the
redictors  of  anagen  effluvium  and  to  devise  effective
trategies  to  alleviate  this  distressing  side  effect.  The
resent  research  provides  additional  insights  into  the  fre-
uency  and  characteristics  of  anagen  effluvium  in  a  specific
atient  group,  potentially  aiding  in  the  development  of
reventive  and  therapeutic  approaches  to  improve  patient
uality  of  life  during  chemotherapy.

onclusion

n  conclusion,  this  study  underscores  the  critical  role  of
ermatological  manifestations  as  potential  indicators  of  gas-
rointestinal  (GI)  malignancies,  emphasizing  the  importance
f  early  cancer  detection  and  improved  management  of

kin  conditions.  By  highlighting  the  correlation  between  der-
atologic  symptoms  such  as  pruritus,  xerosis,  seborrheic

eratosis,  and  acanthosis  nigricans,  and  underlying  malig-
ancies,  these  findings  advocate  for  routine  dermatological

6
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creening  as  an  integral  part  of  comprehensive  patient  care.
his  approach  aims  to  advance  early  diagnosis  and  enhance
he  overall  treatment  and  quality  of  life  for  patients  with  GI
ancers,  reinforcing  the  necessity  of  dermatological  assess-
ent  in  oncology  protocols.
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Abstract
Background:  Cutaneous  squamous  cell  carcinoma  (cSCC)  includes  in  situ  cSCC  (Bowen’s  disease
[BD]) and  invasive  cSCC.  By  contrast,  keratoacanthoma  (KA)  is  a  well-differentiated  cSCC  with
self-resolving  tendencies.  Dermoscopy  aids  in  monitoring  vascular  and  keratin  pattern  changes
to diagnose  and  track  cSCC  invasion.
Objectives:  To  examine  dermoscopic  findings  of  cSCC  according  to  histopathological  differen-
tiation and  clinical  morphological  characteristics.
Methods:  Clinical  and  dermoscopic  images  of  118  cSCCs  were  retrospectively  examined.
Results: Compared  to  other  cSCC  subtypes,  BD  more  frequently  presented  with  pigmentation
(p =  0.028)  and  a  clustered  (p  =  0.042)  or  serpiginous  (p  =  0.006)  vascular  arrangement.  Central
keratin plugs  were  more  common  in  well-differentiated  invasive  cSCCs  (p  =  0.021),  while  white
circles surrounding  follicles  (p  <  0.001),  ulceration/bleeding  (p  =  0.001),  and  red  background
(p =  0.004)  were  observed  more  in  poorly  differentiated  invasive  cSCCs.  Central  keratin  plugs
(87.5%) and  branched  vascular  arrangements  (75%)  were  observed  in  patients  with  nodular  KA,
with both  statistically  more  frequent  than  in  invasive  cSCC  (p  <  0.001,  p  =  0.040,  respectively).
White halos  surrounding  vessels  (p  =  0.004)  and  a  clustered  vessel  arrangement  (p  =  0.037)  were
more common  in  nodular  invasive  cSCC  compared  to  nodular  KA.
Study limitations:  The  number  of  examined  lesions  in  the  subgroups  was  relatively  small.
Conclusions:  Dermoscopy  aids  in  distinguishing  well-differentiated  invasive  cSCC  from  poorly
differentiated  invasive  cSCC,  distinguishing  nodular  KA  from  nodular  invasive  cSCC,  and  diag-
nosing BD.  Further  studies  are  needed  to  identify  dermoscopic  findings  that  can  distinguish

moderately  differentiated  invas
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M.  Ürün,  Y.  Gürsel  

ntroduction

utaneous  squamous  cell  carcinoma  (cSCC)  accounts  for
0%---30%  of  non-melanoma  skin  malignancies.1 cSCC  encom-
asses  a  broad  spectrum  of  clinical  entities  that  vary  in
erms  of  cellular  atypia  and  dysplasia  and  range  from  pre-
ursor  lesions  to  in  situ  cSCC  and  invasive  cSCC.2 There  are
hree  main  subtypes  of  cSCC:  Bowen’s  disease  (BD),  kera-
oacanthoma  (KA),  and  invasive  cSCC.3

Dermoscopic  findings  of  BD  (i.e.,  in  situ  SCC)  include  a
ink  or  pigmented  background  accompanied  by  clustered
lomerular  vessels  and  dotted  vessels,  yellow-white  squams,
nd  erosion.4 KA  shares  common  clinical  and  histopatholog-
cal  features  with  well-differentiated  cSCC.5 KA  very  rarely
ransforms  to  invasive  cSCC  and  thus  its  accurate  diagnosis
revents  overtreatment.6

Invasive  cSCC  has  specific  dermoscopic  signs  related  to
ts  differentiation  and  depth  of  invasion.7 The  dermoscopic
tructures  seen  in  cSCC  can  be  summarized  as  follows:  1)
eratin/central  keratin,  2)  Vascular  structures,  3)  Ulcera-
ion,  and  4)  White  structureless  areas.8 As  invasive  cSCC
ifferentiates  further,  the  keratin  structures  disappear,  a
olymorphic  pattern  of  linear  vessels  covers  the  lesion,
nd  ulceration  develops.9 Histopathological  differentiation
s  an  important  risk  factor  in  cSCC  tumor  aggressiveness
nd  recurrence  risk.3,10 Early  differential  diagnosis  of  the
ariants  of  cSCC  is  especially  important  considering  the
etastatic  potential  of  invasive  cSCC.11

This  present  study  aimed  to  examine  the  distribution  of
ermoscopic  findings  in  cases  of  invasive  cSCC  with  differ-
nt  histopathological  differentiation,  as  well  as  compare
ermoscopic  findings  according  to  different  morphological
haracteristics  in  cSCC  patients  and  evaluate  the  dermo-
copic  findings  of  patients  presenting  with  nodular  invasive
SCC  compared  to  those  of  patients  with  KA.  The  authors
lso  aimed  to  further  contribute  to  the  literature  by  review-
ng  the  dermoscopic  findings  of  BD.

ethods

tatement  of  ethics

he  study  was  approved  by  the  Non-interventional  Clinical
esearch  Ethics  Committee  of  the  Trakya  University  Faculty
f  Medicine  (2023/479).

atients

his  retrospective  cross-sectional  study  examined  the
ecords  of  118  patients  from  January  2019  to  July  2024  at
he  Trakya  University  dermatological  and  venereal  diseases
utpatient  clinic.  The  study  included  patients  who  had  a
istopathological  diagnosis  of  invasive  cSCC,  BD,  or  KA  fol-
owing  complete  surgical  excision  of  the  tumor,  who  had
igh-quality  macroscopic  and  dermoscopic  photographs,  and
ho  had  sociodemographic  and  clinical  data  available’’.
The  patients’  sociodemographic  characteristics  (age,
ender,  past  history  of  SCC,  Fitzpatrick  phototype),  clini-
al  characteristics  (presence  of  multiple  actinic  keratoses
t  diagnosis,  lesion  duration,  lesion  location,  whether  in
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un-exposed  or  sun-protected  area),12 and  histopathological
iagnosis  (well-differentiated  cSCC,  moderately  differen-
iated  cSCC,  poorly  differentiated  cSCC,  BD,  or  KA)  were
ecorded  by  a member  of  the  research  team  (M.Ü).  The
ame  researcher  evaluated  macroscopic  images  for  lesion
orphology  (erythematous  papule/plaque,  hyperkeratotic
apule/plaque,  hyperkeratotic  nodule,  tumor,  ulcerated
apule/plaque,  and  ulcerated  nodule)  and  classified  the
esions  as  flat  or  elevated  after  evaluating  their  clinical
eatures.  Macroscopic  photographs  were  collected  from  the
linic’s  image  dataset.  Patients  who  had  invasive  cSCC
nd  KA  with  nodular  morphology  were  evaluated  in  sep-
rate  subgroups.  As  ulceration  is  morphologically  rare  in
A,  ulcerated  nodular  lesions  were  not  evaluated.  The
istopathological  classification  has  been  revised  according
o  the  diagnostic  criteria  set  by  the  WHO  in  2024  (N.C).13

ermoscopy

ermoscopic  images  were  obtained  using  20×  lenses  and
 dermoscopy  system  based  on  the  FotoFinder  platform
FotoFinder  Systems  GmbH,  Germany).  All  images  were
btained  by  contact  dermoscopy  with  alcohol  gel  or  ultra-
ound  gel  in  patients  with  highly  elevated  lesions.  Evaluation
f  dermoscopic  images  was  performed  independently  by
wo  researchers  (Y.G.Ü  &  Ö.F.E)  who  were  both  blinded
o  the  patient’s  clinical  information  and  histopathological
iagnoses.  Dermoscopic  images  were  retrieved  from  the
atabase  of  the  digital  video  dermoscopy  system  at  the
linic.

Using  the  parameters  specified  by  Sgouros  et  al.  and
osendahl  et  al.,3,8 the  dermoscopic  images  were  evalu-
ted  under  the  following  main  headings:  1)  Features  of
eratinization  (scales,  central  keratin  plug,  white  halos  sur-
ounding  vessels,  white  circles,  white  clods,  white  lines,
hite  clods/dots,  white  structureless  areas,  and  rosettes)

Figs.  1  and  2)  2)  Epidermal  and  dermal  losses  (ulcera-
ion/bleeding,  erosion,  and  blood  spots),  and  3)  Background
olor  (white,  pink,  red,  or  mixed).  In  addition,  vessels
ere  classified  in  more  detail  according  to  1)  Vascular
attern  (monomorphous,  polymorphous,  no  clear  vascu-
ar  pattern),  2)  Vascular  structures  (dots,  clods,  linear)
Figs.  3  and  4),  and  3)  Vascular  arrangement  (random,
lustered,  serpiginous,  linear,  centered,  radial,  reticular,
ranched)  (Figs.  5  and  6).  Linear  vascular  structures  were
valuated  as  straight,  looped,  curved,  serpentine,  helical,
r  coiled  (Figs.  3  and  4).14 The  dermoscopic  terms  used  are
ased  on  the  study  by  Kittler  et  al.15

tatistical  analysis

he  data  obtained  from  the  study  were  analyzed  using  the
BM  SPSS  Statistics  Version  21  package  program.  Frequency,
ercentage,  mean,  and  standard  deviation  were  used  as
escriptive  statistical  methods  in  the  data  analysis.  The
oncordance  of  the  dermoscopic  findings  identified  by  the
wo  physicians  was  evaluated  using  Cohen’s  Kappa  statistic.

he  dermoscopic  findings  showed  high  intra-rater  agreement
nd  were  compared  with  histopathological  findings  using  chi-
quare  and  Fisher  exact  tests.  A  p-value  below  0.05  was
onsidered  statistically  significant.



Anais  Brasileiros  de  Dermatologia  2025;100(4):101091

Fig.  1  Features  of  keratinization  dermoscopically  in  cutaneous  squamous  cell  skin  cancer:  (A)  Keratin  crust/scale,  (B)  Central
keratin plug,  (C)  White  halos  surrounding  vessels,  (D)  White  circles  surrounding  follicles.

Fig.  2  Features  of  keratinization  dermoscopically  in  cutaneous  squamous  cell  skin  cancer:  (A)  White  lines,  (B)  White  clod/dots,
(C) White  structureless  areas,  (D)  Rosettes.
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Fig.  3  Vascular  structures  in  cutaneous  squamous  cell  carcinoma:  (A)  Dots,  (B)  Clods,  (C)  Linear  straight,  (D)  Linear  looped.

Fig.  4  Vascular  structures  in  cutaneous  squamous  cell  carcinoma:  (A)  Linear  curved,  (B)  Linear  serpentine,  (C)  Linear  helical,  (D)
Linear coiled.
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Fig.  5  Vascular  arrangement  in  dermoscopy:  (A)  Random,  (B)  Clustered,  (C)  Serpiginous,  (D)  Linear.

Fig.  6  Vascular  arrangement  in  dermoscopy:  (A)  Centered,  (B)  Radial,  (C)  Reticular,  (D)  Branched.
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Table  1  Demographic  and  clinical  characteristics  and
histopathologic  diagnoses  of  patients  with  cutaneous  squa-
mous  cell  carcinoma.

n  =  118

Age  (years),  mean  ±  SD  (range)  69.05  ±  11.92
(42---90)

Gender, n  (%)
Male  79  (66.9)
Female  39  (33.1)

Lesion  duration  (months),  mean  ±  SD
(range)

14.78  ±  29.53
(1---240)

Past history  of  SCC,  n  (%) 21  (17.8)
Multiple  actinic  keratosisa,  n  (%) 45  (38.1)
Fitzpatrick  phototype,  n  (%)

II  49  (41.5)
III 56  (47.5)
IV 13  (11.0)

Location,  n  (%)
Head  and  neck 102  (86.4)
Upper  limbs 10  (8.5)
Trunk 4  (3.4)
Lower  limbs 2  (1.7)

Lesion  site,  n  (%)b

Sun-exposed  106  (89.8)
Sun-protected  12  (10.2)

Histopathological  subtype,  n  (%)
Well-differentiated  cSCC  50  (42.4)
Moderately  differentiated  cSCC  19  (16.1)
Poorly  differentiated  cSCC  16  (13.6)
Bowen’s  disease  10  (8.5)
Keratoacanthoma  23  (19.4)

cSCC, cutaneous Squamous Cell Carcinoma.
a Patients with multiple actinic keratosis diagnosed clinically

and dermoscopically at the time of cutaneous SCC diagnosis.
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statistically  more  frequent  than  in  invasive  cSCC  (p  ≤  0.001,
b According to the study by Morelló-Vicente et al.12

esults

emographic  and  clinical  characteristics  of  the
atients

he  mean  age  of  the  patients  was  69.05  ±  11.92  years,
nd  the  male-to-female  ratio  was  2:1.  Most  of  the  lesions
ere  located  in  the  head  and  neck  region  (n  =  102,  86.4%).
ultiple  actinic  keratosis  lesions  were  detected  in  38.1%

n  =  45)  of  the  patients  at  the  time  of  diagnosis.  The
istopathological  classification  was  well-differentiated  cSCC
n  50  patients  (42.2%),  moderately  differentiated  cSCC  in  19
atients  (16.1%),  poorly  differentiated  cSCC  in  16  patients
13.6%),  BD  in  10  patients  (8.5%),  and  KA  in  23  patients
19.5%)  (Table  1).

When  the  distribution  of  morphological  features  deter-
ined  by  clinical  image  analysis  was  examined  according

o  histopathologic  subtype,  the  authors  observed  that
ell-differentiated  cSCC  most  commonly  presented  with

yperkeratotic  papules/plaques  (n  =  29,  58%),  poorly  differ-
ntiated  cSCC  with  ulcerated  papules/plaques  and  nodules
n  =  6,  37.5%),  BD  with  erythematous  papules/plaques  (n  =  8,
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0%),  and  KA  with  hyperkeratotic  nodules  (n  =  16,  69.5%)
See  Supplementary  Table  S1).

ermoscopic  features

here  was  complete  agreement  between  the  two  physicians’
valuations  for  the  parameters  of  dermoscopic  pigmenta-
ion,  absent  vessels,  ulceration/bleeding,  erosion,  blood
pots,  and  pink  background  color  (�  =  1.000;  p  <  0.001).
here  was  also  high  agreement  for  all  other  dermoscopic
eatures  (p  <  0.001  for  all  parameters  except  linear  vascular
rrangement,  p  =  0.003)  (See  Supplementary  Table  S2).

The  most  common  dermoscopic  findings  in  cSCC  included
eratin  crust/scale  (78.9%),  linear  serpentine  vascular  struc-
ures  (74.5%),  random  vascular  arrangement  (67.7%),  white
lod/dots  (66.1%),  white  structureless  areas  (65.2%),  and
lood  spots  (63.5%)  (Supplementary  Table  S3).  The  distri-
ution  of  dermoscopic  findings  in  invasive  cSCC,  BD,  and
A  is  shown  in  Table  2. Dermoscopic  pigmentation  was
ore  common  in  BD  patients  than  in  invasive  cSCC  and  KA
atients  (p  =  0.028).  Linear  serpentine  vascular  structures
ere  detected  more  frequently  in  invasive  cSCC  and  BD  than

n  KA  (p  =  0.028).  The  linear  coiled  vascular  arrangement  was
ost  common  in  BD  (p  =  0.032).  Clustered  and  serpiginous

ascular  arrangements  were  also  detected  more  frequently
n  BD  than  in  invasive  cSCC  and  KA  (p  =  0.042  and  p  =  0.006,
espectively).  Central  keratin  plug  was  detected  more  in  KA
han  in  invasive  cSCC  and  BD  (p  <  0.001).  White  structure-
ess  areas  were  less  common  in  BD  patients  than  in  invasive
SCC  and  KA  patients  (p  =  0.039).  The  dermoscopic  finding
f  ulceration/bleeding  was  most  common  in  invasive  cSCC
ut  was  not  observed  in  any  patients  with  BD  (p  <  0.001).

The  comparison  of  dermoscopic  findings  according  to
nvasive  cSCC  histopathologic  differentiation  is  shown  in
able  3.  Central  keratin  plug  was  more  common  in  patients
ith  well-differentiated  cSCC  than  in  patients  with  mod-
rately  and  poorly  differentiated  cSCC  (p  =  0.021).  White
ircles  surrounding  follicles,  ulceration/bleeding,  and  red
ackground  color  were  significantly  more  common  dermo-
copic  findings  in  poorly  differentiated  cSCC  than  other
istopathological  subtypes  of  invasive  cSCC  (p  <  0.001,

 =  0.001,  and  p  =  0.004,  respectively).
Based  on  macroscopic  images  and  clinical  features,  20.3%

f  the  lesions  were  flat.  When  dermoscopic  features  were
ompared  between  flat  and  elevated  cSCC  lesions,  the
uthors  found  that  dermoscopic  pigmentation  and  ulcera-
ion/bleeding  were  prominent  in  flat  lesions  (p  <  0.001,

 =  0.004,  respectively),  while  central  keratin  plug  was
ore  common  in  elevated  lesions  (p  <  0.001)  (Supplemen-

ary  Table  S4).
The  dermoscopic  characteristics  of  14  invasive  cSCC  and

6  KA  patients  with  nodular  morphology  are  compared  in
able  4.  The  most  common  dermoscopic  findings  in  nodular
esions  were  scales  (n  =  21,  70%),  central  keratin  plug  (n  =  20,
6.7%),  and  white  structureless  areas  (n  =  18,  60%).  Cen-
ral  keratins  plug  and  branched  vascular  arrangement  were
bserved  in  87.5%  and  75%  of  patients  with  KA,  which  was
 =  0.040,  respectively).  Dermoscopic  findings  of  white  halos
urrounding  the  vessels  and  clustered  vessel  arrangement
ere  statistically  more  common  in  invasive  nodular  cSCC
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Table  2  The  distribution  of  dermoscopic  findings  in  invasive  cutaneous  squamous  cell  carcinoma  (cSCC),  Bowen’s  disease,  and
keratoacanthoma.

Dermoscopic  Findings  Invasive  cSCC
(n  =  85)

Bowen’s  disease
(n  =  10)

Keratoacanthoma
(n  =  23)

Fishera p-valuea

n  (%)  n  (%)  n  (%)  n  (%)  n  (%)

Dermoscopic  pigmentation 4  (4.8) 3  (30.0) 1  (4.3) 6.486  0.028
Vascular pattern

Absent  12  (14.1)  1  (10.0)  8  (34.7)  2.232  0.345
Monomorphous  31  (36.5)  5  (50.0)  7  (30.5)  1.418  0.481
Polymorphous  42  (49.4)  4  (40.0)  8  (34.8)  1.693  0.416

Vascular structures
Dots
Clods  46  (54.1)  8  (80.0)  12  (52.2)  2.408  0.293
Linear straight  23  (27.1)  3  (30.0)  5  (21.7)  0.421  0.885
Linear looped  30  (35.3)  2  (20.0)  5  (21.7)  1.959  0.409
Linear curved  51  (60.0)  5  (50.0)  8  (34.8)  4.699  0.097
Linear serpentine  30  (35.3)  1  (10.0)  4  (17.4)  4.437  0.119
Linear helical 68  (80.0)  8  (80.0)  12  (52.2)  6.929  0.028
Linear coiled 34  (40.0)  7  (70.0)  5  (21.7)  6.791  0.032

Vascular arrangement
Random  58  (68.2)  7  (70.0)  15  (65.2)  0.180  0.946
Clustered 15  (16.5) 4  (40.0)  1  (4.3)  6.049  0.042
Serpiginous 5  (5.9)  4  (40.0)  2  (8.7)  8.772  0.006
Linear 9  (10.6) -  (0.0)  2  (8.7)  0.467  0.891
Centered 4  (4.7) 1  (10.0) 1(10.0)  1.649  0.509
Radial 32  (37.6) 1  (10.0) 4  (17.4) 3.033  0.221
Reticular 6 (7.1) -  (0.0) -  (0.0)  1.412  0.486
Branched 29  (34.1) -  (0.0) 12  (52.1) 5.425  0.065

Features of  keratinization
Keratin  crust/scale  65  (76.4)  7  (70.0)  21  (91.4)  0.851  0.676
Central keratin  plug  29  (34.1)  1  (10.0)  18  (78.5)  18.557  <0.001
White halos  surrounding  vessels  24  (28.2)  3  (30.0)  6  (26.1)  0.163  1.000
White circles  surrounding  follicles  27  (31.8)  2  (20.0)  5  (21.7)  1.271  0.153
White lines  36  (42.4)  2  (20.0)  8  (34.8)  1.995  0.423
White clod/dots  60  (70.6)  5  (50.0)  13  (56.5)  2.984  0.246
White structureless  areas  60  (70.6)  3  (30.0)  14  (60.9)  6.404  0.039

Rosettes 19  (22.4)  -  (0.0)  3  (13.0)  2.600  0.294
Ulceration/bleeding  34  (40.0)  -  (0.0)  2  (8.7)  13.801  <0.001
Erosion 24  (28.2)  3  (30.0)  2  (8.7)  3.519  0.165
Blood spots  58  (68.2)  4  (40.0)  13  (56.5)  3.239  0.205
Background color

White  20  (23.6)  2  (20.0)  12  (47.8)  4.780  0.096
Pink 10  (11.7)  2  (20.0)  2  (8.7)  1.098  0.648
Red 10  (11.7)  2  (20.0)  1  (4.3)  1.993  0.317
Mixed 45  (53.0)  4  (40.0)  8  (34.8)  1.744  0.444
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a Fisher’s exact test and Pearson’s Chi-Square test. Statistically 

ompared  to  nodular  KA  (p  =  0.004  and  p  =  0.037,  respec-
ively).

iscussion

he  sociodemographic  and  clinical  characteristics  of  these
atients  were  consistent  with  previous  studies  indicating

hat  most  cSCC  patients  are  older  and  male,  and  lesions  are
ost  commonly  located  in  the  head  and  neck  region.16,17

he  incidence  of  actinic  keratosis  increases  with  age,  and
his  increase  is  higher  in  the  70-year  age  range.18 Multiple
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cant results (p < 0.05) shown in bold.

ctinic  keratosis  is  one  of  the  risk  factors  for  the  develop-
ent  of  invasive  cSCC.19 In  a  study,  the  number  of  multiple

ctinic  keratoses  accompanying  invasive  cSCC  was  reported
s  11.5%.17 This  rate  was  found  to  be  higher  in  the  present
tudy.  This  may  be  related  to  the  average  age  in  this  study
eing  69.05  and  patients  being  regularly  followed  up  for
ctinic  keratosis  and  cSCC.

In  different  studies,  dermoscopic  pigmentation  in  cSCCs
20
s  reported  to  vary  between  0.01%  and  25%. Its  prevalence

as  found  to  be  higher  (5.5%)  in  pigmented  BD.21 In  the
resent  study,  this  rate  was  found  to  be  6.7%  and  it  was
ost  commonly  observed  in  BD.  When  evaluating  dermo-
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Table  3  The  distribution  of  dermoscopic  findings  in  invasive  cutaneous  squamous  cell  carcinoma  according  to  histopathologic
differentiation.

Dermoscopic  Findings  Well  differentiated
(n  =  50)

Moderately
differentiated
(n  =  19)

Poorly
differentiated
(n  =  16)

Fishera p-valuea

n  (%) n  (%) n  (%) n  (%)  n  (%)

Dermoscopic  pigmentation  2  (4.0)  1  (5.3)  1  (6.2)  4.250  0.111
Vascular pattern

Absent  8  (4.0)  3  (15.8)  1  (6.2)  0.309  0.947
Monomorphous  20  (40.0)  5  (26.3)  4  (25.0)  1.293  0.534
Polymorphous  22  (44.0)  11  (57.9)  11  (68.8)  2.710  0.582

Vascular structures
Dots  25  (50.0) 11  (57.9)  10  (62.5)  0.905  0.630
Clods 9  (18.0)  7  (36.8)  7  (43.8)  5.342  0.058
Linear straight  13  (26.0)  10  (52.6)  7  (43.8)  4.906  0.079
Linear looped  29  (58.0)  11  (57.9)  11  (68.8)  0.633  0.786
Linear curved  14  (28.0)  9  (47.4)  7  (43.8)  2.879  0.250
Linear serpentine 37  (74.0)  16  (84.2)  15  (93.8)  2.925  0.247
Linear helical 8  (16.0)  4  (21.1)  4  (25.0)  0.963  0.688
Linear coiled 16  (32.0) 16  (47.4)  9  (56.3)  3.537  0.181

Vascular arrangement
Random  31  (62.0) 15  (78.9)  12  (75.0)  2.241  0.324
Clustered 5  (10.0)  6  (31.6)  3  (18.8)  4.647  0.086
Serpiginous 4  (8.0) -  (0.0)  1  (6.3)  1.295  0.698
Linear 4  (8.0) 2  (10.5) 3  (18.8)  1.706  0.427
Centered 2  (4.0) 1  (5.3) 1  (6.3) 0.733  1.000
Radial 22  (44.0) 5  (26.3) 5  (31.3)  2.071  0.352
Reticular 3 (6.0) 2  (10.5) 1  (6.3) 0.783  0.840
Branched 15  (30.0) 9  (47.4) 5  (31.3)  1.921  0.437

Features of  keratinization
Keratin  crust/scale  42  (84.0)  13  (68.5)  10  (62.5)  1.749  0.449
Central keratin  plug  23  (46.0)  4  (21.1)  2  (12.5)  7.709  0.021
White halos  surrounding  vessels  14  (28.0)  6  (31.6)  4  (25.0)  0.252  0.893
White circles  surrounding  follicles  9  (18.0)  6  (31.6)  12  (75.0)  18.170  <0.001
White lines  25  (50.0)  7  (36.8)  4  (25.0)  3.301  0.187
White clod/dots  35  (68.0)  15  (78.9)  10  (62.5)  2.373  0.294
White structureless  areas  39  (78.0)  11  (57.9)  10  (62.5)  3.422  0.193

Rosettes 14  (28.0)  3  (15.8)  2  (12.5)  1.968  0.365
Ulceration/bleeding  15  (30.0)  6  (31.6)  13  (81.2)  13.587  0.001
Erosion 14  (28.0)  8  (42.1)  2  (12.5)  3.642  0.173
Blood spots  32  (64.0)  14  (73.7)  12  (75.0)  0.917  0.685
Background color

White  14  (28.0)  5  (26.3)  1  (6.25)  1.505  0.535
Pink 6  (12.0)  3  (15.8)  1  (6.25)  0.752  0.808
Red 3  (6.0)  1  (5.3)  6  (37.5)  9.580  0.004
Mixed 27  (54.0)  10  (52.6)  8  (50.0)  0.142  1.000
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a Fisher’s exact test and Pearson’s Chi-Square test. Statistically 

copic  findings,  it  should  be  kept  in  mind  that  pigmentation
ay  rarely  be  seen  in  KA  and  invasive  cSCC.
Among  the  dermoscopic  findings  of  cSCC,  the  most  com-

on  is  linear  irregular  vessels.3,16 If  linear  vessels  have  more
han  one  turn,  it  is  referred  to  as  a  serpentine  vessel.14,15

he  linear  irregular  vessel  structure  is  also  known  as  a
erpentine  vessel.22,23 In  a  study  by  Lallas  et  al.,  the  der-

oscopic  findings  of  invasive  cSCC  included  radial  linear

rregular  and  dotted  vessels.16 Although  the  studies  use
ifferent  nomenclatures  of  dermoscopic  terms,  the  dermo-
copic  features  of  serpentine  and  dotted  vessels  should  be

a
d
t
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cant results (p < 0.05) shown in bold.

onsidered  in  the  diagnosis  of  cSCC,  consistent  with  the
iterature.

Rosendahl  et  al.  determined  that  the  vessel  arrangement
n  KA  and  invasive  cSCC  was  most  frequently  random,  i.e.,
onspecific.8 In  the  present  study,  a  similar  distribution  was
bserved  in  subtypes  other  than  BD.  Several  studies  have
emonstrated  glomerular  vessels  and  a  clustered  vascular

rrangement  to  be  important  findings  in  the  dermoscopic
iagnosis  of  BD.3,9 As  a  result,  glomerular  vessels  and  clus-
ered  vascular  arrangement  help  to  differentiate  from  KA
nd  invasive  cSCC  when  diagnosing  BD.
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Table  4  Distribution  of  dermoscopic  findings  in  patients  with  nodular  invasive  squamous  cell  carcinoma  and  nodular
keratoacanthoma.

Dermoscopic  Findings  Nodular  invasive  cSCC
(n =  14)

Nodular  KA
(n  =  16)

Total  p-valuea

n  (%)  n  (%)  n  (%)

Dermoscopic  pigmentation -  (0.0) -  (0.0) -  (0.0) ---
Vascular pattern

Absent  3  (21.4)  3  (18.8)  6  (20.0)  0.919
Monomorphous  5  (35.7)  7  (43.7)  12  (40.0)  0.709
Polymorphous  6  (42.9)  6  (37.5)  12  (40.0)  0.765

Vascular structures
Dots  7  (50.0)  8  (50.0)  15  (50.0)  1.000
Clods 3  (21.4)  2  (12.5)  5  (16.7)  0.642
Linear straight  3  (21.4)  3  (18.8)  6  (20.0)  1.000
Linear looped  8  (58.1)  7  (43.8)  15  (50.0)  0.464
Linear curved  4  (28.6)  3  (18.8)  7  (23.3)  0.675
Linear serpentine  9  (64.3)  9  (56.2)  18  (60.0)  0.654
Linear helical 3  (21.4)  1  (6.2)  4  (13.3)  0.315
Linear coiled 5  (35.7)  4  (25.0)  9  (30.0)  0.694

Vascular arrangement
Random  8  (57.1)  8  (50.0)  16  (53.3)  0.696
Clustered 4  (28.6) -  (0.0)  4  (13.3)  0.037
Serpiginous -  (0.0)  -  (0.0)  -  (-)  ---
Linear -  (0.0) -  (0.0)  -  (-)  ---
Centered 3  (21.4) 1  (6.2) 4  (13.3)  1.000
Radial 6  (42.9) 5  (31.2) 11  (36.7) 0.510
Reticular 2  (14.3) -  (0.0) 2  (6.7)  0.209
Branched 5  (35.7) 12  (75) 17  (56.7) 0.040

Features of  keratinization
Keratin  crust/scale  10  (71.4)  11  (68.8)  21  (70.0)  1.000
Central keratin  plug  6  (42.8)  14  (87.5)  20  (66.7)  <0.001
White halos  surrounding  vessels  10  (71.4)  3  (18.8)  13  (43.3)  0.004
White circles  surrounding  follicles  7  (50.0)  4  (25.0)  11  (36.7)  0.156
White lines  5  (35.7)  4  (25.0)  9  (30.0)  0.694
White clod/dots  9  (64.3)  7  (43.8)  16  (53.3)  0.261
White structureless  areas  9  (64.3)  9  (56.3)  18  (60.0)  0.654

Rosettes 6  (42.8)  3  (18.8)  9  (30.0)  0.236
Ulceration/bleeding  -  (0.0)  -  (0.0)  -  (0.0)  ---
Erosion 1  (7.1)  1  (6.3)  2  (6.7)  1.000
Blood spots  6  (42.9)  7  (43.8)  13  (43.3)  0.961
Background color

White  7  (50.0)  9  (56.2)  16  (53.3)  0.696
Pink 2  (14.3)  1  (6.2)  3  (10.0)  0.586
Red 1  (7.1)  1  (6.2)  2  (6.7)  1.000
Mixed 4  (28.6)  5  (31.2)  9  (30.0)  1.000

.
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cSCC, Cutaneous Squamous Cell Carcinoma; KA, Keratoacanthoma
a Fisher’s exact test and Pearson’s Chi-Square test. Statistically 

Well-differentiated  invasive  cSCCs  show  an  exophytic
rowth  pattern  and  are  present  with  white  structures
ccompanied  by  squam  on  dermoscopy.16,23 Sgouros  et  al.
etected  the  dermoscopic  finding  of  white  perifollicular
penings  more  frequently  in  well-differentiated  invasive
SCC.3 Manfredini  et  al.  reported  that  the  dermoscopic
nding  of  white  structureless  areas  was  more  common

24
n  well-differentiated  invasive  cSCC. In  a  study  con-
ucted  in  2024,  it  was  determined  that  dermoscopic  findings
uch  as  centrally  distributed  keratin,  white  circles,  and
hitish  perivascular  halo  were  more  commonly  observed

w
c

l
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cant results (p < 0.05) shown in bold.

n  well-differentiated  invasive  cSCC  compared  to  non-well
ifferentiated  invasive  cSCC.25

Lallas  et  al.  emphasized  that  a  central  distribution  of
cales  or  keratin  on  dermoscopic  images  was  a  negative
redictor  of  the  diagnosis  of  poorly  differentiated  invasive
SCC.16 In  this  study,  dermoscopic  findings  of  the  central  ker-
tin  plug,  keratin  crust/scale,  and  white  structureless  areas

ere  seen  more  frequently  in  well-differentiated  invasive
SCCs.

Poorly  differentiated  cSCC  presents  clinically  as  a  flat
esion  and  dermoscopically  as  red  in  color,  often  with  abnor-
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al  vascular  structures.16,24 In  a  study,  it  is  emphasized  that
he  dermoscopic  finding  of  arborizing  vessels  is  important
n  the  diagnosis  of  poorly  differentiated  invasive  cSCCs.  In
his  study,  invasive  cSCCs  were  examined  in  two  groups:
ell-differentiated  and  non-well-differentiated.25 Both  this

tudy  and  the  study  by  Sgouros  et  al.3 examined  invasive
SCC  across  three  different  histopathological  subtypes.  No
ifference  was  found  between  these  3  different  histopatho-
ogical  subtypes  in  terms  of  dermoscopic  findings  of  vascular
tructures.  Among  the  patients  with  poorly  differentiated
SCC  in  the  present  study,  ulceration  was  detected  clinically
n  75%,  and  ulceration/bleeding  and  red  background  color
ere  more  common  dermoscopically.  The  authors  believe

hat  further  research  is  needed  on  this  subject.
In  the  literature,  the  dermoscopic  findings  of  white  cir-

les  surrounding  follicles  and  white  halos  surrounding  vessels
re  not  used  separately  but  referred  to  collectively  as  white
ircles.16,22 However,  Papageorgiou  et  al.  examined  these
wo  dermoscopic  findings  separately  and  emphasized  that
hite  circles  surrounding  follicles  supported  a  diagnosis  of
oorly  differentiated  invasive  cSCC.24 The  findings  of  our
tudy  support  this.  In  the  same  study,  white  halos  surround-
ng  vessels  were  determined  to  be  an  important  dermoscopic
nding  for  early  invasive  cSCC.  In  the  present  study,  white
alos  surrounding  vessels  were  most  frequently  detected  in
ell-differentiated  cSCC  and  were  important  in  differenti-
ting  nodular  invasive  cSCC  from  KA.

The  presence  of  keratin  on  dermoscopy  has  high  sensi-
ivity  in  the  differentiation  of  invasive  cSCC  and  KA  from
utaneous  basal  cell  carcinoma,  one  of  the  other  non-
elanocytic  skin  cancers.8 However,  the  positive  predictive

alue  of  this  dermoscopic  finding  decreases  to  50%  when
istinguishing  cSCC  and  KA  from  BD.  In  the  present  study,
mong  the  dermoscopic  signs  of  keratinization,  white  cir-
les  and  white  structureless  areas  were  less  common  in
atients  with  BD.  As  in  this  study  and  the  study  by  Rosendahl
t  al.,  the  dermoscopic  findings  of  white  circles  and  white
tructureless  areas  are  supportive  of  cSCC  and  KA  when  dif-
erentiating  from  BD.8

In  their  study,  Sgouros  et  al.  emphasized  that  dermo-
copic  erosion  was  mostly  seen  in  patients  with  BD,  while
lceration  was  mostly  seen  in  patients  with  invasive  cSCC.3

n  this  study,  ulcerations  were  not  seen  in  any  of  the  patients
ith  BD,  whereas  erosion  was  detected  more  frequently

han  invasive  cSCC  and  KA.  When  evaluated  together  with
he  literature,  these  findings  stand  out  as  important  in  the
ermoscopic  differentiation  of  BD.

Dermoscopic  findings  seen  in  KA  include  a  white  back-
round,  central  keratin  plug,  and  linear  irregular  or  hairpin
essels.3,6 The  literature  emphasizes  the  similarity  of
ermoscopic  findings  in  KA  and  invasive  cSCC.8,26 The
ost  common  dermoscopic  finding  is  keratin  crust/scale,

bserved  in  100%  of  KAs  and  90%  of  invasive  cSCC.23 The
ermoscopic  findings  of  keratin  crust/scale  and  white  back-
round  were  most  commonly  observed  in  KA  in  the  present
tudy,  consistent  with  the  literature.  However,  the  central
eratin  plug  is  seen  significantly  more  in  KA  than  in  the  other
ubtypes.  As  this  study  supports,  the  central  keratin  plug  is

mportant  in  the  diagnosis  of  KA.

The  most  common  morphological  presentation  of  KA  is
odular  lesions  with  well-defined  margins  and  central  hyper-

S
c
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eratotic  plugs.5 In  the  present  study,  69.5%  of  KA  patients
resented  with  nodular  lesions.  Nodular  and  ulcerated
esions  are  morphologies  seen  in  invasive  cSCC.3 Dermo-
copic  differentiation  of  KA  and  invasive  cSCC  is  important
n  patients  presenting  with  similar  morphology.  Lin  et  al.
rgued  that  the  central  keratin  plug  was  important  in  dis-
inguishing  KA  from  nodular  cSCC.23 The  present  findings
lso  support  this.  In  the  same  study,  glomerular  vascular
tructures  were  reported  to  be  the  most  common  vascular
tructures  in  nodular  cSCC,  while  no  difference  in  vascu-
ar  structures  or  vascular  arrangement  was  found  between
SCC  and  KA.  In  the  study  by  Pyne  et  al.,27 the  branching  ves-
el  structure  was  found  to  be  more  common  in  KA  than  in
nvasive  cSCC.  No  comments  have  been  made  about  lesion
orphologies  in  this  study.  In  the  present  study,  branched

ascular  arrangement  was  seen  more  frequently  in  patients
ith  nodular  KA.  In  the  dermoscopic  diagnosis  of  nodular  KA,

he  presence  of  central  keratin  plug  and  branched  vascular
rrangement  structures  should  be  considered.

Limitations  of  this  study  are  its  retrospective  design,  the
elatively  small  number  of  examined  lesions  in  the  sub-
roups,  and  evaluation  of  the  clinical  morphology  of  the
esions  based  solely  on  clinical  images,  without  palpation.

onclusions

n  this  study,  specific  dermoscopic  findings  were  obtained
or  the  differential  diagnosis  of  BD  and  nodular  KA.  How-
ver,  specific  dermoscopic  findings  were  not  detected  for
oderately  differentiated  invasive  cSCC.
The  accuracy  of  the  proposed  dermoscopic  criteria  can-

ot  be  generalized  as  a  result  of  the  present  study,  but  it  will
ssist  clinicians  in  this  regard  due  to  the  limited  number  of
tudies  in  the  literature.
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Abstract
Background:  Sentinel  lymph  node  (SLN)  biopsy  in  melanoma  patients  has  an  important  role  in
staging, prognosis  assessment,  and  treatment  definition.  Few  studies  have  evaluated  its  role  in
the Acral  Melanoma  (AM)  subtype.
Objective:  To  evaluate  the  results  of  SLN  biopsy  in  79  patients  with  acral  melanoma  treated  at
a single  oncological  center  and  compare  them  with  the  data  described  in  the  literature.
Methods:  Between  January  2016  and  December  2022,  the  authors  analyzed  all  patients  with
AM who  underwent  SLN  biopsy  in  a  single  institute.  The  authors  analyzed  the  epidemiological,
clinical and  histopathological  data.  Overall  Survival  (OS)  and  Disease-Free  Survival  (DFS)  curves
were estimated  using  the  Kaplan-Meier  method.  Multivariate  analyses  were  conducted  using
the Cox  regression  model.
Results:  During  the  period,  the  authors  analyzed  79  cases.  The  mean  age  was  60  years  and
median thickness  was  4.5  mm  and  67.1%  had  ulceration.  SLN  was  positive  in  27  patients  (34.2%).

The estimated  OS  and  DFS  were  67.7%  and  45.2%.  OS  was  better  in  the  negative  SLN  group  com-
pared to  the  positive  SLN  group  (70.9%  vs.  53.2%),  but  without  statistical  significance  (p  =  0.08).
Estimated DFS  for  positive  SLN  was  associated  with  a  significantly  worse  prognosis  (33.8  ×  46.7%,
p =  0.001).

� Study conducted at the Santa Casa de Misericordia da Bahia, Hospital Santa Izabel, Salvador, BA, Brazil.
∗ Corresponding author.
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Study  limitations:  The  retrospective  nature  of  the  study  and  the  limited  number  of  patients.
Conclusions:  The  present  study  has  significant  implications  for  determining  prognosis.  Patients
with AM  and  positive  SLN  had  a  worst  prognosis  compared  to  those  with  negative  SLN.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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cral  lentiginous  melanoma  is  a  rare  subtype  that  accounts
or  1%  to  3%  of  melanoma  cases,  primarily  affecting  the
cral  skin  of  the  palm,  nails,  and,  especially,  the  sole  of
he  foot.  It  is  not  directly  related  to  sun  exposure  and  is
he  most  common  subtype  among  individuals  of  African  and
sian  descent.1---3 In  Brazil,  it  has  a  higher  incidence  than
he  global  average,  attributed  to  the  racial  diversity  of  the
opulation.  Some  studies  suggest  that  acral  melanoma  is
ssociated  with  an  unfavorable  prognosis  when  compared  to
ther  subtypes.3---5 This  may  be  partly  explained  by  diagnoses
t  more  advanced  stages.  However,  some  Asian  studies  do
ot  confirm  these  findings  and  suggest  a  better  prognosis.6---8

Despite  its  rarity  and  specific  characteristics,  the  treat-
ent  of  acral  melanoma  follows  the  same  principles  as  other

ubtypes.  Sentinel  lymph  node  (SLN)  biopsy  is  currently
ecommended  for  patients  with  intermediate-thickness
elanomas  and  has  been  widely  used  with  low  morbidity.9---11

ince  the  publication  of  The  Second  Multicenter  Selective
ymphadenectomy  Trial  (MSLTII)  and  Dermatologic  Coopera-
ive  Oncology  Group  Trial  (DECOG),  patients  with  a  positive
LN  have  been  spared  of  complete  lymph  node  dissection,
nd  with  the  introduction  of  new  effective  treatments,  the
ole  of  SLN  biopsy  has  been  questioned.12,13 However,  its
ole  has  proven  important  in  prognosis  assessment,  stag-
ng  melanoma  more  accurately,  and  defining  complementary
reatment  strategies.  Its  therapeutic  role  is  still  under
ebate,  but  data  from  MSLTI  suggest  an  improvement  in
rognosis  in  patients  with  thick  melanoma  and  better  local
ontrol  with  a  reduction  in  nodal  recurrence  in  patients
ndergoing  SLN  biopsy.14,15

When  analyzing  major  prospective  studies,  the  majority
f  patients  had  the  superficial  spreading  subtype,  located
n  the  trunk  and  extremities,  while  a  smaller  number  had
he  acral  subtype.12---15 Most  studies  on  acral  melanoma  are
etrospective,  involving  a  limited  number  of  patients,  and
ave  been  conducted  in  Asia.7,8,16---22

Due  to  the  lack  of  data  on  the  use  of  SLN  biopsy  in  this
ubgroup  of  patients  and  the  high  proportion  of  patients  with
his  subtype  in  Brazil,  it  is  essential  to  obtain  more  informa-
ion  about  the  use  of  SLN  biopsy  in  this  group.  Therefore,
he  aim  of  this  study  is  to  evaluate  the  results  of  SLN  biopsy
n  79  patients  with  acral  melanoma  treated  at  a  single  onco-
ogical  center  and  compare  them  with  the  data  described  in
he  literature.

ethods
atient  selection

etween  January  2016  and  December  2022,  a  retrospective
ohort  of  79  patients  with  acral  melanoma  consecutively

a
c
p
c

2

ubmitted  to  SLN  biopsy  and  lymphatic  mapping  at  a  sin-
le  institution  was  analyzed.  The  inclusion  criteria  were
atients  with  confirmed  histological  diagnosis  of  acral  cuta-
eous  melanoma,  absence  of  lymph  node  enlargement  and
reslow  greater  than  1  mm  or  presence  of  ulceration,  Clark

V  or  V.  There  were  no  limits  regarding  gender,  age  or  skin
olor.

LN  biopsy  and  lymphatic  mapping

LN  biopsy  and  lymphatic  mapping  were  performed  by  the
ame  team  of  surgeons.  Dynamic  lymphoscintigraphy  was
erformed  on  the  morning  before  surgery  with  an  intra-
ermal  injection  of  1  mCi  99Tcm-phytate.  Vital  blue  dye
as  injected  subdermally  around  the  primary  melanoma
r  biopsy  site  at  the  time  of  surgery.  SLNs  were  local-
zed  with  a  handheld  gamma  probe  intraoperatively,  and  by
isual  inspection  for  blue  dye.  In  vivo  and  ex  vivo  counts  of
he  radiolabeled  lymph  nodes  were  obtained  and  compared
ith  nodal  bed  counts  before  and  after  removal.  All  ‘‘hot’’
nd  ‘‘stained’’  lymph  nodes  were  considered  as  SLNs  and
xcised.

athological  assessment  and  treatment  choices

LNs  were  not  evaluated  during  perioperative  time.  The
LNs  were  processed  in  the  pathology  laboratory,  stained
ith  Hematoxylin  and  Eosin  (H&E)  and  with  the  immunohis-

ochemical  markers  HMB  45,  Melan  A,  and  S100.  Complete
ymph  node  dissection  was  initially  scheduled  in  all  positive
ases.  After  the  publication  of  MSLT  II  e  DECOG,  a  conserva-
ive  approach  was  offered  to  positive  SLNs  patients.

The  micromorphometric  classification  adopted  was  based
n  maximum  diameter.  Invasion  depth  from  the  capsule
as  also  evaluated.  Metastatic  deposits  identified  in  the
LNs  had  their  larger  diameter  measured  using  an  optical
icroscope  with  an  ocular  micrometer.  The  largest  value
efined  the  SLN’s  tumor  burden.  If  multiple  positive  SLNs
ere  present,  the  largest  maximum  diameter  in  any  of  the
LNs  was  considered.  The  number  of  metastatic  deposits  in
ach  SLN  was  also  evaluated.

ata  collection

ata  were  retrospectively  collected  from  the  Hospital’s
edical  records  and  electronic  databases.  Postoperative

ollow-up  was  performed  in  the  melanoma  outpatient  clinic

nd  consisted  of  a  clinical  examination  every  3-months  and
hest  radiography  every  6-months.  Other  examinations  were
erformed  according  to  the  patient’s  needs.  The  patient’s
urrent  status  was  classified  as  alive  without  evidence  of  dis-
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Table  1  Clinical  and  histopathological  characteristics.

Sample  (n  =  79)

Gender
Male  40  (50.67)
Female  39  (49.4)
Mean  age  60.4  (±15.36)
Comorbidities
Yes  29  (36.7)
No 50  (63.3)
Skin  Colour
White  12  (15.2)
Nonwhite  67  (84.8)
Previous  melanoma
Yes  1  (1.3)
No 78  (98.7)
Anatomical  site
Plantar  49  (62.0)
Palmar 7  (8.9)
Subungueal  hand 12  (15.2)
Subungueal  foot 11  (13.9)
Diagnostic  modality
Incisional  biopsy 39  (49.4)
Excisional  biopsy 37  (46.8)
Punch  biopsy 1  (1.3)
Unknown  2  (2.5)
pT Stage,  n  (%)
Tis 2  (2.5)
T1a  1  (1.3)
T1b  8  (10.1)
T2a  9  (11.4)
T2b  7  (8.9)
T3a  5  (6.3)
T3b  14  (17.7)
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ase,  alive  with  disease,  dead  from  disease,  or  dead  from
ther  causes.

utcomes  and  statistical  analysis

he  statistical  analyses  were  performed  using  the  Statistical
ackage  for  Social  Sciences  (Version  18.0;  SPSS  Inc.,  Chicago,
L,  USA).  The  Chi-Square  test  was  used  to  evaluate  relation-
hips  between  categorical  variables.  Disease-free  survival
DFS)  and  overall  survival  (OS)  were  calculated  from  the  date
f  SLN  biopsy  to  date  of  first  recurrence  or  death,  respec-
ively,  censored  at  the  date  of  last  contact  if  there  were  no
vents.

Univariate  estimations  of  survival  were  performed  by
he  Kaplan-Meier  method  and  compared  by  using  the  log-
ank  test.  Multivariate  analysis  was  performed  with  the  Cox
roportional-hazards  regression  model  including  variables
ith  statistical  significance  on  univariate  analysis;  p-value
f  less  than  0.05  was  considered  statistically  significant.  The
tudy  was  approved  by  the  Committee  on  Human  Research
ublications  and  Ethics  of  Santa  Izabel  Hospital.

esults

emographic  and  preoperative  characteristics

n  this  study,  79  patients  diagnosed  with  acral  melanoma
nderwent  SLN  biopsy  from  2016  to  2022.  The  median  age
as  60-years,  ranging  from  20-  to  92-years,  with  a  slight
ale  predominance  (51%).  83.5%  were  classified  as  black  or
ixed-race,  and  63.3%  had  comorbidities.  17.7%  of  patients

ad  a  family  history  of  cancer,  with  5.1%  having  a  family  his-
ory  of  melanoma,  and  only  1  patient  (1.3%)  had  a  previous
iagnosis  of  melanoma  (Table  1).

The  diagnosis  was  mainly  made  through  incisional  biopsy
49.4%)  or  excisional  biopsy  (46.8%)  followed  by  unknown
2.5)  and  punch  biopsy  (1.3).  The  preferred  location  was  the
ole  of  the  foot  (62%),  followed  by  subungeal  hand  (15.2%),
ubungeal  foot  (13.9%)  and  palmar  (8.9%).

perative  outcomes

ll  patients  underwent  surgical  resection  with  curative
ntent,  and  amputation  was  necessary  in  19%  of  patients.
he  intraoperative  surgical  margin  was  greater  than  1  cm

n  72.1%.  All  patients  had  a  clinically  negative  lymph  node
hain  and  underwent  SLN  biopsy.  In  100%  of  cases,  patent
lue  dye  was  used,  and  only  2  cases  (2.5%)  did  not  undergo
reoperative  lymphoscintigraphy.

The  median  number  of  identified  sentinel  lymph  nodes
as  1.75,  ranging  from  1  to  6,  with  82.2%  having  1  or  2  sen-

inel  lymph  nodes.  The  preferred  drainage  chain  was  the
nguinal  in  72.2%  of  the  cases.  In  the  anatomopathologic
tudy  of  the  surgical  specimen,  the  Clark  level  was  above
II  in  87.3%,  ulceration  was  present  in  67.1%,  regression  in
.6%,  and  satellitosis  in  15.2%.  The  median  Breslow  thickness

as  4.5  mm,  ranging  from  0  to  25  mm  (Table  2).

Sentinel  lymph  nodes  were  positive  in  27  patients
34.2%).  Additionally,  17  patients  (21.5%)  underwent  com-
lete  lymphadenectomy  of  the  drainage  chain.  Among  these

c
i
h
i

3

5 (6.3)

atients,  14  (82.3%)  had  lymphadenectomy  due  to  a  pos-
tive  SLN,  2  (11.8%)  had  lymphadenectomy  due  to  nodal
ecurrence  after  negative  SLN  biopsy,  and  1  (5.9%)  had  lym-
hadenectomy  due  to  nodal  recurrence  after  conservative
reatment  with  a  positive  SLN.  The  median  number  of  lymph
odes  dissected  was  7.7  (ranging  from  4  to  12),  and  the
edian  number  of  positive  lymph  nodes  was  1.5  (ranging

rom  0  to  6).
Analyzing  the  27  patients  with  positive  sentinel  lymph

odes,  14  (51.8%)  underwent  elective  lymphadenectomy.
mong  these  patients,  only  4  (28.6%)  had  no  other  positive

ymph  nodes  besides  the  SLN.  In  13  patients  with  positive
LN  (48.2%),  a  conservative  approach  was  chosen,  and  only

 had  a  nodal  recurrence  and  underwent  therapeutic  lym-
hadenectomy.  The  size  of  the  tumor  deposit  was  described
n  only  8  patients  and  the  median  of  the  largest  diameter
as  2.4  mm,  ranging  from  1  to  5  mm.  Capsular  infiltration
as  found  in  9  patients  (33.3%).

No  patient  received  neoadjuvant  treatment,  and  only
6.5%  of  them  received  adjuvant  treatment.  Cytotoxic
hemotherapy  was  performed  in  5.1%,  Interferon  (INF)

n  5.1%,  and  radiotherapy  in  6.3%.  None  of  the  patients
ad  access  to  treatments  such  as  immunotherapy  or  BRAF
nhibitors.
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Table  2  Operative  and  postoperative  outcomes.

Sample  (n  =  79)

Clark,  n  (%)
I  1  (1.3)
II 4  (5.1)
III 5  (6.3)
IV 46  (58.2)
V 18  (22.8)
Unknown  5  (6.3)
Ulceration,  n  (%)
Yes 53  (67.1)
No 26  (32.9)
Breslow  depth,  mm
Mean  4.5
Median  3.5
Surgical  Margins,  n  (%)
Positive  3  (3.8)
Negative  76  (96.2)
Surgical  ressection,  n  (%)
Large  ressection 64  (81)
Amputation  15  (19)
Sentinel  lymph  node,  n  (%)
Positive 27  (34.2)
Negative  52  (65.8)
Positive  sentinel  lymph  node  treatment,  n  (%)
Elective  lymphadenectomy 14  (51.8)
Observation  13  (48.2)
Observation  Group,  n  (%)
Recurrence 1  (7.7)
No-recurrence  12  (92.3)
Non-Sentinel  Lymph  Node,  n  (%)
Positive  10  (71.4)
Negative  4  (28.6)
Adjuvant  Treatment,  n  (%)
Citotoxic  chemotherapy  4  (5.1)
Interferon  4  (4.1)
Radiotherapy  5  (6.3)
None
Median  5-year  overall  survival  (%)  66  (83.5)
Median  5-year  disease-free  survival  (%)  67.7%
Median  follow-up  (mo)  45.2%
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Table  3  Comparison  of  the  sentinel  lymph  node  status  with
clinical  and  histopathological  characteristics  of  79  patients
with acral  melanoma.

Negative
SLN*  (n  =  52)

Positive
SLN*  (n  =  27)

Age,  yrs
Range  (average  ---  SD)  26---91  20---92
Median  61.33  55.02
Sex,  n  (%)
Male  27  (51.9)  13  (48.1)
Female  25  (48.1)  14  (51.9)
Skin color,  n  (%)
White  7  (13.5) 5  (18.5)
Nonwhite  45  (86.5)  22  (81.5)
Comorbities,  n  (%)
Yes  18  (34.6)  11  (40.7)
No 34  (65.4)  16  (59.3)
Anatomical  site,  n  (%)
Plantar  33  (63.4)  17  (63)
Palmar 4  (7.7) 2  (7.4)
Subungueal  hand 8  (15.4)  4  (14.8)
Subungueal  foot 7  (13.5) 4  (14.8)
Diagnostic  modality,  n  (%)
Incisional  biopsy 30  (57.7) 9  (33.3)
Excisional  biopsy 21  (40.4) 16  (59.3)
Punch biopsy 1  (1.9) ---
Unknown  --- 2  (7.4)
Breslow  depth,  mm
Mean  3.638  6.426
Median  2.350  4.5
pT Stage,  n  (%)
Tis  2  (3.8)  ---
T1a  1  (1.9)  ---
T1b 7  (13.5)  1  (3.7)
T2a 9  (17.3)  ---
T2b 5  (9.6)  2  (7.4)
T3a 4  (7.7)  1  (3.7)
T3b 7  (13.5)  7  (25.9)
T4a 3  (5.8)  2  (7.4)
T4b 14  (26.9)  14  (51.9)
Clark,  n  (%)
I 1  (1.9)  ---
II 4  (7.7)  ---
III 4  (7.7)  1  (3.7)
IV 31  (59.6)  15  (55.6)
V 8  (15.4)  10  (37)
Unknown  4  (7.7)  1  (3.7)
Ulceration,  n  (%)
Yes  30  (57.7)  23  (85.2)
No 22  (42.3)  4  (14.8)
Surgical  Margins,  n  (%)
Positive 51  (98.1)  25  (92.6)
Negative  1  (1.9) 2  (7.4)
Surgical  Ressection,  n  (%)
Large  resection  39  (75)  25  (92.6)
Amputation  13  (25)  2  (7.4)
Adjuvant  Treatment,  n  (%)
Clark,  n  (%)  26.8

ortality  and  survival

he  median  follow-up  was  26.8-months.  The  mortality  rate
as  6.3%  (5-cases),  and  the  recurrence  rate  was  26.6%

21-cases).  The  most  frequent  site  of  recurrence  was  ‘‘in-
ransit’’  (8  cases  ---  40%),  followed  by  distant  recurrence  in
5%  (7-cases),  being  the  lung  the  most  frequent  site  (15%)
f  distant  recurrence.  Local  recurrence  occurred  in  3  cases
15%),  and  nodal  recurrence  also  occurred  in  3  cases  (15%)
Table  3).

The  OS  for  the  entire  group  was  67.7%,  and  the  DFS  was
5.2%  (Figs.  1  and  2).  In  the  univariate  analysis,  OS  was
etter  in  the  negative  SLN  group  compared  to  the  positive

LN  group  (70.9%  vs.  53.2%)  (Fig.  3),  but  without  statisti-
al  significance  (p  =  0.081),  as  was  the  case  in  the  analysis
tratified  by  Breslow  thickness  (Fig.  4)  (p  =  0.572)  and  ulcer-

Citotoxic  chemotherapy  2  (3.8)  2  (7.4)
Interferon  ---  4  (14.8)
Radiotherapy  ---  5  (18.5)

4
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Table  3  (Continued)

Negative
SLN*  (n  =  52)

Positive
SLN*  (n  =  27)

None  50  (96.2)  16  (59.3)
Follow-up  Status
Alive  without  disease  46  (88.5)  14  (51.9)
Alive with  disease  5  (9.6)  9  (33.3)
Death  1  (1.9) 4  (14.8)
Recurrence  Pattern,  n  (%)
Non-recurrence  44  (84.6) 14  (51.9)
Local 3  (5.8)  ---
Regional  Lymph  Node  basis  1  (1.9)  2  (7.4)
In transit  3  (5.8)  5  (18.5)
Distant  1  (1.9)  6  (22.2)
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acral  melanoma,  which  can  be  attributed  to  the  location
of  acral  lesions  on  extremities  with  a  more  predictable
tion  (Fig.  5)  (p  =  0.106).  The  OS  of  patients  with  positive
LN  who  were  treated  conservatively  was  56.4%,  compared
o  51.5%  in  the  group  of  patients  with  positive  SLN  treated
ith  elective  lymphadenectomy  (p  =  0.659)  (Fig.  6).

In  the  univariate  analysis  of  DFS,  positive  SLN  (Fig.  7) and
reslow  thickness  above  2  mm  (Fig.  8)  were  associated  with

 significantly  worse  prognosis  (33.8%  ×  46.7%,  p  =  0.001  and
0  ×  52,1,  p  =  0.009).  The  other  variables,  ulceration  (Fig.  9)
nd  the  treatment  performed  in  patients  with  positive  SLN
Fig.  10)  did  not  reach  statistical  significance  (p  =  0.222,

 =  0.147).
In  the  multivariate  analysis,  none  of  the  variables

howed  statistical  significance  (Breslow  thickness,  presence

f  ulceration,  regression,  age,  race,  nodal  status,  tumor
ocation  or  Clark  level)  (Tables  4  and  5).

d
i

Figure  1  Kaplan-Meier  overall  survival  curves  for  acral
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iscussion

n  this  study,  the  authors  retrospectively  analyzed  the  out-
ome  of  79  patients  with  acral  melanoma  who  underwent
LN  biopsy  over  a  6-year  period  at  a  reference  center.
he  present  data  reveals  a  patient  profile  with  thicker
elanomas  (4.5  mm)  and  a  higher  rate  of  ulceration  (67.1%),
hich  is  above  the  averages  reported  in  studies  like  MSLTI,
SLT  II,  and  DECOG.12---15 It  also  exceeds  the  study  from
EER  involving  patients  with  acral  melanoma  who  under-
ent  regional  SLN  biopsy  (median  Breslow  thickness  of  2  mm
nd  34%  had  ulceration)  and  has  similar  results  of  a  Brazil-
an  study  with  66.7%  of  ulceration  and  a  median  Breslow  of

 mm.16---23

These  data  may  explain  the  elevated  rate  of  positive  SLN
t  34.2%  in  this  study.  Most  studies  on  melanoma  report  pos-
tive  SLN  rates  around  20%.24---26 Studies  specifically  involving
cral  melanoma  often  show  divergent  results,  often  due  to

 limited  number  of  patients  and  their  retrospective  nature,
ith  rates  ranging  from  11.9%  to  42.2%.7,8,16---22 A  Korean

tudy  with  only  34  patients  showed  a  positive  SLN  rate  of
1.2%,17 while  another  Korean  study,  with  a  larger  number
f  patients  (107)  treated  over  a  12-year  period,  reported  a
ositive  SLN  rate  of  20.6.18 A  retrospective  study  using  a  U.S.
atabase  with  753  patients,  mostly  of  Caucasian  descent,
howed  a  positive  SLN  rate  of  25.7%,16 and  a  Brazilian  study
ith  201  acral  melanoma  patients,  showed  a  positive  SLN

ate  of  29.9%.23

In  all  patients,  SLNs  were  correctly  identified.  This
s  consistent  with  the  findings  of  Asian  studies  involving
rainage  chain.  This  also  explains  the  high  rate  of  SLN
dentification  using  the  combined  technique  of  blue  dye

 melanoma  submitted  a  sentinel  lymph  node  biopsy.
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Figure  2  Kaplan-Meier  disease  free  survival  curves  for  acral  melanoma  submitted  a  sentinel  lymph  node  biopsy.
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igure  3  Kaplan-Meier  overall  survival  curves  for  acral  melan
ymph node.

nd  lymphoscintigraphy.7,8,17---22 Some  data  suggest  that  the
alse-negative  rate  for  SLNs  in  acral  melanoma  patients

ould  be  higher.  However,  this  data  is  not  consistent  with
ther  studies,27---29 and  it  was  not  observed  in  the  present
tudy,  where  the  recurrence  rate  at  the  drainage  site  after

 negative  SLN  was  only  3.8%  (2  cases  out  of  52),  which  is
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 submitted  a  sentinel  lymph  node  biopsy  by  status  of  sentinel

ower  than  that  reported  in  MSLT  I  5.5%)  and  a  Korean  study
11.8%).14,18
The  SLN  biopsy  has  proven  to  be  important  in  assessing
atients’  prognosis.  Nevertheless,  the  number  of  patients
ith  acral  melanoma  has  always  been  limited  in  prospective
estern  studies.12---15 Specific  studies  on  acral  melanoma  are
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Figure  4  Kaplan-Meier  overall  survival  curves  for  acral  melanoma  submitted  a  sentinel  lymph  node  biopsy  by  Breslow  <  2  mm
versus ≥  2  mm.
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Figure  5  Kaplan-Meier  overall  survival  curves  for  acral  m
etrospective  and  originate  from  Asia.  Despite  these  limita-
ions,  seven  studies  have  shown  that  the  presence  of  SLN
etastasis  is  a  significant  risk  factor  correlated  with  survival

ates,  especially  in  terms  of  DFS.8,17---21,23
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ma  submitted  a  sentinel  lymph  node  biopsy  by  ulceration.
In  this  study,  an  OS  of  67.7%  was  observed  in  the
otal  group,  which  is  lower  than  what  is  typically  seen  in
elanoma  studies,  ranging  around  91.7%,  and  lower  than

ther  retrospective  studies  involving  acral  melanoma,  which
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Figure  6  Kaplan-Meier  overall  survival  curves  for  acral  melanoma  with  positive  sentinel  lymph  node  by  treatment  employed.
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igure  7  Kaplan-Meier  disease  free  survival  curves  for  acra
entinel lymph  node.

ypically  report  survival  rates  around  80%.3,4 The  reasons
or  this  unfavorable  prognosis  can  be  explained  by  the
ore  advanced  diagnosis  in  the  patients  as  the  authors
an  observe  in  a  Brazilian  study  that  has  similar  charac-
eristics  and  an  even  worse  prognosis  (OS  of  44.6%  and
8.6%  DFS).23
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lanoma  submitted  a  sentinel  lymph  node  biopsy  by  status  of

When  analyzing  SLN  results,  the  authors  observed  a  clear
rend  toward  improved  survival  in  patients  with  negative
LNs  (OS  70.9%  vs.  53.2%  with  p  =  0.081).  However,  statisti-

al  significance  was  only  achieved  in  terms  of  DFS  (46.7%  vs.
3.9%  with  p  =  0.001).  The  authors  believe  that,  due  to  the
etrospective  nature  of  the  study  and  the  limited  number
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Figure  8  Kaplan-Meier  disease  free  survival  curves  for  acral  melanoma  submitted  a  sentinel  lymph  node  biopsy  by  Breslow  <  2  mm
versus ≥  2  mm.
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Figure  9  Kaplan-Meier  disease  free  survival  curves  for  acral

f  patients,  statistical  significance  was  not  reached.  Other
tudies  focusing  exclusively  on  acral  melanoma  have  also

hown  similar  results.  In  a  study  involving  acral  melanoma
atients  in  the  United  States,  melanoma-specific  survival
as  88.5%  in  the  negative  SLN  group,  compared  to  58.9%
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noma  submitted  a  sentinel  lymph  node  biopsy  by  ulceration.

n  the  positive  SLN  group.16 In  six  Asian  studies,  including

hree  Japanese,  one  Chinese,  and  two  Korean  studies,  pos-
tive  SLN  correlated  with  worst  survival,  especially  in  terms
f  DFS.8,17---21
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Figure  10  Kaplan-Meier  disease  free  survival  curves  for  acral  melanoma  with  positive  sentinel  lymph  node  by  treatment  employed.

Table  4  Factors  associated  with  5-year  overall  survival.

OR  95%  CI  p-value

Age,  yrs  0.967  0.925  ---  1.01  0.131
Sex 1.003  0.202  ---  4.974  0.997
Skin Color  1.525  0.175  ---  12.279  0.702
Breslow 1.021  0.861  ---  1.211  0.807
Clark 0.661  0.120  ---  3.653  0.653
Ulceration 35.866  0.023  ---  55313.46  0.339
Positive SLN*  0.246  0.045  ---  1.351  0.107
Positive SLN*  treatment  1.661  0.170  ---  16.194  0.662

OR, Odds Ratio; CI, Confidence Interval; SLN*, Sentinel Lymph Node.

Table  5  Factors  associated  with  5-year  disease  free  survival.

OR  95%  CI  p-value

Age,  yrs  0.985  0.961  ---  1.010  0.246
Sex 0.993  0.413  ---  2.388  0.988
Skin Color  2.952  0.670  ---  12.997  0.152
Breslow 1.117  1.047  ---  1.191  0.001
Clark 0.000  0.120  ---  1.141  0.952
Ulceration 1.958  0.652  ---  5.882  0.231
Positive SLN* 0.240  0.095  ---  0.604  0.002
Positive SLN*  treatment 2.514  0.690  ---  9.158  0.162
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OR, Odds Ratio; CI, Confidence Interval; SLN*, Sentinel Lymph Nod

Since  the  publication  of  DECOG  and  MSLT  II,  conservative
reatment  after  a  positive  SLN  has  been  recommended.12,13

n  the  present  study,  only  half  of  the  patients  (48%)  followed

his  recommendation,  largely  because  data  supporting  this
pproach  emerged  during  the  course  of  the  study.  Addi-
ionally,  the  authors  are  treating  a  population  with  more
dvanced  lesions,  with  substantial  tumor  deposits  in  the
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LN,  far  beyond  that  was  described  in  patients  in  the  DECOG
nd  MSLT  II  studies.  This  also  justifies  why  Only  4  out  of  14
atients  who  underwent  elective  lymphadenectomy  after  a

ositive  SLN  did  not  have  any  other  positive  lymph  nodes
esides  the  SLN.

Nevertheless,  despite  all  these  data,  in  the  analysis  of
ubgroups  with  positive  SLNs,  OS,  and  DFS  were  worse  in
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he  group  that  underwent  elective  lymphadenectomy  after
 positive  SLN.  However,  this  difference  did  not  reach
tatistical  significance  (OS  51.5%  vs.  56.5%  with  p  =  0.659;
FS  23.8%  vs.  46.9%  with  p  =  0.147).  In  this  group,  where
he  conservative  approach  was  adopted,  Only  1  patient
nderwent  lymphadenectomy  due  to  local  recurrence.  The
ortality  rate  was  9.3%  in  the  group  that  underwent  con-

ervative  treatment  and  20%  in  the  group  that  underwent
ymphadenectomy  after  a  positive  SLN.  These  data  may  sug-
est  that  lymphadenectomy  was  indicated  in  patients  with

 larger  tumor  volume,  but  it  also  suggests  that  conserva-
ive  treatment  after  a  positive  SLN  could  be  offered  in  acral
elanoma  patients.

onclusion

n  this  study,  the  SLN  biopsy  in  acral  melanoma  patients
emonstrated  high  accuracy  in  identifying  sentinel  lymph
odes  and  had  significant  implications  for  determining  prog-
osis.  Patients  with  acral  melanoma  and  positive  sentinel
ymph  nodes  had  a  worse  prognosis  compared  to  those  with
egative  sentinel  lymph  nodes.  Patients  with  positive  SLN
iopsy  who  underwent  lymphadenectomy  showed  a prog-
osis  like  those  treated  expectantly,  suggesting  that  this
pproach  could  also  be  recommended  for  this  subgroup  of
atients.  However,  due  to  the  retrospective  nature  of  the
tudy  and  the  limited  number  of  patients,  each  patient
hould  be  assessed  individually.
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Abstract
Background:  Juvenile  Dermatomyositis  (JDM)  is  a  rare  myopathy.  Lipodystrophy  is  an  under-
reported  chronic  JDM  complication.
Objective:  Assess  the  long-term  outcome  of  JDM  associated  with  lipodystrophy.
Methods:  Retrospective  study  of  JDM  patients  who  developed  lipodystrophy,  diagnosed  and
treated  between  1st January  1990  and  31st December  2023,  in  a  University  Clinic  of  Dermatology.
The mean  follow-up  was  150.8-months  (range  29---291).
Results:  Lipodystrophy  was  diagnosed  in  5  children  (4  girls  and  one  boy,  aged  3---14  years)  of  22
JDM patients  (17  girls  and  5  boys).  Four  patients  had  partial,  and  one  had  focal  lipodystrophy
that occurred  34.2-months  (mean  period)  after  the  initial  JDM  symptoms.  All  five  children
had antinuclear  antibodies,  but  none  had  dermatomyositis-specific/associated  antibodies.  No
malignancies  or  visceral  involvement  were  found.  At  JDM  presentation,  all  5  patients  had  low
serum vitamin  D,  body  mass  index  (BMI)  ranged  from  14.3  to  20.7.  Triglycerides  and  fasting
glucose levels  were  normal  in  all  patients,  while  cholesterol  was  elevated  in  one  patient.  Despite
Standard  Immunosuppressive  Therapy  (IST),  2/4  of  patients  with  initially  partial  lipodystrophy

progressed  to  generalized  lipodystrophy  and  4/5  patients  developed  calcinosis  46  months  (mean
period) after  JDM  diagnosis.  At  the  last  check-up,  3/5  patients  had  chronic  JDM  course,  requiring
IST, while  2/5  patients  were  in  remission,  without  IST,  with  only  residual  lipodystrophy.
Study limitations:  Retrospective  study.

� Study conducted at the University Clinical Center of Serbia and University of Belgrade.
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Conclusions:  During  the  34-year  period,  5/22  (23%)  JDM  patients  developed  lipodystrophy.
Metabolic  complications  were  not  found.  All  patients  had  significant  delays  in  JDM  diagnosis.
Early diagnosis  and  IST  are  necessary  to  reduce  the  risk  of  lipodystrophy,  as  a  severe,  chronic
JDM complication.
©  2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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ermatomyositis  (DM)  is  a  rare,  chronic  connective  tis-
ue  disease  affecting  primarily  skin  and  muscles.  DM  is
f  unknown  etiology,  presenting  as  adult  and  juvenile  dis-
ase  (onset  before  18).  Juvenile  Dermatomyositis  (JDM)
s  the  most  common  pediatric  myopathy  with  an  esti-
ated  incidence  of  approximately  3.1  children  per  one
illion.1 Proximal  muscle  weakness  and  characteristic  cuta-

eous  lesions  are  essential  clinical  manifestations  along
ith  signs  of  proximal  extensor  inflammatory  myopa-

hy.  Before  the  glucocorticoid  era,  JDM  led  to  death  in
ne-third  of  patients,  but  with  therapy  and  diagnostics
dvancing,  mortality  decreased  to  a  currently  reported
%---3.1%.2---4 While  many  achieve  remission,  long-term
omplications  and  specific  damage  may  still  develop  such
s  lipodystrophy,  calcinosis,  residual  weakness,  joint  con-
ractures,  muscle  atrophy,  hirsutism,  growth  failure,  and
ysphagia.4,5

Lipodystrophy  is  a  less  frequent  but  significant  complica-
ion  of  JDM.  Lipodystrophy  can  be  localized  or  generalized.
ipodystrophy  can  be  acquired  or  congenital  and  may  be
ssociated  with  metabolic  abnormalities  such  as  hyperlipi-
emia,  impaired  glucose  tolerance,  insulin-resistant  dia-
etes  mellitus,  acanthosis  nigricans,  and  hepatomegaly.6,7

cquired  Lipodystrophy  (ALD)  has  been  associated  with
utoimmune  diseases.7 Childhood  ALD  has  been  linked  to
DM,7 Systemic  Lupus  Erythematosus  (SLE),8 panniculitis,9

jögren  syndrome  and  juvenile  rheumatoid  arthritis.10,11

nterestingly,  lipodystrophy  is  associated  almost  exclusively
ith  JDM  although  there  have  been  published  case  reports
f  lipodystrophy  affecting  adult-onset  dermatomyositis.12---16

he  prevalence  of  lipodystrophy  in  JDM  patients  varies,
anging  from  7.93%  to  40%.4,5,7,12,17---21 Lipodystrophy  in  JDM
an  be  categorized  as  three  phenotypes  depending  on  the
istribution  of  subcutaneous  fat  loss:  generalized  (loss  in  the
ace,  trunk,  abdomen,  and  all  extremities),  partial  (upper
nd/or  lower  extremities,  with  relative  sparing  of  abdomen
nd  trunk),  or  focal  (localized  areas,  resulting  in  skin  surface
epression  or  dimpling).6,22,23

In  this  report,  we  present  four  girls  and  one  boy  with
DM  who  developed  different  phenotypes  of  lipodystrophy.
linical  manifestations  of  JDM  and  associated  lipodystrophy,

aboratory  analyses,  complications,  and  treatment  options
uring  long  follow-up  were  described.

aterials and methods
rom  the  database,  we  conducted  a  retrospective  review
nd  clinical  data  analysis  of  confirmed  JDM  patients  asso-
iated  with  lipodystrophy  at  the  Pediatric  Dermatology
epartment  of  the  University  Clinical  center  of  Serbia

t
p
a
t

2

etween  January  1st 1990  and  December  31th 2023.  A
atabase  search  of  PudMed  and  Medline  was  undertaken
sing  the  keywords  ‘‘lipodystrophy’’  OR  ‘‘lipoatrophy’’  AND
‘juvenile  dermatomyositis’’.  A  reverse  search  of  citations
nd  additional  cases  was  identified.

esults

2  patients  with  JDM  (17  girls,  5  boys  ---  3.4:1  female-to-male
atio)  were  diagnosed  at  and/or  referred  to  our  department.
utaneous  rash  was  seen  in  all  the  JDM  patients  (22/22)
s  the  most  frequent  complaint  at  initial  presentation,  fol-
owed  by  arthralgia,  myalgia,  and  weakness  alone  which
ere  seen  in  54.5%  of  patients  (12/22)  respectively,  while
6.4%  had  a  preceding  infection  (8/22).  During  a  34-year
ime  frame,  477  adult  DM  patients  (351  female,  126  male
--  2.79:1.0  female-to-male  ratio)  were  diagnosed.  JDM  rep-
esented  roughly  4.2%  of  all  DM  cases  and  26.5  times  less
requent  in  our  experience.

Lipodystrophy  was  found  in  22.7%  of  JDM  patients  (5/22)
4  girls  and  one  boy,  aged  3---14  years).  The  duration  between
ymptoms  and  diagnosis  of  JDM  was  8.8-months  (range
---20).  Lipodystrophy  occurred  34.2-months  (mean  period)
fter  the  initial  JDM  symptoms.  The  mean  follow-up  period
as  150.8-months  (range  29---291).  According  to  the  Euro-
ean  League  against  Rheumatism  and  the  American  College
f  Rheumatology  (EULAR/ACR)  classification  criteria  for
dult  and  juvenile  idiopathic  inflammatory  myopathies  and
heir  major  subgroups,  patients  had  an  idiopathic  inflam-
atory  myopathies  (IMM)  score  of  10.4,  12.1,  11.2,  12.1,

nd  11.3  respectively  and  were  categorized  as  definite.24

ll  patients  were  classified  as  chronic  continuous.  Spe-
ific  internal  organ  involvement  and  malignancy  were  not
etected  during  long  follow-up.  All  five  patients  had  normal
riglycerides,  High-Density  Lipoprotein  (HDL),  Low-Density
ipoprotein  (LDL),  and  fasting  glucose  levels  at  the  pre-
entation  of  lipodystrophy.  Only  1/5  patients  had  elevated
olesterol  6.38  (n.v.  <  5.20  mmoL/L).  No  one  patient  had
cantosis  nigricans  at  presentation  and  during  follow-up.
ll  children  had  Antinuclear  Antibodies  (ANA)  (Table  1),  but
one  had  Myositis-Specific  (MSA)  (anti-Jo,  anti  PL-7,  anti  PL-
2,  anti  Mi-2  and  anti-SRP)  and  associated  (anti-RNP,  anti
M-Scl70,  anti  PM-Scl-100,  anti-Ku,  anti-SSA/Ro  52)  antibod-
es.  No  patient  had  low  C3  and/or  C4  levels  of  complement.
/5  patients  developed  calcinosis  after  JDM  diagnosis  (mean
eriod  46  months,  range  period  18---72-months).  All  the
atients  had  low  serum  levels  of  vitamin  D  at  the  presen-

ation  of  JDM.  At  the  presentation  and  during  follow-up  all
atients  had  normal  electrocardiogram,  ultrasound  of  the
bdomen  and  heart,  chest  X-Ray,  and  pulmonary  function
ests.
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Table  1  Clinical  presentation  and  long-term  follow-up  of  five  patients  with  JDM  and  lipodystrophy.

Patient  1  Patient  2  Patient  3 a Patient  4  Patient  5

Age  at  diagnosis  years  and  sex  14,  F  8,  F  8,  F  6,  F  3,  M
Duration of  JDM  symptoms  at  diagnosis

(months)
6  2  20  10  6

Follow-up, months  (years)  185  (15.4)  179  (14.9)  70  (5.8)  29  (2.4)  291  (24.2)
Associated diseases  Celiac  disease  None  Constitutio  atopica  None  None
Disease course,  last  check-up  Only  residual

lipodystrophy,  no
therapy

Only  residual
lipdystrophy,  no
therapy

Chronic  continuous  low
dose  IST

Chronic  continuous
low  dose  IST

Chronic  continuous.
Does  not  take  IST
regularly

Lipodystrophy  and  calcinosis
Lipodystrophy
Distribution,  last  check-up  Generalized  Focal  Generalized  Partial  Partial
Location last  check-up  Zygomatic,  trunk,

gluteus,  thighs,  upper
extremities

Unilateral  (left)
cheek

Lateral  aspects  of  face,
proximal  upper
extremeties,
lumbosacral  region,
gluteus

Bilateral  proximal
upper  extremeties

Shoulder  girdle/hands

From JDM  symptoms  months  21  20  21  6  103
From JDM  diagnosis  months  15  18  1  0  97
Progression +  (from  partial)  +  (from  partial)  ---  ---
Calcinosis cutis  ---  +  +  +  +
From JDM  diagnosis,  months  ---  37  57  18  72
JDM at  diagnosis
IIM  scorea 10.4  12.1  11.2  12.1  11.3
Muscle/joint contractures  ---  ---  +  +  +
Facial erythema  +  +  +  +  +
Heliotrope sign  and  edema  +  +  +  +  +
Gottron’s papules  or  sign  +  +  +  +  +
V-sign +  ---  ---  ---  ---
Shawl sign  ---  ---  ---  ---  ---
BMI, hypertrichosis
BMI,  at  diagnosis  20.3  15.8  14.3  15.8  20.7
BMI, last  check-up  17.0  19  17.9  15.8  27.5
Hypertrichosis,  at  diagnosis  ---  ---  ---  ---  ---
Hypertrichosis,  last  check-up  ---  ---  ---  +  +
Laboratory results  and  workup  at  the

presentation
ANA,  HEp-2  cells  Nucleoplasm,  L/titer  Homogenous  160  Homogenous  160  Homogenous  320  Homogenous  640  Course  speckled  80
C3 (0.7---1.73  g/L)  0.8  0.9  1.210  1.1  0.81
C4 (0.12---0.36  g/L)  0.18  0.24  0.18  0.2  0.24
CK (0---154  U/L)  ↑  444  ↑  783  90  90  ↑  759
LDH (F  <  580,  M  <  760)  ↑1691  ↑  859  ↑  1261  ↑  1261  423
Vit D3  (75---210  nmoL/L)  ↓26.4  ↓25.8  ↓40.5  ↓  36.3  ↓11.2
EMNG Mild  myopathy  Mild  myopathy  Normal  Normal  Mild  myopathy

F, Female; M, Male; ANA, Antinuclear Antibody; JDM, Juvenile Dermatomyositis; CK, Creatine Kinase; LDH, Lactate Dehydrogenase; ECG, Electrocardiogram; EMNG, Electromyoneurography;
U/S, Ultrasound. IIM, Idiopathic Inflammatory Myopathies; IST, Immunosupressive Therapy; BMI, Body Mass Index..

a EULAR/ACR classification criteria for adults and juvenile IIM (definite >7.5 without muscle biopsy).
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igure  1  (A---B)  Patient  no 1  with  progressive  generalized  lip
9-months after  the  diagnosis  of  JDM.

atient  1

 14-year-old  Caucasian  female  was  admitted  with  a  6-
onth  history  of  skin  signs  and  proximal  muscle  weakness.
linical  features  and  laboratory  tests  are  listed  in  Table  1.
ombination  of  prednisone  60  mg  (1  mg/kg/day)  with  subse-
uent  tapering,  Chloroquine  (CQ)  250  mg  QD  (later  switched
o  Hydroxychloroquine  ---  HCQ  200  mg  BID)  along  with  topi-
al  corticosteroids,  then  Topical  Calcineurin  Inhibitors  (TCI)
as  initiated.  After  6  months,  oral  Methotrexate  (MTX)
5  mg  weekly  was  instituted.  Lipodystrophy  first  appeared
n  the  cheeks  and  trunk  15  months  after  JDM  diagnosis  (21
onths  from  initial  JDM  symptoms).  Despite  therapy,  after

3  months,  partial  phenotype  progressed  to  generalized
ipodystrophy  with  the  gluteal  regions  and  thighs  (28  months
fter  the  diagnosis)  and  upper  extremities  (69  months
fter  the  diagnosis)  being  affected  respectively  (Fig.  1).
ive  years  after  the  diagnosis,  JDM  relapse  occurred,  6
ycles  of  3-day  Pulse  Intravenous  Methylprednisolone  (IVMP)
00  mg  (≈10  mg/kg/day)  and  oral  MTX  led  to  remission
ithout  relapse  for  the  next  four  years,  but  lipodystrophy
ersisted.

atient  2

n  8-year-old  Caucasian  girl  was  referred  with  a  2-month
istory  of  facial  and  extremity  erythema  along  with  prox-
mal  muscle  weakness  and  pain.  Prednisone  30  mg  daily
1  mg/kg/day,  subsequently  tapered),  and  CQ  125  mg/day,
ed  to  remission  29-months  after  the  diagnosis.  Mild  sub-

utaneous  atrophy  of  the  left  cheek  occurred  18-months
fter  the  diagnosis  (20-months  after  initial  symptoms)
nd  progressed  (Fig.  2).  Interestingly,  37-months  after  the
iagnosis  and  19-months  after  the  beginning  of  lipodystro-

b
h
f
(

4

trophy  of  the  gluteal  regions,  thighs  and  upper  extremities,

hy,  mild  calcinosis  was  noted  in  the  atrophic  region.  A
aintenance  dose  of  CQ  125  mg  QD  was  administered  for

-months  in  total,  and  then  discontinued.  The  patient  was
esion  and  symptom-free  during  the  remaining  follow-up
eriod,  except  for  lipodystrophy  with  calcinosis  of  the  left
heek.

atient  3

n  8-year-old  Caucasian  girl  was  admitted  with  a  20-
onth  history  of  facial  erythema  and  symmetric  muscle
eakness.  One  month  after  the  diagnosis  (21-months  after

nitial  symptoms)  lipodystrophy  appeared  first  on  the  prox-
mal  upper  extremities.  Nine  cycles  of  3-day  pulse  (IVMP)
00  mg  (≈30  mg/kg/day),  followed  by  prednisone  50  mg  QD
2  mg/kg/day)  with  subsequent  tapering,  azathioprine  25  mg
ID  (3.1  mg/kg/day),  and  HCQ  100  mg  QD  (4.1  mg/kg/day)
ogether  with  TCI  were  instituted.  After  9  months,  JDM
emission  was  achieved,  but  partial  lipodystrophy  pro-
ressed  to  generalized  as  the  lateral  aspects  of  the  face,
he  gluteal  region,  the  lumbosacral  region  and  the  shoul-
ers  were  also  affected  (Figs.  3  and  4).  Calcinosis  on  the
eft  knee  was  noted  57-months  after  diagnosis.

atient  4

 6-year-old  girl  was  admitted  with  a  10-month  history
f  facial  erythema,  arthralgia  and  generalized  muscle
eakness.  Six  months  after  the  first  JDM  symptoms,

ilateral  atrophy  of  the  subcutaneous  fat  tissue  on
er  upper  arms  appeared  and  remained  stable  during
ollow-up  (Figs.  5  and  6).  Twelve  cycles  of  3-day  pulse
IVMP)  ranging  from  320  mg  (≈15  mg/kg/day)  to  640  mg
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Figure  2  (A---B)  Patient  no 2  with  lipodystrophy  with  subcutaneous  atrophy  of  the  left  cheek,  48-months  after  the  diagnosis  of
JDM.
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igure  3  (A---B)  Patient  no 3  with  progressive  generalized  lipod
umbosacral region,  13-months  after  the  diagnosis  of  JDM.

≈30  mg/kg/day)  in  the  last  cycle,  followed  by  prednisone
0  mg  QD  (0.93  mg/kg/day)  but  increased  to  40  mg  QD

1.9  mg/kg/day)  within  one  month  due  to  worsening  muscle
eakness  with  subsequent  tapering,  MTX15  mg  s.c.  weekly,
nd  HCQ  100  mg  QD  (4.8  mg/kg/day)  together  with  TCI  were
nstituted.  After  12-months,  muscle  strength  improved  but

k
d
f
p

5

ophy  of  the  proximal  upper  extremities,  shoulders,  gluteal  and

eakness  persisted  especially  in  the  lower  extremities  but
aboratory  parameters  were  unremarkable.  Calcinosis  of  the
nees  and  dorsal  hands  was  noted  18  months  after  the  JDM
iagnosis.  Lipodystrophy  of  the  upper  arms  persisted  during

ollow-up  despite  chronic  continuous  low  dose  Immunosup-
ressive  Therapy  (IST)  (Table  1).
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igure  4  Patient  no 3  with  lipodystrophy  of  the  lateral  aspects
f the  face  and  shoulders,  13  months  after  the  diagnosis  of  JDM.

atient  5
 3-year-old  boy  presented  with  a  6-month  history  of  cuta-
eous  signs,  malaise,  muscle  pain  and  weakness.  A  two-year
ourse  of  IST  (oral  prednisone  1---1.5  mg/kg,  two  cycles

I
t
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igure  5  (A---B)  Patient  no 4  with  stable  lipodystrophy  with  bilatera
DM.

6

igure  6  Patient  no 4  with  facial  erythema,  heliotrope  sign,
nd eyelid  edema.

f  3-day  pulse  IVMP  600  mg,  two  cycles  of  Intravenous

mmunoglobulins  (IVIG)  and  MTX  12.5---20  mg/weekly)  lead
o  improvement.  Calcinosis  appeared  after  almost  six  years
n  the  forearm  and  progressed  to  the  left  elbow,  right  knee
nd  hand  (after  eight  years)  and  gluteus  (after  nine  years).

l  atrophy  on  her  upper  arms,  16-months  after  the  diagnosis  of
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Figure  7  (A---B)  Patient  no 5  lipodystrophy  in  the  shoulder  girdle  m
truncal erythema,  290-months  after  the  diagnosis  of  JDM.
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igure  8  Patient  no 5  with  left  elbow  calcinosis,  290  months
fter  the  diagnosis  of  JDM.

trophy  of  the  subcutaneous  fat  tissue  in  the  shoulder  girdle
uscles  and  hands  appeared  97  months  after  diagnosis  with

o  progression  during  the  follow-up.  Over  the  next  twenty
ears,  the  patient  has  had  multiple  episodes  of  worsening
uscle  weakness  and  cutaneous  lesions  (Figs.  7  and  8).  Main-

enance  therapy  consisted  of  oral  prednisone  with  varying
osages,  systemic  antimalarials,  and  TCI  but  the  patient
oes  not  take  IST  regularly.

iscussion

ipodystrophy  is  a  rare  complication  of  JDM  and  is  probably
nder-reported.  JDM  onset  mostly  occurs  between  4---10-
ears  with  a  2.7:1  female-to-male  ratio  in  Caucasians.25

imilar  results  were  seen  in  the  present  study  with  onset

anging  from  3---14-years  and  3.4:1  female-to-male  ratio.
isra  et  al.  described  35  patients  with  childhood  ALD,  7  of
hich  had  an  associated  autoimmune  disease,  but  only  one
DM.11 On  the  other  hand,  in  a  study  by  Pope  et  al.  of  30
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uscles  and  hands,  as  well  as  calcinosis  of  the  right  hand  and

hildren  with  childhood  ALD,  the  most  frequent  underlying
iagnosis  was  JDM  with  78%,  alone  or  associated  with  other
utoimmune  diseases  such  as  juvenile  rheumatoid  arthritis
n  17%.10 JDM  differs  from  other  autoimmune  diseases  such
s  SLE,  which  has  been  reported  to  occur  4---37-years  after
ipodystrophy  onset,26 while  DM  usually  precedes  lipodystro-
hy  onset.11,12 Mean  time  from  initial  symptoms  of  JDM  to
ipodystrophy  onset  was  34.2-months  (Table  1).  Overall  the
ime  of  onset  is  quite  shorter  than  3---4.6-years,  as  reported
n  the  literature.10,12

A  study  of  subcutaneous  fat  compared  20  JDM  patients
of  which  40%  had  lipodystrophy)  with  controls  showed  that
DM  patients  had  lower  BMI  (the  difference  between  con-
rols  and  patients  was  7.6  ±  4.4  kg).17 Body  Mass  Index  (BMI)
as  smaller  compared  to  controls  but  was  not  statistically

ignificant.17 In  the  studied  patients,  the  BMI  ranged  from
4.3---20.7.

The  most  comprehensive  review  evaluating  clinical  and
etabolic  abnormalities  in  JDM  with  lipodystrophy  (28
atients)  and  comparing  them  to  JDM  without  lipodystro-
hy  was  done  by  Bingham  et  al.12 The  analysis  determined
uscle  atrophy,  joint  contractures,  chronic  continuous
ermatomyositis  course,  and  calcinosis  to  be  the  most  sig-
ificant  discriminating  features  when  comparing  JDM  with
nd  without  lipodystrophy.  Calcinosis,  joint  contractures,
anniculitis  and  muscle  atrophy  were  found  to  be  predic-
ors  for  lipodystrophy  development  in  JDM.12 In  this  report,
/5  (80%)  had  calcinosis,  but  in  the  3/5  patient’s  lipodys-
rophy  preceded  calcinosis,  while  in  1/5  patients  calcinosis
receded  lipodystrophy  by  2  years.

The  incidence  of  calcinosis  in  JDM  is  12%---70%.4,5,17---19,27,28

n  the  present  study,  the  onset  of  calcinosis  after  JDM  diag-
osis  ranged  from  37---72-months  (mean  46-months).

Published  reports  have  shown  IVMP  to  be  effective  in
hortening  rash  duration  in  JDM,  decreasing  functional
mpairment  and  preventing  calcinosis  development.27,29 It
s  well  known  that  IVMP  is  inadequate  to  prevent  lipodystro-
hy  and  calcinosis  if  the  diagnosis  of  JDM  is  delayed.30 Huber

t  al.  reported  10/31  JDM  patients  on  IVMP  with  calcinosis
ersus  12/34  with  calcinosis  in  the  non-IVMP  treated  group.5

espite  the  limited  number,  4/5  patients  who  received  IVMP
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ad  partial  or  full  remission  and  stabilized  muscle  enzymes
n  all  patients,  but  unfortunately,  lipodystrophy  progressed
n  two  patients  despite  receiving  IVMP  and  aggressive  IST.

In  terms  of  progression,  Bingham  et  al.  stated  that  out
f  8  generalized  lipodystrophy,  only  one  first  presented  with
artial  lipodystrophy,  while  focal  lipodystrophy  never  pro-
ressed  to  partial  or  generalized.12

Bingham  et  al.  reported12 that  none  of  the  lipodystro-
hy  patients  had  MSA  which  is  in  line  with  these  findings.
ll  the  studied  patients  were  negative  for  MSA.  Unfortu-
ately,  the  authors  did  not  test  anti-p155  antibodies  which
ere  reported  in  23%---29%  of  JDM  patients.31 Anti-p155
ntibody  was  found  more  frequently  in  JDM  patients  with
ipodystrophy  compared  to  JDM  without  lipodystrophy  (6/7
83%]  vs.  27/76  [36%];  p  =  0.014),  while  also  more  frequent
n  generalized  lipodystrophy  compared  to  partial  or  focal
ipodystrophy.12 Furthermore,  anti-p140  has  been  reported
n  23%  of  patients  with  an  association  with  calcinosis.32 In

 retrospective  review  of  96  JDM  patients,  no  significant
ifference  in  age,  disease  activity  scores,  or  lipodystrophy
as  observed  between  anti-P155/140  positive  JDM,  other
SA  positive  JDM,  and  MSA  negative  JDM  and  trunk:leg  fat

atios  were  similar  among  the  three  groups.33 One  poten-
ial  mechanism  of  lipodystrophy  is  the  dysregulation  of  the
omplement  alternative  pathway.  Lipodystrophy  has  been
ssociated  with  the  presence  of  IgG  antibody  C3  nephritic
actor  which  utilizes  the  capacity  of  the  adipocytes  to  form
3  convertase  in  its  surroundings  and  induces  complement-
ediated  lysis  of  adipocytes.11 Misra  et  al.  showed  that  67%

f  their  patients  with  acquired  partial  lipodystrophy  had  low
3  levels  and  83%  had  C3  nephritic  factor.11 On  the  other
and,  Bingham  et  al.,  reported  majority  of  their  patients
ad  normal  C3  levels,  including  all  partial  lipodystrophy  in
DM  patients.12 This  is  in  line  with  the  analysis,  as  all  our
atients  had  normal  C3  levels.

Reports  demonstrated  that  acquired  generalized  lipodys-
rophy  patients  have  low  leptin  levels.5,34 Meanwhile  in  a
ross-sectional  study  of  59  JDM  patients,  the  JDM  cohort
ad  higher  leptin  levels  compared  to  age/sex-matched
ontrols.35 Visfatin  and  apelin-12  were  both  higher  in  JDM-
ctive  versus  JDM-inactive  patients  and  lower  adiponectin
evels  were  found  in  lipodystrophy  associated  with  JDM
atients  compared  to  JDM  patients  without  lipodystrophy.35

etabolic  dysfunction  including  insulin  resistance,  diabetes,
ypertriglyceridemia,  and  non-alcoholic  steatohepatitis  can
e  seen.  Hypertriglyceridemia  has  been  found  to  be  the
rst  metabolic  abnormality  in  JDM  patients,  followed  by
irsutism  and  lipodystrophy.17 The  specificity  of  hyper-
riglyceridemia  in  JDM  patients  with  lipodystrophy  is
1%---100%  (12/18,  4/4,  17/24)7,12,17 while  in  JDM  patients
ithout  lipodystrophy,  it  has  ranged  from  17%  (9/53)19

-- 50%  (10/20).17 Low  HDL,  high  LDL  and  cholesterol  are
lso  associated  with  JDM  and  lipodystrophy.10---12,17,35 This
s  a  stark  contrast,  as  in  this  study  triglycerides  were
ormal  in  all  studied  patients.  Cholesterol  was  evaluated
n  all  five  patients  and  elevated  only  in  patient  3.  Sec-
ndly,  insulin  resistance  and  diabetes  have  been  reported
s  associated  complications  in  JDM,  higher  percentages  in

atients  with  lipodystrophy,  especially  in  generalized  and
artial  forms.5,7,12 Based  on  20  JDM  patients  (8  of  which
ad  lipodystrophy)  a  study  showed  no  patients  had  abnor-
al  OGTT  tests.17 None  of  these  patients  had  elevated
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asting  glucose  levels  despite  corticosteroid  therapy.  There
as  been  debate  about  whether  the  metabolic  abnormal-
ties  in  lipid  status  and  hyperinsulinemia  are  caused  by
orticosteroid  treatment  or  the  JDM  and/or  lipodystrophy.11

lowite  et  al.  showed  a  difference  in  characteristic  pat-
erns  of  dyslipoproteinemia  due  to  corticosteroids  compared
o  due  to  disease  activity  in  pediatric  patients  with  lupus.
orticosteroids  resulted  in  elevated  HDL,  VLDL,  and  triglyc-
rides,  while  disease  activity  caused  low  HDL,  elevated
LDL  and  triglycerides.36 Therefore,  low  HDL  and  elevated
riglycerides  indicated  that  dyslipoproteinemia  is  disease-
elated.7,12

In  terms  of  validated  biomarkers  for  JDM  activity,
eopterin,  CXCL11,  and  galectin-9  have  been  considered  in
erspective.37 Furthermore,  elevated  IFN  type  I  was  cor-
elated  with  skin  disease  activity  and  interferon-regulated
ene  score  was  significantly  higher  in  JDM  than  in  controls,
orrelating  moderately  with  JDM  activity  and  strongly  with
kin  activity  in  anti-TIF1  positive  patients.38

Metabolic  complications  in  other  forms  of  lipodystrophy
ave  been  shown  to  respond  to  thiazolidinediones  (trogli-
azone  200---600  mg  daily),  causing  decreased  hemoglobin
1c  levels,  triglyceride  levels,  free  fatty  acid  levels  and  a
ody  fat  increase  by  a  mean  of  2.4  percentage  points.39

ebastchi  et  al.  reported  3  cases  of  lipodystrophy  associ-
ted  with  autoimmune  diseases  (1  child  had  JDM),  showing
---6  year  treatment  with  meterleptin  (0.02---0.04  mg/kg  s.c.)
educed  insulin  resistance  and  hypertriglyceridemia  without
ltering  or  worsening  the  autoimmune  disease.34

All  the  studied  patients  had  low  serum  levels  of  vita-
in  D  at  the  presentation  of  JDM  (Table  1).  The  essential

ole  of  vitamin  D  in  bone  homeostasis  is  well  known,  but
itamin  D  has  multiple  immunomodulatory  effects,  includ-
ng  regulation  of  immune  response.  Previously  it  was  shown
hat  vitamin  D  deficiency  is  associated  with  disease  activ-
ty  in  patients  with  JDM.40 It  is  important  that  children  and
dolescents  supplement  vitamin  D  according  to  current  rec-
mmendations.  More  well-designed  studies  are  needed  to
etermine  the  potential  significance  of  low  serum  vitamin  D
evels  that  the  authors  found  in  all  patients  with  lipodystro-
hy  associated  with  JDM.

onclusion

n  conclusion,  lipodystrophy  is  a  rare,  significant,  proba-
ly  under-reported  complication  of  JDM.  During  the  34-year
eriod,  5/22  (23%)  JDM  patients  developed  lipodystrophy.
etabolic  complications  were  not  found.  All  5  patients
ad  a  significant  delay  in  JDM  diagnosis.  Despite  subse-
uent  standard  IST,  2/5  patients  progressed  to  generalized
ipodystrophy  and  4/5  patients  developed  calcinosis.  Early
nstitution  of  intensive  IST  is  necessary  to  reduce  the  risk
f  lipodystrophy,  as  a  chronic  complication  of  JDM.  Further
rospective  studies  using  validated  measures  of  outcome  are
eeded  for  more  accurate  therapy  and  long-term  outcomes
f  lipodystrophy  associated  with  JDM.
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3

3

3

3

3

3

3

3

3

3

40. Robinson AB, Thierry-Palmer M, Gibson KL, Rabinovich CE. Dis-
ease activity, proteinuria, and vitamin D status in children with
I.  Kapetanović, M.  Gajić-V
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Abstract
Background:  Psoriasis  is  a  chronic  multisystem  disorder,  and  the  inhibition  of  different  cytokine
pathways  has  been  associated  with  different  treatment  responses.
Objective:  To  demonstrate  independent  predictors  of  PASI90  response  in  patients  with  psoriasis
under biologic  therapy  and  compare  the  effectiveness  of  different  biologic  classes
Methods:  This  cross-sectional  study  was  conducted  in  a  single  tertiary  center  between  January
2023 and  May  2024  and  included  623  patients  (M/F:  320/303).  PASI90  response  was  the  primary
end-point  of  the  study,  and  PASI100  was  the  secondary  end-point.  Univariate  and  multivariate
cox-regression  analyses  were  used  to  identify  predictors  of  PASI90.  The  efficacy  of  different
biologic classes  for  achieving  PASI90  and  PASI100  responses  was  assessed  using  the  Kaplan---Meier
method.
Results: The  age  of  disease  onset  (HR  =  1.037,  95%  CI  [1.029---1.044],  p  <  0.001)  and  being
biologic-naïve  (HR  =  1.261,  95%  CI  [1.046---1.521],  p  =  0.015)  were  identified  as  significant  pre-
dictors of  PASI90  response.  IL23  inhibitors  showed  considerably  superior  efficacy  in  achieving
PASI90 response  than  both  TNF  inhibitors  (p  =  0.042)  and  ustekinumab  (p  =  0.027).  Also,  IL17

inhibitors exhibited  near-significantly  higher  effectiveness  than  TNF  inhibitors  (p  =  0.090)  and
ustekinumab  (p  =  0.050).  The  performance  of  biologic  classes  was  not  substantially  different  in
reaching PASI100  overall.
Study  limitations:  The  most  important  limitation  of  this  study  is  the  retrospective  data  collec-
tion.

� Study conducted at the Istanbul University-Cerrahpasa, Cerrahpasa Medical Faculty Department of Dermatology, Istanbul, Turkey.
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Conclusion:  Age  of  disease  onset  and  being  biologically  naïve  were  positively  associated  with
achieving PASI90  response,  whereas  ustekinumab  use  was  negatively  associated.  Age  of  disease
onset was  the  strongest  predictor  of  PASI90.  Also,  IL23  and  IL17  inhibition,  especially  IL23,
appeared  to  provide  a  better  therapeutic  response.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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soriasis  is  a  chronic  inflammatory  disease  that  may  affect
he  skin  and  musculoskeletal  system.  Skin  psoriasis  is  cha-
acterized  by  the  presence  of  erythematous  plaque  lesions,
hich  tend  to  affect  the  extensor  surfaces  of  the  extremi-

ies.  In  addition,  pustular  and  erythrodermic  morphologies
epresent  rarer  involvement  types.1 Special  areas  of  involve-
ent  include  the  face,  scalp,  genitalia,  palms,  soles,  and

ails,  which  might  be  challenging  to  treat  and  substantially
ower  health-related  quality  of  life.2 The  complex  inter-
lay  of  cytokines  resulting  in  rapid  turnover  of  keratinocytes
as  been  implicated  in  the  pathogenesis  of  skin  psoriasis.3

n  the  other  hand,  this  inflammatory  cascade  can  lead  to
ystemic  inflammatory  signs  and  arthritis  as  well.  Tumor
ecrosis  Factor  (TNF),  Interleukin  (IL)17,  and  IL23  are  major

nflammatory  cytokines  acting  as  therapeutic  targets  for
iological  agents,  and  their  inhibition  provides  favorable
reatment  responses.4

The  PASI  (Psoriasis  Area  and  Severity  Index)  is  a  physician-
ssessed  tool  to  measure  the  extent  and  severity  of  skin
nvolvement  in  psoriasis.5 It  is  also  a  widely  used  scale  to
valuate  treatment  response.  The  PASI  score  ranges  from  0
o  72,  with  higher  scores  indicating  more  severe  disease.5

n  clinical  practice,  achieving  PASI75  is  often  considered
 meaningful  treatment  response.6 With  the  introduction
f  biologic  agents  in  the  treatment  of  psoriasis,  the  so-
alled  biologic  era,  treatment  expectations  of  physicians
nd  patients  increased,  and  achieving  PASI90  response  has
ecome  the  new  treatment  target.7 PASI90  represents  a
0%  reduction  in  the  PASI  score  from  baseline  and  con-
ers  near-total  clearance  of  psoriatic  lesions.  Furthermore,
andomized  Controlled  Trials  (RCTs)  evaluating  the  effi-
acy  of  biological  treatments  have  increasingly  started  to
ssess  effectiveness  based  on  achieving  a  minimum  PASI90
esponse.8,9

TNF  inhibitors  have  long  been  used  to  treat  psoriasis
ith  satisfactory  PASI75  responses.10 Subsequent  biologic
gents  targeting  the  different  cytokine  pathways  expanded
he  therapeutic  armamentarium  of  psoriasis,  as  different
iologics  provided  better  healing  of  distinct  aspects  of  the
isease.  However,  knowledge  of  whether  there  are  dif-
erences  in  the  efficacies  of  these  agents  and  how  the
uthors  can  predict  PASI90  response  is  currently  limited.
n  this  study,  the  objective  was  to  investigate  predictive
actors  influencing  the  achievement  of  PASI90  response
ith  biological  treatments  in  psoriasis.  Also,  the  authors
ompared  the  efficacy  of  different  classes  of  biologics

o  reach  PASI90  and  PASI100  responses,  so  the  authors
imed  to  see  whether  there  are  any  differences  regard-
ng  treatment  effectiveness  between  pathogenesis-directed
herapies.

a
r
e
c

2

aterials and methods

his  cross-sectional  study  was  conducted  between  Jan-
ary  2023  and  June  2024  in  a  tertiary  center  in  Turkey
Cerrahpasa  Medical  Faculty  Psoriasis  Diagnosis  and  Treat-
ent  Unit).  Psoriasis  patients  using  a  biologic  agent  who
ere  more  than  18  years  of  age  and  consecutively  seen  in

he  psoriasis  outpatient  clinic  were  included  in  the  study.
atients  were  diagnosed  with  psoriasis  according  to  their
linical  manifestations  by  an  experienced  dermatologist  BE;
hen,  a  histopathological  confirmation  was  made.  Biologic-
aïve  or  biologic-experienced  patients  were  included  in  the
tudy.  Biologic-experienced  patients  consisted  of  patients
ho  used  at  least  one  biologic  agent  prior  to  the  latest
iologic  treatment  and  switched  to  another  biologic  agent
ue  to  insufficient  response  or  adverse  effects.  Biologic
gents  were  administered  per  the  standard  dosing  scheme
n  Table  1.

Treatment  responses  with  the  actively  used  biologic
gent  (the  last  biologic  therapy)  were  evaluated  by  BE,
D,  and  SNY,  and  time  to  reach  PASI90  and  PASI100
ere  recorded.  Achieving  the  PASI90  response  was  the
rimary  end-point  of  this  study,  and  PASI100  was  the  sec-
ndary  end-point.  Clinical  characteristics  of  patients  were
etrospectively  collected  from  patients’  charts.  Patients
dministering  concomitant  oral  immunomodulatory  drugs
uch  as  methotrexate  or  leflunomide,  having  PASI  scores
ess  than  five  at  the  beginning  of  the  last  biologic  agent,
nd  receiving  the  latest  biologic  treatment  for  less  than
ne  month  were  excluded  from  the  study.  This  study  was
pproved  by  the  Ethics  Committee  of  Istanbul  University-
errahpaşa,  Cerrahpaşa  Medical  Faculty,  and  was  conducted
ollowing  the  ethical  principles  of  the  Declaration  of  Helsinki
ethics  approval  no 840876)

tatistical  analysis

ll  analyses  were  performed  using  IBM  SPSS  Statistics  for
indows,  Version  23.0  (IBM  Corp.,  Armonk,  NY,  USA).  Nor-
ality  analyses  of  the  data  were  performed  using  the

olmogorov-Smirnov  test,  Shapiro-Wilks  test,  and  visual
istograms.  Categorical  variables  were  shown  as  numbers
nd  percentages.  While  normally  distributed  continuous
ariables  were  shown  as  mean  ±  Standard  Deviation  (SD),
on-normal  distributed  continuous  variables  were  given  as
edian  (min---max).  The  performance  of  different  biologic

lasses  to  achieve  PASI90  and  PASI100  was  evaluated  using
aplan-Meier  analysis  with  Log-rank  test.  Cox  regression

nalysis  was  used  to  detect  independent  predictors  of  PASI90
esponse.  A  required  sample  size  of  the  total  number  of
vents  for  the  proportional  hazards  regression  model  was
alculated  as  429  at  0.05  alpha  and  0.05  beta  error  rate.11
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Table  1  Administration  of  biologic  agents.

Medication  Dosing  schedule

TNF  inhibitors
Adalimumab  80  mg  SC  at  week-0,  40  mg  at  week-1,  then  40  mg  SC  q2w
Infliximab 5  mg/kg  IV  at  weeks  0,  2  and  6  and  thereafter  every  8-weeks
Certolizumab  Pegol  Patient  weight  >90  kg:  400  mg  SC  q2w
Etanercept  50  mg  SC  twice  weekly  for  first  12-weeks,  then  50  mg  SC  weekly
IL-17 inhibitors
Secukinumab  300  mg  SC  at  weeks  0,  1,  2,  3,  4,  then  300  mg  SC  q4w
Ixekizumab 160  mg  SC  at  week-0,  80  mg  at  week  2,  4,  6,  8,  10,  12,  then  80  mg  SC  q4w
IL-23 inhibitors
Guselkumab  100  mg  SC  at  week  0  and  4,  then  100  mg  q8w
Risankizumab  150  mg  SC  at  week  0  and  4,  then  150  mg  q12w
IL-12/23 inhibitor
Ustekinumab Patient  weight  <100  kg:  45  mg  SC  at  week  0  and  4,  then  45  mg  SC  q12w

Patient weight  >100  kg,  90  mg  SC  at  week  0  and  4,  then  90  mg  SC  q12w
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TNF, Tumor Necrosis Factor; IL, Interleukin; SC, Subcutaneous; IV,

ince  anti-TNFs  are  the  first  class  approved  to  be  used
n  psoriasis,12 this  biologic  class  was  accepted  as  a  refe-
ence  category  for  the  regression  model.  Biologic  classes
nd  other  covariates  were  initially  evaluated  with  uni-
ariate  analysis  using  the  enter  method.  Then,  covariates
eeting  the  significance  level  of  p  <  0.25  were  further  ana-

yzed  with  multivariate  analysis  using  the  forward  stepwise
ethod  to  constitute  different  prediction  models;  p  <  0.05
as  regarded  as  statistically  significant.

esults

atient  characteristics  are  summarized  in  Table  2.  This  study
ncluded  623  patients  (M/F:  320/303),  and  their  median
ge  was  40  (min---max:  18---72).  The  median  age  of  disease
nset  was  23  (min---max:  8---58),  and  the  disease  duration
as  15  (min---max:  0.1---68)  years.  Plaque  psoriasis  was  the
ost  common  psoriasis  morphology  (97%).  Extremities  (85%)
ere  the  most  commonly  involved  area,  followed  by  the

runk  (73%)  and  scalp  (55%),  and  30%  of  patients  had  pso-
iatic  arthritis.  Half  of  the  patients  were  biologic-naïve,
nd  there  were  significant  difference  regarding  the  num-
er  of  biologic-naïve  patients  across  the  biologic  classes
anti-TNFs  [n  =  55,  82%],  anti-IL17  [n  =  105,  62%],  anti-IL23
n  =  129,  39%],  and  anti-IL12/23  [n  =  29,  53%],  p  <  0.001).
nti-IL23  agents  (53%)  were  most  frequently  used,  followed
y  anti-IL17  class  (26%).  Within  the  anti-IL23  class,  rates  of
isankizumab  (27%)  and  guselkumab  (26%)  were  almost  the
ame.  Also,  anti-IL17  agents,  secukinumab  (13%)  and  ixek-
zumab  (13%),  were  used  at  the  same  rates.  While  anti-TNFs
ere  used  in  10%  of  patients,  anti-IL12/23  in  9%.  Adali-
umab  (7%)  was  the  most  commonly  used  agent  in  the

nti-TNF  class.  The  median  duration  of  using  the  last  biologic
gent  was  16  (min---max:  1---72)  months.  The  most  frequent
omorbidity  was  obesity  (18%),  and  this  was  followed  by
ypertension  (12%)  and  diabetes  mellitus  (10%).  PASI90  was

chieved  in  519  (83%)  patients  and  PASI100  in  278  (45%).

PASI90  responses  were  compared  across  the  differ-
nt  biologic  classes  in  Fig.  1  and  showed  significant
ifferences  (p  =  0.041).  The  efficacy  of  anti-TNFs  was  sig-

b
p
I
t

3

venous.

ificantly  inferior  to  anti-IL23  agents  (p  =  0.042)  but  similar
o  anti-IL12/23  agents  (p  =  0.656).  Also,  anti-IL23  agents
howed  considerably  superior  efficacy  than  ustekinumab
p  =  0.027).  The  effectiveness  of  anti-IL17  agents  was  almost
ignificantly  better  than  anti-TNFs  (p  =  0.090).  Addition-
lly,  the  difference  between  anti-IL17  and  anti-IL12/23
gents  was  near-significant  (p  =  0.050),  with  anti-IL17  agents
eing  superior.  Anti-IL17  and  anti-IL23  agents  had  similar
ffectiveness  overall  (p  =  0.776).  There  was  no  significant
ifference  regarding  the  PASI100  response  between  differ-
nt  biologic  classes  (p  =  0.305),  as  demonstrated  in  Fig.  2.

In  univariate  analysis,  age  of  disease  onset  (HR  = 1.034,
5%  CI  [1.027---1.041],  p  <  0.001),  and  palmoplantar  involve-
ent  (HR  =  1.034,  95%  CI  1.027---1.041),  p  =  0.042)  were

ound  to  be  substantially  associated  with  a  higher  proba-
ility  of  achieving  PASI90.  On  the  other  hand,  extremity
nvolvement  (HR  =  0.765,  95%  CI  [0.596---0.980],  p  =  0.034)
nd  ustekinumab  use  (HR  =  0.611,  95%  CI  [0.394---0.946],

 =  0.027)  were  significantly  related  to  a  lower  probability
f  achieving  PASI90  response.  Multivariate  analysis  yielded
hree  different  models  for  predicting  PASI90  (Table  3).
odel  3  identified  three  independent  predictors  for  pre-
icting  PASI90  response  in  patients  treated  with  biologic
gents.  While  the  age  of  disease  onset  (HR  =  1.037,
5%  CI  [1.029---1.044],  p  <  0.001)  and  being  biologic-naïve
HR  =  1.261,  95%  CI  [1.046---1.521],  p  =  0.015)  were  positively
ssociated  with  PASI90,  using  ustekinumab  (HR  =  0.560,
5%  CI  [0.358---0.876],  p  =  0.011)  was  negatively  associ-
ted.  However,  treatment  with  anti-IL17  (HR  =  0.995,  95%
I  [0.702---1.410],  p  =  0.977)  or  anti-IL23  (HR  =  1.238,  95%  CI
0.895---1.712],  p  =  0.197)  agents  did  not  significantly  differ
n  terms  of  PASI90  response  relative  to  anti-TNFs.

iscussion

his  research  revealed  that  older  age  of  disease  onset  and

eing  biologic-naïve  were  associated  with  the  increased
robability  of  achieving  PASI90  response.  In  contrast,  anti-
L12/23  agent  use  negatively  affected  PASI90  relative  to
he  anti-TNFs.  The  age  of  disease  onset  was  found  to  be
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Table  2  Patient  characteristics.

Features  Total  (n  =  623)

Sex  (M/F) 320/303
Age,  median  (min---max)  40  (18---72)
BMI (kg/m2),  median  (min---max)  25.5  (14.2---49.2)
Smoking, n  (%)  295  (47)
Age of  disease  onset,  median  (min---max)  23  (8---58)
Disease duration,  years,  median  (min---max)  15  (0.1---68)
Family history  of  psoriasis:  n(%)  264  (42)
Psoriasis morphology Plaque,  n  (%)  608  (97)

Pustular,  n  (%) 11  (2)
Erythrodermic,  n  (%) 4  (0.6)

Special areas  of  involvement Genital,  n  (%) 151  (24)
Scalp,  n  (%)  344  (55)
Nail, n  (%)  231  (37)
Face, n  (%)  232  (37)
Palmoplantar,  n  (%)  91  (15)

Trunk involvement,  n  (%) 456  (73)
Extremity involvement,  n  (%) 530  (85)
Psoriatic arthritis,  n  (%) 190  (30)
Biologic-naïve,  n  (%) 318  (51)
PASI score  just  before  the  last  biologic  therapy,  median  (min---max) 24  (5---70)
Last biological  treatments  of  patients
Anti-TNFs Adalimumab,  n  (%) 46  (7)

Etanercept,  n  (%) 6  (1)
Certolizumab  pegol,  n  (%) 8  (1)
Infliximab,  n  (%) 7  (1)

Anti-IL17 Secukinumab,  n  (%) 86  (13)
Ixekizumab,  n  (%) 84  (13)

Anti-IL23 Risankizumab,  n  (%)  169  (27)
Guselkumab,  n  (%)  163(26)

Anti-IL12/23  Ustekinumab,  n  (%)  54  (9)
Duration of  treatment  with  the  last  biologic  agent,  months,  median  (min---max)  16  (1---72)
PASI 90  response,  n  (%)  519  (83)
PASI 100  response,  n  (%)  278  (45)
Comorbidities Diabetes  mellitus,  n  (%)  63  (10)

Hypertension,  n  (%)  75  (12)
Dyslipidemia,  n  (%)  41  (7)
Obesity,  n  (%)  112  (18)
Ischemic  heart  disease,  n  (%)  27  (4)
Asthma/COPD,  n  (%)  26  (4)
Thyroid  dysfunction,  n  (%)  46  (7)
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M, Male; F, Female; BMI, Body Mass Index; PASI, Psoriasis Area Seve
Obstructive Pulmonary Disease.

he  strongest  predictor  of  PASI90  response.  Also,  anti-IL23
nd  anti-IL17  classes,  particularly  anti-IL23  agents,  seemed
elated  to  higher  treatment  efficacy.

In  previous  studies,  the  PASI  score  of  psoriasis  patients
as  found  to  be  higher  in  early-onset  psoriasis  cases  com-
ared  to  late-onset  psoriasis  cases,13---15 and  there  are  few
tudies  with  conflicting  results  evaluating  the  relationship
etween  the  age  of  disease  onset  and  biological  treat-
ent  response  in  psoriasis  patients.  In  the  study  by  Singh

t  al.,  treatment  responses  of  early-onset  psoriasis  patients

eceiving  etanercept  and  infliximab  treatment  were  signi-
cantly  higher  than  those  of  late-onset  psoriasis  patients.

n  contrast,  no  relationship  was  found  between  the  age  of
isease  onset  and  treatment  responses  in  patients  receiving
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Index; TNF, Tumor Necrosis Factor; IL, Interleukin; COPD, Chronic

stekinumab  and  adalimumab  treatment.16 On  the  contrary,
riffiths  et  al.  proposed  that  the  PASI75  at  week  12  of  etan-
rcept  treatment  was  found  to  be  higher  in  early-onset
soriasis  patients  than  in  late-onset  psoriasis  patients.17 The
uthors  consider  that  the  finding  that  older  age  is  associ-
ted  with  a  more  favorable  treatment  response  in  this  study
ay  be  related  to  cases  beginning  at  an  early  age  being
ore  commonly  HLA-Cw6-positive  and  thus  showing  lower

reatment  responses.18---20

Most  studies  in  the  literature  and  the  work  suggested

hat  the  efficacy  of  biologic  therapy  is  higher  in  biologic-
aïve  patients  than  in  biologic-experienced  patients.21---24

his  might  be  related  to  cross-resistance  between  biologic
lasses,  probably  due  to  common  pathways  being  operative
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Table  3  Predictors  for  PASI90  response.

Covariates Univariate  analysis,  HR
(95%  CI)

p Multivariate  analysis

Model  1,  HR
(95%  CI)

p  Model  2,  HR
(95%  CI)

p  Model  3,  HR
(95%  CI)

p

Female  gender  1.021  (0.859---1.214)  0.814  ---  ---  ---  ---  ---  ---
Age of  disease  onset  1.034  (1.027---1.041)  <0.001c 1.035

(1.028---1.043)
<0.001c 1.036

(1.029---1.044)
<0.001c 1.037

(1.029---1.044)
<0.001c

Smoking  1.032  (0.868---1.227)  0.719  ---  ---  ---  ---  ---  ---
BMI (kg/m2)  0.998  (0.979---1.018)  0.869  ---  ---  ---  ---  ---  ---
Pustular/erythrodermic
morphology

0.965 (0.603---1.545)  0.884  ---  ---  ---  ---  ---  ---

Family history  of
psoriasis

0.971  (0.819---1.151)  0.733  ---  ---  ---  ---  ---  ---

PASI score  just
before  the  last
biologic  therapy

0.999  (0.992---1.006)  0.777  ---  ---  ---  ---  ---  ---

Special areas  of  involvement
Genital  0.842  (0.689---1.029)  0.092  ---  ---  ---  ---  ---  ---
Scalp 0.996  (0.837---1.185)  0.964  ---  ---  ---  ---  ---
Nail 0.860  (0.719---1.029)  0.100  ---  ---  ---  ---  ---  ---
Face 0.834  (0.695---1.001)  0.051  ---  ---  ---  ---  ---  ---
Palmoplantar 1.293  (1.010---1.657)  0.042a ---  ---  ---  ---  ---  ---
Trunk involvement  0.970  (0.797---1.181)  0.761  ---  ---  ---  ---  ---  ---
Extremity
involvement

0.765 (0.596---0.980)  0.034a ---  ---  ---  ---  ---  ---

Psoriatic arhtritis  0.892  (0.740---1.076)  0.232  ---  ---  ---  ---  ---  ---
Biologic-naïve 1.118  (0.941---1.329)  0.205  ---  ---  ---  ---  1.261

(1.046---1.521)
0.015a

Class  of  biologic  treatment
Anti-TNF  Reference  category
Anti-IL17  0.996  (0.721---1.376)  0.983  ---  ---  0.935

(0.662---1.320)
0.703  0.995

(0.702---1.410)
0.977

Anti-IL23 1.173  (0.867---1.586)  0.300  ---  ---  1.112
(0.813---1.521)

0.505  1.238
(0.895---1.712)

0.197

Anti-IL12/23 0.611  (0.394---0.946)  0.027a ---  ---  0.534
(0.342---0.834)

0.006b 0.560
(0.358---0.876)

0.011 a

Comorbidities  ---  ---  ---  ---  ---  ---
Diabetes mellitus  0.777  (0.578---1.044)  0.095  ---  ---  ---  ---  ---  ---
Hypertension 0.773  (0.584---1.022)  0.071  ---  ---  ---  ---  ---  ---
Dyslipidemia 0.901  (0.636---1.276)  0.556  ---  ---  ---  ---  ---  ---
Obesity 0.895  (0.716---1.118)  0.329  ---  ---  ---  ---  ---  ---
Coronary artery
disease

0.803  (0.524---1.232)  0.315  ---  ---  ---  ---  ---  ---

Asthma/COPD 0.850  (0.554---1.303)  0.455  ---  ---  ---  ---  ---  ---
Thyroid dysfunction  0.798  (0.571---1.116)  0.188  ---  ---  ---  ---  ---  ---

PASI, Psoriasis Area Severity Index; HR, Hazard Ratio; CI, Confidence Interval; BMI, Body Mass Index; TNF, Tumor Necrosis Factor; IL, Interleukin; COPD, Chronic Obstructive Pulmonary
Disease. Model 1: −2 Log likelihood = 5137.3, Chi-Square = 88.6, p < 0.001. Model 2: −2 Log likelihood = 5117.8, Chi-Square = 106.4, p < 0.001. Model 3: −2 Log likelihood = 5111.9, Chi-
Square = 112.9, p < 0.001.
ap < 0.05, b p < 0.01, c p < 0.001. Note: Univariate analysis was performed using the enter method, and multivariate analysis was performed using the forward stepwise method.
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Fig.  1  PASI90  response  across  different  biologic  classes.  PASI,  Psoriasis  Area  severity  Sındex;  TNF,  Tumor  Necrosis  Factor;  IL,
Interleukin. Anti-TNF  vs.  anti-IL17;  p  =  0.090.  Anti-TNF  vs.  anti-IL23;  p  =  0.042.  Anti-TNF  vs.  anti-IL12/23;  p  =  0.656.  Anti-IL17  vs.
anti-IL23; p  =  0.776.  Anti-IL17  vs.  anti-IL12/23;  p  =  0.050.  Anti-IL23  vs.  anti-IL12/23;  p  =  0.027.

Fig.  2  PASI100  response  across  different  biologic  classes.  PASI,  Psoriasis  Area  Severity  Index;  TNF,  Tumor  Necrosis  Factor;  IL,
I -IL23
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nterleukin. Anti-TNF  vs.  anti-IL17;  p  =  0.416.  Anti-TNF  vs.  anti
nti-IL23; p  =  0.320.  Anti-IL17  vs.  anti-IL12/23;  p  =  0.668.  Anti-IL

ownstream  of  cytokine  signaling.  A  recent  meta-analysis

f  40  studies  examining  the  clinical  characteristics  associ-
ted  with  treatment  response  to  biologics  identified  that
lder  age,  higher  Body  Mass  Index  (BMI),  previous  or  cur-

n
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6

;  p  =  0.120.  Anti-TNF  vs.  anti-IL12/23;  p  =  0.832.  Anti-IL17  vs.
s.  anti-IL12/23;  p  =  0.294.

ent  smoking,  and  prior  exposure  to  biologic  treatments

egatively  influenced  the  probability  of  achieving  PASI90
esponse.  Also,  the  authors  emphasized  the  unclearness  of
ow  these  characteristics  affect  treatment  responses  dif-
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erently  for  different  biological  therapies.  In  the  present
tudy,  smoking  status  and  BMI  were  not  found  to  be  sig-
ificantly  associated  with  PASI90  response.  On  the  other
and,  diabetes  mellitus  and  hypertension,  though  statisti-
ally  near-significant,  were  negatively  related  to  the  PASI90
esponse  in  the  univariate  analysis.  Therefore,  it  can  be
roposed  that  components  of  metabolic  syndrome  impact
reatment  response,  and  distinct  results  of  the  studies  are
ttributable  to  environmental  factors  (e.g.,  dietary  habits)
nd  racial  genetic  variances.

In  the  present  study,  the  likelihood  of  achieving  a  PASI90
esponse  was  found  to  be  significantly  higher  in  patients
ith  palmoplantar  involvement.  Yet,  the  authors  consider

his  result  misleading  because  the  palmoplantar  area  is  rela-
ively  small  to  evaluate  the  PASI  response  correctly.  Instead,
he  Palmoplantar  Pustulosis  Severity  Index  (PPSI)  is  used  to
ssess  the  severity  of  palmoplantar  involvement  and  treat-
ent  response,25 but  the  authors  did  not  implement  this

cale  in  this  study.  On  the  other  hand,  extremity  involvement
as  significantly  associated  with  worse  treatment  response

n  univariate  analysis,  albeit  not  significant  in  multivariable
nalysis.  Hence,  this  indicates  the  involvement  area  may
ave  affected  the  assessment  of  treatment  response.

Inhibition  of  cytokine  pathways  has  been  related  to
arious  adverse  events,  and  tuberculosis  merits  particular
ttention.  Tuberculosis  is  still  an  essential  concern  in  under-
eveloped  or  developing  countries  worldwide  when  treating
soriasis  patients  with  biologics,  and  the  risk  is  even  higher
ith  TNF  inhibitors  than  with  any  other  biologic  class.26,27

herefore,  anti-TNFs  opted  for  specific  groups  of  psoriasis
atients,  such  as  those  having  concomitant  inflammatory
owel  disease.27 Ustekinumab,  an  anti-IL12/23  agent,  is  one
f  the  earliest  biologics  approved  for  treating  psoriasis.  It
s  mainly  preferred  due  to  its  lower  risk  of  tuberculosis
eactivation  compared  to  anti-TNF  agents.  However,  studies
emonstrated  that  IL12  inhibition  is  unnecessary  for  pso-
iasis  treatment,28 and  IL12  inhibition  may  be  associated
ith  major  cardiovascular  events.29 On  the  other  hand,  the
uthors  and  others  found  that  ustekinumab  was  associated
ith  lower  rates  of  PASI90  response.30

In  the  present  study,  the  proportion  of  patients  achiev-
ng  PASI90  and  PASI100  with  biologic  therapy  was  consistent
ith  that  reported  in  the  literature.21---23,30 The  authors
lso  observed  the  maximum  treatment  response  after  the
8th  week  of  biologic  therapy.  Other  studies  were  in  line
ith  the  research  and  they  reported  that  the  maximum

herapeutic  efficacy  of  IL23  inhibitors,  as  well  as  anti-
L17  and  anti-IL12/23  agents,  was  reached  after  the  48th
eek  of  treatment.31---36 Notably,  the  distribution  of  anti-

L23  (guselkumab  and  risankizumab)  and  anti-IL17  agents
secukinumab  and  ixekizumab)  was  balanced  in  the  present
tudy,  eliminating  the  bias  risk  within  these  classes.  How-
ver,  the  frequencies  of  anti-TNF  agents  were  fairly  distinct,
otentially  leading  to  heterogeneity  in  the  evaluation  of
reatment  responses  to  this  group.

The  efficacy  of  anti-IL23  agents  was  significantly  higher
ompared  to  the  anti-TNFs  and  ustekinumab  in  the  present
ork.  Likewise,  randomized  controlled  trials  and  real-world
tudies  showed  that  the  PASI90  response  of  anti-IL23  agents
as  higher  than  that  of  both  anti-TNF  and  anti-IL12/23
lasses.37---42 The  overall  efficacy  of  anti-IL23  and  anti-IL17
gents  in  patients  with  psoriasis  in  this  study  was  found  to  be
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imilar,  and  the  literature  presents  varying  results  regarding
he  comparison  of  the  efficacy  and  safety  of  these  agents.
n  a  meta-analysis,  while  IL17  inhibitors  were  found  to  have
igher  efficacy  than  IL23  inhibitors,  IL23  inhibitors  were  con-
idered  safer  regarding  their  side  effect  profiles.43 Although
ome  studies  have  found  the  12---16th  week  PASI  responses  of
L23  inhibitors  to  be  similar  to  those  of  IL17  inhibitors,  the
ong-term  efficacy  of  IL23  inhibitors  has  been  reported  to
e  higher.44---46 In  a  randomized,  double-blind  study,  though
he  overall  efficacy  of  IL17  inhibitors  and  IL23  inhibitors  was
ound  to  be  similar,  IL17  inhibitors  achieved  much  faster
learance  of  skin  lesions.47 Also,  a  meta-analysis  showed
hat  risankizumab,  followed  by  ixekizumab,  provides  the
ighest  rates  of  PASI90  and  PASI100  responses  compared
o  other  biologics.30 The  present  work  was  consistent  with
hese  findings,  and  IL17  inhibitors  demonstrated  a  quicker
ASI90  response  than  other  classes.  Furthermore,  anti-IL23
gents  had  the  highest  treatment  effectiveness,  but  no  sig-
ificant  difference  was  observed  in  the  overall  efficacy  of
L23  and  IL17  inhibitors.  However,  the  proportion  of  biologic-
aïve  patients  was  lowest  in  the  anti-IL23  group  in  this
tudy.  Considering  that  biologic-naïveness  significantly  and
ositively  affects  the  PASI90  response,  the  efficacy  of  the
nti-IL23  agents  can  be  expected  to  be  higher  if  the  number
f  biologic-naïve  patients  is  evenly  distributed  across  the
iologic  classes.

Several  studies  found  that  the  IL-17  inhibitors  provide
igher  rates  of  PASI90  compared  to  anti-TNF  agents.48---50

ikewise,  IL17  inhibitors  exhibited  higher  performance  for
eaching  PASI90  response  than  anti-TNFs  in  this  study,
ut  the  result  remained  statistically  near-significant.  The
ower  proportion  of  biologic-naïve  patients  in  the  IL17
nhibitor  group  compared  to  the  anti-TNF  group  might
xplain  why  statistical  significance  could  not  be  achieved
n  the  present  study.  Also,  studies  showed  that  the  rates  of
ASI90  responses  with  IL17  inhibitors  were  higher  than  those
f  ustekinumab,  which  is  compatible  with  this  research.51---55

The  most  important  limitation  of  this  study  is  the  ret-
ospective  data  collection.  The  age  groups  of  the  study
articipants  are  heterogeneous.  Also,  the  distribution  of
ifferent  anti-TNF  agents  and  biologic-naïve  patients  is
nbalanced,  which  might  have  confounded  the  results.
n  the  other  hand,  the  inclusion  of  a  large  number  of
atients  from  a  single  center  and  the  evaluation  of  treat-
ent  responses  by  a  few  researchers  are  strengths  of  this

tudy.

onclusion

n  conclusion,  older  age  of  disease  onset,  biologic-naïve,  and
stekinumab  use  were  identified  as  the  independent  predic-
ors  of  PASI90  response,  and  age  of  disease  onset  was  the
ost  important.  Anti-IL23  and  anti-IL17  agents,  especially

L23  inhibitors,  exhibited  superior  therapeutic  efficacy  com-
ared  to  other  classes.  This  study  underlines  the  necessity
f  head-to-head  comparing  the  effectiveness  of  different
iological  agents  with  well-designed  prospective  trials.
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Abstract
Background:  Contact  dermatitis  is  a  common  dermatosis  in  dermatology.  The  patch  test  is
the gold  standard  for  diagnosis,  using  a  panel  of  common  allergens  and  irritants.  In  Brazil,  a
standardized  battery  of  30  substances  is  used.  However,  comprehensive  epidemiological  data  on
contact dermatitis  are  limited,  and  no  studies  have  compiled  and  compared  nationwide  results.
Objectives:  This  study  aimed  to  assess  the  positivity  rate  of  patch  tests  using  the  Brazilian
Standard Battery  in  suspected  contact  dermatitis  cases  from  2000  to  2022.  We  also  evaluated
associations  between  reactive  substances  and  clinical  and  demographic  variables  and  examined
the variation  in  reactivity  frequency  to  allergenic  substances  over  the  study  period.
Methods:  A  systematic  literature  review  was  conducted  using  PubMed,  Scielo,  and  LILACS.  We
evaluated  the  prevalence  of  positive  tests  for  each  substance,  examined  associations  between
variables  such  as  gender,  region,  and  age,  and  assessed  variations  in  patch  test  positivity  over
time.
Results: Initially,  55  articles  were  identified,  and  10  were  included  in  the  review.  Nickel  sul-
fate was  the  most  frequently  positive  allergen,  while  triclosan,  P-tertiary  buthyphenol,  and
anthraquinone  were  the  least  prevalent.  Test  positivity  increased  every  5-years  for  kathon  CG,
neomycin,  and  nickel  sulfate,  while  it  decreased  for  quaternion  15  and  thimerosal.
Study limitations:  The  results  were  limited  by  the  small  number  of  articles  included  in  the
review.
Conclusions:  This  pioneering  study  in  Brazil  provides  valuable  insights  for  dermatological  allergy
practitioners  into  the  prevalence  of  patch  test  positivity  for  each  substance  in  the  Brazilian
Standard Battery,  aiding  in  informed  decision-making  and  patient  management.
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ontact  dermatitis  (CD)  is  a  prevalent  inflammatory
kin  condition  frequently  encountered  in  dermatological
ractice.  Its  clinical  presentation  is  characterized  by  ery-
hematous,  desquamative,  and  pruritic  vesicles,  papules,
r  plaques,  often  accompanied  by  lichenification,  leading
o  a  significant  impact  on  patients’  quality  of  life  .1 The
D  comprises  a  significant  proportion  of  occupational  der-
atoses  and  carries  substantial  socioeconomic  implications,
articularly  in  industrialized  nations.2

CD  can  be  classified  into  two  main  types:  Irritant  contact
ermatitis  (ICD)  and  allergic  contact  dermatitis  (ACD).  ICD
rises  from  the  direct  toxic  and  pro-inflammatory  effects  of
ertain  substances,  while  ACD  is  a  delayed-type  hypersensi-
ivity  reaction  mediated  by  hapten-specific  T-cells  .1

While  the  diagnosis  of  CD  primarily  relies  on  clinical
valuation,  patch  testing  (PT)  serves  as  the  gold  standard
omplementary  diagnostic  tool  for  confirming  this  condi-
ion.  PT  aims  to  reproduce  the  elicitation  phase  of  ACD  by
ontrolled  exposure  to  suspected  agents,  thereby  confirm-
ng  the  diagnosis  and  determining  the  etiology  of  ACD.  The
T  series  typically  consists  of  a  standard  battery  of  common
llergens  and  irritants,  including  fragrances,  preservatives,
etals,  rubber,  and  other  chemicals  to  which  patients  are

ommonly  exposed  and  may  be  associated  with  their  clinical
resentation.2,3

In  Brazil,  the  Brazilian  Group  for  the  Study  of  Contact  Der-
atitis  (GBEDC)  developed  a  standardized  battery  in  2000,

pproved  by  the  Brazilian  Society  of  Dermatology  (SBD),
omprising  30  substances.  However,  there  is  a  scarcity  of
razilian  etiological  and  epidemiological  data  on  ACD  across
ifferent  regions  that  could  provide  population  represen-
ativeness.  While  several  studies  have  been  published  by
rominent  Brazilian  dermatological  centers,  they  have  been
onducted  in  isolation,  and  no  comprehensive  analyses  or
omparisons  of  results  have  been  published  at  the  national
evel  .2,3

It  is  well-established  that  the  population  profile  and
xposure  to  various  substances  can  influence  PT  results,
hich  are  also  known  to  evolve  over  time.  Therefore,  to
ddress  these  gaps  in  knowledge,  a  systematic  review  was
ndertaken  with  the  objective  of  collating  and  synthesizing
nformation  regarding  PT  results  obtained  using  the  Brazilian
tandard  battery  over  the  past  22-years.

ethods

tudy  design

his  study  presents  a  systematic  review  (SR)  conducted
etween  2000  and  2022,  with  the  aim  of  identifying  rele-
ant  articles  published  in  English,  Portuguese,  or  Spanish.  It
as  conducted  in  accordance  with  the  Preferred  Reporting

tems  for  Systematic  Reviews  and  Meta-Analyses  (PRISMA).4

A  comprehensive  search  was  performed  by  two  screeners
ho  independently  searched  scientific  databases  known  for

ousing  Brazilian  studies,  namely  PubMed,  LiLACS,  and  Sci-
LO.  The  primary  objective  was  to  gather  a  comprehensive
ody  of  literature  to  provide  valuable  insights  into  the  medi-
al  field.  The  plan  to  establish  data  on  the  subject  between

•

2
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000  and  2022  is  related  to  the  new  research,  being  carried
ut  by  the  Study  of  Contact  Dermatitis  and  the  Brazilian
ociety  of  Dermatology,  which  began  in  2023.  Articles  pub-
ished  after  2022  will  be  commented  on  and  not  included  in
he  analysis.

ata  extraction  and  quality  assessment

n  the  initial  stage,  a  comprehensive  assessment  was  con-
ucted  by  two  researchers  to  identify  and  remove  duplicate
rticles  obtained  from  the  search  process.  Subsequently,  a
eticulous  examination  of  the  titles  and  abstracts  of  the

etrieved  records  was  performed,  resulting  in  the  exclusion
f  studies  that  did  not  meet  the  predetermined  eligibility
riteria.

In  the  subsequent  stage,  the  full  texts  of  the  remain-
ng  studies  were  thoroughly  evaluated  by  the  authors,
mploying  strict  inclusion  and  exclusion  criteria.  This  criti-
al  appraisal  enabled  the  identification  of  studies  that  met
he  predefined  criteria  and  were  deemed  eligible  for  further
nalysis.

election  criteria
n  order  to  ensure  the  inclusion  of  relevant  articles,  the
ollowing  selection  criteria  were  applied:

 Original  articles;
 Articles  with  full  texts  available;
 Studies  that  performed  contact  tests  with  the  Brazil-

ian  Standard  Battery  (Brazilian  Contact  Dermatitis  Study
Group  ---  GBEDC);

 Studies  with  full  results  of  all  substances  tested  in  patch
tests;

 Studies  conducted  in  Brazil;
 Studies  that  evaluated  the  population  of  patients  diag-

nosed  or  suspected  of  having  contact  dermatitis;
 Studies  published  between  2000---2022.

xclusion  criteria
he  following  criteria  were  employed  to  exclude  articles
rom  consideration:

 Ongoing  clinical  trials  without  published  results  and  case
reports;

 Articles  with  specific  subpopulations;
 Studies  that  performed  contact  tests  with  batteries  other

than  the  Brazilian  Standard  Battery  (Brazilian  Contact
Dermatitis  Study  Group  ---  GBEDC);

 Studies  are  not  conducted  in  Brazil.

Quality  assessment  was  performed  using  the  Joanna
riggs  Institute  Critical  Appraisal  Tool.

The  checklist  for  cross-sectional  studies  and  the  checklist
or  cohort  studies  were  selected  and  applied,  according  to
he  study  design5:
 Checklist  for  cross-sectional  studies,  in  which  studies
were  scored  on  8 items.  Each  item  was  evaluated  using
the  options:  yes,  no,  unclear,  not  applicable.  The  authors
considered  articles  to  be  of  good  quality  if  they  received  a
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‘‘yes’’  response  for  all  evaluated  items;  of  medium  qual-
ity  if  they  received  a  ‘‘yes’’  response  for  5  or  more  items;
and  of  low  quality  if  they  received  a  ‘‘yes’’  response  for
4  or  fewer  items.

 Checklist  for  cohort  studies,  in  which  studies  were  scored
on  11  items.  Each  item  was  evaluated  using  the  options:
yes,  no,  unclear,  not  applicable.  The  authors  considered
articles  to  be  of  good  quality  if  they  received  a ‘‘yes’’
response  for  all  evaluated  items;  of  medium  quality  if  they
received  a  ‘‘yes’’  response  for  6  or  more  items;  and  of  low
quality  if  they  received  a  ‘‘yes’’  response  for  5  or  fewer
items.

earch  strategy

 comprehensive  search  was  performed  by  two  screeners
ho  independently  searched  in  scientific  databases  known

or  housing  Brazilian  studies,  namely  PubMed,  LiLACS,  and
ciELO.  The  primary  objective  was  to  gather  a  comprehen-
ive  body  of  literature  to  provide  valuable  insights  into  the
edical  field.
The  selection  of  search  terms  was  guided  by  their  rele-

ance  to  the  specific  medical  condition  under  investigation,
ncompassing  both  general  and  specific  keywords.  The
earch  was  conducted  on  October  10,  2022,  and  the  search
trategy  utilized  on  each  platform  will  be  detailed  below:

 PubMed:  (‘‘patch  tests’’[MeSH  Terms]  OR  (‘‘patch’’[All
Fields]  AND  ‘‘tests’’[All  Fields])  OR  ‘‘patch  tests’’[All
Fields]  OR  (‘‘patch’’[All  Fields]  AND  ‘‘test’’[All  Fields])
OR  ‘‘patch  test’’[All  Fields])  AND  (‘‘Brazil’’[MeSH  Terms]
OR  ‘‘Brazil’’[All  Fields]  OR  ‘‘Brazil  s’’[All  Fields]  OR
‘‘Brazils’’  [All  Fields]);

 LiLACS:  (‘‘teste  de  contato’’  or  ‘‘patch  test’’)  (Brasil  or
Brazil);

 SciELO:  (patch  test)  OR  (teste  de  contato)  AND  (Brazil).

To  enhance  the  comprehensiveness  of  the  search  strategy
nd  yield  a  robust  dataset  for  analysis,  reference  lists  of
he  included  studies  were  reviewed  to  identify  additional
tudies  that  may  have  been  missed  through  the  initial  search
rocess.  This  comprehensive  approach  ensured  the  inclusion
f  relevant  studies  within  the  Brazilian  context.

ariables

he  study  examined  the  following  variables:

 Reactivity  of  the  30  substances  comprising  the  Brazilian
Standard  Battery;

 Gender  (Sex);
 Age;
 Geographical  region  of  Brazil.

tatistical  analysis
o  determine  the  prevalence  of  positive  substance  tests,  a
eighted  summary  meta-analysis  mean  was  utilized,  consid-
ring  the  sample  size  of  each  study  as  a  weighting  factor.

a
I
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For  the  association  tests,  eight  composite  and  simple  lin-
ar  regressions  of  meta-analysis  were  tested  to  select  the
est  model.  The  outcome  measure  used  was  the  percentage
f  positive  contact  tests,  with  combinations  of  the  study’s
ercentage  of  female  participants,  categorized  study  region
with  the  Southeast  region  as  the  reference  and  the  South
egion  as  the  comparison),  mean  age  of  study  participants
with  and  without  a  constant).  To  assess  changes  in  contact
est  positivity  rates  over  time,  the  mean  value  of  each  sub-
tance  within  each  time  interval  and  their  corresponding
oefficients  were  calculated  using  simple  linear  regression,
onsidering  time  as  a  continuous  variable.

esults

hrough  the  initial  search,  a  total  of  81  articles  deemed
otentially  relevant  were  identified.  Following  the  removal
f  duplicates,  55  articles  remained  for  further  evaluation.
ubsequently,  37  articles  were  excluded  based  on  title  and
bstract  screening.  The  full  texts  of  the  remaining  18  arti-
les  were  thoroughly  assessed  for  eligibility.  Ultimately,
0  studies  met  the  predefined  inclusion  criteria  and  were
ncluded  in  this  systematic  review,  as  depicted  in  Fig.  1.
able  1  provides  a  summary  of  the  selected  studies  and  their
espective  characteristics.

Considering  the  criteria  of  the  tool  used  for  qual-
ty  assessment,  the  Joanna  Briggs  Institute  Critical
ppraisal  Tool,  the  authors  found  7  articles  of  medium
uality,2,3,6---8,11,13 3  considered  to  be  of  good  quality,9,10,12

nd  none  of  the  10  articles  pre-selected  based  on  the  inclu-
ion  and  exclusion  criteria  were  considered  to  be  of  low
uality,  with  no  indication  for  exclusion  from  the  systematic
eview.

The  total  number  of  patients  subjected  to  patch  testing,
onsidering  all  selected  studies,  was  4703.  In  all  10  stud-
es,  the  tests  were  performed  on  patients  with  suspected
ontact  dermatitis.  The  studies  were  conducted  in  four  dif-
erent  states  in  Brazil,  but  only  in  two  regions,  in  the  South
nd  Southeast.  In  the  South  region,  there  was  one  study  in
he  state  of  Santa  Catarina  and  two  studies  in  the  state  of
io  Grande  do  Sul.2,6,7 In  the  Southeast  region,  there  were
ve  studies  in  the  state  of  São  Paulo8---12 and  two  studies  in
he  state  of  Minas  Gerais.3,13 Regarding  gender,  the  major-
ty  of  the  population  included  in  the  studies  was  female  in
ll  10  studies,  as  shown  in  detail  in  Table  1.

As  for  the  sites  of  dermatitis,  the  cephalic  segment  (face,
ead,  and  neck)  was  the  most  affected  in  all  studies,  except
n  Rodrigues  et  al.,13 where  it  ranked  as  the  second  most
ommon  after  the  hands.  In  Fernandes  et  al.9 the  most
ommon  sites  were  eyelids  (12.30%)  and  face  (9.2%);  in
ilva  et  al.,12 the  cephalic  segment  including  the  head,
ace,  and  neck  accounted  for  44.79%  of  cases;  in  Duarte
t  al.,11 the  cephalic  segment  accounted  for  45.3%  of  cases;
n  Rodrigues  et  al.  ,3 the  face  was  affected  in  24.8%  of  cases;
n  Artus  et  al.,6 the  head  and  neck  were  affected  in  48.9%
f  cases;  and  in  Duarte  et  al.,8 the  cephalic  segment  (head

nd  neck)  was  the  most  frequently  affected  (81  cases,  29%).
n  Rodrigues  et  al.,13 the  hands  were  the  most  affected  site
44.7%),  and  the  studies  by  Opperman  et  al.,7 GBEDC10  ,
nd  Correa  et  al.2 did  not  provide  this  information.
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Table  1  Summary  of  the  selected  studies  and  their  respective  characteristics.

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

Oppermann
et  al.  2021

Cohort
(prospective)

Porto  Alegre
South

2018  to  2019 77 41.3  F:  77.9  Nickel  sulfate  38
*Unrepresented  Variability M:  22.1 Kathon  CG  15
*Minimum---maximum:
3---75 years

Perfume  mix  14
Paraphenylenediamine  9
Neomycin,  Thimerosal  8
Cobalt  chloride  7
PPD  mix,  Carba  mix  6
Balsam-of-Peru,  Potassium
dichromate,  P-tertiary  Buthylphenol
5
Thiuram  mix,  Colophony  4
Etilenodiamine  3
Propylene  Glycol,  Benzocaine,
Epoxi-resine  2
Anthraquinone,  Hydroquinone,
Mercapto  mix,  Quaternium-15,
Quinine  mix,  Nitrofurazone,  Paragon
mix, Terebentine  1

Rodrigues
et al.  2015

Cross-sectional  Belo  Horizonte
Southest

2003  to  2010  125  14.3  ±  3.8 F:  76.8  Nickel  sulfate  46
M:  23.2 Thimerosal  23

Neomycin  8
Cobalt  chloride,  Perfume  mix  5
Formaldehyde  4
Potassium  dichromate,
Etilenodiamine  3
PPD  mix,  Balsam-of-Peru,  Quinine
mix
Anthraquinone,  Kathon  CG,
Hydroquinone,  Mercapto  mix  2
Quaternium-15,  Promethazine  1
Colophony,  Carba  mix

4
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Table  1  (Continued)

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

Duarte  et  al.
2013

Cohort  (restro-
spective)

São  Paulo
Southest

2006  to  2011  618 *Unrepresented  variability  F:  68.4  Nickel  sulfate  174
*Predominant
age group:
30---49  years

M:  31.6 Thimerosal  99
Potassium  dichromate  69
Cobalt  chloride  65
Perfume  mix  54
Neomycin,  PPD  mix  45
Paraphenylenediamine  43
Carba  mix  41
Thiuram  mix  38
Etilenodiamine  27
Promethazine  21
Balsam-of-Peru,  Formaldehyde  20
Mercapto  mix  19
Hydroquinone,  Quaternium  15
Colophony  17
Quinine  mix,  Lanoline  16
Kathon  CG,  Benzocaine  15
Paragon  mix,  Nitrofurazone  14
Terebentine  11
Propylene  Glycol  10
Epoxi-resine  9
Irgasan,  P-tertiary  Buthylphenol  5
Anthraquinone  4

5
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Table  1  (Continued)

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

Rodrigues
et  al.  2012

Cohort  (restro-
spective)

Belo  Horizonte
Southest

2003  to  2010 1406 42  ±  16 F:  69.7  Nickel  sulfate  442
M:  30.3 Thimerosal  207

Potassium  dichromate  114
Paraphenylenediamine  99
Cobalt  chloride  97
Perfume  mix  94
Neomycin  88
Balsam-of-Peru,  Formaldehyde  72
Etilenodiamine  67
PPD  mix  60
Carba  mix  40
Thiuram  mix  37
Colophony  30
Hydroquinone  25
Paragon  mix  22
Kathon  CG  20
Quaternium  15,  Nitrofurazone  19
Propylene  Glycol  10
Benzocaine  16
Epoxi-resine  12
Mercapto  mix  14
Quinine  mix  14
Terebentine,  triclosan  11
Promethazine  17
Anthraquinone  7
Lanoline,  P-tertiary  Buthylphenol  6

Silva et  al.
2020

Cohort  (restro-
spective)

São  Paulo
Southest

2015  to  2017  267  43  ±  16 F:72.9  Nickel  sulfate  108
M:27.1 Cobalt  chloride  45

Neomycin  35
Potassium  dichromate  34
Kathon  CG  29
Thimerosal  28
Formaldehyde  25
Paraphenylenediamine  18
Perfume  mix  16
Colophony  11
Balsam-of-Peru  9
Triclosan  8
Carba  mix,  Thiuram  mix  6
Etilenodiamine,  Paragon  mix  5
Quaternium  15,  Quinine  mix,  4
Nitrofurazone,  Epoxi-resine
Lanoline,  Mercapto  mix  3
Promethazine,  Hydroquinone,  2
Benzocaine,  PPD  mix
Terebentine,  P-tertiary  Buthylphenol  1

6
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Table  1  (Continued)

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

GBEDC  et  al.
2000

Cohort
(prospective)

São  Paulo
Southest

1995  to  1996  967  37.1  ±  15 F:  62.5  Nickel  sulfate  243
M: 37.5 Thimerosal  158

Quaternium  15  109
Cobalt  chloride  106
Paraphenylenediamine  84
Perfume  mix  81
Potassium  dichromate  78
Quinine  mix  58
Thiuram  mix  53
Neomycin  42
Formaldehyde  37
Carba  mix,  Mercapto  mix,
Nitrofurazone  36
Balsam-of-Peru  31
Etilenodiamine  30
Paragon  mix  26
Colophony  25
Epoxi-resine,  PPD  mix,  Promethazine
17
Kathon  CG  21
Terebentine  14
Hydroquinone  13
Lanoline  11
triclosan,  P-tertiary  Buthylphenol  7
Anthraquinone  5

7
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Table  1  (Continued)

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

Correa  et  al.
2018

Cross-sectional Santa  Catarina
South

2004  to  2013 539 38.8  F:  75,9  Nickel  sulfate  196
*Unrepresented
variability

M: 24.1 Cobalt  chloride  95
Thimerosal  81
Paraphenylenediamine  44
Potassium  dichromate  43
Kathon  CG  42
Carba  mix  39
Formaldehyde  38
Perfume  mix  37
PPD  mix  35
Promethazine  32
Neomycin  28
Colophony  24
Terebentine  22
Etilenodiamine  18
Hydroquinone  15
Epoxi-resine  14
Nitrofurazone,  Paragon  mix  12
Propylene  Glycol,  P-tertiary
Buthylphenol  11
Balsam-of-Peru,  Thiuram  mix  10
Irgasal  9
Anthraquinone,  Quinine  mix  7
Quaternium  15  6
Benzocaine  5
Mercapto  mix  4
Lanoline  4

Fernandes
et al.  2007

Cohort
(prospective)

São  Paulo
Southest

2001  to  2002  65 45.1  F:  90.7  Nickel  sulfate  24
*Unrepresented
variability

M: 9.23 Thimerosal  13
Neomycin  6
Formaldehyde  5
Cobalt  chloride  3
Mercapto  mix,  Lanolin,  Perfume  mix,
PPD mix,  Paraphenylenediamin  2
Balsam-of-Peru,  Thiuram  mix
P-tertiary  Buthylphenol,
Etilenodiamine,  Epoxi-resine  1

8
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Table  1  (Continued)

First  Author/Year  Study  design  City/Region  Evaluated  period  Sample  Size  Mean  age  Sex  (%)  Results:  positive  substances  (%)

Duarte  et  al.
2007

Cohort
(prospective)

São  Paulo
Southest

1998  to  2003  506 *Unrepresented
mean  and
variability

F:  64  Nickel  sulfate  180
M:36 Cobalt  chloride  85

Thimerosal  64
Potassium  dichromate  61
Perfume  mix  58
Paraphenylenediamine,  Neomycin,
Thiuram  mix  47
Quaternium-15  45
Carba  mix,  Nitrofurazone  34
Etilenodiamine  27
Quinine  mix  23
PPD  mix  22
Balsam-of-Peru,  Epoxi-resine  21
Paragon  mix,  Promethazine  20
Colophony  18
Lanoline  12
Hydroquinone  10
Benzocaine  9
Formaldehyde  7
Propylene  Glycol  6
Anthraquinone  3
P-tertiary  Buthylphenol  triclosan  2

Artus et  al.  Cross-sectional Porto
Alegre/South

2007  to  2010  133  42  ±  15 F:  69.2  Nickel  sulfate
M:  68.7 Thimerosal  45

Paraphenylenediamine  25
Neomycin  22
Cobalt  chloride  19
PPD  mix  17
Potassium  dichromate  16
Carba  mix  14
Perfume  mix,  Thiuram  mix  12
Kathon  CG,  Mercapto  mix,  Paragon
mix,  10
Promethazine,  Hydroquinone  8
Balsam-of-Peru,  Colophony,
Epoxi-resine,  Terebentine  7
Etilenodiamine,  Formaldehyde,
triclosan,  6
Anthraquinone,  Nitrofurazone  5
Mercapto  mix  4
Lanoline,  Quaternium  15,  Quinine
mix,  Propylene  Glycol,  Benzocaine,
P-tertiary  Buthylphenol  3

9
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echnique

ll  studies  utilized  the  Brazilian  standard  battery,  composed
f  30  substances  recommended  by  the  Brazilian  Group  of
tudies  in  Contact  Dermatitis,  originally  produced  by  FDA-
llergenic/Immunothec  (RJ,  Brazil).
All  studies  followed  the  criteria  of  the  International
ontact  Dermatitis  Research  Group  (ICDRG)  for  application
nd  interpretation  techniques.  Readings  were  performed  at
8  and  96  hours,  according  to  the  established  criteria.  Posi-
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rategy  results.

ive  tests  at  96  hours  related  to  current  and  past  history  of
ontact  dermatitis  were  considered  relevant.10

requency  of  most  common  allergens
mong  adults  with  suspected  Allergic  Contact  Dermatitis
ACD),  the  most  frequently  positive  allergen  in  patch  tests
as  nickel  sulfate,  with  an  average  prevalence  of  31.8%,  as

hown  in  Table  2. Individually,  it  was  also  the  test  with  the
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Table  2  Prevalence  of  positive  patch  test  reactions  in  Brazil,  by  substance,  between  2000---2022  (n  =  4.703).

Confidence  Interval  (90%)

Substance  Positive  tests*  Mean  (%)  Standard  Deviation  Standard  Error  Lower  Limit  (%)  Upper  Limit  (%)

Nickel  sulfate  1.496  31.8  25.3  8.00  17.2  46.5
Thimerosal  727  15.5  3.2  1.02  13.6  17.3
Cobalt chloride 504  10.7  14.3  4.51  2.4  19.0
Potassium dichromate  421  9.0  5.4  1.71  5.8  12.1
Para-phenylenediamine  368  7.8  5.1  1.61  4.9  10.8
Perfume mix  362  7.7  5.4  1.71  4.6  10.8
Neomycin 335  7.1  6.1  1.92  3.6  10.6
Carba mix  219  4.7  5.0  1.58  1.8  7.6
Formaldehyde  214  4.6  4.1  1.29  2.2  6.9
Thiuram mix 206  4.4  6.1  1.92  0.9  7.9
Quaternium  15  204  4.3  17.7  5.60  0.0  14.6
PPD mix  203  4.3  5.4  1.71  1.2  7.5
Ethylenediamine  187  4.0  1.0  0.32  3.4  4.6
Balsam of  Peru  178  3.8  1.5  0.47  2.9  4.6
Kathon CG  151  3.2  12.9  4.10  0.0  10.7
Colophony 137  2.9  1.1  0.34  2.3  3.5
Nitrofurazone  125  2.7  3.0  0.94  0.9  4.4
Quinoline mix  122  2.6  4.1  1.29  0.2  5.0
Promethazine  118  2.5  3.1  0.98  0.7  4.3
Paraben mix  113  2.4  1.2  0.38  1.7  3.1
Hydroquinone  94  2.0  1.0  0.31  1.4  2.6
Epoxy resin  87  1.8  1.4  0.44  1.0  2.7
Mercapto mix  85  1.8  1.8  0.58  0.8  2.9
Turpentine 67  1.4  1.7  0.55  0.4  2.4
Benzocaine  57  1.2  0.5  0.15  0.9  1.5
Lanolin 56  1.2  0.8  0.24  0.7  1.6
Propylene glycol 50  1.1  0.4  0.12  0.8  1.3
Triclosan 47  1.0  0.8  0.25  0.5  1.5
p-Tertiary butylphenol 41  0.9  0.9  0.27  0.4  1.4
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Anthraquinone  33  0.7  0.4  

* Unweighted N.

ighest  positivity  in  the  10  studies  that  examined  this  popu-
ation,  with  percentages  ranging  from  28.1%11 to  56.2%12 of
he  tested  patients  in  each  study.

The  second  most  frequently  positive  allergen  was
himerosal  and  cobalt  chloride,  with  an  average  prevalence
f  15.5%  and  10.7%,  respectively.  Both  substances  were
mong  the  top  5  most  frequently  positive  allergens  in  all
rticles.

Considering  the  metal  series,  in  addition  to  the  high
revalence  of  nickel  sulfate  and  cobalt  chloride,  potassium
ichromate  presented  an  average  prevalence  of  9%.

Among  the  seven  most  frequent  substances  in  the
ncluded  studies,  the  authors  should  also  mention  fragrance
ix  (7.7%),  paraphenylenediamine  (7.8%),  and  neomycin

7.1%).  Neomycin  had  the  highest  prevalence  among  the
ncluded  articles  when  compared  to  substances  present  in
opical  medications  from  the  series.  Promethazine  was  the
econd  most  positive  active  ingredient  but  showed  signifi-
ant  variation  among  studies,  with  prevalence  ranging  from
.8%3 to  5.9%,2 resulting  in  a  lower  average  prevalence  of

ositive  tests  per  substance  than  neomycin,  at  2.5%.  Nitro-
urazone  and  quinoline  also  had  low  average  prevalence
ercentages  in  the  tests  of  the  included  studies  (2.7%  and
.6%,  respectively).

R
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11
0.12  0.5  0.9

The  three  least  prevalent  substances  in  all  studies  were
riclosan  (1%),  p-tertiary  butylphenol  para-tertiary  (0.9%),
nd  anthraquinone  (0.7%).

Regarding  the  analysis  by  age  group,  the  most  common
llergens  in  children  and  adolescents,  aged  1-  to  19-years,
onsidering  a  single  study  with  n  =  1253  ,  were  nickel  sulfate
36.8%),  thimerosal  (18.4%),  neomycin  (6.4%),  cobalt  chlo-
ide,  and  fragrance  mix  (4.0%  each),  formaldehyde  (3.2%),
otassium  dichromate  and  ethylenediamine  (2.4%  each).
hildren  had  positive  reactions  only  to  the  nickel  mix  and
ragrance  mix.3

The  systematic  review  also  included  an  article  present-
ng  results  in  the  elderly  subpopulation  (>  65-years)8:  The
ain  sensitizers  in  this  age  group  were  thimerosal  (11%),

eomycin  (10.5%),  nickel  sulfate  (10%),  fragrance  mix  (10%),
itrofurazone  (7%),  potassium  dichromate  (6%),  and  para-
henylenediamine  (5.5%).

ssociations  between  variables
egarding  the  associations  tested  between  the  percentage
f  positive  tests  and  the  variables  of  sex,  age,  and  region
n  Brazil,  the  results  are  described  in  Table  3.  Values  with

 <  0.1  were  considered  statistically  significant.
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Table  3  Associations  identified  with  sex,  age,  and  region  from  the  period  of  2000  to  2022.
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Blue: As the proportion of the variable increases, the proportion
increases, the proportion of positive tests increases. Yellow: Stati
a Southeast region considered as the reference.

ex
 higher  proportion  of  females  in  the  sample  was  associated
ith  a  lower  proportion  of  positive  tests  for  the  fol-

owing  substances:  anthraquinone,  potassium  dichromate,
arbamix,  colophony,  epoxy  resin,  hydroquinone,  nitrofura-
one,  paraben  mix,  paraphenylenediamine,  propylene  gly-
ol,  quaternium  15,  quinoline  mix,  and  turpentine  (p  <  0.1).

For  the  substances  ethylenediamine,  formalde-

yde,  lanolin,  mercapto  mix,  neomycin,  nickel  sulfate,
himerosal,  and  thiuram  mix,  a  higher  proportion  of  females
n  the  sample  was  associated  with  a  higher  proportion  of
ositive  tests  (p  <  0.1).

i

h
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12
ositive tests decreases. Pink: As the proportion of the variable
lly significant associations.

ge
 higher  average  age  in  the  study  was  associated  with  a

ower  proportion  of  positive  tests  for  the  substance’s  potas-
ium  dichromate,  carbamix,  cobalt  chloride,  colophony,
itrofurazone,  paraphenylenediamine,  PPD  mix,  propylene
lycol,  p-tertiary  butylphenol,  and  turpentine  (p  <  0.1).

Conversely,  only  for  nickel  sulfate,  a  higher  average  age
n  the  study  was  associated  with  a  higher  proportion  of  pos-

tive  tests  (p  <  0.1).

Brazilian  regions  of  the  studies:  The  substances  formalde-
yde,  lanolin,  quaternium  15,  quinoline  mix,  and  thimerosal
ppeared  in  a lower  proportion  of  positive  tests  in  the
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Table  4  Positivity  variation  of  patch  test  results  over  time,  using  the  Brazilian  Standard  Battery,  between  2000---2022  (n  =  4,703).

Substance  -|  1999a 2000---2005  2005---2010  2011  |-  ß  (pp)b

Antraquinone  0.5  0.3  1.4  0.6  0.07
Benzocaine  0.5  0.9  1.3  1.7  0.28
Potassium Dichromate  8.1  6.0  8.0  9.6  0.73
Peru Balsam  3.2  2.8  3.4  4.9  0.54
Carba mix  3.7  3.4  5.4  5.0  0.42
Cobalt Chloride 11.0  8.6  10.4  13.0  0.91
Colophony 2.6  1.8  3.1  4.7  0.71
Epoxy Resin 1.8  2.8  2.0  2.0  -0.07
Ethylenediamine  3.1  3.4  3.9  2.9  -0.11
Formaldehyde  3.8  4.5  4.6  4.7  0.14
Hydroquinone  1.3  1.0  2.9  1.0  -0.04
Triclosan 0.7  0.1  1.6  1.5  0.31
Kathon CG  2.2  0.0  3.7  15.2  4.02
Lanolin 1.1  2.7  1.2  0.6  -0.39
Mercapto mix  3.7  1.5  1.8  1.2  -0.41
Neomycin 4.3  9.3  8.2  11.7  1.41
Nitrofurazone  3.7  3.4  1.9  1.4  -0.61
P-Tertiary Butylphenol  0.7  1.0  1.1  3.4  0.74
PPD mix  1.8  3.7  6.2  4.3  0.44
Paraben mix  2.7  2.0  2.6  1.6  -0.21
Paraphenylenediamine  8.7  6.2  7.7  9.2  0.51
Perfume mix  8.4  7.3  6.4  12.1  1.22
Promethazine  1.8  2.0  3.5  0.4  -0.43
Propylene Glycol 0.8  0.6  1.3  1.3  0.17
Quaternium  15 11.3  4.4  1.6  1.4  -1.85
Quinoline mix 6.0  2.3  1.6  1.4  -0.78
Nickel Sulfate  25.1  36.2  33.3  44.9  4.06
Turpentine 1.4  0.0  2.4  0.8  0.03
Thimerosal  16.3  18.4  16.6  10.4  -1.98
Thiuram mix 5.5  5.4  3.6  3.7  -0.49
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a Articles published between 2000---2022 were included. Data co
b Linear regression coefficient (in percentage points). Positive re

outhern  region,  but  without  a  statistically  significant  direct
ssociation  (p  >  0.1).

On  the  other  hand,  the  substances  anthraquinone,  bal-
am  of  Peru,  benzocaine,  carbamix,  colophony,  epoxy  resin,
ydroquinone,  triclosan,  Kathon  CG,  paraben  mix,  perfume
ix,  paraphenylenediamine,  PPD  mix,  propylene  glycol,
romethazine,  quaternium  15,  quinoline  mix,  p-tertiary
utylphenol,  and  turpentine  showed  a  higher  proportion  of
ositive  tests  in  the  studies  conducted  in  the  southeastern
egion  (p  <  0.1).  The  same  suggestion  is  made  for  potassium
ichromate,  cobalt  chloride,  neomycin,  nitrofurazone,  and
ickel  sulfate,  although  no  statistically  significant  signifi-
ance  was  observed  (p  >  0.1).

No  trends  or  associations  were  observed  for  the  remaining
ubstances.

ariation  in  test  positivity  over  time

he  study  observed  an  increasing  trend  in  test  positiv-
ty  every  5-years  for  several  substances,  including  Kathon

G,  neomycin,  and  nickel  sulfate  also  exhibited  increas-

ng  test  positivity  (p  <  0.1).  Additionally,  anthraquinone,
enzocaine,  potassium  dichromate,  balsam  of  Peru,  cobalt
hloride,  colophony,  formaldehyde,  triclosan,  p-tertiary

i
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13
on in two included articles was conducted between 1995---2000.
 = average increase; Negative results = average decrease.

utylphenol,  PPD  mix,  paraphenylenediamine,  perfume  mix,
ropylene  glycol,  and  turpentine  (p  >  0.1).

Conversely,  there  was  a  decreasing  test  positivity  trend,
very  5-years,  for  quaternium  15  and  thimerosal  (p  <  0.1),
poxy  resin,  ethylenediamine,  hydroquinone,  lanolin,  mer-
apto  mix,  nitrofurazone,  paraben  mix,  promethazine,
hiuram  mix,  and  quinoline  mix  (p  >  0.1).  The  results  are
escribed  in  Table  4.

iscussion

he  primary  objective  of  this  study  was  to  compile  and  com-
are  the  results  of  patch  tests  conducted  on  the  Brazilian
opulation,  specifically  focusing  on  patients  suspected  of
ontact  dermatitis,  from  2000  to  2022.

Consistent  with  global  literature,  nickel  was  identified
s  the  main  sensitizing  agent  across  all  studies.  The  posi-
ivity  rates  found  in  the  Brazilian  population  in  this  study
31.8%)  were  higher  compared  to  more  recent  reports  in  the
uropean  population,  where  nickel  sensitization  was  found

n  approximately  13%---17%  of  adults,  around  10%  of  adoles-
ents,  and  7%---9%  of  children.14

Metals  emerged  as  significant  sensitizers  in  most  stud-
es  and  are  among  the  primary  allergens  causing  contact
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ermatitis.  Apart  from  nickel,  cobalt  and  chromium  were
otable  sensitizers,  likely  due  to  the  high  prevalence  of
etal-containing  products  to  which  the  Brazilian  population

s  exposed,  such  as  jewelry,  piercings,  cleaning  products,
yewear,  watches,  buttons  on  clothing,  and  gold-plated
tems,  along  with  the  presence  of  metals  in  occupational
ermatoses.15

According  to  Spiewak  et  al.,14 the  most  common  sen-
itizers  in  the  European  population,  in  addition  to  nickel
ulfate,  are  thimerosal  and  fragrances.  Similarly,  in  the  sys-
ematic  review,  thimerosal  ranked  among  the  top  10  most
requent  sensitizers  in  all  articles.  The  authors  emphasize
ts  presence  in  medications,  vaccine  preservatives,  contact
ens  solutions,  and  tattoo  inks,  which  may  contribute  to  the
igh  prevalence  of  sensitization  to  this  substance  .2

Regarding  substances  with  a  lower  prevalence  of  posi-
ive  reactions  in  patch  tests,  this  study  identified  triclosan,
-tert-butylphenol,  and  anthraquinone,  with  average  preva-
ence  percentages  of  up  to  1%.  Considering  the  very  low
requency  of  positive  tests  for  these  substances,  the  authors
an  question  their  real  importance  in  the  etiology  of  allergic
ontact  dermatitis  in  the  Brazilian  population  over  the  past
wo  decades  and  the  need  to  include  them  in  the  standard
razilian  patch  test  panel.

These  results  align  with  published  data  reporting  infre-
uent  contact  sensitization  to  triclosan.  The  Swiss  Contact
ermatitis  Research  Group  reported  a  triclosan  sensitiza-
ion  prevalence  of  0.8%  in  a  large  study  involving  2,295
atients.16 Schena  et  al.17 confirmed  a  low  incidence  of
riclosan  sensitization,  mainly  associated  with  the  use  of
eodorants  containing  this  substance  in  their  study.

Due  to  reported  potential  risks  ranging  from  allergies
o  endocrine  disruption,  triclosan  was  banned  by  the  FDA
n  September  2016  in  soaps  (liquid,  gel,  foam,  bar),  while
he  European  Union  (EU)  prohibited  its  use  in  all  bioci-
al  products  for  human  hygiene  starting  in  January  2017,
hich  may  explain  the  reduction  in  positive  tests  for

riclosan.18

A  study  by  Fransway  et  al.19 from  the  North  American
ontact  Dermatitis  Group  in  2013  also  reported  a  decreased
revalence  of  positive  reactions  to  p-tert-butylphenol,  a
ubstance  commonly  used  in  adhesives,  including  shoe  pro-
uction,  among  other  substances,  when  compared  to  rates
bserved  in  the  previous  ten  years.

Regarding  anthraquinones,  they  have  industrial  applica-
ions  in  the  production  of  hydrogen  peroxide,  paints,  and
edications  such  as  laxatives  and  cathartics.  They  are  also
resent  in  plants  like  Senna,  Cascara  sagrada,  Rhubarb,  and
loe  .20,21 Anthraquinone  is  not  included  in  the  standard
merican  and  European  patch  test  panels,  with  limited  pub-

ished  data  on  its  prevalence  of  positive  reactions  in  patch
ests.

A  tendency  towards  a  higher  proportion  of  positive  tests
n  women  was  found  for  a  number  of  substances,  possi-
ly  related  to  the  greater  frequency  of  exposure  occurring
n  this  group.  Among  these  are  ethylenediamine,  primarily
sed  in  topical  medications  such  as  antifungals,  antibac-
erial,  and  corticosteroids;  formaldehyde,  utilized  in  the

ormulation  of  cosmetics,  personal  hygiene  products,  and
ail  polishes;  lanolin,  a  cutaneous  emollient  used  in  the
osmetics  industry;  mercapto  mix,  employed  in  the  rubber
ndustry  and  found  in  gloves,  condoms,  toys,  shoes,  among

c
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ther  items;  thimerosal,  utilized  as  a  preservative  in  vac-
ines;  thiuram  mix,  used  in  the  rubber  industry  for  fungicides
nd  pesticides,  as  well  as  repellents;  neomycin,  an  over-
he-counter  antibacterial  medication  in  Brazil;  and  nickel
ulfate,  found  in  jewelry,  earrings,  watches,  bracelets,
enim  buttons,  needles,  zippers,  coins,  keys,  buckles,  eye-
lass  frames,  orthodontic  and  orthopedic  appliances,  foods,
mong  others.

Additionally,  the  authors  found  a  higher  tendency  of
ositive  test  proportions  for  a  multitude  of  substances  in
he  southeastern  region  compared  to  the  southern  region
anthraquinone,  balsam  of  Peru,  benzocaine,  carbamix,
olophony,  epoxy  resin,  hydroquinone,  triclosan,  Kathon
G,  paraben  mix,  perfume  mix,  paraphenylenediamine,
PD  mix,  propylene  glycol,  promethazine,  quaternium  15,
uinoline  mix,  p-tertiary  butylphenol,  and  turpentine).  This
nding  may  be  justified  by  the  greater  number  of  studies
onducted  in  the  southeastern  region  (7  out  of  10  studies)
ncluded  in  the  analysis.

Moreover,  a  higher  average  age  in  the  study  population,
ncompassing  children,  adults,  and  the  elderly,  was  associ-
ted  with  a  lower  proportion  of  positive  tests  for  substances
uch  as  potassium  dichromate,  carbamix,  cobalt  chloride,
olophony,  nitrofurazone,  paraphenylenediamine,  PPD  mix,
ropylene  glycol,  p-tertiary  butylphenol,  and  turpentine.  A
ossible  explanation  lies  in  the  association  of  these  sub-
tances  with  occupational  activities  such  as  construction
ork  and  industries  like  rubber,  leather,  and  metals,  which

end  to  be  less  common  in  older  age  groups.
The  article  by  Duarte  et  al.11 evaluated  the  variation

n  positivity  rates  for  substances  included  in  the  standard
razilian  patch  test  panel  recommended  by  the  Brazilian
roup  of  Contact  Dermatitis  Studies  between  2006  and
011.  Three  substances  showed  a  statistically  significant
ecrease  in  sensitization  rates  over  the  studied  years:
anolin  (p  =  0.01),  neomycin  (p  =  0.01),  and  anthraquinone
p  =  0.04).  The  systematic  review,  with  more  robust
trength,  also  found  a decreasing  percentage,  every  five
ears  on  average,  for  lanolin;  however,  it  observed  an
ncreasing  percentage  for  neomycin  and  anthraquinone.
istorically,  exposure  to  certain  allergens  shows  varia-
ion  according  to  geographical  areas,  such  as  neomycin,
hich  remains  more  common  in  North  America  than  in
urope.22 The  overall  prevalence  of  neomycin  sensitization
as  decreased  in  several  countries  in  recent  years,  possibly
ue  to  its  restricted  availability  in  some  locations  .23 In
razil,  neomycin  is  still  present  in  over-the-counter  top-

cal  medications  with  high  consumption  by  the  Brazilian
opulation,  which  may  explain  the  observed  increase  in
ercentage  in  this  study.

The  findings  of  this  review  regarding  the  frequency  of
ommon  allergens  in  the  pediatric  and  adolescent  popula-
ion  are  consistent  with  global  literature.10 However,  the
resent  study  was  limited  by  the  small  number  of  articles
ncluding  this  age  group.  Nickel  sulfate  was  the  most  fre-
uently  positive  allergen  in  patch  tests  conducted  on  the
ediatric  population  in  Brazil,  which  aligns  with  a  previ-
us  systematic  review  .24 In  the  same  review,  lanolin  was
onsidered  one  of  the  top  10  most  frequently  positive  sub-

tances,  unlike  the  results  of  this  study,  where  the  authors
id  not  observe  any  positive  reactions  to  this  allergen  in  the
ediatric  and  adolescent  population.



atolo

t
O
i
e
t
p
t
r
o
d
i

a
p
c
m
o
a
w
1
t
r

o
a
i
s
a

C

T
t
t
l
f
k

s
i
i
e
i
t
s
fi
a
s
a
c

F

N

A

A
n

a
t
a
r
o

a
s
t
a

n
a
t
a
r
t

C

N

R

1

1

Anais  Brasileiros  de  Derm

Despite  the  rigorous  methodology  employed  in  this  sys-
ematic  review,  several  limitations  must  be  acknowledged.
ne  significant  limitation  is  the  small  number  of  stud-

es  included  in  the  analysis.  Eight  articles  had  to  be
xcluded  after  initial  eligibility,  according  to  exclusion  cri-
eria  described  in  the  methodology:  six  for  not  presenting
atch  test  results25---30 and  two  for  partially  presenting  patch
est  results.31,32 The  limited  number  of  eligible  articles
estricts  the  generalizability  of  the  findings.  This  scarcity
f  studies  likely  reflects  the  early  stage  of  research  in  this
omain  within  Brazil,  pointing  to  opportunities  for  further
nvestigation  and  expansion.

In  the  most  recent  review  of  the  relevant  literature,  the
uthors  found,  after  2022,  only  one  article  that  would  be
ossible  to  integrate  into  this  systematic  review,  which  was
arried  out  retrospectively  to  investigate  hand  contact  der-
atitis.  This  study  found  in  a  total  of  173  patients,  61.8%

f  irritant  dermatitis  and  only  23.1%  of  allergic  dermatitis
nd  5.2%  of  atopic  dermatitis.  The  most  frequent  allergens
ere  kathon  cg  (42%),  nickel  sulfate  (33%)  and  thiuram-mix
8%.33 The  profile  is  compatible  with  the  data  observed  in
he  2000---2022  historical  series  current  in  this  systematic
eview.

Another  critical  limitation  pertains  to  the  overall  quality
f  the  included  studies.  While  the  majority  of  the  selected
rticles  were  of  average  methodological  quality,  which  may
ncrease  the  risk  of  bias,  it  is  noteworthy  that  high-quality
tudies  were  also  included,  and  no  low-quality  studies  were
dmitted  into  the  review.

onclusion

he  most  frequently  identified  allergens  in  patch  tests  in
his  SR  were  nickel  sulfate,  thimerosal  and  cobalt.  Triclosan,
ertiary  P-butyphenol  and  anthraquinone  were  the  three
east  prevalent  substances.  A  trend  has  been  demonstrated
or  test  positivity  to  increase  every  5-years  on  average  for
athon  CG,  neomycin,  and  nickel  sulfate.

This  systematic  review  offers  valuable  insights,  despite
ome  limitations.  Although  the  number  of  included  studies
s  small,  this  highlights  the  potential  for  further  exploration
n  this  research  area.  The  compilation  of  these  data  will
nable  healthcare  professionals  working  with  dermatolog-
cal  allergies  to  gain  a  more  concrete  understanding  of
he  prevalence  of  positive  contact  test  reactions  to  each
ubstance  present  in  the  Brazilian  standard  battery.  These
ndings,  in  addition  to  their  clinical  relevance,  may  serve
s  a  foundation  for  recommending  useful  and  appropriate
eries  of  contact  tests,  allowing  for  a  more  comprehensive
nd  accurate  evaluation  of  patients  suspected  of  allergic
ontact  dermatitis  in  Brazil  in  the  future.
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Abstract
Background:  Chronic  pruritus  is  the  defining  symptom  of  atopic  dermatitis  (AD).  Although  AD  is
common  in  Latin  America,  there  is  little  data  regarding  pruritus  intensity,  characteristics,  and
effects on  quality  of  life  in  this  population.
Objective:  This  cross-sectional  study  aimed  to  evaluate  pruritus  in  91  patients  with  AD  at  a
tertiary university  hospital  in  São  Paulo,  Brazil.  Patients  aged  14---65-years  old  were  included  in
this study.
Methods:  Patients  completed  the  Itch  Questionnaire,  the  ItchyQoL,  and  the  POEM  question-
naires and  were  asked  to  rate  their  itch  severity  using  a  10-point  peak  pruritus  Numerical
Rating Scale  (NRS).  AD  severity  was  assessed  via  the  EASI  and  the  vIGA-AD.
Results:  The  mean  age  was  29.68  ±  12.87years,  and  56.0%  of  patients  were  White.  97.8%  of
patients were  currently  experiencing  pruritus  with  an  average  NRS  of  7.32  ±  2.22.  Patients
had associated  bleeding  (71.4%),  heat  sensation  (63.7%),  and  pain  (54.9%).  Worsening  factors
included stress  (93.4%),  dry  skin  (91.2%),  and  sweat  (75.8%).  The  mean  total  ItchyQoL  score
was 78.93  ±  17.20.  Female  gender  was  significantly  associated  with  a  higher  total  ItchyQoL

score (p  =  0.009).  Pruritus  on  the  neck,  foot,  and  whole  body  was  associated  with  higher  total
ItchyQoL scores  in  adjusted  models  (p  <  0.05).  The  EASI,  vIGA-AD,  and  POEM  were  moderately
correlated  with  itch  intensity  (r  =  0.434,  0.406,  and  0.610)  and  total  ItchyQoL  score  (r  =  0.425,
0.436, and  0.631).

� Study conducted at the Department of Dermatology, Faculty of Medicine, Universidade de São Paulo, São Paulo, SP, Brazil.
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Study  limitations:  The  predominantly  White  population  cohort  may  not  be  representative  of
the diverse  AD  phenotypes  in  the  Brazilian  patient  population.  Children  under  the  age  of  14
and adults  over  the  age  of  65  were  excluded  from  the  population  cohort.  Furthermore,  patients
included in  the  study  may  suffer  from  other  non-dermatological  diseases  that  cause  itch,  which
may influence  the  outcomes  oberserved.
Conclusions:  Patients  with  AD  in  Brazil  experience  significant  pruritus  that  impacts  their  quality
of life.  Gender,  body  location  of  itch,  associated  pain,  and  stress  should  all  be  taken  into
consideration  when  evaluating  AD  patients  with  pruritus.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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Table  1  Demographic  characteristics.

N  =  91  n  (%)  Mean  (SD)

Age  29.68  (12.87)
Sex

- Male  49  (53.8%)
- Female  42  (46.1%)

Race
- Caucasian  51  (56.0%)
- Asian  8  (8.8%)
- Brown  26  (28.6%)
- Black  6  (6.6%)

Table  2  Itch  characteristics.

N  =  91  n  (%)  Mean  (SD)

Current  pruritus,  yes  89  (97.8%)
Pruritus  NRS  in  last  2-weeks  7.32  (2.22)
Associated  symptoms

- Bleeding  65  (71.4%)
- Heat  sensation  58  (63.7%)
- Pain  50  (54.9%)

Itchy  body  locations
- Arm  76  (83.5%)
- Thigh 71  (78.0%)
- Forearm 66  (72.5%)

Worsening  factors
- Stress  85  (93.4%)
- Dry  skin  83  (91.2%)
- Sweat 69  (75.8%)

n
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ntroduction

topic  Dermatitis  (AD)  is  a  chronic,  relapsing  inflammatory
kin  disease.  Chronic  pruritus,  defined  as  pruritus  of  duration

 6-weeks,  is  one  of  the  predominant  and  most  bothersome
ymptoms  of  AD.1,2 Itch  significantly  impacts  patients’  Qual-
ty  of  Life  (QoL)  and  mental  health,  and  has  been  associated
ith  impairments  in  work,  sleep,  and  daily  activities.3---5

tudies  have  reported  a  20.1%  prevalence  of  AD  in  Brazil,  the
ighest  among  Latin  American  countries.6 However,  there  is

 paucity  of  literature  on  the  impact  of  AD-associated  pruri-
us  in  Latin  America,  and  itch  intensity,  characteristics,  and
ffects  on  quality  of  life  have  not  been  well-studied  in  this
opulation.

The  primary  objective  of  this  cross-sectional  study  was
o  evaluate  the  prevalence  and  severity  of  itch  in  patients
ith  atopic  dermatitis  at  an  AD  clinic  in  a  tertiary  University
ospital  in  Sāo  Paulo,  Brazil.  The  secondary  objective  was  to
escribe  the  characteristics  of  pruritus  in  this  patient  popu-
ation  and  its  effect  on  Quality  of  Life  (QoL).  Furthermore,
he  authors  aimed  to  assess  the  clinical  severity  of  AD  and
ts  association  with  patient-reported  pruritus  measures.

ethods

he  authors  recruited  91  patients  with  AD  from  the  Atopic
ermatitis  Clinic  at  the  Department  of  Dermatology,  Uni-
ersity  of  São  Paulo  Medical  School,  São  Paulo,  Brazil  from
ugust  2022  to  April  2023.  Patients  aged  14  to  65  years
ld  diagnosed  with  AD  according  to  the  Hanifin  and  Rajka
riteria  were  included  in  the  study.  Patients  with  AD  who
xperienced  pruritus  were  asked  to  complete  three  vali-
ated  questionnaires  including  the  Itch  Questionnaire,1 the
tch-specific  Quality  of  Life  Questionnaire  (ItchyQoL),7 and
he  Patient-Oriented  Eczema  Measures  (POEM)  question-
aire.  Patients  were  also  asked  to  rate  their  itch  severity
sing  a  10-point  peak  pruritus  Numerical  Rating  Scale
pp-NRS).8 Patients  were  then  fully  examined  by  a  derma-
ologist,  and  AD  severity  was  assessed  via  2  measures:  The
czema  Area  and  Severity  Index  (EASI),  and  the  validated
nvestigator  Global  Assessment  Scale  for  Atopic  Dermatitis
vIGA-AD).  Informed  consent  was  obtained  from  all  parti-
ipants  and  the  study  was  approved  by  the  local  Ethics
ommittee.
Statistical  analyses  were  performed  using  the  Statistical
ackage  for  the  Social  Sciences,  Version  29  (IBM  Coopera-
ion,  New  York).  Continuous  variables  were  presented  as
ean  (SD),  while  categorical  variables  were  presented  as

p
i
I
p

2

NRS, Numerical Rating Scale.

 (%).  Unadjusted  and  adjusted  linear  regression  was  per-
ormed  on  the  patient’s  itch  intensity  and  various  scores.
he  Pearson  correlation  coefficient  was  used  to  investigate
he  relationship  between  patient’s  itch  intensity  and  each
f  the  scores,  and  between  the  various  scores.

esults

emographic  characteristics  are  listed  in  Table  1.  The  mean
ge  was  29.68  ±  12.87  years,  and  the  patient  cohort  was

redominantly  White  (56.0%).  Only  2  patients  reported  hav-
ng  another  skin  disease  (1  psoriasis,  1  other-  not  specified).
tch  characteristics  are  listed  in  Table  2.  The  majority  of
atients  (97.8%)  were  currently  experiencing  pruritus,  with
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Figure  1  Pruriti

Table  3  Disease  severity  scores.

Mean  (SD)  Range

POEM  18.35  (6.94) 0---28
EASI  20.87  (14.76) 0---72
vIGA-AD  3.69  (0.90) 0---4
ItchyQoL  78.93  (17.20)  22---110

POEM, Patient Oriented Eczema Measures; EASI, Eczema Area
and Severity Index; vIGA-AD, validated Investigator Global
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Assessment Scale for Atopic Dermatitis; ItchyQoL, Itch-specific
Quality of Life Questionnaire.

n  average  peak  pruritus  NRS  of  7.32  ±  2.22  in  the  last
wo  weeks.  Patients  with  pruritus  had  associated  bleeding
71.4%),  heat  sensation  (63.7%),  and  pain  (54.9%).  The  most
ommon  itchy  body  sites  included  the  arm,  forearm,  and
high  (Fig.  1).  Worsening  factors  included  stress  (93.4%),  dry
kin  (91.2%),  and  sweat  (75.8%).  The  mean  total  ItchyQoL
core  was  78.93  ±  17.20,  indicating  that  pruritus  had  a  sig-
ificant  impact  on  quality  of  life.  Mean  scores  for  measures
f  eczema  severity  revealed  that  patients  suffered  from
oderate  to  severe  disease  (Table  3).
The  authors  found  that  demographic  characteristics  such

s  age  and  gender  did  not  have  a  statistically  significant
ffect  on  pruritus  intensity.  However,  Asian  race  was  asso-
iated  with  a  higher  pruritus  intensity  (p  =  0.036).  While
ace  and  age  did  not  have  an  effect  on  the  total  ItchyQoL
core,  female  gender  was  significantly  associated  with  a
igher  total  ItchyQoL  score  (p  =  0.009).  Furthermore,  race
id  not  affect  different  measures  of  AD  severity  (Supple-
entary  Tables  1---5).  The  authors  did  not  find  a  statistically

ignificant  association  between  assessed  body  locations  and
ruritus  intensity  in  the  adjusted  models  (Supplementary
able  1).  Pruritus  on  the  neck,  foot,  and  whole  body  were

tatistically  associated  with  higher  total  ItchyQoL  scores  in
he  adjusted  linear  regression  model  (p  <  0.05)  (Supple-
entary  Table  2).  Measures  of  AD  severity  including  EASI,

IGA-AD,  and  POEM  were  moderately  correlated  with  itch

r
a
A
b

3

c  body  sites.

ntensity  (r  =  0.434,  0.406,  and  0.610,  respectively)  and  total
tchyQoL  score  (r  =  0.425,  0.436,  and  0.631,  respectively).

iscussion

he  present  results  show  that  pruritus  affected  most
atients  with  AD  from  a  tertiary  referral  University  hospi-
al  in  São  Paulo,  Brazil,  with  an  average  moderate-to-severe
ntensity  (Fig.  2A---C).  Large-scale  studies  in  Europe  and  the
S  demonstrate  that  itch  is  the  most  burdensome  symptom

n  AD  patients,  with  a  mean  past  week  itch  NRS  score  of
.1.2 Results  from  one  study  evaluating  the  burden  of  AD
n  Brazil,  Mexico,  and  Argentina  found  that  severe  pruri-
us  --- defined  as  a  worst  pruritus  NRS  >  7  ---  was  reported
y  54.4%  of  patients.9 The  high  pruritus  prevalence  and
ntensity  in  Brazilian  patients  with  AD  may  suggest  a  need
or  better  symptomatic  control.  A  study  evaluating  disease
anagement  in  AD  patients  in  Brazil  revealed  that  common

reatment  options  included  topical  corticosteroids,  emol-
ients,  systemic  antihistamines,  and  oral  corticosteroids.
9%  of  patients  had  discontinued  or  switched  AD  treatment,
ith  33%  of  those  being  due  to  poor  effectiveness.10 Further-
ore,  a Brazilian  report  found  that  42%  of  severe  AD  patients

ave  more  than  10  disease  flares  per  year,  with  a  median
uration  of  12-days.11 Dupilumab,  a  fully  human  Ig4  mono-
lonal  antibody  directed  against  the  Interleukin-4  Receptor
ubunit  alpha  (IL-4R�) of  IL-4  and  IL-13  receptors,  is  a  bio-
ogic  therapy  that  has  revolutionized  the  treatment  of  AD,
ith  landmark  trials  demonstrating  its  efficacy  in  significan-

ly  reducing  pruritus.12,13 Janus  Kinase  (JAK)  inhibitors  have
lso  been  increasingly  used  in  patients  with  AD.  By  target-
ng  the  Janus-Kinase  Signal  and  Activator  of  Transcription
JAK-STAT)  pathway,  these  drugs  downregulate  inflamma-
ory  pathways  and  cytokines  and  therefore  significantly

educe  pruritus  as  well  as  AD  severity. Although  dupilumab
nd  JAK  inhibitors  have  been  approved  for  use  in  many  Latin
merican  countries  including  Brazil  and  are  recommended
y  the  latest  Brazilian  Society  of  Dermatology  consensus  for
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Figure  2  (A---C)  Characteristic  feature

se  in  patients  with  AD,  accessibility  remains  limited  due  to
actors  such  as  cost  and  insurance  coverage.14,15

Bleeding,  heat  sensation,  and  pain  were  the  most  com-
only  reported  associated  symptoms  with  pruritus  in  the
opulation  cohort.  Bleeding  can  occur  secondary  to  scratch-
ng  and  reflects  the  intense  pruritus  experienced  by  these
atients.  Heat  sensation  and  pain  have  been  reported  in
revious  studies  assessing  itch  characteristics  in  AD.1,16,17

kin  pain,  in  particular,  is  a  common  finding  in  patients  with
D,  with  one  large  population  study  showing  that  42%  of
atients  experienced  both  pain  and  pruritus  on  AD  lesional
kin.2 Patients  with  concomitant  pain  were  more  likely  to
escribe  their  itch  as  tingling,  burning,  or  stinging,  char-
cteristics  that  are  classically  associated  with  neuropathic
ain.18 Pruritus  and  pain  share  common  sensory  neurons,
ediators,  and  receptors,  as  well  as  similar  mechanisms  of

euronal  sensitization.19 However,  the  relationship  between
hese  two  sensations  in  the  context  of  AD  is  not  fully
nderstood.  Importantly,  skin  pain  in  AD  strongly  corre-
ated  with  measures  of  AD  severity  and  quality  of  life,
ighlighting  the  need  to  assess  and  treat  pain  in  these
atients.18

Most  patients  in  this  study  reported  that  stress  was  an
xacerbating  factor  for  their  pruritus,  which  is  consistent
ith  previous  studies  assessing  itch  in  patients  with  AD.16,17

sychological  stress  is  known  to  exacerbate  AD  symp-
oms  via  its  effects  on  the  hypothalamic-pituitary-adrenal
xis,  immune  response,  neuropeptide  expression,  and  skin
arrier  function.20---22 Stress  also  exacerbates  scratching,
hus  contributing  to  the  itch-scratch  cycle  that  aggravates
he  disease.23 Therefore,  stress  management  should  be
ddressed  when  treating  patients  with  AD.  A  study  from
razil,  however,  found  that  only  11.8%  of  AD  patients
eported  receiving  therapy  or  psychological  support.10

The  authors  found  that  the  pruritus  was  most  common
n  the  arm,  forearm,  and  thigh,  and  coincided  with  classic
reas  of  AD  lesions.  After  adjusting  for  other  variables,  pru-
itus  on  the  neck,  foot,  and  ‘‘whole  body’’  was  associated
ith  a  higher  total  ItchyQoL  score,  indicating  a  worst  itch-

elated  quality  of  life.  Studies  have  shown  an  association
etween  head  and  neck  eczema  and  poor  quality  of  life  in
D  patients.24,25 This  may  be  partially  due  to  the  fact  that
hese  areas  are  often  visible.25

From  the  demographic  factors  evaluated  in  the  present
tudy,  the  female  sex  was  significantly  associated  with  a

orse  itch-related  QoL.  A  previous  study  found  that  female

ex  was  a  predictor  of  poor  itch-specific  QoL  in  chronic  pruri-
us  patients.26 Furthermore,  a  positive  correlation  between

p
m
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atopic  dermatitis  in  Brazilian  patients.

ermatology  Life  Quality  Index  (DLQI)  score  and  disease
everity  in  female  patients  with  AD  has  been  reported,
lthough  other  studies  did  not  find  a  meaningful  gender
ifference  in  DLQI  scores.27,28 Interestingly,  race  was  not  sig-
ificantly  associated  with  a  higher  total  ItchyQoL  score  or
igher  AD  severity  scores.  Studies  have  shown  that  patients
ith  skin  of  color  are  disproportionately  affected  by  pru-

itus,  and  that  non-White  patients  with  chronic  pruritus
xperience  a  greater  impact  on  their  quality  of  life.29,30 Fur-
hermore,  AD  is  reported  to  be  more  common  in  patients
ith  skin  of  color  in  U.S  and  Europe,  and  many  genetic,

mmunologic,  and  clinical  differences  exist  among  various
aces  and  ethnicities.30---33 The  absence  of  significance  in  the
resent  findings  may  reflect  the  admixture  of  the  Brazilian
opulation  and  the  fact  that  race  is  self-declared,  lead-
ng  to  a  lack  of  Black  and  Asian  patients  in  the  population
ohort.  The  authors  did  find  that  patients  of  Asian  race
Fitzpatrick  III)  had  a  significantly  higher  pruritus  inten-
ity  when  compared  to  other  races.  However,  this  must
e  interpreted  carefully  due  to  the  small  number  of  Asian
articipants  in  this  study.  Given  the  diverse,  heteroge-
eous  population  of  Brazil,  the  authors  suggest  that  the
ace  and  ethnicity  of  patients  with  AD  should  be  taken
nto  consideration  when  making  diagnostic  and  therapeutic
ecisions.

The  average  total  ItchyQoL  score  indicates  that  pruritus
auses  a  significant  burden  and  impacts  the  quality  of  life
f  these  patients.  The  impact  of  pruritus  on  various  aspects
f  QoL  in  patients  with  AD  is  well  known.2,3,34 Furthermore,
ur  results  demonstrate  that  patient-reported  measures  of
ruritus  such  as  pp-NRS  and  ItchyQoL  moderately  correlate
ith  objective  measures  of  AD  severity  such  as  the  EASI  and
IGA-AD.  Moderate  correlations  between  the  ItchyQoL  and
D  severity  measures  such  as  EASI  and  Scoring  AD  (SCORAD)
ave  been  previously  reported.  The  authors  concluded  that
his  instrument  could  be  incorporated  into  the  assessment  of
D  patients  and  could  be  used  to  guide  decision-making.35

nother  study  found  that  NRS  worst  itch  and  NRS  average
tch  moderately  correlated  with  EASI  and  objective-SCORAD,
ut  not  with  vIGA-AD.36 The  product  of  vIGA  and  body
urface  area  (vIGA  ×  BSA),  however,  has  been  shown  to
ave  weak-to-good  convergent  validity  with  NRS  worst  itch,
RS  average  itch,  and  ItchyQoL.37 The  present  findings

ndicate  that  itch  can  serve  as  an  indicator  of  overall  dis-
ase  severity.  Despite  the  significant  QoL  burden  caused  by

ruritus,  patient-reported  itch  outcomes  in  AD  are  not  com-
only  evaluated  using  validated  questionnaires  in  Brazil  and

ther  Latin  American  countries.38 The  authors  believe  the
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Anais  Brasileiros  de  Derm

urrent  study  highlights  the  importance  of  adding  patient-
eported  measures  of  pruritus  into  regional  consensuses
n  AD  management  and  incorporating  them  into  clinical
ractice.

imitations

he  main  limitation  of  this  study  is  that  the  predominantly
hite  population  cohort  may  not  be  representative  of  the

iverse  Brazilian  population  and  therefore  may  not  accu-
ately  reflect  all  of  the  diverse  AD  phenotypes  in  the  patient
opulation.  Children  under  the  age  of  14  were  excluded
rom  the  population  cohort,  for  the  assessment  of  pruritus
n  children  can  be  difficult  and  has  limitations.  This  could,
owever,  affect  the  overall  prevalence  of  this  study  as  AD
s  a  common  condition  in  children.  Furthermore,  patients
ver  the  age  of  65  were  excluded,  as  itching  in  the  elderly
an  be  multifactorial  and  can  occur  secondary  to  diag-
oses  other  than  AD.  Patients  included  in  the  study  may
uffer  from  other  non-dermatological  diseases  that  cause
tch,  which  may  influence  the  outcomes  observed  in  this
tudy.

onclusion

n  conclusion,  patients  with  AD  in  Brazil  experience  signifi-
ant  pruritus  that  impacts  their  quality  of  life.  Gender,  body
ocation  of  itch,  presence  of  associated  pain,  and  stress
hould  all  be  taken  into  consideration  when  evaluating  AD
atients  with  pruritus,  for  these  factors  may  contribute  to
he  burden  experienced  by  patients  and  could  impact  ther-
peutic  decision-making.  Furthermore,  the  authors  found
hat  patient-reported  itch  measures  moderately  correlate
ith  other  AD  severity  scores,  demonstrating  that  these
ould  be  incorporated  into  the  clinical  evaluation  of  patients
ith  AD.  Evaluating  for  certain  pruritic  biomarkers  present

n  the  serum  and  skin,  and  correlating  them  to  itch  intensity
nd  other  characteristics  in  this  population  could  provide
s  with  more  information  to  better  tailor  and  personalize
reatment.
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Abstract
Background:  White  piedra  is  a  disease  caused  by  some  species  of  the  genus  Trichosporon. A  case
of white  piedra  was  investigated,  whose  molecular  examination  identified  Cutaneotrichosporon
(Trichosporon)  debeurmannianum  as  the  causative  agent.
Methods:  Scanning  electron  microscopy  (SEM)  was  used  to  examine  the  affected  hairs,  as  well  as
the fungal  colony  of  C.  debeurmannianum  obtained  from  the  hairs.  For  comparative  purposes,
a colony  of  Trichosporon  mucoides  obtained  from  a  mycotheque  was  also  examined.
Results: Examination  of  the  affected  hairs  using  SEM  easily  demonstrates  nodules  on  the  hair
shaft with  a  predominance  of  rounded  yeast-like  structures,  adhered  to  each  other  by  a
cementing  substance.  Examination  of  the  C.  debeurmannianum  colony  demonstrates  signifi-
cant adhesion  between  the  fungal  cells  by  a  reticular  extracellular  matrix.  Examination  of  the
T. mucoides  colony  obtained  from  a  mycotheque  demonstrates  a  small  production  of  fibrillar
substance  between  the  blastoconidia.
Discussion:  Examination  of  the  colony  obtained  from  the  piedra  showed  significant  formation
of extracellular  matrix,  adhering  to  and  covering  the  fungal  structures,  forming  a  biofilm.  This
matrix must  correspond  to  the  cementing  substance  described  in  the  condition.
Conclusion:  The  synthesis  of  the  extracellular  matrix  must  be  crucial  in  the  formation  of  white

piedra nodules.
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Examination  of  the  affected  hairs  with  SEM  easily  demon-
H.L.  Almeida  Jr.,  T.M

ntroduction

he  genus  Trichosporon  comprises  yeast-like  basidiomycete
ungi  (forming  blastoconidia  and  hyphae),1---3 with  more  than
0  described  species,  which  cause  dermatoses  and  oppor-
unistic  infections.

The  genus  received  this  name  (Trichos-hair  and  sporon-
pores)  because  it  was  first  described  from  white  piedra
odules  by  Beigel  in  1865,  and  was  later  named  Trichosporon
eigelii.1,2 Currently,  the  main  causes  of  disease  in  humans,
ccording  to  the  new  taxonomy,  are:  T.  asahii, T.  asteroides,
.  cutaneum,  T.  mucoides,  T.  inkin  and  T.  ovoides.1

Fungi  of  this  genus  cause  superficial  mycoses  such  as
hite  piedra  and  onychomycosis,  with  the  latter  being  usu-
lly  caused  by  T.  cutaneum,  but  they  also  cause  systemic
nfection,  being  the  second  cause  of  fungal  septicemia  in
ematologic  oncology  patients,  with  a  frequency  lower  only
han  that  of  the  genus  Candida  spp.1

White  piedra  is  a  condition  generally  caused  by  some
pecies  of  the  genus  Trichosporon, such  as  T.  cutaneum,
.  inkin, T.  ovoides,  and  T.  loubieri.  It  is  characterized  by
mall  nodules  that  form  on  the  hair  shaft  and  can  affect
arious  regions  of  the  body,  such  as  the  beard,  scalp,  pubic
air,  armpits,  and  eyebrows.  Long  hair  could  facilitate  its
ccurrence  and  it  is  more  common  in  children.3---5

This  genus  has  undergone  numerous  reclassifications
n  recent  years.6,7 The  fungus  Cutaneotrichosporon  (Tri-

hosporon)  debeurmannianum, also  called  Trichosporon
ebeurmannianum  by  some  authors,  was  identified  in  2001,8

nd  has  already  been  described  as  causing  skin  infection.9,10

Figure  1  (A)  Colony  with  creamy  aspect.  (B)  Optical  microsc

s
m
a

2

sis,  E.C.  Faria  et  al.

 case  of  white  piedra  and  the  respective  fungal  culture
ere  assessed,  whose  molecular  examination  identified  C.
ebeurmannianum  as  the  cause  of  the  condition.

ethods

air  affected  by  a  case  of  white  piedra  was  examined  using
canning  Electron  Microscopy  (SEM)  with  a  Jeol  microscope,
SM-6610LV  at  Centro  de  Microscopia  do  Sul  -  CEMESUL  -
URG,  as  well  as  the  fungal  colony  obtained  from  the  hair
ulture  on  Sabouraud  dextrose  agar.  For  comparative  pur-
oses,  a  colony  of  Trichosporon  mucoides,  obtained  from  the
ycotheque  of  Instituto  de  Medicina  Tropical  de  São  Paulo,
as  also  examined.

The  hair  was  examined  after  gold  metallization.  To  exam-
ne  the  colonies,  a small  section  of  the  culture  obtained  was
emoved,  fixed  in  glutaraldehyde,  dehydrated  and  subse-
uently  submitted  to  gold  metallization.

esults

he  colony  obtained  from  the  affected  hairs  showed  a  typ-
cal  yellowish-creamy  appearance  (Fig.  1A).  Examination
f  the  culture  with  optical  microscopy  revealed  yeast-like
tructures  (blastoconidia)  and  some  filaments  (Fig.  1B).
opy  ---  predominance  of  blastoconidia  with  some  hyphae.

trates  the  nodules  at  low  magnification  (Fig.  2A).  At  high
agnification,  well-formed  nodules,  and  incipient  lesions

re  observed  (Fig.  2B).  Detailed  examination  of  the  nod-
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Figure  2  SEM  of  white  piedra  ---  (A)  Low  magnification  identifying  nodules  in  the  hair  (×130).  (B)  Detail  of  the  nodule,  with  initial
l ing  clusters  of  blastoconidia  (×2,200).  (D)  High  magnification  with
d
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esion on  the  left  (×1,100).  (C)  High  magnification  demonstrat
etail of  blastoconidia  on  the  surface  (×10,000).

les  shows  their  formation  with  a  predominance  of  rounded
east-like  structures,  similar  to  the  findings  of  optical
icroscopy,  adhered  to  each  other  by  a  cementing  substance

Fig.  2C---D).
Examination  of  the  C.  debeurmannianum  colony  with  SEM

lso  demonstrates  a  predominance  of  rounded  structures,
s  seen  under  optical  microscopy,  and  at  low  magnification,
dhesion  between  these  structures  by  an  extracellular  net-
ork  is  observed;  the  hyphae  show  a  lower  production  of

his  network  (Fig.  3).  Detailed  examination  shows  significant
dhesion  between  the  rounded  cells,  sometimes  forming
lusters  that  resemble  ‘‘acini’’  (Fig.  4);  the  blastoconidia
ppear  well  surrounded  by  the  extracellular  matrix  (Fig.  5).
n  some  fields,  this  extracellular  network  hides  the  yeast-like
tructures,  compacting  them  in  this  matrix  (Fig.  6).  Some
yphae  were  also  seen  with  this  extracellular  matrix  (Fig.  7).

A  comparison  at  similar  magnifications  shows  the  sim-
larity  between  the  white  piedra  nodule  and  the  C.
ebeurmannianum  culture  (Fig.  8).
The  SEM  examination  of  the  T.  mucoides  colony  obtained
rom  the  mycotheque  shows  filaments  and  blastoconidia,
ithout  the  formation  of  the  evident  extracellular  matrix
dhering  the  fungal  cells  to  each  other  (Fig.  9A),  as  seen  in

t
h
d
(

3

igure  3  SEM  of  the  C.  debeurmannianum  colony  with  a  pre-
ominance  of  blastoconidia  and  some  hyphae  (×1.400).
he  colony  obtained  in  the  present  case  of  white  piedra.  At
igh  magnifications,  it  was  possible  to  observe  a  small  pro-
uction  of  a  fibrillar  substance  between  the  blastoconidia
Fig.  9B).
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Figure  4  SEM  of  the  C.  debeurmannianum  colony  ---  detail
of the  blastoconidia  adhered  by  reticular  extracellular  matrix,
forming  clusters  resembling  acini  (×5.500).

Figure  5  SEM  of  C.  debeurmannianum  colony  ---  (A)  High
magnification  of  blastoconidia  covered  by  extracellular  matrix
(×6,000).  (B)  Detail  of  covered  blastoconidia,  adhered  to  each
other  (×8.500).

Figure  6  SEM  of  C.  debeurmannianum  colony  ---  detail
of dense  extracellular  matrix  covering  the  blastoconidia
(×13.000).
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igure  7  SEM  of  the  C.  debeurmannianum  colony  ---  detail  of
he extracellular  matrix  formation  also  by  hyphae  (×7.000).

iscussion

he  findings  from  the  examination  of  the  piedra  nodule
n  this  report  are  similar  to  previously  published  findings
egarding  its  ultrastructure,  with  hyphae  (in  sections  with
ransmission  electron  microscopy  analysis)  and  spores  sur-
ounded  by  a  cementing  substance  on  the  surface,  in  the
EM  analysis.11

Regarding  the  examination  of  the  colony  obtained  from
he  index  case  presented  herein,  a significant  formation  of
xtracellular  matrix  was  observed,  adhering  to  and  cover-
ng  the  fungal  structures,  forming  a  biofilm.  This  matrix
ust  correspond  to  the  cementing  substance  described  in

he  condition.
Biofilm  formation  was  first  demonstrated  in  the  1970s
nd  is  characterized  by  an  extracellular  matrix  with  embed-
ed  etiological  agents.12,13 It  must  have  the  function  of
rotecting  the  etiological  agents  against  ultraviolet  radia-
ion,  extreme  temperatures  and  pH,  salinity  and  pressure,
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Figure  8  SEM  ---  comparative  demonstration  of  the  similarity
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Figure  9  SEM  of  T.  mucoides  colony  ---  (A)  Fungal  filaments
and blastoconidia  not  adhered  by  extracellular  matrix  (×1,500).
(B) Detail  of  blastoconidia  with  discrete  extracellular  matrix
production  (×7.000).
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etween  the  appearance  of  the  white  piedra  nodule  (A;  ×2,500)
nd the  C.  debeurmannianum  colony  (B;  ×2.200).

nd  may  also  be  involved  in  resistance  to  antibiotics  and
ntifungals.12 It  may  be  formed  by  polysaccharides,  pro-
eins,  or  fats.12

Several  fungi  of  dermatological  interest  have  been
escribed  as  biofilm  formers,  such  as  T.  rubrum  and  T.  men-
agrophytes,  and  in  the  genera  Aspergillus, Candida  and
ryptococcus.14---16

Biofilm  formation  has  also  been  reported  in  relation  to
he  genus  Trichosporon,17---20 and  interspecies  variation  has
een  found,  which  can  be  classified  as  weak,  medium  or
trong  biofilm  producers.17 In  a  publication  with  a  series  of
3  strains  of  Trichosporon  obtained  from  urinary  samples,
round  10%  were  medium  biofilm  producers  and  the  majority
ere  weak  producers.19 With  T.  asahii  obtained  from  blood
ulture,  it  was  experimentally  demonstrated  that  the  fun-
us  adheres  to  culture  plates  and  begins  to  produce  biofilm
ithin  a  few  hours.20

An  experimental  investigation  has  demonstrated  that
everal  species  of  Trichosporon  can  adhere  to  hair,  forming
iedra.21

Possibly,  strains  with  low  production  of  extracellular

atrix  may  not  form  the  piedra  nodule,  as  this  would  be

ecessary  to  form  the  hair  concretion.  Similar  to  what  was
emonstrated  here,  with  the  intense  production  of  extra-
ellular  matrix  by  the  colony  obtained  from  affected  hair,

a
p
m
n

5

n  contrast  to  the  low  production  of  extracellular  matrix  by
.  mucoides  obtained  from  the  mycotheque,  it  is  also  pos-
ible  that  this  strain  kept  frozen  in  the  mycotheque  may
ave  modified  the  likelihood  of  producing  the  extracellular
atrix.
The  formation  of  the  cementing  substance  firmly  adhered

o  the  hair  and  of  the  biofilm  could  be  responsible  for  the
low  response  to  the  topical  or  systemic  antifungal  therapy
n  white  piedra.

It is  suggested  that  extracellular  matrix  synthesis  plays
 crucial  role  in  the  firm  adhesion  of  fungal  cells  to  each
ther,  resulting  in  the  formation  of  piedra  nodules,  as  it  has
lso  been  demonstrated  with  the  etiological  agent  of  black
iedra.22 These  SEM  findings  should  be  expanded  to  include
ore  species  of  Trichosporon, whether  piedra-forming  or
ot.
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Abstract  Atopic  dermatitis  (AD)  is  a  chronic  inflammatory  skin  disease  characterized  by  a  com-
plex interaction  between  genetic,  immunological,  and  environmental  factors.  The  combination
of immune  dysregulation  and  skin  barrier  dysfunction  plays  a  crucial  role  in  the  pathogenesis
of the  disease.  The  inflammasome,  an  important  intracellular  complex  of  pattern  recogni-
tion receptors  (PRRs),  plays  a  crucial  role  in  the  cutaneous  inflammatory  response,  activating
caspase-1  and  promoting  the  release  of  pro-inflammatory  cytokines  such  as  interleukin  (IL)-1�

and IL-18.  The  role  of  inflammasome  components  in  regulating  the  inflammatory  response  in
AD highlights  how  the  activation  of  these  complexes  exacerbates  inflammation  and  contributes
to the  worsening  of  the  disease  and  tissue  damage.  The  review  included  observational  and
experimental  studies  investigating  inflammasome  activation  in  AD  and  other  inflammatory  skin
diseases. The  main  mechanisms  of  inflammasome  activation  and  their  impact  on  the  inflam-
matory environment  and  skin  barrier  integrity  were  discussed.  Understanding  the  role  of  the
inflammasome  in  AD  is  essential  for  the  development  of  new  therapeutic  approaches  aimed  at
both modulating  the  immune  response  and  restoring  the  skin  barrier,  improving  more  effective

clinical management  and  patients’  quality  of  life.
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topic  dermatitis  (AD)  is  a  chronic,  relapsing  inflamma-

ory  skin  disease.  Skin  manifestations  include  erythema,
ichenification,  xerosis,  papules  and  desquamation.  AD  is
haracterized  by  intense  pruritus,  one  of  the  main  symp-
oms,  which  aggravates  others,  such  as  a  sensation  of  pain,1
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leep  disorders,  fatigue2,3 and  neuropsychiatric  symptoms
attention  deficit  hyperactivity  disorder,  depression  and
nxiety).3,4 Together,  all  these  manifestations  contribute  to
mpairing  of  patient’s  quality  of  life,  leading  to  psychosocial
uffering  and  stigma.2

The  etiopathogenesis  of  AD  is  a  complex  multifacto-
ial  interaction  between  various  elements:  environmental
actors,  genetic  susceptibility,5 changes  in  the  function  of
he  skin  barrier,  the  microbiota  and  the  immune  system.6

ogether,  these  factors  contribute  to  the  development,  pro-
ression  and  chronicity  of  the  disease.  As  complications,  AD
atients  are  more  susceptible  to  infections  such  as  those
aused  by  the  herpes  simplex  virus  (HSV)7 and  mainly  by
taphylococcus  aureus  (S.  aureus).8,9 Patients  with  AD  are
lso  susceptible  to  environmental  impacts,  indicating  that
limatic  factors,  temperature,  humidity,  air  pollution,10 and
xposure  to  ultraviolet  rays11 can  interact  directly  with  the
kin  barrier  and  significantly  influence  the  development  and
xacerbation  of  AD  symptoms.12

The  review  addresses  the  relevance  of  the  interaction
etween  alterations  in  skin  barrier  proteins,  the  innate
nd  adaptive  immune  response,  and  connections  with  the
nflammasome  complex,  and  the  consequent  impact  on  the
heno-endotypical  features  of  AD.

ey changes in the immune response of atopic
ermatitis

mpaired  skin  barrier

n  AD  patients,  changes  in  the  skin  barrier  (SB)  lead  to
ncreased  transepidermal  water  loss  (TEWL),  defects  in
he  metabolism  of  pro-filaggrin,13 and  lower  expression  of
laggrin  and  claudin  1  (protein  located  in  tight  junctions

-- TJ).14,15 In  addition,  there  is  a  decrease  in  ceramide
evels,13,16 cholesterol  sulfate  and  accumulation  of  sphin-
osylphosphorylcholine,  due  to  increased  expression  of  the
nzyme  sphingomyelin  deacylase.17,18 Other  contributors
nclude  decreased  antimicrobial  peptides  (AMPs),  increased
erine  protease  (SP),  reduced  SP  inhibitors  and  disrupted
Js.19

In  addition,  keratinocytes  of  AD  patients  show  dysfunc-
ion  in  their  response  to  environmental  stimuli,  undergoing
poptosis  and  leading  to  interruptions  in  SB  function.  Also,
oss-of-function  mutations  in  the  filaggrin  gene,20 in  the
laudin  1  protein  and  single  nucleotide  polymorphisms  in
he  SP  SPINK5  inhibitor  and  SP  KLK7  have  been  described  in
D.21,22

Fragility  in  the  SB  is  well  described  as  a  key  factor  in  the
athogenesis  of  AD,  amplifying  inflammatory  manifestations
nd  aggravating  the  symptoms  associated  with  the  disease.23

he  sum  of  these  factors  contributes  to  greater  susceptibil-
ty  to  infections  and  inflammation,  due  to  increased  skin
ermeability  to  allergens  and  irritants,  favoring  the  pene-
ration  of  pathogens  (Fig.  1).

echanisms  of  adaptive  immunity
he  Th1/Th2  paradigm  in  AD  has  been  revised,  with  evi-
ence  of  a  significant  role  for  the  IL-17  and  IL-22-secreting
h17  and  IL-22-secreting  Th22  cell  subtypes.24---27 Thus,  dur-

s
i
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n
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ng  the  acute  phase  of  AD,  in  addition  to  Th2  cytokines  such
s  IL-4,  IL-13  and  IL-31,  there  is  a predominance  of  IL-22,
s  well  as  smaller  amounts  of  Th17  cells.28 In  the  chronic
hase  of  the  disease,  there  is  an  amplification  of  Th2  and
h22  cytokine  axes,  with  augmented  Th1  cells  but  no  fur-
her  increases  in  Th17  cells.28 These  cytokines  reduce  the
ifferentiation  of  epidermal  cells  and  may  contribute  to  the
eduction  of  filaggrin  and  antimicrobial  peptides  (AMPs).29

nalysis  of  acute  lesions,  compared  to  non-lesioned  skin  or
hronic  lesions,  showed  up-regulation  of  the  S100A7,  S100A8
nd  S100A9  genes  and  concomitant  activation  of  Th2  and
h22  cytokines.27 In  addition,  there  is  an  increase  in  IL-22

n  the  dermis  and  serum  of  individuals  with  AD,  suggesting
 systemic  impact  on  the  immune  response  (Fig.  1).30

The  IL-22-producing  cells  that  infiltrate  the  AD  skin  lesion
re  CD4+  T-helper  lymphocytes  (Th22)  and  CD8+  T-cytotoxic
ymphocytes  (Tc22);  clinical  severity  of  AD  correlated  with
he  number  of  Tc22  cells,  but  not  with  Th22  cells.31 In
ddition,  cells  from  AD  patients  were  responsive  to  stim-
lation  with  staphylococcal  enterotoxins,  with  a  decreased
esponse  by  Th22  cells  and  increased  responsiveness  by  Tc22
ells,  suggesting  the  role  of  both  T22  cells  in  the  immune
mbalance  of  AD.30 Stimulation  with  enterotoxins  also  pro-
oted  up-regulation  of  anergy-related  genes  (EGR2  and

L13)  in  AD  patients,  associated  with  impairment  of  the
ffector  response  of  CD4+CD38+  T  cells.32

As  for  Th17  cells,  their  role  in  defense  against  bacte-
ial  pathogens  is  well-known  and  they  may  be  crucial  in  the
athogenesis  of  chronic  inflammatory  skin  diseases.31 How-
ver,  there  is  currently  no  consensus  on  the  role  of  these
ells  in  the  immunopathogenesis  of  AD.  There  is  an  increase
f  IL-17  in  the  skin  and  serum  levels  in  AD  patients.15 It  is
lso  known  that  IL-17  exerts  a role  as  an  amplifier  of  skin
esions  and  the  increase  in  circulating  Th17  cells  correlates
ith  disease  severity.33

T-cells  positive  for  cutaneous  lymphocyte  antigen  (CLA+;
kin  homing  receptor)  mediate  pathogenic  inflammation  in
D.  Circulating  CLA+  T  cells  are  elevated  in  AD,  respond  to
llergens,  infiltrate  skin  lesions  and  participate  in  the  initia-
ion  and  perpetuation  of  AD  lesions.34 In  addition,  bacterial
oxins  are  also  able  to  increase  the  expression  of  CLA.35

In  addition  to  the  involvement  of  cellular  immunity,  high
gE  levels  in  AD  are  strongly  correlated  with  the  prevalence
f  IgE  autoreactivity  and  disease  severity.  More  findings
eveal  an  increase  of  IgG4  and  IgE  anti-SEB  (staphylococcal
nterotoxin  B)  antibodies.36 Likewise,  numerous  infiltrated
ells  in  the  skin  lesions  of  individuals  with  AD  are  positive
or  IgE  or  its  high-affinity  Fc  IgE  receptor  (Fc�RI).37

echanisms  of  innate  immunity

n  addition  to  the  physical  barrier  mechanisms  previously
iscussed,  epithelial  cells,  mainly  keratinocytes,  are  cru-
ial  components  of  the  skin’s  innate  immunity.  These
ells  behave  as  sentinels  for  danger  signals  or  microbial
athogens,  triggering  immune  responses  and  a  cascade  of
ytokine  production.38,39

Keratinocytes  in  AD  skin  express  high  levels  of  thymic

tromal  lymphopoietin  (TSLP),  IL-7-like  cytokine,  which
nduces  the  activation  and  migration  to  the  lymph  nodes
f  dendritic  cells  (DCs).  The  DCs  stimulated  by  TSLP  induce
aive  T  cells  to  produce  IL-5,  IL-13  and  TNF-�, and  initiate
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Fig.  1  Schematic  representation  of  skin  barrier  (SC)  alterations  and  the  main  aspects  of  innate  and  adaptive  immunity  involved
in the  pathogenesis  of  AD.  Reduced  expression  of  skin  proteins  (FLG  and  CLDNs)  results  in  disruption  of  the  BC  and  transepidermal
water loss,  facilitating  the  entry  of  external  pathogens.  Keratinocytes  release  TSLP  and  IL-33,  amplifying  the  inflammatory  response,
attracting and  activating  Langerhans  cells,  ILCs  and  the  recruitment  of  eosinophils.  Together,  these  cells  contribute  to  the  release
of Th2-type  cytokines,  including  IL-4,  IL-5  and  IL-13.  Dendritic  cells,  in  turn,  release  IL-12  and  IL-23,  promoting  activation  of  both
the Th1  and  Th22  profiles,  resulting  in  the  secretion  of  IFN-�  and  IL-22,  respectively.  Pro-inflammatory  cytokines  IL-5,  IL-13  and
IL-31 are  released  by  keratinocytes,  which  play  a  role  in  modulating  pruritus,  contributing  to  the  perpetuation  of  the  inflammatory
process. In  addition,  IL-22  stimulates  keratinocyte  proliferation,  promoting  epidermal  hyperplasia.  IL,  Interleukin;  TSLP,  thymic
s imicr
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C, Langerhans  cells;  DC,  dendritic  cells;  NK,  natural  killer;  pDC
ioRender.

he  production  of  chemokines  by  the  DCs,  which  attract  Th2
ells,  an  abundant  subtype  in  AD  patients  (Fig.  1).38,39

Epithelial  cells  and  immune  cells  in  the  skin  barrier
xpress  pattern  recognition  receptors  (PRRs)  that  trigger
nnate  immune  responses.  The  arsenal  of  PRRs  includes
embers  of  the  Toll-like  receptors  (TLRs)  family,  C-type

ectin  receptors  (CLRs),  retinoic  acid-inducible  gene  (RIG)
ytoplasmic  receptors,  peptidoglycan  recognition  proteins
PGLYRPs)  and  NOD-like  receptors  (NLRs).40,41 The  latter  will
e  focused  below  with  more  details.

There  are  reports  on  the  dysfunction  of  the  TLR2,
LR9,  and  NOD1/2  receptors  in  AD  patients.  TLR2  recog-
izes  peptide  glycans  from  gram-positive  bacteria  and  is
mong  the  most  extensively  studied  receptors  in  infec-
ious  complications  of  AD  patients.  In  monocytes  and

eratinocytes  from  AD  patients,  there  was  impairment  of
LR2-mediated  inflammatory  cytokine  production  (IL-1� and
NF-�).42,43

p
i

3

obial  peptides;  SP,  serine  protease;  ILC,  innate  lymphoid  cells;
smacytoid  dendritic  cells;  Th,  T-helper.  Figure  generated  with

In  addition,  the  release  of  AMPs  potentiates  the  strength
f  TJs  and  reinforces  the  defensive  barrier  against  the  inva-
ion  of  microorganisms.  In  individuals  with  AD,  there  is  a
ecrease  in  the  functionality  of  TLRs,  compromising  this
rotective  mechanism.  This  scenario  contributes  to  greater
usceptibility  to  skin  infections,  especially  S.  aureus.44 S.
ureus  virulence  factor  itself  is  also  an  important  element
f  the  inflammation  in  AD  patients,  capable  of  inducing  TSLP
nd  IL-33,  rather  than  AMPs  (Fig.  1).45

With  regards  to  cell  subtypes  in  AD,  there  is  evidence
f  reduced  function  or  migration  to  the  skin  of  polymor-
honuclear  effector  cells,  natural  killer  (NK)  cells  and
lasmacytoid  dendritic  cells  (pDC).42 On  the  other  hand,
n  increase  in  circulating  eosinophils  and  eosinophil  gran-
le  proteins  has  been  reported  in  the  sera  and  urine  of

atients.46 It  is  worth  noting  that  during  AD  crises,  there
s  an  increase  in  circulating  IL-5  and  eosinophilic  chemotax-
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Fig.  2  Representation  of  the  structure  of  the  main  components  of  the  inflammasome.  (A)  Initiator  proteins  comprise  cytoso-
lic receptors;  (B)  ASC  adaptor  protein;  (C)  Caspase-1  effector  protein;  (D)  Inflammatory  cytokines  and  (E)  GSDM-D  pore-forming
protein. NLRP,  NACHT,  LRR  and  PYD  domains-containing  protein;  CARD,  caspase  recruitment  domain;  NACHT,  Nucleotide-Biding
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ligomerization  Domain:  Nucleotide-Binding  Oligomerization  

nterferon-induced  proteins;  FIIND,  function-to-find  domain.  Fig

ns,  contributing  to  the  extravasation  of  eosinophils  into  the
kin  (Fig.  1).

In  AD  lesional  skin,  there  is  an  increased  presence  of  acti-
ated  NK  cells,  in  contrast  to  their  reduction  in  peripheral
lood.47 The  authors  recently  found  increased  NK  CLA  +  cells
n  the  peripheral  blood  of  patients  with  severe  AD  and  aug-
ented  expression  of  CD56  and  granzyme  in  the  dermis  of

hese  individuals.  In  addition,  these  cells  were  responsive
o  in  vitro  stimulation  with  microbial  agonists.48 There  are
eports  on  elevated  group  2  Innate  lymphoid  cells  (ILC2),
hich  produce  type  2  cytokines  (IL-4,  IL-5,  IL-9  and  IL-13)
n  the  lesional  skin  of  AD  patients.  More  findings  describe
ctivation  of  ILCs  by  TSLP,  IL-33  and  IL-25,  highly  expressed
n  AD.49

efining inflammasomes and their role in
nflammatory skin diseases

nflammasome  is  an  intracellular  protein  complex  that  can
e  activated  in  response  to  pathogens  and  signs  of  tissue
amage.  Its  primary  function  is  the  maturation  and  secre-
ion  of  pro-inflammatory  cytokines  which  are  fundamental
or  the  elimination  of  pathogens  and  for  tissue  healing.50 As

 signaling  pathway  linked  to  the  innate  immune  response,
he  inflammasome  cascade  is  well  characterized  in  myeloid
ells,  but  some  skin  cells  such  as  keratinocytes  express  its
omponents.51 Despite  its  crucial  role  in  the  innate  immune
esponse,  deregulated  activation  of  the  inflammasome  may
ontribute  to  the  development  of  inflammatory  diseases
uch  as  rheumatoid  arthritis,  autoimmune  diseases,  inflam-

atory  syndromes  and  skin  diseases.52

The  inflammasome  signaling  cascade  begins  with  the  acti-
ation  of  initiator  proteins  (Fig.  2).  These  proteins  are  PRRs
hat  recognize  danger  signals,  such  as  pathogen-associated
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in;  LRR,  Leucine-Rich  Repeats;  PYD,  pyrin  domain;  HIN200,
generated  with  BioRender.

olecular  patterns  (PAMPs)  and  damage-associated  molec-
lar  patterns  (DAMPs).53,54 After  activation,  the  initiator
roteins  interact  with  the  adaptor  protein  ASC  (apoptosis-
ssociated  speck-like  protein  containing  a  CARD),  which
lays  an  essential  role  in  the  assembly  of  the  inflamma-
ome  complex.  Oligomerization  of  ASC  via  its  PYD  domain
romotes  the  recruitment  of  pro-caspase-1,  acting  as  a
ridge  between  receptor  interactions  and  pro-caspase-1.55

his  association  results  in  the  autoactivation  of  the  pro-
aspase,  converting  it  into  the  effector  protein  caspase-1,
n  inflammatory  caspase  that  cleaves  its  substrates  pro-IL-
8,  pro-IL-1�  into  their  mature  and  bioactive  forms  IL-18
nd  IL-1� (Fig.  2).56---58

In  addition  to  the  processing  and  maturation  of  cytokines,
he  activation  of  caspase-1  by  the  inflammasome  cascade
ay  also  promote  the  cleavage  of  the  Gasdermin  D  (GSDM-
)  protein.59 GSDM-D  was  first  described  in  2015  and  is
xpressed  in  immune  cells  and  epithelial  cells.  After  cleav-
ge,  the  N-terminal  portion  of  GSDM-D  is  released  and
nserts  itself  into  the  cell  membrane,  resulting  in  the  for-
ation  of  pores  in  the  plasma  membrane  that  lead  to  the

elease  of  the  cytokines  IL-1� and  IL-18,  and  a  highly  inflam-
atory  cell  death  process  called  pyroptosis.55,57,60---62

In  addition  to  the  canonical  activation  of  the  inflam-
asome  mentioned  above,  the  cytokines  IL-18  and  IL-1�

an  also  be  produced  through  non-canonical  activation  of
he  inflammasome,  when  lipopolysaccharide  (LPS)  is  directly
ecognized  by  the  inflammatory  caspases  -4  and  -5  in  humans
nd  caspase-11  in  mice.63,64 The  main  activation  mechanisms
f  the  canonical  and  non-canonical  pathways  are  presented

n  Fig.  3.

Among  the  inflammasome  receptors,  the  family  of
OD-type  receptors  is  the  best  characterized.65 These
eceptors  have  a  tripartite  structure  composed  of  a  central
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Fig.  3  Schematic  representation  of  canonical  and  non-canonical  inflammasome  activation.  The  formation  of  the  inflammasome
via the  canonical  pathway  occurs  when  PAMPs,  DAMPs  or  other  cytosolic  disturbances  are  detected,  resulting  in  the  recruitment
and activation  of  caspase-1,  either  directly  or  through  the  recruitment  of  the  adaptor  protein  ASC.  Caspase-1  initiates  the  process
of maturation  of  pro-IL-1�  and  pro-IL-18  into  their  active  forms,  in  addition  to  cleaving  GSDM-D.  This,  in  turn,  interacts  with  the
plasma membrane,  creating  pores  and  resulting  in  the  release  of  intracellular  content,  including  the  inflammatory  cytokines  IL-1�
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nd IL-18.  Activation  of  the  non-canonical  inflammasome  begi
ro-caspase-11  in  mice),  triggering  the  cleavage  of  GSDM-D  and

ucleotide-binding  and  oligomerization  domain  (NACHT),
sually  accompanied  by  leucine-rich  repeats  (LRRs),  a  C-
erminal  domain  that  recognizes  and  regulates  ligands,  and  a
ariable  N-terminal  domain,  which  can  be  a  caspase  recruit-
ent  domain  (CARD)  or  pyrin  (PYD),  responsible  for  the

ffector  functions  of  the  complex.65 The  NLR  family  has
hree  distinct  subfamilies:  NODs  (NOD1-2),  NLRPs  (NLRP1-
4),  and  IPAF  (ice  protease-activating  factor).65

The  NLRP1  inflammasome  was  first  described  in  2001
hrough  the  identification  of  the  N-terminal  PYD  domain
y  Martinon  et  al.64 The  authors  demonstrated  the  interac-
ion  of  NLRP-1  with  caspase-1  dependent  on  the  presence  of
he  ASC  protein  constituting  the  inflammasome  complex.64

LRP1  is  expressed  in  various  immune  cells,  mainly  in  the
kin  by  keratinocytes,  and  appears  to  play  a  central  role
s  the  main  receptor  involved  in  the  formation  of  the
nflammasome.66 Indeed,  UVB  irradiation  in  primary  ker-
tinocytes  causes  translocation  of  the  ASC  protein  to  the
ucleus  with  the  formation  of  aggregates  known  as  speck  and
his  complexation  is  dependent  on  NLRP1.67 NLRP1  also  rec-
gnizes  the  main  virulence  factor  of  Bacillus  anthracis  and
acterial  muramyl  dipeptide.68 In  humans,  gain-of-function
utations  in  the  NLRP1  gene  lead  to  syndromes  mediated

y  inflammasome  activation  in  keratinocytes  characterized
y  skin  inflammation  and  susceptibility  to  skin  cancer.69

The  most  well-known  inflammasome  is  NLRP3,  which  is
xpressed  by  epithelial  cells,  macrophages,  lymphoid  cells,

s
N
c
D

5

ith  the  detection  of  cytosolic  LPS  by  caspase-4/caspase-5  (or
sequent  pyroptosis.  Figure  generated  with  BioRender.

hondrocytes  and  skin  keratinocytes.70 This  receptor  can  be
ctivated  by  a  range  of  PAMPs  and  DAMPs  that  do  not  interact
irectly  with  the  receptor,  but  induce  cytoplasmic  changes
hat  lead  to  its  activation,  such  as  ion  flows,  extracellular
TP,  nucleic  acids,  bacterial  toxins,  among  others,  and  is
nvolved  in  various  skin  diseases.71---75 In  keratinocytes,  UVB
adiation  triggers  NLRP3  in  increased  concentrations  of  cyto-
lasmic  calcium  (Ca2+),  leading  to  the  secretion  of  IL-1�.66,76

In  patients  with  progressing  vitiligo,  NLRP3  and  IL-1�
oncentrations  are  increased  in  perilesional  epidermal  sam-
les  when  compared  to  healthy  controls.77 In  psoriasis
here  is  higher  expression  of  NLRP3  and  of  several  inflam-
asome  components  such  as  caspase-1  and  IL-1�.78,79 A

lose  relationship  has  been  described  between  the  patho-
enesis  of  leprosy,  colorectal  cancer,  rheumatoid  arthritis,
bdominal  aortic  aneurysms,  inflammatory  bowel  disease,
lcerative  colitis  and  AD,  and  the  NLRP3  rs35829419  gene
olymorphism.80,81 Bacteria  (S.  aureus  and  Escherichia  coli
.g.)  and  environmental  exposure  to  ultraviolet  radia-
ion  led  to  the  activation  of  the  NLRP3  inflammasome  in
eratinocytes.71,82 NLRP3  is  also  necessary  for  the  pyroptotic
ell  death  of  macrophages  infected  with  S.  aureus.74

AIM-2  is  a  receptor  first  described  as  a  tumor  cell  growth

uppressor  gene  in  melanoma  that  does  not  belong  to  the
LR  family,  but  is  capable  of  forming  the  inflammasome
omplex  after  binding  directly  to  dsDNA  (double-stranded
NA).83,84 Under  homeostasis,  DNA  remains  contained  in
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Y.Á.  Ramos,  A.J.  Pietr

he  nucleus  and  mitochondria,  but  exposure  of  DNA  in  the
ytosol  indicates  active  infection  or  cell  damage.  The  AIM2
eceptor  responds  to  the  cytosolic  presence  of  the  host’s
wn  DNA  and  amplifies  sterile  inflammation,  as  described  in
utoinflammatory  or  autoimmune  diseases.85 Furthermore,
IM2  also  recognizes  exogenous  DNA  released  during  bacte-
ial  infections,  such  as  S.  aureus,86 or  viral  infections  such  as
ytomegalovirus  (CMV),  and  also  upon  detection  of  HPV-16
n  keratinocytes,  triggering  an  increase  in  the  secretion  of
L-1�.72,87,88

In  psoriasis,  cytosolic  dsDNA  also  stimulates  the  activa-
ion  of  AIM2  expression  and  IL-1� secretion.  Interestingly,
L-37  inhibits  the  ability  of  DNA  to  induce  IL-1� production
ue  to  LL-37’s  strong  association  with  DNA,  which  prevents  it
rom  becoming  involved  in  the  AIM-2  inflammasome  and  con-
ributing  to  the  pathophysiology  of  the  disease.89 In  patients
ith  lupus  erythematosus,  an  intense  expression  of  AIM-2
as  observed  in  macrophages,  possibly  due  to  decreased
NA  methylation  in  these  individuals,  contributing  to  the
athogenesis  of  the  disease.90,91 Moreover,  in  lesions  from
atients  with  lichen  planus,  there  is  a  specific  increase  in
he  AIM-2  protein  in  both  the  dermis  and  the  epidermis,  with
mproved  dermal  expression  of  the  IL-1� protein.92 Based  on
hese  findings,  AIM-2  may  be  a  therapeutic  target  in  inflam-
atory  and  oncologic  conditions,  and  also  in  autoimmune
iseases.93,94

nflammasomes and atopic dermatitis

onsidering  the  inflammatory  profile  of  AD,  the  inflamma-
ome  cascade  may  exert  a  relevant  role  in  the  pathogenesis
f  the  disease.  In  fact,  the  activation  of  inflammasomes  by
llergens  or  pathogens  leads  to  increased  levels  of  IL-1� on
he  skin  in  autoinflammatory  diseases,  promoting  conditions
or  the  development  of  chronic  inflammation.95

Polymorphisms  and  mutations  in  the  NOD1  and  NOD2
enes  are  associated  with  high  levels  of  IgE  in  AD
atients  and  are  relevant  factors  indicating  susceptibility
o  atopy.96,97 Similarly,  polymorphisms  in  the  NLRC4  gene,
hich  also  codes  for  an  NLR,  are  associated  with  AD;97 how-
ver,  functional  studies  on  the  role  of  this  receptor  in  the
athogenesis  of  the  disease  are  still  scarce.

In  addition  to  polymorphisms,  the  skin  of  AD  patients
hows  an  increase  in  inflammasome  components,  which  may
avor  inflammation.  In  fact,  the  highest  expression  of  AIM-2
as  found  in  keratinocytes  from  AD  patients  and  is  directly
ssociated  with  acute  and  chronic  inflammation  related
o  SB  rupture.98,99 These  patients  have  intense  pruritus,
nd  the  mechanical  act  of  scratching  impairs  SB,  causing
ntracellular  products  to  be  released  and  detected  by  the
IM-2  receptor.  Moreover,  bacterial  DNA  can  be  released
fter  a  process  of  bacteriolysis  mediated  by  AMPs,  and
eratinocytes  are  able  to  capture  exogenous  DNA  through
eceptor-mediated  endocytosis.86

The  expression  of  NLRP1  and  NLRP3  receptors  is  also
ncreased  in  the  damaged  skin  of  AD  patients  and  is  directly
ssociated  with  the  severity  of  the  disease,  highlighting

he  importance  of  this  signaling  cascade  for  the  inflam-
atory  pathology  of  this  and  other  skin  diseases.70,98,100

n  2010,  Grigoryev  et  al.,100 showed  that  NLRP1  gene
xpression  is  inversely  correlated  with  AD  severity  in  skin
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xplants,  suggesting  that  local  inflammation  could  inhibit
LRP1  expression,  or  that  reduced  expression  of  this  protein
romotes  skin  inflammation.  Furthermore,  higher  NLRP1
xpression  and  caspase-1  activity  were  seen  in  mild  AD
atients  and  is  associated  with  IL-1� and  IL-18  production.101

everal  studies  have  described  the  relevance  of  variations
n  the  NLRP1  gene  in  skin  diseases  such  as  vitiligo,  psoriasis
nd  leprosy,  showing  that  NLRP1  plays  a  particular  role  in
he  skin.102---104

Considering  NLRP3,  the  expression  of  this  receptor  is
irectly  associated  with  an  increase  in  IL-33  in  the  lesions
f  AD  patients,  but  this  association  is  independent  of  the
ctivation  of  the  inflammasome  cascade.70 In  addition,  Cho
t  al.105 demonstrated  that  IL-17  and  IL-22  secreted  by  Th17
ells  can  activate  NLRP3  and  stimulate  the  secretion  of  IL-1�
nd  caspase-1  in  immortalized  HaCaT  keratinocytes,  sug-
esting  that  other  pathways  such  as  the  TH17/Th22  axis  play

 role  in  the  activation  of  the  inflammasome  complex.  In
itro  tests  showed  that  inhibition  of  Drp1  (dynamin-related
rotein-1)  ---  responsible  for  NLRP3  activation  ---  with  the
ompound  mdivi-1  inhibited  NLRP3  activation,  IL1�  and  IL-
8  production,  as  well  as  induction  of  pyroptosis.106 This
ompound  was  also  shown  to  be  effective  in  improving  the
ymptoms  associated  with  AD,  as  well  as  reducing  the  serum
gE  levels  and  the  production  of  IL-4,  IL-5  and  IL-13  in  skin
esions  in  a  murine  model  of  AD.106 In  addition,  omega-3
upplementation  decreases  NLRP3  activation  via  NF-�B,  and
ecreases  the  expression  of  Th2  cytokines  in  experimental
ouse  models  of  AD,  suggesting  that  this  receptor  is  a  target

or  therapeutic  strategies  for  the  disease.107

Conversely,  Niebuhr  et  al.108 showed  reduced  expression
f  NLRP3  and  caspase-1  in  AD  skin.  In  addition,  a  reduction
n  NLRP3  and  ASC  transcripts  was  observed  in  keratinocytes
timulated  with  Th2  cytokines  (IL-4,  IL-5  and  IL-13).108

hese  cytokines  can  also  reduce  caspase-1-dependent  IL-
�  secretion  in  monocytes  from  AD  patients  stimulated
ith  staphylococcal  �-toxin,  suggesting  interference  of  the
LRP3  inflammasome  in  the  Th2  response  profile,  which

s  relevant  in  the  pathogenesis  of  AD.108 The  controversial
ndings  may  be  the  result  of  differences  between  animal
nd  human  studies,  with  great  variability  in  the  number  of
articipants,  indicating  the  need  for  further  analysis  to  bet-
er  understand  the  role  of  NLRP3  in  the  AD  inflammatory
esponse.

Recently,  Ramos  et  al.98 showed  that  there  is  an  alter-
tion  of  other  components  of  the  inflammasome  beyond
LRP3  and  NLRP1  receptors  in  AD.  The  authors  found  that
SC  expression  by  immunohistochemistry  is  increased  in  the
ermis  of  AD  patients,  as  well  as  caspase-1.98 Furthermore,
uman  primary  keratinocytes  show  enhanced  ASC  expression
hen  stimulated  with  UV.67

Ramos  et  al.98 also  identified  that  individuals  with  AD
ave  a  higher  expression  of  GSDM-D,  which  may  favor  inflam-
ation  and  local  tissue  damage.  Interestingly,  in  a  murine

xperimental  model  of  AD  induced  by  oxazolone,  the  inhibi-
ion/deletion  of  the  GSDM-D  gene  decreased  IL-1� and  IL-18
evels,  confirming  the  involvement  of  pyroptosis  in  ampli-
ying  the  inflammatory  response  in  AD.109 In  this  regard,

he  GSDM-D  deletion  promotes  an  improvement  in  AD-like
esions  by  decreasing  the  cellular  infiltrate  and  reducing  IgE
nd  IL-4  levels.109 GSDM-D  is  also  elevated  in  psoriatic  skin
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Table  1  Association  of  the  inflammasome  with  pheno-endotypical  features  of  AD.

Inflammasome
component

Main  findings  References

NOD1  e  NOD2 NOD1  and  NOD2  gene  polymorphisms  associated  with  high  IgE  levels  and  susceptibility
to atopy

96,97

NLRP1  NLRP1  expression  inversely  correlated  with  AD  severity  100
NLRP3 NLRP3  gene  polymorphism  associated  with  the  development  of  AD  80,81

�-hemolysin  from  S.  aureus  leads  to  NLRP3  activation  112
Reduced  expression  of  NLRP3  and  caspase-1  in  AD  patients,  relationship  with  Th2
response profile

108

NLRC4  NLRC4  gene  polymorphisms  associated  with  AD  97
AIM-2  Increased  expression  of  AIM-2  in  keratinocytes,  associated  with  inflammation  and

breakdown  of  the  skin  barrier
98,99

ASC  Caspase-1  Increased  expression  of  ASC  and  caspase-1  in  lesions  of  AD  patients,  associated  with
inflammation

67,98

GSDM-D  GSDM-D  deletion  in  a  murine  model  reduces  IL-1�,  IL-18  and  AD  symptoms,  indicating
involvement  in  pyroptosis
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IL-18  Elevated  IL-18  levels  in  serum  and  per

esions,  but  serum  levels  of  this  protein  are  similar  to  the
ealthy  control  group.110

In  counterpart,  the  relationship  between  the  inflamma-
ome  cascade  and  colonizing  bacteria  in  the  skin  microbiota
f  AD  patients  has  also  been  studied.  Recent  evidence  indi-
ates  that  several  inflammasomes  are  activated  during  an
.  aureus  infection,  including  NLRP3,  via  NF-�B, increasing
he  transcription  of  pro-IL-1�,  activation  of  caspase-1,  and
ecretion  of  IL-1�, together  with  IL-18.111 In  macrophages,
.  aureus  �-hemolysins  can  activate  the  NLRP3  inflamma-
ome  and  caspase-1  without  the  participation  of  the  P2  ×  7
eceptor  or  the  Myd88/TLR  adaptor.  In  addition,  inoculation
f  S.  aureus  into  keratinocytes  led  to  increased  secretion
f  IL-1� and  IL-18,  and  silencing  of  NLRP1  inhibited  the  pro-
uction  of  these  cytokines,  suggesting  that  skin  colonization
ay  lead  to  activation  of  this  receptor  directly  interfering
ith  the  inflammatory  response  in  the  disease.112

In  skin  diseases  associated  with  dysregulation  of  the
nflammasome,  the  effector  cytokines  IL-1� and  IL-18  are
ighly  expressed,  playing  a  significant  role  in  the  onset  and
xacerbation  of  inflammation.113 In  fact,  cutaneous  ker-
tinocytes  are  the  main  sources  of  these  cytokines  in  the
kin,  and  the  increased  expression  of  inflammasome  compo-
ents  associated  with  exposure  to  S.  aureus  antigens  may
ead  to  an  increase  in  IL-18  and  IL-1� in  AD  patients.66,114

n  fact,  CD68+  macrophages  produce  IL-1� in  the  der-
is  of  AD  patients,98 and  increased  epidermal  expression

f  this  cytokine  is  observed  in  AD  patients  with  filaggrin
ene  mutations.115 Interestingly,  several  observations  sug-
est  that  both  IL-1� and  IL-1� contribute  to  the  development
f  skin  inflammation  with  AD.116 Additionally,  mast  cells  and
eratinocytes  from  AD  patients  produce  IL-18  in  response  to
xposure  to  allergens  or  pathogens  such  as  dust  mites  and
.  aureus.117 The  IL-18  produced  stimulates  basophils,  mast
ells,  and  CD4  T-cells  to  produce  Th2  cytokines  in  acute  AD
esions,  while  in  chronic  lesions,  IL-18  stimulates  Th1  cells

118
o  produce  IFN-� together  with  IL-12.
The  inflammatory  profile  triggered  by  inflammasome

ctivation  is  also  systemically  reflected.  Orfali  et  al.114

howed  high  concentrations  of  IL-18  in  the  serum  of  AD
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al  blood  mononuclear  cells  of  AD  patients 114

atients  according  to  the  severity  of  the  disease,  regard-
ess  of  the  presence  of  staphylococcal  enterotoxins.  IL-18  is
lso  increased  in  the  culture  supernatants  of  mononuclear
ells  from  patients  stimulated  with  staphylococcal  entero-
oxin  type  A  (SEA).114 However,  studies  on  IL-18  deficient
ice  show  an  absence  of  this  cytokine,  leading  to  a  reduc-

ion  in  the  worsening  of  skin  lesions.119 The  main  changes  in
nflammasomes  related  to  the  pheno-endotypical  features
n  AD  are  summarized  in  Table  1.

The  above  findings  point  out  the  relevance  of  inflam-
asome  components  in  AD  as  potential  biomarkers  of  the
isease  and  possible  targets  for  future  immunomodulatory
nterventions  (Fig.  4).

argeted therapies and relevance of
ndividualized therapy for key changes in AD

he  use  of  emollients  and  topical  corticosteroids  is  the  first
ine  of  treatment  for  AD.120 Conventional  systemic  therapy
ptions  for  AD  include  cyclosporine  (CsA),  methotrexate,
zathioprine,  mycophenolate  mofetil,  and  systemic  gluco-
orticoids,  with  limited  proven  efficacy  and  potential  side
ffects.121 With  the  development  of  new  target-specific
herapies  aimed  at  inflammatory  mediators,  new  opportu-
ities  have  arisen  for  restoring  the  skin  barrier,  as  well  as
or  restoring  the  innate  and  adaptive  immune  systems  in
D.121

One  of  the  target  therapies  is  dupilumab  (DUPI),  a  human-
zed  monoclonal  antibody  that  targets  IL-4R�, a  subunit
hared  by  the  IL-4  and  IL-13  receptors.  Pivotal  studies
ave  shown  significant  clinical  improvement  and  a  favorable
afety  profile  in  individuals  with  moderate  to  severe  AD,  con-
rming  the  central  role  of  Th2  cytokines  in  this  disease.121

t  was  shown  that  blocking  IL-4/IL-13  signaling,  in  addition
o  suppressing  systemic  Th2-type  inflammation,  increased

icrobial  diversity,  reducing  the  abundance  of  S.  aureus,
ith  the  recovery  of  the  altered  transcriptome  of  epider-
al  proteins  associated  with  AD.  DUPI  also  increased  the

xpression  of  FLG,  LEKTI  (protease  inhibitor),  and  HBD-3
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Fig.  4  Association  of  the  inflammasome  cascade  with  AD  immunopathology.  Components  of  the  inflammasome  signaling  pathway
are increased  in  the  skin  of  AD  patients.  In  the  skin  of  patients,  inflammasome  receptors  can  be  activated  by  exposure  to  ultraviolet
radiation, by  contact  with  S.  aureus  antigens,  and  by  possible  DNA  molecules  released  by  cell  damage.  These  receptors  promote
the oligomerization  of  ASC  and  caspase-1,  leading  to  the  maturation  of  IL-1� and  IL-18,  which  are  also  elevated  in  AD  patients.
In addition,  activation  of  the  inflammasome  leads  to  an  increase  in  GSDM-D  and  promotion  of  pyroptosis.  The  release  of  pro-
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nflammatory and  cell  death  cytokines  contributes  to  tissue  dam
ltraviolet radiation;  S.  aureus,  Staphylococcus  aureus;  dsDNA,

antimicrobial  peptide)  after  6---8  weeks  of  treatment,  as
ell  as  the  degree  of  hydration  of  the  stratum  corneum,
ith  a  consequent  improvement  in  the  severity  of  AD  after
2  weeks.  Transcriptomic  data  from  the  European  clinical
egistry  (TREAT  Germany)  of  adults  with  moderate  to  severe
D,  in  a  comparative  study  of  the  use  of  DUPI  vs.  CsA,  showed
hat  treatment  with  DUPI  for  12  weeks  led  to  the  normaliza-
ion  of  BC-related  genes,  to  a  greater  extent  than  CsA,122,123

nd  decreased  expression  of  chemokines  related  to  the  Th2
esponse  (e.g.  CCL13,  CCL17,  CCL18  and  CCL22).  There  was
ormalization  of  the  expression  of  markers  related  to  barrier
unction  (e.g.,  CLDN8,  ELOVL3,  FLG,  K1,  K10  e  LOR).19,124---126

Other  IL-13  antagonists  (lebriquizumab  and  tralok-
numab)  have  shown  clinical  efficacy  in  AD  patients,
emonstrating  the  critical  role  of  IL-13  in  the  pathogene-
is  of  AD.  Since  IL-4  and  IL-13  reduce  the  expression  of  CB
roteins  such  as  filaggrin,  loricrin,  and  involucrin,  treatment
ith  IL-13  antagonists  is  expected  to  positively  influence  the

ecovery  of  CB  integrity,  but  more  studies  are  needed  to
orroborate  these  findings.19

Janus  Kinase  (JAK)  inhibitors  that  target  JAK/STAT  sig-
aling,  such  as  baricitinib,  upadacitinib  and  abrocitinib,
ave  shown  promising  results  in  some  studies  regarding
he  restoration  of  SB,  demonstrating  an  increase  in  filag-

rin  expression,  as  well  as  a  reduction  in  inflammatory
ignaling.19 There  is  a  lack  of  publications  focusing  on  the
ole  of  JAK  inhibitors  and  new  immunobiologicals  in  the
ecovery  of  SB  and  its  components,  especially  targeting  ele-

d
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 and  local  and  systemic  inflammation  during  the  disease.  UVB,
le  stranded  DNA.  Figure  generated  with  BioRender.

ents  of  the  inflammatory  response  such  as  OX-40  Ligand
OX-40  L)  and  OX-40  (amlitelimab  and  rocatinlimab),127 as
ell  as  IL-31  (nemolizumab).128

Regarding  the  therapeutic  potential  of  inhibiting  inflam-
asomes,  NLRP3  inhibitors  and  their  respective  mechanisms

n  allergic  diseases  have  been  described.  These  include
CC950,  a  diarylsulfonylurea-based  compound  that  inhibits
LRP3  activity  and  interferes  with  chloride  efflux;  OLT1177,
n  orally  active  b-sulfonyl  cyanide  molecule  that  binds
irectly  to  NLRP3  and  inhibits  ATPase  activity,  prevent-
ng  NLRP3-ASC,  NLRP3-caspase-1  interaction;  CY-09,  an
nhibitor  of  cystic  fibrosis  transmembrane  conductance
egulator  (CFTR)  channels  that  inhibits  NLRP3  ATPase  activ-
ty;  Tranilast,  a  tryptophan  metabolite  that  inhibits  NLRP3
ligomerization  and  improves  NLRP3  ubiquitination;  Ori-
onin  (ent-kaurane  diterpene),  the  main  active  component
f  Rabdosia  rubescens  that  blocks  the  interaction  between
LRP3  and  NEK7;  RRx-001,  a  pleiotropic  anticancer  agent
hat  blocks  the  interaction  between  NLRP3  and  NEK7.
atural  products  and  their  derivatives  are  also  suggested  as
otential  therapeutic  strategies  such  as  XQLD  (Xiaoqinglong
ecoction)  which  inhibits  NLRP3  inflammasome-mediated
yroptosis;  APS  (Astragalus  Polysaccharide),  an  inhibitor  of
LRP3  activation  and  a  blocker  of  NF-kB  phosphorylation,

ecreasing  NOD2  expression;  MFXD  (Mahuang  Fuzi  Xixin
ecoction),  which  inhibits  the  NLRP3/Caspase-1/GSDMD-N
ignaling  pathway;  Schisandrin  B,  which  inhibits  NLRP3
ctivation;  Houttuynia  cordata,  which  decreases  the
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xpression  of  NLRP3,  ASC,  caspase-1,  GSDMD,  IL-1�, and
L-18;  and  Angelica  Yinzi, which  inhibits  NLRP3  activation
nd  MAPKs/NFkB  signaling.129,130 Currently,  there  is  a
linical  trial  for  AD  patients  with  GSK1070806,  an  anti-IL-18
onoclonal  antibody.  In  phase  1b  of  the  study  NCT04975438

https://clinicaltrials.gov/study/NCT04975438?tab=
istory&a=7#study-results-card),  patients  with  no  previous
ystemic  treatment  with  biologics  (non-responsive  to  topical
herapies),  and  patients  non-responsive  or  intolerant  to  DUPI
ere  evaluated,  with  promising  results.  An  ongoing  phase
b  will  evaluate  the  clinical  effect,  safety  and  tolerability
f  GSK1070806  in  AD  (NCT05999799  -  https://clinicaltrials.
ov/study/NCT05999799?intr=GSK1070806&rank=2).

onclusion

D  is  one  of  the  most  common  chronic  inflammatory  skin
iseases,  and  its  persistence  occurs  as  a  consequence  of
he  combination  of  genetic,  environmental  and  immunolog-
cal  factors,  affecting  both  adults  and  children.  Skin  barrier
ysfunction,  together  with  bacterial  colonization  and  dys-
egulation  of  the  innate  and  adaptive  immune  system,  play

 central  role  in  maintaining  inflammation  and  therefore
he  chronicity  of  AD.  This  review  highlights  the  crucial  role
f  inflammasomes,  especially  NLRP1/3  and  AIM-2,  in  regu-
ating  the  inflammatory  response  in  skin  diseases  such  as
D,  including  the  release  of  the  pro-inflammatory  cytokines

L-18  and  IL-1�, which  are  essential  in  perpetuating  skin
nflammation.  A  deeper  understanding  of  immune  pathways,
uch  as  the  inflammasome  cascade,  opens  new  perspec-
ives  for  therapeutic  interventions.  Targeting  treatments  to
odulate  the  immune  response  and  restore  the  skin  barrier
ay  offer  more  effective  management  of  the  disease  and

mprove  the  AD  patients’  quality  of  life.
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53. He Y, Hara H, Núñez G. Mechanism and regulation
of NLRP3 inflammasome activation. Trends Biochem Sci.
2016;41:1012---21.

54. Martinon F, Tschopp J. Inflammatory caspases and inflamma-

somes: master switches of inflammation. Cell Death Differ.
2007;14:10---22.

55. Fink SL, Bergsbaken T, Cookson BT. Anthrax lethal toxin and
Salmonella elicit the common cell death pathway of caspase-1-

http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0075
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0080
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0085
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0090
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0095
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0100
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0105
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0110
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0115
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0120
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0125
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0130
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0135
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0140
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0145
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0150
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0155
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0160
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0165
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0170
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0175
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0180
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0185
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0190
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0195
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0200
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0205
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0210
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0215
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0220
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0225
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0230
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0235
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0240
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0245
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0250
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0255
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0260
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0265
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0270
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275


atolo
Anais  Brasileiros  de  Derm

dependent pyroptosis via distinct mechanisms. Proc Natl Acad
Sci U S A. 2008;105:4312---7.

56. Wang B, Tian Y, Yin Q. AIM2 inflammasome assembly and sig-
naling. Adv Exp Med Biol. 2019;1172:143---55.

57. Sollberger G, Strittmatter GE, Garstkiewicz M, Sand J, Beer
HD. Caspase-1: the inflammasome and beyond. Innate Immun.
2014;20:115---25.

58. Dinarello CA. Interleukin-1 in the pathogenesis and treatment
of inflammatory diseases. Blood. 2011;117:3720---32.

59. Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, et al. Cleavage
of GSDMD by inflammatory caspases determines pyroptotic cell
death. Nature. 2015;526:660---5.

60. Devant P, Kagan JC. Molecular mechanisms of gasdermin D
pore-forming activity. Nat Immunol. 2023;24:1064---75.

61. Dai Z, Liu WC, Chen XY, Wang X, Li JL, Zhang X. Gasdermin
D-mediated pyroptosis: mechanisms, diseases, and inhibitors.
Front Immunol. 2023;14:1178662.

62. Brennan MA, Cookson BT. Salmonella induces macrophage
death by caspase-1-dependent necrosis. Mol Microbiol.
2000;38:31---40.

63. Kayagaki N, Wong MT, Stowe IB, Ramani SR, Gonzalez LC,
Akashi-Takamura S, et al. Noncanonical inflammasome acti-
vation by intracellular LPS independent of TLR4. Science.
2013;341:1246---9.

64. Martinon F, Burns K, Tschopp J. The inflammasome: a molecular
platform triggering activation of inflammatory caspases and
processing of proIL-beta. Mol Cell. 2002;10:417---26.

65. Schroder K, Tschopp J. The inflammasomes. Cell.
2010;140:821---32.

66. Feldmeyer L, Keller M, Niklaus G, Hohl D, Werner S, Beer
HD. The inflammasome mediates UVB-induced activation and
secretion of interleukin-1beta by keratinocytes. Curr Biol.
2007;17:1140---5.

67. Smatlik N, Drexler SK, Burian M, Röcken M, Yazdi AS. ASC speck
formation after inflammasome activation in primary human
keratinocytes. Oxid Med Cell Longev. 2021;2021:7914829.

68. Frew BC, Joag VR, Mogridge J. Proteolytic processing of
Nlrp1b is required for inflammasome activity. PLoS Pathog.
2012;8:e1002659.

69. Zhong FL, Mamaï O, Sborgi L, Boussofara L, Hopkins R, Robinson
K, et al. Germline NLRP1 mutations cause skin inflammatory
and cancer susceptibility syndromes via inflammasome activa-
tion. Cell. 2016;167:187---202.e17.

70. Zheng J, Yao L, Zhou Y, Gu X, Wang C, Bao K, et al. A novel
function of NLRP3 independent of inflammasome as a key tran-
scription factor of IL-33 in epithelial cells of atopic dermatitis.
Cell Death Dis. 2021;12:871.

71. Rathinam VA, Vanaja SK, Fitzgerald KA. Regulation of inflam-
masome signaling. Nat Immunol. 2012;13:333---42.

72. Lamkanfi M, Dixit VM. Mechanisms and functions of inflamma-
somes. Cell. 2014;157:1013---22.

73. Zhou R, Yazdi AS, Menu P, Tschopp J. A role for mitochon-
dria in NLRP3 inflammasome activation. Nature. 2011;469:
221---5.
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ran TM, Núñez G. K+ efflux is the common trigger of NLRP3
inflammasome activation by bacterial toxins and particulate
matter. Immunity. 2013;38:1142---53.

75. Shimada K, Crother TR, Karlin J, Dagvadorj J, Chiba N, Chen S,
et al. Oxidized mitochondrial DNA activates the NLRP3 inflam-
masome during apoptosis. Immunity. 2012;36:401---14.

76. Faustin B, Reed JC. Sunburned skin activates inflammasomes.
Trends Cell Biol. 2008;18:4---8.

77. Li S, Kang P, Zhang W, Jian Z, Zhang Q, Yi X, et al. Activated

NLR family pyrin domain containing 3 (NLRP3) inflammasome in
keratinocytes promotes cutaneous T-cell response in patients
with vitiligo. J Allergy Clin Immunol. 2020;145:632---45.

11
gia  2025;100(4):501136

78. Su F, Xia Y, Huang M, Zhang L, Chen L. Expression of NLPR3
in psoriasis is associated with enhancement of interleukin-1�

and caspase-1. Med Sci Monit. 2018;24:7909---13.
79. Tervaniemi MH, Katayama S, Skoog T, Siitonen HA, Vuola

J, Nuutila K, et al. NOD-like receptor signaling and
inflammasome-related pathways are highlighted in psoriatic
epidermis. Sci Rep. 2016;6:22745.

80. Bivik C, Verma D, Winge MC, Lieden A, Bradley M, Rosdahl
I, et al. Genetic variation in the inflammasome and atopic
dermatitis susceptibility. J Invest Dermatol. 2013;133:2486---9.

81. Zhang Q, Fan HW, Zhang JZ, Wang YM, Xing HJ. NLRP3
rs35829419 polymorphism is associated with increased sus-
ceptibility to multiple diseases in humans. Genet Mol Res.
2015;14:13968---80.

82. Watanabe H, Gaide O, Pétrilli V, Martinon F, Contassot E,
Roques S, et al. Activation of the IL-1beta-processing inflam-
masome is involved in contact hypersensitivity. J Invest
Dermatol. 2007;127:1956---63.

83. Ratsimandresy RA, Dorfleutner A, Stehlik C. An update on
PYRIN domain-containing pattern recognition receptors: from
immunity to pathology. Front Immunol. 2013;4:440.

84. DeYoung KL, Ray ME, Su YA, Anzick SL, Johnstone RW, Trapani
JA, et al. Cloning a novel member of the human interferon-
inducible gene family associated with control of tumorigenicity
in a model of human melanoma. Oncogene. 1997;15:453---7.

85. Kumari P, Russo AJ, Shivcharan S, Rathinam VA. AIM2 in
health and disease: Inflammasome and beyond. Immunol Rev.
2020;297:83---95.

86. Feng S, Yang Y, Liu Z, Chen W,  Du C, Hu G, et al. Intracel-
lular bacteriolysis contributes to pathogenicity of. Virulence.
2022;13:1684---96.

87. Reinholz M, Kawakami Y, Salzer S, Kreuter A, Dombrowski Y,
Koglin S, et al. HPV16 activates the AIM2 inflammasome in
keratinocytes. Arch Dermatol Res. 2013;305:723---32.

88. Ma Z, Ni G, Damania B. Innate sensing of DNA virus genomes.
Annu Rev Virol. 2018;5:341---62.

89. Dombrowski Y, Peric M, Koglin S, Kammerbauer C, Göss C,
Anz D, et al. Cytosolic DNA triggers inflammasome activa-
tion in keratinocytes in psoriatic lesions. Sci Transl Med.
2011;3:82ra38.

90. Yang CA, Huang ST, Chiang BL. Sex-dependent differential acti-
vation of NLRP3 and AIM2 inflammasomes in SLE macrophages.
Rheumatology (Oxford). 2015;54:324---31.

91. Javierre BM, Fernandez AF, Richter J, Al-Shahrour F, Martin-
Subero JI, Rodriguez-Ubreva J, et al. Changes in the pattern of
DNA methylation associate with twin discordance in systemic
lupus erythematosus. Genome Res. 2010;20:170---9.

92. Domingues R, Pietrobon AJ, Carvalho GC, Pereira NZ, Pereira
NV, Sotto MN, et al. Lichen planus: altered AIM2 and NLRP1
expression in skin lesions and defective activation in peripheral
blood mononuclear cells. Clin Exp Dermatol. 2019;44:e89---95.

93. Chai D, Shan H, Wang G, Li H, Fang L, Song J, et al. AIM2 is
a potential therapeutic target in human renal carcinoma and
suppresses its invasion and metastasis via enhancing autophagy
induction. Exp Cell Res. 2018;370:561---70.

94. Wang J, Gao J, Huang C, Jeong S, Ko R, Shen X, et al. Roles
of AIM2 gene and AIM2 inflammasome in the pathogenesis and
treatment of psoriasis. Front Genet. 2022;13:929162.

95. Abramovits W,  Rivas Bejarano JJ, Valdecantos WC. Role
of interleukin 1 in atopic dermatitis. Dermatol Clin.
2013;31:437---44.

96. Weidinger S, Klopp N, Rummler L, Wagenpfeil S, Novak N,
Baurecht HJ, et al. Association of NOD1 polymorphisms with
atopic eczema and related phenotypes. J Allergy Clin Immunol.
2005;116:177---84.
97. Macaluso F, Nothnagel M, Parwez Q, Petrasch-Parwez E,
Bechara FG, Epplen JT, et al. Polymorphisms in NACHT-

http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0275
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0280
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0285
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0290
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0295
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0300
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0305
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0310
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0315
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0320
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0325
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0330
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0335
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0340
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0345
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0350
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0355
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0360
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0365
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0370
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0375
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0380
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0385
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0390
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0395
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0400
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0405
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0410
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0415
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0420
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0425
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0430
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0435
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0440
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0445
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0450
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0455
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0460
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0465
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0470
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0475
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0480
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485


obon

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Y.Á.  Ramos,  A.J.  Pietr

LRR (NLR) genes in atopic dermatitis. Exp Dermatol.
2007;16:692---8.

98. Ramos YÁL, Pereira NV, Aoki V, Sotto MN, Kawakami JT, da Silva
LFF, et al. Cutaneous inflammasome driving ASC/gasdermin-D
activation and IL-1�-secreting macrophages in severe atopic
dermatitis. Arch Dermatol Res. 2024;316:156.

99. de Koning HD, Bergboer JG, van den Bogaard EH, van Vlijmen-
Willems IM, Rodijk-Olthuis D, Simon A, et al. Strong induction
of AIM2 expression in human epidermis in acute and chronic
inflammatory skin conditions. Exp Dermatol. 2012;21:961---4.

00. Grigoryev DN, Howell MD, Watkins TN, Chen YC, Cheadle
C, Boguniewicz M, et al. Vaccinia virus-specific molecular
signature in atopic dermatitis skin. J Allergy Clin Immunol.
2010;125:153---9.e28.

01. Vaher H, Kingo K, Kolberg P, Pook M, Raam L, Laanesoo A, et al.
Skin colonization with S. aureus can lead to increased NLRP1
inflammasome activation in patients with atopic dermatitis. J
Invest Dermatol. 2023;143:1268---78.e8.

02. Pontillo A, Laurentino W, Crovella S, Pereira AC. NLRP1 hap-
lotypes associated with leprosy in Brazilian patients. Infect
Genet Evol. 2013;19:274---9.

03. Jin Y, Mailloux CM, Gowan K, Riccardi SL, LaBerge G, Bennett
DC, et al. NALP1 in vitiligo-associated multiple autoimmune
disease. N Engl J Med. 2007;356:1216---25.

04. Ekman AK, Verma D, Fredrikson M, Bivik C, Enerbäck C. Genetic
variations of NLRP1: susceptibility in psoriasis. Br J Dermatol.
2014;171:1517---20.

05. Cho KA, Suh JW, Lee KH, Kang JL, Woo SY. IL-17 and IL-22
enhance skin inflammation by stimulating the secretion of IL-
1� by keratinocytes via the ROS-NLRP3-caspase-1 pathway. Int
Immunol. 2012;24:147---58.

06. Li L, Mu Z, Liu P, Wang Y, Yang F, Han X. Mdivi-1 alleviates atopic
dermatitis through the inhibition of NLRP3 inflammasome. Exp
Dermatol. 2021;30:1734---44.

07. Jang HY, Koo JH, Lee SM, Park BH. Atopic dermatitis-like skin
lesions are suppressed in fat-1 transgenic mice through the
inhibition of inflammasomes. Exp Mol Med. 2018;50:1---9.

08. Niebuhr M, Baumert K, Heratizadeh A, Satzger I, Werfel T.
Impaired NLRP3 inflammasome expression and function in
atopic dermatitis due to Th2 milieu. Allergy. 2014;69:1058---67.

09. Lu Y, Sun Y, Peng Y, Zhao X, Wang D, Zhang T, et al. Inhibition of
gasdermin D (GSDMD) as a promising therapeutic approach for
atopic dermatitis. Int Immunopharmacol. 2023;124:110958.

10. Nowowiejska J, Baran A, Hermanowicz JM, Pryczynicz A, Siek-
lucka B, Pawlak D, et al. Gasdermin D (GSDMD) is upregulated
in psoriatic skin-A new potential link in the pathogenesis of
psoriasis. Int J Mol Sci. 2023;24:13047.

11. Melehani JH, Duncan JA. Inflammasome activation can
mediate tissue-specific pathogenesis or protection in Staphy-
lococcus aureus infection. Curr Top Microbiol Immunol.
2016;397:257---82.

12. Munoz-Planillo R, Franchi L, Miller LS, Nunez G. A
critical role for hemolysins and bacterial lipopro-
teins in Staphylococcus aureus-induced activation of
the Nlrp3 inflammasome. J Immunol. 2009;183:3942---8,
http://dx.doi.org/10.4049/jimmunol.0900729.

13. Fenini G, Contassot E, French LE. Potential of IL-1, IL-18 and
inflammasome inhibition for the treatment of inflammatory
skin diseases. Front Pharmacol. 2017;8:278.

14. Orfali RL, Sato MN, Takaoka R, Azor MH, Rivitti EA, Han-
ifin JM, et al. Atopic dermatitis in adults: evaluation of
peripheral blood mononuclear cells proliferation response to

Staphylococcus aureus enterotoxins A and B and analysis of
interleukin-18 secretion. Exp Dermatol. 2009;18:628---33.

15. Kezic S, O’Regan GM, Lutter R, Jakasa I, Koster ES, Saunders
S, et al. Filaggrin loss-of-function mutations are associated

1

12
,  F.M.  Teixeira  et  al.

with enhanced expression of IL-1 cytokines in the stra-
tum corneum of patients with atopic dermatitis and in a
murine model of filaggrin deficiency. J Allergy Clin Immunol.
2012;129:1031---9.e1.

16. Bernard M, Carrasco C, Laoubi L, Guiraud B, Rozières A, Gou-
jon C, et al. IL-1� induces thymic stromal lymphopoietin and
an atopic dermatitis-like phenotype in reconstructed healthy
human epidermis. J Pathol. 2017;242:234---45.

17. Inoue Y, Aihara M, Kirino M, Harada I, Komori-Yamaguchi
J, Yamaguchi Y, et al. Interleukin-18 is elevated in the
horny layer in patients with atopic dermatitis and is associ-
ated with Staphylococcus aureus colonization. Br J Dermatol.
2011;164:560---7.

18. Yoshimoto T, Tsutsui H, Tominaga K, Hoshino K, Okamura H,
Akira S, et al. IL-18, although antiallergic when administered
with IL-12, stimulates IL-4 and histamine release by basophils.
Proc Natl Acad Sci U S A. 1999;96:13962---6.

19. Chen JL, Niu XL, Gao YL, Ma L, Gao XH, Chen HD, et al.
IL-18 knockout alleviates atopic dermatitis-like skin lesions
induced by MC903 in a mouse model. Int J Mol Med. 2020;46:
880---8.

20. Aoki V, Lorenzini D, Orfali RL, Zaniboni MC, Oliveira ZNP,
Rivitti-Machado MC, et al. Consensus on the therapeutic mana-
gement of atopic dermatitis - Brazilian Society of Dermatology.
An Bras Dermatol. 2019;94:67---75.

21. Orfali RL, Lorenzini D, Bressan A, Tanaka AA, Cerqueira AMM,
Hirayama ADS, et al. Consensus on the therapeutic manage-
ment of atopic dermatitis --- Brazilian Society of Dermatology:
an update on phototherapy and systemic therapy using e-
Delphi technique. An Bras Dermatol. 2023;98:814---36.

22. Möbus L, Rodriguez E, Harder I, Stölzl D, Boraczynski N,
Gerdes S, et al. Atopic dermatitis displays stable and
dynamic skin transcriptome signatures. J Allergy Clin Immunol.
2021;147:213---23.

23. de Bruin-Weller M, Thaci D, Smith CH, Reich K, Cork MJ,
Radin A, et al. Dupilumab with concomitant topical corti-
costeroid treatment in adults with atopic dermatitis with an
inadequate response or intolerance to ciclosporin A or when
this treatment is medically inadvisable: a placebo-controlled,
randomized phase III clinical trial (LIBERTY AD CAFE). Br J
Dermatol. 2018;178:1083---101.

24. Möbus L, Rodriguez E, Harder I, Schwarz A, Wehkamp U, Stölzl
D, et al. Elevated NK-cell transcriptional signature and dysbal-
ance of resting and activated NK cells in atopic dermatitis. J
Allergy Clin Immunol. 2021;147:1959---65.e2.

25. Yoshida T, Beck LA, De Benedetto A. Skin barrier defects
in atopic dermatitis: from old idea to new opportu-
nity. Allergol Int. 2022;71:3---13, http://dx.doi.org/10.1016/
j.alit.2021.11.006.

26. Beck LA, Cork MJ, Amagai M, De Benedetto A, Kabashima K,
Hamilton JD, et al. Type 2 inflammation contributes to skin bar-
rier dysfunction in atopic dermatitis. JID Innov. 2022;2:100131.

27. Guttman-Yassky E, Pavel AB, Zhou L, Estrada YD, Zhang N, Xu
H, et al. GBR 830, an anti-OX40, improves skin gene signatures
and clinical scores in patients with atopic dermatitis. J Allergy
Clin Immunol. 2019;144:482---93.e7.

28. Orfali RL, Aoki V. Blockage of the IL-31 pathway as a poten-
tial target therapy for atopic dermatitis. Pharmaceutics.
2023;15:577.

29. Lu HF, Zhou YC, Hu TY, Yang DH, Wang XJ, Luo DD, et al.
Unraveling the role of NLRP3 inflammasome in allergic inflam-
mation: implications for novel therapies. Front Immunol.

2024;15:1435892.

30. Coll RC, Schroder K. Inflammasome components as new ther-
apeutic targets in inflammatory disease. Nat Rev Immunol.
2025;25:22---41.

http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0485
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0490
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0495
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0500
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0505
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0510
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0515
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0520
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0525
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0530
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0535
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0540
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0545
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0550
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0555
dx.doi.org/10.4049/jimmunol.0900729
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0565
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0570
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0575
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0580
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0585
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0590
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0595
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0600
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0605
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0610
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0615
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0620
dx.doi.org/10.1016/j.alit.2021.11.006
dx.doi.org/10.1016/j.alit.2021.11.006
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0630
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0635
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0640
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0645
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650
http://refhub.elsevier.com/S0365-0596(25)00078-9/sbref0650


R

P
a
o

D

a

b

R
A

U

h
0
B

Anais Brasileiros de Dermatologia 2025;100(4):501135

Anais Brasileiros de

Dermatologia
www.anaisdedermatologia.org.br

EVIEW

recision  medicine  and  Treat-to-Target  approach  in
topic dermatitis:  enhancing  personalized  care  and
utcomes�

an Hartmann a,∗, Catalina Retamal a, Fernando Valenzuela a,b

Department  of  Dermatology,  Faculty  of  Medicine,  Universidad  de  Chile,  Santiago,  Chile
Department  of  Dermatology,  Clínica  Universidad  de  los  Andes,  Santiago,  Chile

eceived  1  October  2024;  accepted  11  December  2024
vailable  online  18  June  2025

KEYWORDS
Dermatitis,  atopic;
Epigenomics;
Multiomics;
Precision  medicine;
Proteomics

Abstract
Background:  Atopic  dermatitis  (AD)  is  a  chronic  inflammatory  skin  disease  affecting  a  signifi-
cant portion  of  the  global  population.  While  conventional  treatments  effectively  control  and
manage symptoms,  there  is  a  growing  need  for  more  personalized  and  precise  approaches  for
patients. Precision  medicine  has  emerged  as  a  promising  therapeutic  strategy  that  tailors  treat-
ment to  the  individual  characteristics  of  each  patient.  Complementing  this,  the  Treat-to-Target
(T2T) strategy  sets  specific  clinical  goals  and  involves  continuous  monitoring  and  treatment
adjustments  based  on  real-time  patient  responses  and  biomarker  data.
Objectives:  This  review  aims  to  explore  the  latest  advancements  in  precision  medicine  and  the
T2T strategy  for  AD.
Methods:  A  comprehensive  literature  review  was  conducted  to  identify  the  most  recent  studies
and advancements  in  precision  medicine  and  the  T2T  strategy  for  AD.
Results:  Recent  studies  highlight  the  effectiveness  of  precision  medicine  in  achieving  sustained
remission and  improving  the  quality  of  life  for  patients.  The  T2T  strategy  was  shown  to  be  effec-
tive in  preventing  exacerbations  and  adapting  treatments  based  on  real-time  patient  responses
and biomarker  data.

Study  limitations:  The  lack  of  a  consensus  on  the  clinical  implementation  of  precision  medicine
and T2T,  limited  longitudinal  studies  validating  long-term  outcomes,  challenges  in  stratify-
ing patients  due  to  biomarker  heterogeneity,  and  barriers  to  integrating  emerging  diagnostic
technologies  into  routine  practice.

� Study conducted at the Department of Dermatology, Faculty of Medicine, Universidad de Chile and Department of Dermatology, Clínica
niversidad de los Andes.
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D.  Hartmann,  C.  Retamal  and  F.  Valenzuela

Conclusions:  Precision  medicine  and  the  T2T  strategy  represent  significant  advancements  in
the management  of  AD.  These  approaches  offer  the  potential  for  more  personalized,  effective,
and adaptive  treatment  protocols,  leading  to  improved  patient  outcomes.  Continuous  research
and development  in  these  areas  are  essential  to  fully  realize  their  potential  and  integrate  them
into routine  clinical  practice.
©  2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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topic  dermatitis  (AD)  is  a  chronic,  recurrent,  and  mul-
ifactorial  inflammatory  skin  disease  characterized  by  the
resence  of  pruritus,  eczema,  erythema,  and  xerosis.  It
ffects  people  of  all  ages,  up  to  20%  of  children  and
0%  of  adults  in  developed  countries,1 and  it’s  associated
ith  a  significant  impact  on  patients’  quality  of  life.  It  is
aused  by  a  complex  interaction  of  genetic,  immunologi-
al,  and  environmental  factors,  leading  to  an  alteration  of
he  immune  system  that  triggers  inflammatory  processes
ainly  mediated  by  T-cells.  Among  the  main  pathophysio-

ogical  mechanisms  are  the  disruption  of  the  skin  barrier,
ncreased  serum  IgE  levels,  and  altered  synthesis  of  skin
arrier  components  such  as  filaggrin  (FLG).2

The  family  history  of  AD  has  been  described  as  the  most
mportant  disease  risk  factor,1 and  it  is  estimated  that  the
eritability  of  AD  is  approximately  80%,3 highlighting  the
ignificant  importance  of  genetic  factors  in  this  condition.
urthermore,  the  identification  of  specific  disease  biomark-
rs  is  crucial  to  understanding  the  pathophysiology  of  AD,
nd  these  biomarkers  can  include  genetic  profiles,  immuno-
ogical  markers,  and  microbiome  characteristics  of  the  skin.
ultiple  molecules  have  been  identified  in  mechanisms
ontributing  to  skin  barrier  damage,  FLG  alteration  or  syn-
hesis  of  loricrin,  changes  in  membrane  lipid  metabolism
uch  as  ceramides,  loss  of  anchoring  junction  integrity,  and
ysregulation  of  the  keratinocyte  differentiation  process.4

lterations  in  the  microbiome  of  AD  patients  have  also  been
dentified,  with  a  reduction  in  commensal  bacteria  and  an
ncrease  in  the  colonization  of  Staphylococcus  aureus  (SA)
nd  Streptococcus  epidermidis  (SE).5,6 The  detection  and
uantification  of  these  biomarkers  can  provide  valuable
nformation  on  disease  severity,  treatment  response,  and
he  identification  of  potential  therapeutic  targets.

Conventional  treatments  for  AD  include  topical  corticos-
eroids  and  emollients,  which  have  been  the  cornerstone  of
isease  management;  however,  there  is  considerable  vari-
bility  in  patients’  responses  to  these  therapies.  Moderate
o  severe  AD  has  traditionally  been  treated  with  a  vari-
ty  of  therapeutic  options,  including  methotrexate  (MTX),
hototherapy,  and  cyclosporine  A  (CsA).  In  recent  years,
he  therapeutic  landscape  has  evolved  with  the  incorpo-
ation  of  new  biological  and  targeted  treatments,  such
s  dupilumabe  and  Janus  Kinase  (JAK)  inhibitors.7 These
ew  therapies  have  shown  promising  results  in  improving
ymptoms  and  patients’  quality  of  life.8 However,  signifi-

ant  challenges  remain  in  clinical  practice,  particularly  in
etermining  which  treatment  is  most  appropriate  for  each
atient  and  at  what  specific  stage  of  their  disease.9 Cur-
ent  treatment  guidelines  provide  general  recommendations
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ut  still  lack  sufficient  clarity  and  consensus  regarding  the
ersonalization  of  treatment  based  on  individual  patient
haracteristics.  This  uncertainty  highlights  the  need  for  a
ore  precise  and  personalized  approach  to  managing  mod-

rate  to  severe  AD.
In this  context,  precision  medicine  emerges  as  a  new

erspective  in  the  treatment  of  AD,  allowing  a  more  individ-
alized  approach  tailored  to  the  genetic,  biomolecular,  and
nvironmental  characteristics  of  each  patient  (Table  1).  This
eview  aims  to  explore  the  latest  advancements  in  precision
edicine  and  the  T2T  strategy  for  AD.

aterial and methods

uring  August  and  October  2024,  the  authors  conducted  a
arrative  review  of  the  literature  by  entering  the  terms
precision  medicine,"  "atopic  dermatitis,"  "treat-to-target
herapy,"  "dermatology,"  "omics,"  "epigenomic,"  and  "pro-
eomic"  into  PubMed  and  Google  Scholar.  The  search  was
imited  to  articles  in  English  and  Spanish.  All  three  authors
articipated  in  the  search  and  subsequently  selected  the
rticles  based  on  their  relevance.

esults

recision  medicine

he  term  ‘‘precision  medicine’’  refers  to  the  concept  of
ailoring  the  treatment  and  prevention  of  diseases  by  con-
idering  the  different  genetic,  environmental,  or  lifestyle
actors  specific  to  groups  of  people.10 Currently,  precision
edicine  uses  the  genetic  and  molecular  information  of  a

roup  of  patients  to  develop  specific  and  optimized  medica-
ions  or  treatments;  its  primary  goal  is  to  ensure  that  each
edication  or  treatment  is  the  most  suitable  for  treating  an

ndividual,  focusing  also  on  a  reduction  of  side  effects  and
reater  efficacy.11

Advances  in  new  technologies  in  the  areas  of  molec-
lar  and  structural  biology,  also  known  as  omics,  will
lay  a  key  role  in  understanding  the  pathophysiological
echanisms  of  this  disease  and  could  develop  preven-

ive  strategies  and  personalized  treatments.1,12 Precision
edicine  primarily  focuses  on  human  genetic  information.
enetics  involves  the  study  of  genes,  their  effects,  and  their

elationship  with  inheritance.  Within  these  areas  are  the
omics"  sciences,  which  include:  genomics,  transcriptomics,

roteomics,  metabolomics,  glycomics,  lipidomics,  epige-
omics,  metallomics,  metagenomics,  among  others11,13

Table  2).  For  the  study  of  these  omics  and  measurement
f  biomarkers,  there  are  different  techniques  of  transla-
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Table  1  State-of-the-art  of  the  knowledge  about  Precision  Medicine  and  Treat-to-Target  therapy  in  atopic  dermatitis.

Precision  Medicine  Treat-to-Target  (T2T)

Is  the  treatment  based  on  individual  genetic,  molecular
and environmental  characteristics.

T2T  is  a  set  of  specific  clinical  goals  for  remission  or
disease  reduction  with  regular  monitoring  and
adjustments.

The goal  is  optimizing  therapy  effectiveness  and
personalize  treatment  to  specific  patient  profile.

The  goal  is  to  achieve  clinical  goals  through  defined
steps,  constant  evaluations,  and  treatment  adjustments.

The techniques  correspond  to  the  omics  sciences,
focused  on  the  genetic  insights  in  atopic  dermatitis
(FLG,  SPINK5,  RETN,  IL-13,  TSLP,  among  others).  Tools:
GWAS,  NGS  and  PRS.

Use  of  validated  measures  (e.g.,  EASI,  Pruritus  NRS,
DLQI)  to  assess  treatment  effectiveness  and  adjust
therapy.

Biomarkers focused  on  treatment  response  (IL-22,  IL-16)
and prognostic  (CCL22  levels  in  the  skin).

Framework  for  systematic  decisions  (e.g.,  increasing
dose,  adding  therapies,  or  switching  treatment).

It can  be  applied  to  predictive  tools  (e.g.,  Mind.PxTM

patch)  to  determine  patient  response  to  biologics  and
stratification  based  on  cytokine  profiles  (e.g.,
Th1/Th2/Th17  dominance).

It  focusses  on  the  integration  of  outcome  measures  and
patient  collaboration  for  better  adherence  and  shared
decision-making.

Diagnostic tools  like  RNA  microneedle  patches  and  gene
expression  profiling  for  non-invasive  diagnosis  and
therapy  optimization.

Adjust  therapies  based  on  treatment  response  criteria,
transitioning  from  flare  control  to  remission.

The challenges  are  the  translating  omics-based  findings
into clinical  practice,  and  the  higher  costs  and
accessibility  of  technologies.

The  challenges  are  the  lack  of  universal  consensus  for
dermatological  T2T  approaches,  and  the  need  for
multidisciplinary  agreements.

We still  need  the  validation  of  biomarkers  for  therapy
and prognosis,  and  more  studies  on  response  profiles  for

The  T2T  still  need  the  development  of  standardized
criteria  and  tools  to  the  correct  implement  of  T2T
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different  endotypes.

ional  immunologic  approaches  to  measuring  biomarkers
n  inflammatory  skin  conditions  such  as  tape  stripping,
icroneedle-based  dermal  biomarker  patch,  molecular  pro-
ling  form  epidermal  curettage,  RNA  in  situ  hybridization
taining,  single-cell  RNA  sequencing,14 suction  blistering15

nd  skin  microdyalisis16 (Table  3).

enetics  in  atopic  dermatitis

recision  medicine  recognizes  the  importance  of  individ-
al  factors  such  as  genetics,  medical  history,  and  the
atient’s  environment  in  the  development  and  manage-
ent  of  AD.  Personalized  approaches  can  include  selecting

pecific  treatments  based  on  genetic  profiles,  identifying
nd  avoiding  environmental  triggers,  and  regularly  moni-
oring  treatment  responses  using  specific  biomarkers.  The
mplementation  of  personalized  strategies  can  significan-
ly  improve  treatment  efficacy  and  tolerability,  as  well  as
educe  the  risk  of  unwanted  side  effects.

As  previously  mentioned,  genetics  plays  a  key  and  funda-
ental  role  in  the  etiopathogenesis  of  AD.  The  first  genetic

inkage  study,  which  compared  the  inheritance  of  genetic
arkers  with  the  presence  of  a  clinical  trait  to  identify
D  risk  genes,  identified  an  important  susceptibility  locus
n  chromosome  3q21.17 Additionally,  the  FLG  gene,  which
ncodes  filaggrin,  is  one  of  the  best-known  genes  associated
ith  AD  susceptibility  and  severity.18 A  similar  association
as  been  found  with  another  mutation  in  the  serine  pro-

ease  SPINK5.19,20 Studies  conducted  in  Asian  populations
dentified  an  association  between  the  SPINK5  gene,  which
ncodes  a  serine  protease  inhibitor  involved  in  maintaining
he  skin  barrier,  and  AD  susceptibility.21
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broadly  in  atopic  dermatitis.

In  recent  years,  multiple  genetic  risk  factors  related  to
D  have  been  identified,  including  ADAM33,  RETN,  TGFB1,
D207,  TSLP,  IL-13,  IL-4,  IL-31,  IL6R,  STAT3,  KIF3A,  and  HLA-
BQ1,  among  others13,22---27 (Table  4).  Genetic  risk  factors
or  AD  have  been  identified  through  genetic  linkage  studies,
andidate  gene  approaches,  Genome-Wide  Association  Stud-
es  (GWAS),  and  more  recently,  Next-Generation  Sequencing
NGS)  technologies,  which  have  contributed  to  a  better
nderstanding  of  the  genetic  risk  basis  of  AD.1

GWAS  is  a  statistical  approach  that  compares  the  allelic
requency  of  millions  of  genetic  variants  between  patients
nd  healthy  subjects  to  identify  loci  associated  with  clinical
raits.28 These  studies  have  identified  more  than  40  genes
ssociated  with  AD  risk,  including  the  FLG  gene,  and  risk
oci  such  as  SERPINB7,  DSC1,  and  ITGB8,  among  others.1 In
henotype-wide  association  studies,  a  loss-of-function  vari-
nt  of  FLG  is  associated  with  different  clinical  phenotypes
f  AD,  such  as  asthma,  allergic  rhinitis,  and  food  allergy.29

enetic  variation  in  the  MMP  ADAM33  genes  and  the  CD14
onocyte  receptor  has  also  been  associated  with  allergic
ronchitis  and  asthma,  respectively.30

Next-generation  Exome  Sequencing  (WES)  allows  the
dentification  of  genetic  variation  in  exomic  regions,
nabling  the  characterization  of  genetic  factors  under-
ying  AD.1 Rare  variants  in  FLG  and  other  genes  such
s  GTF2H5,  EVPL, or  NLRP1  have  been  identified  in
frican  populations.31 Another  study  identified  a  mutation

n  CARD11  that  generates  potentially  correctable  cellular
32
lterations  leading  to  AD.

Among  the  new  advances  in  genetic  studies,  Polygenic
isk  Scores  (PRS)  have  emerged.  These  scores  are  being  used
o  identify  patients  at  risk  of  developing  AD  and  who  are
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Table  2  Omics  sciences  use  in  medicine.

Omics  Study  T  Detection

Genomics  The  study  of  all  the  genes  of  a  person
(genome),  including  gene
interactions  with  each  other  and
their  environment.

DNA  GWAS,  NGS

Transcriptomics The study  of  the  transcriptome,  the
quantity,  and  activities  of  all  RNAs
(coding  and  non-coding),  at  a  given
time and  place.

mRNA NGS

Microarrays,  RNA-seq
Proteomics  The  study  of  the  proteins  of  an

organism,  tissue  type,  or  cell
(proteome).

Proteins  Matrix-Assisted  Laser
Desorption/Ionization
Time-of-Flight  Mass
Spectrometry
(MALDI-TOF-MS)  and
Liquid
Chromatography
Coupled  with  Tandem
Mass  Spectrometry
(LC-MS/MS).

Metabolomics  The  study  of  small  molecules
(metabolites)  within  tissues,
biofluids,  or  cells;  and  their
interactions  within  a  biological
system  (metabolome).  It  reflects  the
underlying  biochemical  activity  and
state  of  cells  or  tissues.

Metabolites  Mass  Spectrometry
(MS)

Glycomics The  study  of  carbohydrates  within  a
cell or  tissue.

Carbohydrates  Mass  Spectrometry
(MS)

Lipidomics The  study  of  lipids  within  a  cell  or
tissue.

Lipids  Mass  Spectrometry
(MS)

Epigenomics  The  study  of  the  complete  set  of
epigenetic  modifications  on  the
genetic  material  of  a  cell
(epigenome).

DNA  ChIP-Seq/Hi-C/ChIA-
PET

Metallomics  The  study  of  metalloproteins,
metalloids,  and  metals  within  a  cell
or tissue.  It  is  a  branch  of
metabolomics.

Metalloproteins,
metalloids,  and
metals.

Atomic  Absorption
Spectroscopy  (AAS),
Inductively  Coupled
Plasma  Mass
Spectrometry
(ICP-MS)

Metagenomics The  study  of  the  genomes  of  a DNA/rRNA  NGS
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microbial  community.

ore  likely  to  benefit  from  early  therapeutic  intervention.
RS  is  a  quantitative  measure  that  estimates  an  individ-
al’s  genetic  risk  burden  for  developing  a  specific  disease,
alculated  by  aggregating  the  risk  conferred  by  multiple
mall-effect  variants  distributed  throughout  the  genome.1

pplications  of  precision  medicine

ecently,  the  development  of  non-invasive  diagnostic  tools
or  AD  and  psoriasis  has  helped  with  different  condi-
ions  and  guided  effective  therapies.  Additionally,  patients

ften  experience  frustration  due  to  trial-and-error  treat-
ent  approaches,  which  delay  disease  control  and  impact
uality  of  life.  Two  companies,  Mindera  Health  and  Cas-
le  Biosciences,  are  pioneering  non-invasive  technologies  to
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ddress  these  challenges.33 Mindera  Health  developed  the
ind.PxTM dermal  patch,  which  uses  microneedles  to  col-

ect  RNA  from  skin  samples.  Machine  learning  and  genetic
iomarkers  predict  patient  responses  to  specific  psoria-
is  biologics,  reducing  trial-and-error  treatments.34 Clinical
tudies  (e.g.,  STAMP-2,  MATCH)  demonstrated  its  economic
nd  clinical  benefits,  showing  high  predictive  accuracy
n  severe  psoriasis  cases,  and  reducing  biological  therapy
osts.33 On  the  other  hand,  Castle  Biosciences  uses  non-
nvasive  skin  scrapings  and  gene  expression  profiling  to
istinguish  between  psoriasis,  AD,  and  other  conditions  like

33
ycosis  fungoides. Preliminary  studies  identified  distinct
enetic  markers  linked  to  treatment  responses  in  patients
sing  drugs  like  dupilumab  and  risankizumab.35 Ongoing
linical  trials  aim  to  validate  these  findings  and  optimize
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Table  3  Investigational  approaches  for  precision  medicine  in  atopic  dermatitis.

Tape
Stripping

Microneedle-
based
dermal
Biomarker
Patch

Molecular
profiling
from
epidermal
curettage

RNA  in  situ
hybridation
staining

Single  cell
RNA
sequencing

Suction
Blistering

Skin
microdyalisis

Tecnique  Adhesive
tape  strips
are
repeatedly
applied  to  a
patient’s
skin

Micron-sized
needles
sample  RNA
or protein
from  the
skin

Curretting
superficial
epidermal
tissue

Detects
specific
mRNA
molecules
by
hybridation
of  comple-
mentary
18---25bp
probes  and
using  a
chromogeni
or
fluorescent
molecule

Transcriptomic
analysis  of
individual
cells  in
tissues

Blisters  are
induced
with
negative
pressure  in
the  dermo-
epidermal
junction.
The  blister
fluid  is  used
for
proteomic
analysis  and
cells  for
transcrip-
tomic
analysis.

A  microdial-
ysis  probe
tip  is
inserted  at
the
dermoepi-
dermal
junction  and
the
membrane
is  perfused
with  physio-
logical
solution  and
molecules  in
the
dialysate
are
collected.

Layers of
skin
obtained

Superficial
epidermis

Epidermis
and  upper
Dermis

Varies
depending
on
anatomical
location

Epidermis
and  dermis

Epidermis
and  dermis

Epidermis
and  upper
dermis

Not
reported

Sequencing
analysis

Yes Yes  No  No  Yes  Yes  No

Biopsy
needed

No No  No  Yes  Yes  No  No

Limitations Predominantly
samples
stratum
corneum
and
difficulties
standardiz-
ing

Less
invasive
than  biopsy
and  the
techinique
could  lead
to  irritation
and
discomfort

There  is  no
data
reported  on
the  repro-
ducibility  of
the
collection
method

Difficulty  of
analyzing
large
cytokine
panels  since
each  target
requires  a
separate
probe

Difficulty  in
integration
into  the
clinical
workflow
and  samples
may  need  to
be
processed
fresh.

Time
required  for
blistering
formation
(1  hour)

The
collection  of
molecules
varied  with
body  tem-
perature,
blood  flow
and
perfusion
rate.  It  is
difficult  to
standardize
these
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ystemic  therapy  selection.  These  companies  aim  to  revo-
utionize  precision  medicine  in  dermatology  by  improving
iagnosis  and  tailoring  treatment  based  on  genetic  profiles,
ut  there  still  challenges  to  resolve,  including  insurance
overage,  integration  into  clinical  workflows,  and  patient
cceptance.  Successful  implementation  of  these  technolo-

ies  could  significantly  reduce  the  burden  of  inflammatory
kin  diseases.

Proteomics  has  been  useful  in  finding  biomarkers  for  both
reatment  response  and  prognosis.  Studies  have  observed

s
t
l
c

5

factors.

levated  levels  of  various  inflammatory  protein  markers  in
oth  lesional  skin  and  serum  of  patients,  including  pro-
eins  related  to  immune  response  activation  and  associated
ith  Th1,  Th2,  Th17,  and  Th22  responses.36 These  meth-
ds  have  also  been  used  to  identify  treatment  response
arkers,  measuring  levels  of  chemokines  and  cytokines
uch  as  IL-22  and  IL-16  before  and  after  treatment  with
opical  corticosteroids,  showing  a  decrease  in  observed
evels,  and  even  correlating  the  decrease  in  IL-16  with
linical  improvement  after  topical  treatment.37,38 In  2023,
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Table  4  Genes  associated  with  atopic  dermatitis.

Gene  Location  Function  Reference

Filagrin  Chromosome  1q21.3  Part  of  the  epidermal
differentiation  complex.
Skin  barrier  development
and  maintenance.

(Løset  M,  2019) 29

SPINK5  Chromosome  5q32  Protease  inhibitor  for
epidermis  homeostasis

(Bin  L;  2016) 28

ADAM33  Chromosome  20p13  Cell-cell  and  cell-matrix
interactions,  cell
migration  and  cell
adhesion

(Matsuse  A;  2009) 24

TSLP  Chromosome  5q22.1 Promotes  Th2  immune
response

(Bin  L;  2016) 23

IL-4  Chromosome  5q31  Part  of  the  Th2  signaling
pathway

(Bin  L;  2016) 23

IL-13  Chromosome  5q31  Part  of  the  Th2  signaling
pathway

(Bin  L;  2016) 23

IL-31  Chromosome  5q31 Part  of  the  Th2  signaling
pathway

(Bin  L;  2016) 23

IL6R  Chromosome  1q21.3 Immune  response  in
multiple  axes

(Nakajima  S;  2024) 13

STAT3  Chromosome  17q21.2  JAK-STAT  signalling  in
multiple  immune  axes

(Nakajima  S;  2024) 13

HLA-DBQ1  Chromosome  6p21.32  Antigen  presentation  (Nakajima  S;  2024) 13

CD207  Chromosome  2p13.3  Activation  of  Langerhans
cells

(Nakajima  S;  2024) 13

KIF3A  Chromosome  5q31  Formation  of  motile  and
nonmotile  primaria  cilia.
Associated  to  asma  and
atopic  march.

(Stevens  ML;  2020) 25

RETN  Chromosome  19p13  Promotes  expresión  of
pro-inflammatory
cytokines

(Banihani  SA;  2018) 27

TGFB1  Chromosome  19q13.2  Modulates  inflammation (Shafi  T;  2024) 26
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akker  et  al.  conducted  a  review  of  various  studies  that
ttempted  to  classify  AD  patients  based  on  their  immuno-
ogic  biomarkers.39 Among  the  existing  studies  to  date,  Thijs
t  al.  and  Bakker  et  al.,  in  different  cohorts  identified
he  following  endotypes  (Table  5):  Dominant  Th1/Th2/Th17
rofile,  Dominant  Th2/Th22/PARC  Profile,  and  Dominant
h2/eosinophils  Profile.  The  first  two  groups  showed  high

evels  of  IL-4,  IL-5,  and  IL-13  expression.40,41

For  this  reason,  it  has  been  suggested  that  they  could  be
ood  candidates  for  targeted  therapies  such  as  dupilumab
anti-IL-4/IL-13  monoclonal  antibody),  tralokinumab  (anti-
L-13),  and  Lebrikizumab  (anti-IL-13),42,43 while  patients  in
he  remaining  group  may  require  drugs  with  a  broader  action
rofile,  such  as  JAK  inhibitors  (upadacitinib,  abrocitinib,
aricitinib).39,41 However,  more  studies  are  still  needed  to
valuate  the  different  response  profiles  of  each  of  these
ndotypes  to  the  existing  therapeutic  options.

Thus,  the  authors  can  define  2  endotypes  based  on

ytokine  expression,  referred  to  by  Dyjack  et  al.  as  Type  2-
redominant  inflammatory  response  endotype  and  non-Type
-predominant  inflammatory  response  endotype44 (Table  6).
n  turn,  cytokine-based  endotypes  can  be  stratified  by
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and  tissue  remodeling

atient  age.  It  has  been  observed  that  children  with  early-
nset  AD  have  a  Th2/Th22/Th17  predominance,45,46 with  a
ack  of  Th1,  while  adults  have  a  Th22  predominance.47 It
as  also  been  observed  that  adolescents  have  higher  levels
f  IL-22.48

Regarding  prognostic  biomarkers,  CCL22  expression  lev-
ls  in  the  skin  have  been  identified  as  a marker  that  predicts
linical  improvement  during  the  use  of  various  targeted
herapies  such  as  topical  crisaborole,  CsA,  and  fezakinumab
anti-IL-22  monoclonal  antibody).49

argeted  treatment  or  Treat-to-Target  (T2T)

n  managing  patients  with  AD,  decision-making  for  select-
ng  treatment  and  guiding  evaluation  in  individual  patients
an  be  complex  and  often  subjective.50 The  introduction
f  highly  effective  drugs  has  led  to  the  development  of
reatment  algorithms  based  on  specific  treatment  response

argets,  using  algorithms  to  guide  decisions  to  continue,
iscontinue,  or  modify  treatment.51 The  ‘‘Treat-to-Target’’
T2T)  strategy  is  defined  as  a  targeted  treatment  (towards
emission  or  reduction  of  disease  activity)  and  the  appli-
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Table  5  Bakker  endotypes  of  atopic  dermatitis.41

Endotype  Immune  Pathway  Biomarkers  Clinical
Characteristics

Treatment
Implications

Th1/Th2/Th17
Dominant  Profile

Th1,  Th2,  Th17  IL-4,  IL-5,  IL-13,
IL-17.

Mixed  immune
activation;  observed
in some  cohorts;
associated  with
inflammation  and
barrier  dysfunction.

Dupilumab
(anti-IL-4/IL-13),
Tralokinumab
(anti-IL-13),  and
Lebrikizumab
(anti-IL-13).

Th2/Th22/PARC
Dominant Profile

Th2,  Th22  IL-4,  IL-5,  IL-13,  PARC
(CCL18).

High  allergic
response,  skin
thickening
(lichenification);
linked  to  chronic  AD
lesions.

Dupilumab
(anti-IL-4/IL-13),
Tralokinumab
(anti-IL-13),
Lebrikizumab
(anti-IL-13).

Th2/Eosinophils
Dominant  Profile

Th2  IL-4,  IL-5,  IL-13,
Eosinophils.

Strong  allergic
sensitization  with
significant
eosinophilia;  typical
of  severe  allergic
phenotypes.

May  require  broader
treatments  like  JAK
inhibitors
(Upadacitinib,
Abrocitinib,
Baricitinib)  due  to
complex  immune
involvement.

Table  6  Th2  predominant  and  Non-Th2  predominate  endotypes  of  atopic  dermatitis.44

Type  Th2-Predominant  Endotype Non-Type  Th2-Predominant  Endotype

This  endotype  is  driven  primarily  by  Th2-mediated
cytokines:  IL-4,  IL-13,  and  IL-31.

This  subtype  involves  Th1,  Th17,  and  Th22  pathways
alongside  Type  2  responses,  especially  in  specific  patient
populations  or  chronic  phases.

It is  associated  with  acute  inflammation,  itch,  and
barrier  dysfunction  due  to  the  suppression  of
antimicrobial  peptides  and  proteins  like  filaggrin.

Cytokines  such  as  IL-17,  IL-22,  and  IFN-�  are  more
pronounced  in  this  group.

Treatments  like  Dupilumab  (anti-IL-4/IL-13)  and  other
biologics  targeting  Type  2  cytokines  are  effective  in
managing  this  subtype.

It  is  often  observed  in  older  patients  or  those  with  more
complex  AD  presentations.

This form  is  prevalent  in  most  patients  with  AD,
including  children  and  those  with  early-onset  disease.

Broader  immunomodulators,  including  JAK  inhibitors,
may be  needed  for  treatment  due  to  the  overlap  of
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ation  of  strict  controls  (scheduled  visits  with  respective
reatment  adjustments)  to  achieve  a  proposed  goal.52

nother  definition  of  T2T  could  be  the  therapeutic  strat-
gy  of  defining  treatment  with  a  specific  objective  through
efined  steps  with  constant  evaluations  to  determine  if  the
roposed  objectives  have  been  achieved.53

This  approach  provides  a  framework  to  support  treat-
ent  options  made  using  shared  clinical  information,

nd  decision-making  with  patients,  including  discussion
f  relevant  risk/benefit  issues  of  existing  or  alternative
reatments.50 While  T2T  is  well-defined  in  other  inflamma-
ory/immunological  pathologies,  there  are  still  no  clearly
stablished  consensuses  for  dermatological  diseases.  How-
ver,  T2T  is  highly  relevant  in  AD,  which  represents  a

herapeutic  challenge  due  to  its  heterogeneous  clinical  pre-
entation  and  significant  impact  of  symptoms  on  quality  of
ife,  especially  pruritus.54

M
t
m

7

pathways.

A  recent  international  consensus  on  T2T  in  AD  determined
hat  patients  should  be  evaluated  with  validated  measures
uch  as  the  Eczema  Area  and  Severity  Index  (EASI),  the  Max-
mum  Pruritus  Numeric  Rating  Scale,  the  Dermatology  Life
uality  Index  (DLQI),  and  the  Patient-Oriented  Eczema  Mea-
ure  at  3-and  6-months,  using  a T2T  strategy.  The  Committee
ombined  clinical  experience  with  available  recommen-
ations  and  guidelines,  including  those  from  Harmonizing
utcome  Measures  for  Eczema  (HOME),  to  develop  practical
2T  criteria.  A  unanimous  agreement  was  reached  to  evalu-
te  patients  with  at  least  1  of  2  physician-assessed  outcome
easures  (EASI  and  Physician’s  Global  Assessment)  and  at

east  1  of  3  patient-reported  outcome  measures  (Pruritus
umeric  Rating  Scale,  DLQI,  and  Patient-Oriented  Eczema

easure).  With  3  medical  visits  per  year  to  achieve  the  ideal

herapeutic  transition  from  flare  control  to  induction  and
aintenance  of  remission.  A  treatment  will  be  considered
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ffective  if  at  least  one  physician-assessed  outcome  goal  and
t  least  one  patient-reported  outcome  goal  are  met.  If  tar-
et  criteria  are  not  met,  modifications  should  be  made  to
ptimize  the  current  treatment  (e.g.,  increasing  the  dose
r  frequency  of  systemic  therapy),  adding  adjunctive  treat-
ent  (e.g.,  phototherapy  or  another  systemic  therapy),  or

hanging  the  current  treatment.51

In  conclusion,  although  the  T2T  approach  can  become  a
seful  tool  to  simplify  therapeutic  goals  and  management  of
D,  its  foundation  is  just  beginning  to  be  built.  A  multidis-
iplinary  approach,  including  a  wide  range  of  stakeholders,
ncluding  patients,  is  needed  to  better  define  the  essential
omponents  necessary  to  use  T2T  in  AD.55

iscussion

recision  medicine  represents  a  new  era  in  the  treatment
f  AD,  marking  a  transition  from  the  ‘‘one  drug  fits  all’’
pproach,  where  treatments  are  stratified  and  defined  based
n  the  severity  of  the  disease,  to  a  more  personalized  view.
his  approach  considers  that  it  is  unlikely  for  all  patients
o  have  the  same  response  to  treatments,  so  therapeutic
ecisions  are  based  on  the  specific  endotype  of  each  patient,
dapting  to  the  biological  characteristics  and  needs  of  the
atient.

Moreover,  precision  medicine  appears  to  be  the  way  for-
ard  for  guiding  this  diagnostic  and  therapeutic  process  with

he  T2T  strategy.  Unlike  clinical  phenotypes,  which  may  not
e  useful  for  predicting  the  course  of  the  disease,56 con-
idering  the  biological,  genetic,  and  molecular  individuality
f  each  patient  allows  us  to  predict  the  response  to  each
reatment  and  thereby  achieve  the  desired  goal.  This  is
specially  relevant  in  current  times,  with  the  introduction
f  new  systemic  treatments,  including  biological  drugs  and
AK  inhibitors  for  the  treatment  of  atopic  dermatitis.  Strat-
fying  patients  based  on  their  predominant  immunological
iomarkers  will  enable  us  to  use  existing  therapies  more
fficiently  and  targeted  in  patients  with  a  specific  endo-
ype  where  they  will  achieve  better  results.39,57 This  not
nly  maximizes  therapeutic  outcomes  in  patients  requiring
hese  therapies,  who  often  have  moderate  to  severe  cases
hat  have  not  responded  to  other  treatments  previously,50

ut  also  allows  for  better  use  of  these  resources.
It  is  important  to  consider  that  precision  medicine

merges  as  a  response  to  the  need  for  a  more  personalized
pproach  to  the  treatment  of  atopic  dermatitis.  However,
o  integrate  its  use  into  daily  clinical  practice,  it  is  still
ecessary  to  develop  various  studies.  These  studies  should
im  to  validate  the  existing  findings  and  evaluate  the  clin-
cal  response  and  the  levels  of  response  markers  (IL-22
nd  IL-16),  and  prognostic  markers  (CCL22)  proposed  within
ifferent  patient  groups  using  the  existing  therapies.  This
ay,  therapeutic  algorithms  can  be  developed  based  on  this
pproach,  and  scientific  findings  will  translate  into  tangible
enefits  for  patients.39,57

onclusion
recision  medicine  represents  a  new  era  in  the  treatment
f  AD,  offering  more  personalized  approaches  tailored  to
he  individual  needs  of  each  patient.  The  identification  of

8
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pecific  biomarkers,  the  development  of  targeted  thera-
ies,  and  the  application  of  personalized  approaches  are
ey  aspects  in  the  successful  implementation  of  precision
edicine  in  AD.  T2T  corresponds  to  a  tool  that  should  be

greed  upon  by  local  expert  groups,  with  objectives  that
re  modified  over  time,  and  that  allow  making  decisions
ith  the  patient.  However,  further  research  is  needed  to
alidate  these  approaches  and  translate  scientific  findings
nto  tangible  clinical  benefits  for  patients.
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Abstract
Background:  Biologic  therapy  is  an  effective  psoriasis  treatment.  However,  its  long-term  use
carries the  risk  of  serious  adverse  effects  and  high  costs  for  the  healthcare  system,  which  is
particularly  relevant  in  resource-limited  Latin  American  countries.  Therefore,  there  is  scien-
tific interest  in  exploring  the  feasibility  of  tapering  therapy  in  low  disease  activity  or  clinical
remission.
Objective:  To  provide  expert  consensus-based  recommendations  to  guide  personalized  and
efficient tapering  of  biologic  agents  in  adult  patients  with  cutaneous  psoriasis.
Methods:  Following  an  exhaustive  systematic  literature  review,  a  consensus  was  developed
using a  modified  Delphi  methodology  by  a  group  of  Latin  American  clinical  dermatologists
and an  independent  methodological  team.  The  topics  covered  include  treatment  goals,  taper-
ing objectives  and  strategies,  regimens,  monitoring  and  tapering  failure,  and  implementation
considerations  in  patients  with  psoriasis  treated  with  biological  agents.
Results:  The  expert  panel  reached  a  consensus  on  five  general  principles  and  13  recommen-
dations for  tapering  biological  therapy  for  psoriasis.  These  recommendations  provide  scientific
support for  dermatologists  and  healthcare  providers  regarding  criteria  for  tapering,  strategies
and regimens,  monitoring,  failure  management,  and  considerations  for  implementation.
Conclusion:  Tapering  of  biologics  appears  to  be  effective  and  safe  in  psoriasis  patients  with  low
stable activity  or  clinical  remission.  This  Latin  American  consensus  was  developed  in  recognition
of the  need  for  rational  and  optimal  use  of  biologics,  while  individualizing  cases  to  apply  best

clinical practices.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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soriasis  is  a  chronic  inflammatory  skin  disease  with  a
trong  genetic  predisposition  and  autoimmune  pathogenic
eatures.1 It  is  estimated  to  affect  between  2%  and  3%  of
he  world’s  population,  with  a  higher  incidence  in  Nordic
ountries  and  a  lower  incidence  in  equatorial  countries.1 In
atin  America  and  the  Caribbean,  the  incidence  of  psoriasis
as  been  estimated  at  120  per  100,000  patient-years  among
hose  attending  a  dermatology  consultation,2 representing

 high  burden  on  the  healthcare  system.  Long-term  therapy
s  often  required  for  its  management.  The  treatment  choice
s  determined  by  disease  severity,  comorbidities,  and  access
o  medical  care.1

When  first-line  treatments,  such  as  methotrexate
r  cyclosporine,  fail  to  control  the  disease  or  are
ontraindicated,3 biological  therapy  has  proven  to  be
ffective  in  reducing  skin  lesions,  joint  involvement,  inflam-
atory  burden,  and  emerging  comorbidities.4 Despite  its

fficacy,  the  prolonged  use  of  biological  agents  is  associ-
ted  with  serious  adverse  events  and  a  high  cost  of  care.
onsequently,  it  is  of  scientific  interest  to  analyze  whether

 gradual  dose  reduction  can  diminish  the  disadvantages  of
rolonged  use  of  this  therapy  once  a  stable  state  of  low
isease  activity  or  clinical  remission  is  achieved.4

The  evidence  remains  inconsistent  regarding  the  dose

apering  of  biologics  once  the  therapeutic  goal  is  achieved.
radual  dose  tapering  has  been  shown  to  offer  potential
enefits  by  reducing  side  effects,  the  burden  of  repeated
njections,  and  the  cost  of  biological  therapy.4 However,

T
d
T
i

2

linical  guidelines  for  gradual  dose  tapering  of  biologics  in
atients  with  psoriasis  are  lacking,  especially  in  low-income
ountries  where  the  annual  cost  of  this  type  of  therapy  can
e  double  that  of  European  countries.5,6

The  objective  of  this  Latin  American  initiative  is  to  pro-
ide  recommendations  based  on  expert  consensus  to  guide
he  personalized  and  efficient  management  of  dose  reduc-
ion  of  biological  agents  in  adult  patients  with  cutaneous
soriasis,  as  well  as  to  provide  eligibility  criteria,  reduction
trategies,  and  outcomes  to  be  evaluated  when  deciding  to
arry  out  this  strategy,  guaranteeing  the  efficacy  and  safety
f  treatment.

This  document  is  intended  for  dermatologists,  especially
hose  who  use  biological  therapy  in  their  clinical  practice,
nd  other  health  care  and  administrative  professionals  inter-
sted  in  the  subject  in  the  context  of  rational  use  of  health
are  resources.  The  recommendations  should  be  analyzed
nd  implemented  in  the  context  of  individualized  care,
dapted  to  individual  clinical  circumstances  and  the  realities
f  Latin  American  countries.

ethodology

articipants
he  consensus  group  comprised  clinical  dermatologists  who
iscussed,  defined,  and  voted  on  the  final  recommendations.
hey  were  selected  from  different  countries  in  Latin  Amer-

ca  (Argentina,  Brazil,  Chile,  Colombia,  Costa  Rica,  Ecuador,
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uatemala,  Mexico,  Paraguay,  Peru)  based  on  their  spe-
ific  experience  with  psoriasis  and  willingness  to  participate
n  related  activities.  An  independent  methodology  team
uided  the  entire  process.  All  participants  completed  a  dec-
aration  of  interest,  which  was  analyzed  to  identify  potential
onflicts.  Information  on  the  participants  and  their  decla-
ations  of  interest  is  described  in  Supplementary  Appendix
.

cope  and  evidence  search

he  target  population  is  people  aged  18-years  and  older
iagnosed  with  cutaneous  psoriasis,  excluding  arthropa-
hy,  who  are  being  treated  with  biological  agents  and
or  whom  tapering  has  been  decided.  For  this  document,
apering  refers  to  the  reduction  in  dose  or  frequency  of
he  amount  of  biological  medication  administered  to  the
atient  once  therapeutic  goals  have  been  achieved.  Topics
overed  include  treatment  goals,  tapering  strategies,  reg-
mens,  monitoring,  tapering  failure,  and  implementation
onsiderations.

An  exhaustive  systematic  literature  review  was  per-
ormed  to  inform  the  recommendations  for  tapering
iological  therapy  in  psoriasis  patients.  Searches  were  con-
ucted  in  electronic  databases,  including  Medline  (PubMed),
mbase,  and  Ovid,  as  well  as  databases  from  compiling  agen-
ies  and  developers  of  clinical  practice  guidelines.  Search
trategies  were  tailored  to  each  database  using  the  following
erms:  ‘‘psoriasis’’  AND  ‘‘tapering’’  OR  ‘‘dose-adjustment’’
R  ‘‘optimization’’  AND  ‘‘biologic’’.  Initial  searches  were
onducted  in  May  2022  and  updated  in  April  2023.

The  inclusion  criteria  encompassed  clinical  trials,  obser-
ational  studies,  and  systematic  literature  reviews  that
valuated  the  tapering  or  suspension  of  biological  ther-
py.  Secondary  sources,  such  as  clinical  practice  guidelines,
vidence-based  recommendation  documents,  and  economic
tudies,  were  also  considered  based  on  information  needs.
ocuments  produced  in  the  last  seven  years  available  as
ull  publications,  abstracts  (provided  they  contained  rele-
ant  information),  in  press,  or  gray  literature  were  included.
here  were  no  language  restrictions.  Additionally,  searches
ere  conducted  on  the  websites  of  relevant  international

cientific  societies.
For  the  selection  of  identified  references,  two  review-

rs  independently  evaluated  the  documents  based  on  the
ligibility  criteria.  The  initial  screening  was  performed
y  reviewing  titles  and  abstracts,  followed  by  a  full-text
eview.  Disagreements  regarding  inclusions  were  resolved
hrough  discussion.  For  the  quality  assessment  of  the
elected  studies,  the  Cochrane  risk  of  bias  tool7 was  used  for
andomized  Clinical  Trials  (RCTs),7 the  Newcastle-Ottawa
cale8 for  observational  studies,  and  the  Joanna  Briggs
nstitute  Checklist9 for  analytical  cross-sectional  studies.
etailed  specifications  of  the  search,  selection,  and  quality
ssessment  processes  are  provided  in  Supplementary  Mate-
ial  1.
elphi  process

 formal  consensus  was  reached  using  the  modified  Del-
hi  methodology.  Based  on  the  selected  evidence,  a  list  of
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tatements  was  prepared  according  to  a  thematic  matrix.
he  panel  of  experts  reviewed  the  questionnaire  to  deter-
ine  the  need  for  adjustments,  deletions,  or  additions.  The
nal  version  of  the  questionnaire  included  64  items  orga-
ized  into  thematic  blocks:  criteria  for  tapering  (goals  and
bjectives),  strategies  and  regimens,  follow-up,  definition
f  failure  or  relapse  during  tapering,  re-treatment,  and
ther  considerations.

In  the  first  round,  all  panel  members  completed  the  Del-
hi  questionnaire  asynchronously  and  anonymously  online.
he  degree  of  agreement  with  the  statements  was  recorded
sing  a 5-point  Likert  scale.10 The  expert  judgments  were
abulated  and  presented  in  a  second  round,  maintain-
ng  the  confidentiality  of  each  member’s  opinions.  Items
acking  clear  consensus  and  controversial  aspects  were
ddressed  through  exhaustive  deliberations  and  anonymous
ynchronous  votes  to  reach  the  final  consensus.  Detailed
elphi  process  specifications  and  results  are  provided  in  Sup-
lementary  Material  2  and  illustrated  in  Fig.  1.

resentation  and  interpretation  of  consensus
tatements

n  the  following  section,  the  statements  are  organized  by
ubject.  When  a  statement  indicates  that  an  action  ‘‘must
e  performed’’,  it  signifies  that  there  is  solid  evidence  of
oderate  or  high  quality  supporting  the  efficacy  and  ben-

fits  of  the  recommended  action.  Additionally,  there  is  a
onsensus  among  panel  participants  that  this  action  should
e  performed  in  almost  all  cases.  Conversely,  when  it  is  men-
ioned  that  an  action  ‘‘could  be  carried  out’’  or  ‘‘could  be
onsidered’’,  it  implies  that  the  intervention  is  supported
y  limited  or  low-quality  evidence  or  lacks  applicability  to
atin  American  scenarios.  The  general  agreement  among  the
anel  is  that  such  actions  could  be  implemented  in  selected
ircumstances,  considering  the  particular  characteristics  of
he  patient  and  the  context  of  care.

esults and discussion

he  consensus  process  resulted  in  13  recommendations  for
apering  biological  therapy  in  psoriasis  patients.  The  use
f  strategies  to  reduce  the  dose  or  extend  the  interval  of
dministration  of  biological  agents  in  patients  with  psori-
sis  should  be  planned  according  to  the  general  principles
escribed  in  Table  1.

The  characteristics  of  the  selected  studies  are  described
n  detail  in  Supplementary  Appendix  3.  This  evidence
ncludes  eight  clinical  trials  (10  publications)  that  evaluated
he  efficacy  of  dose  reduction  or  interval  prolongation  of  bio-
ogical  agents.11---20 These  studies  included  between  111  and
,546  patients  who  had  been  treated  for  ≥12  or  24  weeks
ith  agents  such  as  adalimumab,  etanercept,  ustekinumab,
rodalumab,  secukinumab,  and  guselkumab.  Seven  clinical
rials  (eight  publications)13,16,19---24 evaluated  the  complete
iscontinuation  of  biological  therapies  such  as  etanercept,
dalimumab,  tildrakizumab,  and  risankizumab  (n  =  3,298

atients),  with  treatment  duration  ranging  from  4-months
o  nearly  5-years  before  discontinuation.  Furthermore,  22
bservational  studies  investigated  biologic  tapering  in  pso-
iasis  patients.11,25---45 These  studies  included  sample  sizes
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Fig.  1  Consensus  develo

Table  1  General  principles  for  tapering  biologic  therapy  in
psoriasis.

General  principles

The  decision  to  taper  biologic  agents  in  psoriasis  must  weigh
benefits  and  risks  through  an  individualized  assessment  of
each patient.

Each  patient  evaluation  should  be  based  on  disease  severity,
presence  of  comorbidities,  quality  of  life,  and  patient
values and  preferences.

The  statements  generated  from  this  consensus  serve  as
suggested  practice  recommendations  without  constituting
a restrictive  care  guideline  for  patients  with  psoriasis.

Particularly  in  the  Latin  American  context,  it  is  important  to
consider  the  realities  of  the  specific  clinical  setting  and
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tic  goals  than  complete  clearance  has  been  controversial;
the availability  of  resources  when  implementing  the
recommendations.

anging  from  2  to  223  patients  with  treatments  such  as  adal-

mumab,  etanercept,  ustekinumab,  infliximab,  guselkumab,
xekizumab,  and  secukinumab,  with  biological  treatment
urations  of  at  least  six  months.  Information  from  six  sec-
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pment  methodology.

ndary  sources  was  also  included:  consensus  documents,46---48

ractice  guidelines,49,50 and  recommendation  documents.51

The  evidence  for  each  topic  is  described  below.

riteria  for  tapering

able  2  describes  the  consensus  statements  on  criteria  for
apering  of  biological  therapy  in  psoriasis.

Published  studies  have  shown  wide  heterogeneity  in
cales  and  cutoffs  to  define  the  treatment  goals  and
he  appropriate  time  to  taper  biological  therapy.  Recent
dvances  in  biologics  development  have  motivated  the
stablishment  of  more  stringent  therapeutic  targets.  The
vidence  consistently  suggests  strategies  for  tapering
n  psoriasis  patients  with  a  complete  or  near-complete
esponse,  measured  by  a PGA  0---1,  a  PASI90,  or  a
ASI  ≤  2.11,14,15,17,18,52---56

The  initiation  of  tapering  with  less  demanding  therapeu-
owever,  there  is  evidence  of  acceptable  outcomes  in  these
ettings.  In  the  United  States,  tapering  adalimumab  in
atients  with  a  PASI  score  ≥  50  resulted  in  the  maintenance
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Table  2  Consensus  statements  on  criteria  for  tapering  biologic  therapy  in  psoriasis.

Statements  Agreement  level

Tapering  of  biological  therapy  may  be  considered  in  patients  with  psoriasis  who  achieve  and  maintain  the
therapeutic  goal  of  a  sustained  PASI100,  PASI/BSA/PGA  0,  for  at  least  one  year.

100%

Tapering  of  biological  therapy  may  be  considered  in  patients  with  psoriasis  who  achieve  and  maintain  an
absolute PASI  <  3  for  at  least  one  year,  according  to  individual  clinical  characteristics  and  in  consultation
with the  patient.

67%a

Tapering  of  biological  therapy  may  be  considered  in  patients  with  psoriasis  involving  specific  areas  with
complete or  almost  complete  improvement  (PGA  0---1  )  for  at  least  one  year.

87%

Tapering  of  biologic  therapy  may  be  considered  in  patients  with  mild  psoriasis,  good  general  health,  a  low
initial PASI  score,  a  good  response  to  biologic  treatment,  and  a  short  time  to  clinical  remission.

88%

When considering  tapering  of  biologic  therapy,  health-related  quality  of  life  should  be  taken  into  account,
as it  may  deteriorate  significantly  during  treatment  interruption.

94%

ent; 

o
a
t
o
w
P

C
b
r
8
m
c
c
i
c
u
p
v
c

h
2
t
d
O
y
s
a
1

o
i
r
c
R
o
u
l
n
i
p
d

i
o
i

i
t
f
y
t

a
s
0
o
a
r
c

T

T
s

i
a
e
w
e
m
c
E
e
m
P
y

s

a

PASI, Psoriasis Area Severity Index; PGA, Physician Global Assessm
a Unanimous agreement was not possible.

f  response  at  24-weeks.17,55 Observational  studies  in  Spain
nd  Europe34,35,37 have  shown  sustained  clinical  responses  in
he  majority  of  patients  at  6-  and  12-months  after  tapering
f  biologic  therapy,  mainly  for  adalimumab  and  etanercept,
hen  they  achieved  responses  of  ≥  PASI50,  ≥  PASI75  or

ASI  <  3  maintained  over  time.
Evidence  from  the  region  includes  a  cohort  study  in

olombia  (n  =  467)  that  evaluated  the  tapering  of  various
iologics  in  patients  with  psoriasis  who  achieved  a  sustained
esponse,  including  an  absolute  PASI  <  3,  and  reported  that
8%  of  patients  maintained  a  clinical  response  after  eight
onths  of  follow-up.43 The  consensus  panel  extensively  dis-

ussed  the  appropriateness  of  an  absolute  PASI  <  3  as  a
riterion  for  considering  tapering  strategies.  However,  unan-
mous  agreement  was  not  possible  due  to  the  variability  of
ases,  particularly  in  psoriasis  of  special  localizations.  The
se  of  thresholds  other  than  complete  clearance  in  psoriasis
atients  is  a  decision  that  should  be  considered  on  an  indi-
idual  basis  according  to  the  clinical  manifestations  and  in
onsultation  with  the  patient.

In  a  survey  of  dermatologists  worldwide  (n  =  57),  nearly
alf  of  the  physicians  used  a  PASI  ≤  1  or  ≤  2,  a  BSA  ≤  1  or  ≤
,  or  a  PGA  ≤  1  as  criteria  for  initiating  tapering  of  biologic
herapy,  while  a  quarter  indicated  that  they  would  consider
ose  reduction  only  in  psoriasis-free  patients  (PASI/PGA0).
verall,  64.9%  of  patients  were  tapered  after  at  least  one
ear  of  treatment.51 This  finding  is  consistent  with  studies
howing  that  tapering  of  biologic  therapy  typically  occurs
fter  maintaining  individualized  treatment  goals  for  at  least
2-months.

Even  though  the  DLQI  is  rarely  used  to  define  the  start
f  tapering  of  biological  therapy,11 factors  associated  with
mproved  quality  of  life,  such  as  reduction  in  psoriasis-
elated  symptoms  and  treatment  satisfaction,  are  often
onsidered.  The  use  of  the  DLQI  is  important  as  a  Patient-
eported  Outcome  (PROM)  in  the  comprehensive  assessment
f  psoriasis,  but  it  requires  guidance  for  optimal  use  and  easy
nderstanding  by  patients.  According  to  the  panel,  these
imitations  prevent  the  DLQI  from  being  established  as  a

ecessary  criterion  for  determining  the  tapering  of  biologics
n  patients  with  psoriasis.  However,  the  importance  of  the
atient’s  perspective  in  tapering  has  been  documented  in
ermatology  clinical  practice  worldwide.51 Therefore,  clin-
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BSA, Body Surface Area.

cians  are  urged  to  include  a  comprehensive  assessment
f  patients  and  their  circumstances  as  part  of  shared  and
nformed  decision-making.

Based  on  the  results  of  several  previous  clinical  stud-
es,  discontinuing  biologic  therapy  should  be  considered  if
he  patient’s  condition  can  be  maintained  in  near  remission
or  40-  to  52-weeks.50 No  long-term  evidence  beyond  one
ear  has  been  presented  for  any  biological  product  using
his  strategy.47,50

The  studies  that  included  biologic  discontinuation  as
 strategy  evaluated  the  achievement  of  goals  using  PASI
cores  of  ≥  50  or  ≥  75,  PGA  scores  of  ≤  2,  or  sPGA  scores
---1,  showing  wide  variability.13,16,19---24 However,  the  results
f  these  studies  support  the  continuation  of  biological  ther-
py  to  maintain  efficacy  over  time,  given  the  high  relapse
ates  and  deterioration  in  health-related  quality  of  life  asso-
iated  with  discontinuation  of  therapy.50

apering  strategies  and  regimes

able  3  describes  the  consensus  statements  on  tapering
trategies  and  regimens  for  biologic  therapy  in  psoriasis.

The  evidence  supports  the  possibility  of  tapering  biolog-
cal  therapy  in  psoriasis  patients  who  achieve  and  maintain

 therapeutic  response.  Strategies  for  tapering  include
xtending  the  intervals  between  doses,  reducing  the  dose
hile  maintaining  continuous  treatment,  and  using  the  low-
st  effective  dose  for  maintenance  therapy.47 For  some
olecules,  studies  have  demonstrated  the  safety  of  redu-

ing  the  initial  dose  by  up  to  50%  while  maintaining  efficacy.3

xtending  dosing  intervals  is  the  most  commonly  used  strat-
gy  in  observational  studies,  with  60%  to  100%  of  patients
aintaining  clinical  responses  of  ≥  PASI75,  ≥  PASI90,  or  even

ASI100  at  various  follow-up  periods,  typically  up  to  one
ear.7,11,25,30,31,33,36,40---42,45

The  different  tapering  regimens  for  each  biologic  are
hown  in  Table  4.

In  general,  administration  intervals  are  prolonged  within
 fixed  schedule,  with  the  possibility  of  further  adjust-

ents  to  increase  the  time  between  doses  if  disease  stability

s  maintained  after  6-months  of  therapy.  These  strate-
ies  could  be  adapted  to  different  groups  of  patients.  For
xample,  a  study  that  evaluated  the  impact  of  prolonged
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Table  3  Consensus  statements  on  tapering  strategies  and  regimens  for  biological  therapy  in  psoriasis.

Statements  Agreement  level

In  patients  with  psoriasis  who  have  achieved  and  maintained  a  therapeutic  response,  tapering  of  biological
therapy aims  to  maintain  the  established  goal  while  using  the  lowest  possible  effective  dose.

92%

Tapering  strategies  include  gradually  increasing  the  intervals  between  administrations  and  reducing  the
dose for  those  medications  that  allow  it.

92%

Biologic  dosage  regimen  should  allow  for  flexible  dose  modification  (increasing  the  interval  or  reducing  the
dose).

82%

The tapering  regimen  should  be  based  on  the  indications  for  each  biologic,  its  dosing  intervals  and  dose
adjustment  options  (see  Table  4).

100%

Table  4  Tapering  regimens  for  biological  treatment  of  psoriasis.

Biological  Standard  Dosage  Initial  Tapering  Regimen  Extended  Tapering  Regimena

Adalimumab  40  mg  every  2-weeks  40  mg  every  4-weeks  Then,  every  6-weeks
Etanercept 50  mg  every  week  50  mg  every  14-days  Up  to  21-day  interval
Infliximab 3  or  5  mg/kg  every  8-weeks  Do  not  taper  due  to

associated  risks;  prefer
switching

Ustekinumabb 45  mg  (≤100  kg)  every  12-weeks 45  mg  every  16-weeks Up  to  24-week  interval
90 mg  (>100  kg)  every
12-weeks

90  mg  every  16-weeks Up  to  24-week  interval
45 mg  every  12-weeks  45  mg  every  16-weeks

Secukinumabc 300  mg  every  4-weeks 300  mg  every  6-weeks  Up  to  8-week  interval
150 mg  every  4-weeks  Up  to  6-week  interval

Guselkumab 100  mg  every  8-weeks  100  mg  every  12-weeks  Up  to  interval  every  16  weeks
Risankizumab  150  mg  every  12-weeks  150  mg  every  16-weeks  Until  interval  every  24-weeks
Certolizumab  pegol  200  mg  every  2-weeks  200  mg  every  4  weeks  200  mg  every  6-weeks
Ixekizumab 80  mg  every  4-weeks  80  mg  every  6-weeks  80  mg  every  8  weeks

a If remission persists after 6-months of reduced dose therapy.
b Efficacy was better maintained over time in the standard-dose group than in the tapering group.
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c An every 6-week regimen may result in a less pronounced PAS
75-years, and those with prior treatment for psoriasis).

reatment  intervals  and  early  intervention  (≤  2-years  from
ymptom  onset)  with  guselkumab  demonstrated  the  possi-
ility  of  tapering  in  super  responders  (PASI0  at  weeks  20  and
8)  while  maintaining  favorable  PASI  and  DLQI  measures  over
ime  has  been  demonstrated.52

Intermittent  therapy  has  been  considered  in  patients
ith  a  good  response  and  those  with  a  history  of  short
xacerbations  (lasting  less  than  six  months  per  year).47 Evi-
ence  from  randomized  clinical  studies  with  withdrawal  and
etreatment  periods  has  described  for  guselkumab  a  median
ime  to  loss  of  PASI90  response  of  15.2  weeks  (23  weeks
fter  the  last  dose  of  guselkumab)57 and  for  ixekizumab,  a
edian  time  to  loss  of  response  (PASI  ≤  50)  of  20.4  weeks

143  days).58

A  systematic  literature  review59 revealed  evidence  of
he  efficacy  and  safety  of  intermittent  therapy  with  tumor
ecrosis  factor  inhibitors  (adalimumab,16 certolizumab
egol,60 etanercept,23,37,56,61,62 infliximab),24,63 anti-
nterleukin  12/23  (ustekinumab),64,65 anti-interleukin  23
guselkumab)57 and  anti-interleukin  17  (brodalumab,54,58,66

xekizumab58 and  secukinumab12).  Studies  have  shown  that

0%  or  more  of  patients  on  intermittent  therapy  achieve  dis-
ase  control  (as  defined  in  each  study)  after  re-treatment,
ith  the  safety  profiles  of  the  biologics  during  re-treatment
eing  as  expected.  The  exception  to  these  general  findings
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responses in some patient groups (women, patients aged 65- to

as  infliximab,  which  had  the  lowest  rate  of  achievement  of
he  efficacy  outcome  (25%  and  38%  in  the  two  dosing  groups
valuated)  and  a  higher  incidence  of  adverse  reactions.
he  consensus  panel  considers  that  infliximab  tapering
ay  impose  immunological  risks  for  patients;  therefore,

witching  to  a  different  biologic  is  preferred.
Another  strategy  addressed  in  these  studies  is  complete

reatment  interruption.  Clinical  trials  with  adalimumab,
tanercept,  and  risankizumab  have  reported  shorter  main-
enance  times  of  clinical  response,  with  subsequent
orsening  of  PASI  scores  and  health-related  quality  of

ife.13,16,19---24

Finally,  the  decision  on  the  tapering  strategy  and  regi-
en  of  biologics  in  psoriasis  treatment  should  be  based  on

n  individualized  assessment  of  the  clinical  situation,  con-
idering  the  duration  of  treatment,  the  achievement  of  the
roposed  goals,  the  specific  characteristics  of  the  biologic
gent,  the  patient’s  satisfaction  with  the  treatment,  and  the
esources  available  to  comply  with  the  recommendations.

onitoring  and  failure  during  tapering
able  5  describes  the  consensus  statements  on  monitoring
nd  managing  failures  during  tapering  of  biologic  therapy  in
soriasis.
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Table  5  Consensus  statements  on  follow-up  and  failure  of  tapering  of  biologic  therapy  in  psoriasis.

Statements  Agreement  level

Patients  undergoing  tapering  of  biological  therapy  should  be  followed  up  every  3-months,  or  sooner  if
there is  a  worsening  of  symptoms  (skin  or  joint)  or  any  other  situation  that  warrants  it.

100%

The identification  of  any  of  the  following  criteria  at  any  time  during  follow-up  is  considered  a  failure  of
the tapering  strategy:

Absolute  PASI  >3  100%
PGA/BSA >1  93%
Unacceptable  increase  in  disease  activity  as  judged  by  the  patient  100%
Change in  morphology  (e.g.,  psoriasis  with  pustules)  93%
Reactivation  or  appearance  of  lesions  in  specific  areas  100%
Onset of  joint  symptoms 100%
In  the  event  of  a  relapse  with  PASI  ≥  10  in  a  patient  with  psoriasis  undergoing  tapering  of  biologic  therapy,

the induction  dose  of  the  biologic  should  be  restarted.
100%

In the  event  of  a  relapse  with  PASI  <  10  in  a  patient  with  psoriasis  undergoing  tapering  of  biologic  therapy,
the immediately  previous  effective  dose  of  biologic  therapy  should  be  reinstated.

100%
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PASI, Psoriasis Area Severity Index; PGA, Physician Global Assessm

Follow-up  times  in  trials  that  reduced  the  dose  or
xtended  the  interval  between  doses  of  the  biological  agent
aried  widely.  In  clinical  trials,  patients  are  usually  evalu-
ted  every  4-  to  12-weeks,14,15,17,18,52---56,67 including  those
ho  have  interrupted  the  biologic.13,16,19---24 In  observational

tudies,  tapering  strategies  have  been  monitored,  usually
very  12-  to  16-weeks  or  at  increasingly  longer  intervals,
epending  on  the  time  of  biologic  interruption.11,25---43 The
panish  Psoriasis  Group  of  the  Spanish  Academy  of  Der-
atology  and  Venereology  (AEDV)  recommends  monitoring

very  8-  to  12-weeks  during  the  maintenance  phase  for  the
ajority  of  biological  agents,  the  maintenance  phase  was
efined  as  the  period  of  treatment  starting  after  the  induc-
ion  phase,  regardless  of  its  length,  based  on  the  patient’s
eeds  and  it  can  last  from  several  weeks  to  years,  or  even  a
ifetime,  depending  on  the  patient’s  needs.47

The  expert  panel  of  this  consensus  considers  that  follow-
p  every  three  months  is  indicated  for  the  Latin  American
ontext,  considering  the  clinical  circumstances  and  the  dif-
erent  insurance  scenarios  and  healthcare  systems  in  the
egion.

To  our  knowledge,  there  is  no  consensus  on  the  defi-
ition  of  biologic  tapering  failure.  In  general,  a  decrease
n  the  PASI  score  (<50  or  <75  or  a  decrease  ≥50%  from
he  improvement  achieved  prior  to  discontinuation),  a  PGA
core  ≥3  or  loss  of  response  status,  or  a  DLQI  score  >  5
as  indicated  tapering  failure  in  psoriasis  patients  in  clin-
cal  trials.14,15,17,18,52---56,67 In  observational  studies,  tapering
ailure  was  defined  as  loss  of  response,  individually  defined
nd  measured  by  PASI  or  DLQI,  between  3-  and  24-months
fter  the  start  of  the  strategy.11,25---43 In  trials  where  bio-
ogical  treatment  was  interrupted  completely,  failure  was
efined  as  a  decrease  in  PASI  score  >50%  from  the  initial
mprovement  or  a  PGA  score  of  ≥  3.13,16,19---24 The  Spanish
onsensus  on  the  evaluation  and  treatment  of  moderate-
o-severe  psoriasis  defined  relapse  after  discontinuation  of
n  effective  drug  as  a  loss  of  ≥  50%  of  the  improvement

chieved  or  a  PGA  score  of  >2  if  a  PGA  0---1  was  achieved  at
ny  time.47

In  the  opinion  of  this  expert  panel,  the  heterogeneity
n  the  definitions  of  biologic  tapering  failure  in  psoriasis
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BSA, Body Surface Area.

atients  is  a consequence  of  the  variability  in  the  definition
f  the  goals  of  the  strategy.  In  this  context,  any  evidence  of
egression  in  achieving  the  treatment  goals  set  for  tapering
ndicates  failure.  Similarly,  specific  clinical  circumstances,
uch  as  changes  in  the  morphology  of  psoriasis  (e.g.,  gen-
ralized  erythrodermic  or  pustular  psoriasis),  reactivation
r  appearance  of  lesions  in  specific  areas,  and  negative
atient-reported  events,  such  as  the  appearance  of  joint
ymptoms  or  an  unacceptable  increase  in  disease  activity,
ust  also  be  considered  as  tapering  failures  and  require

xpedited  evaluation  to  determine  the  appropriate  course
f  action.

In  the  trials  that  reported  relapse,  less  than  18%
f  patients  who  underwent  tapering  experienced  relapse
ithin  6-months  to  40-weeks.13,17,19,55 Times  to  relapse  var-

ed  and  no  significant  differences  in  relapse  rates  were
eported  according  to  the  type  of  biological  agent.43 Once
oss  of  response  has  been  established,  therapeutic  options
nclude  restarting  biological  therapy  at  the  last  effective
ose,  re-treatment  with  standard  doses,  rescue  therapy  or
witching  biological  agents.11,25---43 According  to  the  consen-
us  panel,  the  therapeutic  decision  in  these  patients  should
e  based  on  the  severity  of  the  relapse.  In  the  studies  that
eported  this  finding,  most  patients  achieved  a  target  PASI
ithin  456 to  12-weeks17,55 of  treatment  restart.  Recovery  of

hese  responses  after  re-treatment  has  also  been  reported  in
ncontrolled  follow-up  cohort  studies.31,36,45 These  findings
urther  support  the  efficacy  and  safety  of  tapering  biologic
herapy  in  psoriasis  patients.

onsiderations  for  implementation

apering  strategies  aim  to  minimize  chronic  immunomod-
lation,  which  is  associated  with  opportunistic  infections
nd  other  complications.  In  addition,  tapering  reduces
he  occurrence  of  side  effects,  and  the  anxiety  associ-
ted  with  lifelong  medication.  Tapering  is  in  line  with

he  patient’s  preference  to  reduce  the  frequency  of
oses  and  the  time  spent  on  treatment.  Strategies  to
educe  biological  therapy  in  psoriasis  patients  also  support
echnical-scientific  rationalization  within  regional  health-
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are  systems  and  address  the  general  resource  limitations
n  Latin  America.  Dermatology  groups  have  reported  cost
avings  as  one  of  the  main  outcomes  of  reducing  the  dose
f  biologic  agents.51 Cost  studies  have  shown  that  dose
eduction  or  prolongation  of  the  administration  interval,  as
ell  as  intermittent  therapy  regimens,  are  viable  alterna-

ives  to  optimize  biologic  treatment  and  reduce  therapy
osts.28,46

This  document  is  based  on  the  best  available  evidence
t  the  time  of  its  production.  However,  it  is  recognized  that
he  results  of  ongoing  studies  or  future  research  may  require
odifying  some  of  the  recommendations  described  here  or

enerating  new  recommendations.  The  biologics  addressed
n  the  consensus  are  currently  available  or  may  soon  be
vailable  in  Latin  American  countries.  Some  molecules
or  which  there  is  evidence  to  support  tapering,  such  as
rodalumab,54,58,66 were  not  included  in  specific  recommen-
ations  because  they  are  not  available  in  Latin  American
ountries.  There  are  currently  very  few  reports  on  tapering
olecules  such  as  risankizumab,  so  specific  guidelines  for

hese  should  be  developed  in  future  updates  of  this  consen-
us.

The  guidance  provided  in  this  consensus  is  intended
o  support  the  development  of  efficient  and  safe  taper-
ng  strategies  for  biologics,  but  it  is  not  a  rigid
uideline.  As  previously  emphasized,  flexibility  in  bio-
ogic  tapering  regimens  must  be  maintained  through
etailed  and  individualized  clinical  assessments,  consid-
ring  patients’  values,  preferences  and  circumstances  in
he  context  of  shared  decision-making.  In  this  context,
t  is  expected  that  physician-prescribed  strategies  for
apering  or  reinitiation  of  biologic  therapy  for  psoriasis
ill  be  administratively  facilitated  to  promote  adherence,
nsure  timely  follow-up,  and  improve  the  chances  of
aintaining  stable  disease  with  reduced  pharmacological

equirements.

onclusions

apering  of  biological  therapies  appears  to  be  effective
nd  safe  in  psoriasis  patients  with  low  stable  activity
r  clinical  remission.  This  Latin  American  consensus  was
eveloped  in  recognition  of  the  need  for  rational  and
ptimal  use  of  such  therapies,  including  both  their  admin-
stration  and  discontinuation,  to  maintain  the  best  health
utcomes  for  patients.  This  consensus  aims  to  facilitate
ecision-making  by  incorporating  the  best  and  most  recent
vailable  evidence,  especially  in  heterogeneous  popula-
ions  with  limited  healthcare  resources.  Encouraging  local
esearch  is  essential  to  advance  knowledge  on  issues
elated  to  biologic  suspension  and  to  inform  future  tapering
pdates.

xternal review and consensus update
 preliminary  version  of  this  manuscript,  previously
pproved  by  the  authors,  was  submitted  for  external  peer
eview.  The  need  to  update  this  consensus  should  be  evalu-
ted  in  three  years  or  sooner  if  necessary.
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otryomycosis: series of cases
iagnosed between 2000 and

therapeutic  approaches,  and  responses  to  the  proposed
treatments.

Table  1  summarizes  the  main  information  of  the  cases.

023 in the Dermatology
ivision of a tertiary hospital�

ear  Editor,

otryomycosis  is  a  rare  chronic  granulomatous  disease  that
an  present  as  a  cutaneous  or  visceral  disease.1 It  is  impor-
ant  to  differentiate  it  from  other  diseases  that  produce
rains  as  a  parasitic  form  of  the  etiological  agent,  includ-
ng  eumycetoma  and  actinomycosis,  aiming  targeted  and
ssertive  treatment,  preventing  disease  progression  and
nsuring  better  quality  of  life  for  the  affected  individuals.

Therefore,  the  objective  of  this  case  series  is  to  present
even  cases  of  botryomycosis  treated  at  a  university  der-
atology  service,  from  January  2000  to  2023,  analyzing  the
atient’s  individual  characteristics,  locations  of  the  lesions,

Table  1  Summary  of  botryomycosis  cases.

Age  Sex  Location  Agent  Treatment  Evolution

17  Male  Hands  Staphylococcus
aureus

Sulfamethoxazole  and  Trimethoprim  Improvement

33 Male  Foot  Staphylococcus
aureus

Sulfamethoxazole  and  Trimethoprim  Improvement

17 Male  Foot  Staphylococcus
aureus

Multiple  antibiotic  regimens  Progressive
worsening,  requiring
amputation

17 Male  Foot  Staphylococcus
aureus

Sulfamethoxazole  and  Trimethoprim  Improvement

79 Male  Pre-tibial  Staphylococcus
aureus

Sulfamethoxazole  and  Trimethoprim  Loss  to  follow-up

44 Female  Foot  Staphylococcus
warneri

Sulfamethoxazole  and  Trimethoprim  Improvement  and
recurrence

34 Female  Foot  Not  reported  Surgical  resection  and Loss  of  follow  up

Seven  patients  were  followed,  five  males  and  two  females.
The  ages  at  onset  of  the  condition  ranged  from  17  to  79
years.  Five  of  the  cases  had  lesions  on  the  feet,  one  on
the  leg,  and  one  on  the  dorsum  of  the  hands  and  fingers.
Only  three  cases  reported  previous  trauma.  One  patient  had
a  history  of  Cushing’s  syndrome  secondary  to  a  pituitary
microadenoma,  which  was  excised  through  transsphenoidal
surgery.  Another  patient  had  a  history  of  immunosuppression
with  38  radiotherapy  sessions  due  to  prostate  cancer;  how-
ever,  after  the  onset  of  the  skin  condition.  Two  cases  had
other  comorbidities  such  as  systemic  arterial  hypertension,
congestive  heart  failure,  hypothyroidism,  and  dyslipidemia.
Three  cases  had  no  comorbidities.

The  majority  presented  clinically  with  nodules  and
tumors  with  fistulous  tracts  and  three  cases  had  grain  dis-
charge.  None  of  the  patients  had  systemic  symptoms,  except
Su

� Study conducted at the Department of Dermatology, Faculty of
edicine, Universidade de São Paulo, São Paulo, SP, Brazil.
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Fig.  1  Clinical.  (A)  Tumor  showing  fistulae  in  different  stages  of  evolution  located  on  the  dorsum  of  the  right  foot.  (B)  Nodules
and fistulae  on  the  fingers.

Fig.  2  Computed  tomography  of  the  right  foot  showing  volu-
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inous expansive  and  infiltrative  solid  tissue  with  extensive
one  and  soft  tissue  involvement.

or  one  who  developed  anemia  and  thrombocytopenia  due
o  continued  bleeding  from  the  lesion.

The  isolated  microorganism  was  Staphylococcus  aureus  in
ix  cases,  whereas  Staphylococcus  warneri  was  repeatedly
ultured  in  one  case.

In  all  cases,  treatment  was  carried  out  with  the  use  of  sul-
amethoxazole  associated  with  trimethoprim  (800  +  160  mg)
or  approximately  six  months  to  two  years.  Three  patients

esponded  well  and  two  lost  follow-up.  In  one  case,  surgical
esection  was  proposed  in  combination  with  amikacin,  but
he  patient  did  not  agree  to  the  procedure  and  did  not  return
or  follow-up  appointments.  One  patient  did  not  respond

b
G
i
d

2

ig.  3  Botryomycosis  grain  analyzed  through  direct  micro-
copic  examination,  showing  aggregates  of  cocci.

o  all  antibiotic  and  antifungal  treatments,  and  after  two
ears,  transtibial  amputation  was  necessary  due  to  mobility
ifficulties  and  blood  loss  from  the  lesion.

Botryomycosis  is  a  rare  chronic  granulomatous  disease
aused  by  non-filamentous  bacteria,  the  main  one  being
taphylococcus  aureus.  Other  bacteria  occasionally  involved
re  Pseudomonas  spp.,  Escherichia  coli, Proteus  spp.  and
treptococcus  spp.  The  term  botryomycosis  derives  from
he  Greek  ‘‘botrys’’  =  grains;  ‘‘mycosis’’  =  fungus,  as  it  was
elieved  that  the  condition  was  of  fungal  origin.1,2

The  disease  pathogenesis  is  not  well  established;  it  is

elieved  that  an  antigen-antibody  complex,  immunoglobulin

 and  C3  are  precipitated  around  the  microorgan-
sms,  preventing  phagocytosis  and  intracellular  bacterial
estruction.1
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Fig.  4  Histopathology.  (A)  Histological  section  showing  chronic  suppurative  granulomatous  dermatitis  containing  grain  in  the  deep
d rming
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ermis (Hematoxylin  &  eosin,  ×40).  (B)  Rounded  structures  fo
Hematoxylin  &  eosin,  ×400).

The  condition  generally  affects  areas  prone  to  trauma
nd  may  present  as  cutaneous  or  visceral  disease.3 The  cuta-
eous  form  manifests  clinically  as  tumors  or  plaques  that
how  fistulous  tract  openings  on  their  surface  that  drain
hite  grains,  which  may  invade  deep  tissues,  leading  to
xtensive  local  destruction.4---6

Diagnosis  includes  clinical  suspicion,  histopathological
nd  microbiological  studies.  It  is  important  to  differenti-
te  it  from  other  diseases  that  produce  grains  as  a  parasitic
orm  of  the  etiological  agent,  including  eumycetoma  and
ctinomycosis  (Figs.  1---4).2,5

The  histopathological  examination  allows  the  identifica-
ion  of  the  microorganism  type,  since  the  grains  consist
f  true  fungi  in  eumycetoma,  whereas  in  actinomycetoma
t  is  possible  to  visualize  filamentous  bacteria  and  the
otryomycosis  grains  consist  of  non-filamentous  bacteria.
istochemical  stains  such  as  Grocott  and  Gram  are  useful

or  the  characterization  of  fungi  and  bacteria.2

Treatment  involves  targeted  antibiotic  therapy,  surgical
pproach  with  local  debridement,  and,  in  selected  cases,
hen  there  is  antibiotic  response  failure  and  when  the  limb
ecomes  dysfunctional,  amputation  of  the  affected  limb
ay  be  necessary,  as  occurred  in  one  of  the  presented

ases.2

Most  publications  on  the  subject  are  case  reports  and,
ue  to  its  rarity,  there  are  few  published  series.  Early  diag-
osis  of  botryomycosis  should  favor  prognosis  and  response
o  treatment  since  extensive  cases  with  large  volume  and
brosis  show  poor  response  to  therapeutic  agents.
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ranslation, cultural adaptation
nd validation of the Brazilian

uated  the  instrument  and  were  asked  about  the  clarity
of  the  questions,  the  language  used,  and  its  applicability.
The  version  adapted  to  Brazilian  Portuguese  is  available  at
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ersion of the Alopecia Areata
uality of Life Index

AA-QLI-BRA)�

ear  Editor,

lopecia  areata  (AA)  is  a  chronic  autoimmune  disease
hat  affects  up  to  1%  of  the  population  during  their  life-
ime,  regardless  of  age,  gender,  or  ethnicity.  Severe  forms
re  challenging,  requiring  treatments  that  include  corti-
osteroids,  immunomodulators,  and,  more  recently,  Janus
inase  (JAK)  inhibitors,  which  represent  a  new  hope  for
efractory  cases.1,2

The  impact  on  the  Quality  of  Life  (QoL)  of  patients  with
A  goes  beyond  hair  loss.  Because  it  is  a  socially  notice-
ble  condition,  it  affects  self-esteem  and  self-image  and
an  lead  to  feelings  of  shame,  isolation,  and  stigmatization.
herefore,  many  patients  develop  symptoms  of  anxiety  and
epression,  especially  in  more  severe  cases.  The  psycholog-
cal  impact  is  more  pronounced  in  children  and  adolescents
ue  to  their  greater  emotional  vulnerability.  Moreover,  its
npredictable  and  recurrent  nature  contributes  to  a  state
f  uncertainty,  affecting  daily  activities,  relationships,  and
ork  productivity.3---5

Fabroccini  et  al.  developed  a  specific  unidimensional
nstrument  to  investigate  the  impact  on  QoL  in  adults
ith  AA,  the  Alopecia  Areata  Quality  of  Life  Index  (AA-
LI).6 This  self-administered  instrument  consists  of  21  items

elated  to  Symptoms  (S),  Relationship  (R)  and  Objective  (O)
igns.

A  methodological  study  was  carried  out  to  adapt  and  vali-
ate  the  Brazilian  version  of  the  AA-QLI.  After  authorization
or  the  translation  of  the  material  (#2023-5634220334356),
our  dermatologists,  fluent  in  English,  translated  it  into
razilian  Portuguese,  generating  a  consensual  version  (AA-

LI-BRA),  which  was  back-translated  into  English  by  a
on-specialist  and  compared  to  the  original  version.  To
btain  the  cultural  adaptation,  ten  patients  with  AA  eval-

� Study conducted at the Faculty of Medicine, Universidade Estad-
al Paulista, Botucatu, SP, Brazil.
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ttps://doi.org/10.1016/j.abd.2025.501146
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
ttps://doi.org/10.17632/jw2fxprgd3.1.
For  content  validation,  seven  dermatologists  with  experi-

nce  in  trichology  evaluated  and  scored  (from  0  to  10)  each
tem  for  relevance,  with  0  being  ---  Not  at  all  relevant  and
0  being  ---  Extremely  relevant.

For  the  other  validations,  80  adults  with  AA  (diag-
osed  by  a  dermatologist)  were  investigated  using  an  online
uestionnaire  containing  demographic  data  of  AA-QLI-BRA
nd  the  DLQI-BRA  (Dermatology  Quality  of  Life  Index),  for
oncurrent  validation.  The  study  was  conducted  at  the
richosis  outpatient  clinic  of  FMB-UNESP,  the  Trichology  out-
atient  clinic  of  Hospital  Regional  da  Asa  Norte  (HRAN),
he  Trichology  outpatient  clinic  of  UERJ,  Hair  Studies  Cen-
er  of  the  Santa  Casa  da  Misericórdia  do  Rio  de  Janeiro
nd  the  Alopecia  outpatient  clinic  of  Santa  Casa  de  São
aulo.

A  subgroup  of  nine  participants  completed  the  question-
aire  again  within  a  14-day  period  to  investigate  its  temporal
tability.  The  instrument’s  internal  consistency  was  assessed
sing  the  McDonald’s  coefficient.  The  ‘‘floor’’  and  ‘‘ceiling’’
ffects  were  defined  when  extreme  responses  (‘‘not  at
ll’’  or  ‘‘too  much’’)  accounted  for  more  than  50%  of  the
esponses  to  an  item.7

The  participants’  demographic  and  QoL  findings  are
hown  in  Table  1. There  was  a  predominance  of  women
ver  30  years  of  age,  with  higher  levels  of  schooling
nd  extensive  forms  of  AA.  During  the  in-person  appli-
ation,  the  instrument  was  completed  in  less  than  ten
inutes.
The  scores  for  each  item  of  the  AA-QLI-BRA  are  shown

n  Fig.  1.  Item  S4  (worry  that  the  problem  will  last  for  the
est  of  one’s  life)  showed  a  ceiling  effect.  The  floor  effect
ccurred  in  items  R15  (people  are  afraid  of  contagion)  and
17  (difficulty  establishing  relationships).

Content  validity  was  confirmed  by  the  mean  score  of
xperts  >8  for  all  the  instrument  items,  except  S1  (uncom-
ortable  with  a  wig),  S8  (expenses  for  hair  care)  and  O21
pruritus  in  the  scalp).
The  internal  consistency  of  the  AA-QLI-BRA  was  0.95  (95%
I  0.94---0.97)  and  of  the  DLQI  was  0.93  (95%  CI  0.91---0.95).
he  correlation  (Spearman’s  rho)  between  the  AA-QLI-BRA
nd  DLQI  scores  was  0.88  (p  <  0.01).  The  correlation  of

lsevier España, S.L.U. This is an open access article under the CC
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Table  1  Demographic,  clinical  and  quality  of  life  data  of
80 patients  with  AA.

Variables  Values

Age  (years)  Mean  (SD)  36  (15)
Sexa Female  60  (75%)

Male  20  (25%)
Level  of  schoolinga Elementary  School  7  (9%)

High  School  13  (16%)
Higher  Education  60  (75%)

Marital  statusa Married  25  (31%)
Divorced  8  (10%)
Single  47  (59%)

Self-declared  skin
colora

White  49  (61%)
Non-white  31  (39%)

Age at  onset  (years)  Mean  (SD)  24  (15)
Extent  of  alopecia Small  areas  36  (45%)

Total  19  (24%)
Universal  25  (31%)

DLQI-BRA  Median  (Q1---Q3)  7  (1---15)
AA-QLI-BRA  Mean  (SD) 53  (17)

a

t
b
c

f
v
K
t
a
O

s

(
t
R
t

c
v
5

d
r
fi

i
a
i
p

a
o
Q
t
p
c
B
p

b
e
l
b
i
i
s
to  chemotherapy.
n (%). SD, Standard Deviation; Q1---Q3, First and third
quartiles.

he  scores  of  the  AA-QLI-BRA  items  among  themselves  and
etween  them  and  the  total  (Fig.  2)  indicated  lower  coeffi-
ients  related  to  item  O21.

The  exploratory  factor  analysis,  using  the  principal  axis
actoring  method,  indicated  that  49.0%  of  the  construct
ariance  was  explained  by  the  unidimensional  factor.  The
MO  coefficient  for  the  matrix  was  0.91  and  the  sphericity
est  (Bartlett)  was  p  <  0.001,  indicating  sample  adequacy  for
nalysis.  All  items  showed  a  factor  loading  >0.45,  except  for

21,  which  was  0.33.7---9

The  network  analysis  using  the  EBICglasso  method  (Fig.  3)
howed  greater  influence  for  the  AA-QLI-BRA  items:  R11

A
a

Fig.  1  Distribution  of  item  scores  of  

2

EARCH

people  notice  my  problem)  and  S5  (I  can’t  forget  that  I  have
he  problem).  Items  S4,  S6  (fear  of  the  disease  spreading),
15  and  O21,  on  the  other  hand,  showed  less  influence  in
he  network.

The  exclusion  of  items  S4,  S6,  R15  and  O21  did  not
hange  the  instrument’s  internal  consistency,  and  the
ariance  of  the  explained  latent  variable  increased  to
4.7%.

In  the  temporal  stability  assessment,  the  mean  (stan-
ard  deviation)  of  the  test  scores  was  58  (11),  and  in  the
etests,  57  (14),  resulting  in  an  intraclass  correlation  coef-
cient  (agreement)  of  0.89.

The  psychometric  analysis  of  the  AA-QLI-BRA  showed  the
nstrument’s  adequate  internal  consistency,  content  validity
nd  temporal  stability,  indicating  its  use  in  Brazil,  allow-
ng  more  precise  quantification  of  the  patients’  demands
erception,  improving  their  care.

In  this  study,  the  mean  DLQI  scores  indicated  a  moder-
te  impact  on  QoL,  although  there  is  still  no  categorization
f  the  AA-QLI  scores  regarding  the  dimension  of  impact  on
oL.  In  general,  generic  questionnaires  do  not  detect  all
he  aspects  affected  in  the  patients’  lives,  confirming  the
reference  for  specific  instruments.10 The  greater  internal
onsistency  and  the  centralized  positioning  of  the  AA-QLI-
RA  items  in  the  network  confirm  the  superior  psychometric
erformance  of  the  DLQI  in  AA.11

Some  items  of  the  AA-QLI-BRA  showed  a  psychometric
ehavior  less  aligned  with  the  others  and  should  be  carefully
valuated  during  the  instrument  use.  Item  O21  is  not  directly
inked  to  the  clinical  course  of  the  disease.  Item  S6  may  not
e  relevant  in  those  who  already  have  total/universal  AA,
tem  S4  may  not  be  realistic  in  patients  who  are  respond-
ng  to  treatment  and  item  R15  may  not  reflect  the  main
tigma  of  extensive  AA:  the  impression  of  being  submitted
Further  research  should  explore  the  correlation  between
A-QLI  scores  with  clinical  and  cultural  variables  and
ffective  disorder  scores  since  AA  can  inflict  a  chronic

patients  with  AA-QLI-BRA  (n  =  80).
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In  conclusion,  the  Brazilian  version  of  the  AA-QLI  was
Fig.  2  Heat  map  of  correlations  (Spearman’s  rho)

ontingency  that  favors  the  development  of  psychiatric

llness.12,13

This  study  has  limitations  related  to  the  sampling  of  more
evere  patients  with  a  higher  level  of  schooling  than  the
verage  of  the  Brazilian  population.

a
i
a

3

een  AA-QLI-BRA  items  and  the  total  score  (n  =  80).
dapted  and  proved  to  be  valid  and  consistent,  establish-
ng  itself  as  a  useful  instrument  in  clinical  practice,  as  well
s  in  clinical  studies  in  AA.
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ig.  3  Network  diagram  between  DLQI-BRA  and  AA-QLI-BRA
tems (n  =  80).
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se of imiquimod in 21 patients
ith molluscum contagiosum:

reasons  is  that  the  study  was  conducted  in  a  public  hospital
that  does  not  provide  IMQ  free  of  charge  to  patients,  and  few
of  them  can  afford  the  high  cost  of  the  medication;  another
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etter results in specific areas�

ear  Editor,

here  are  several  therapeutic  options  for  Molluscum  conta-
iosum  (MC),  including  physical  treatments  (electrocautery,
urettage,  cryotherapy),  chemical  treatments  (potassium
ydroxide,  imiquimod)  and  even  waiting  for  spontaneous
esolution.1---4 Imiquimod  (IMQ)  is  a  topical  immunomodula-
or  that  acts  by  stimulating  the  innate  and  adaptive  immune
athways.  Initially  approved  for  the  treatment  of  anogenital
arts,  actinic  keratosis,  and  superficial  basal  cell  carci-
oma,  there  are  other  off-label  indications  in  both  benign
nd  malignant  dermatological  diseases  due  to  its  potential
ntiviral,  antitumor,  and  immunoregulatory  effects.5,6

A  retrospective  study  was  conducted  analyzing  medical
ecords  of  patients  with  MC  treated  at  a  dermatology  clinic
n  a  public  tertiary  hospital  in  São  Paulo,  Brazil,  from  March
016  to  March  2024,  evaluating:  (i)  The  number  of  patients
reated  with  IMQ,  (ii)  Therapeutic  response,  and  (iii)  Side
ffects  presented  by  patients.  Of  the  1,256  patients  treated
n  eight  years,  IMQ  was  indicated  in  only  21  (Table  1);  the
ender  ratio  was  similar  (11  women,  10  men),  and  only
hree  (14.28%)  were  over  18  years  old.  All  treated  lesions
ere  located  on  the  face  (8,  38.09%)  or  in  the  anogenital

egion  (13,  61.91%).  All  patients  used  a  similar  dose  to  that
sed  for  the  treatment  of  anogenital  warts  (three  times

 week)  for  a  period  of  four  to  33  weeks.  Regarding  the
herapeutic  response,  15  patients  showed  complete  resolu-
ion  (Figs.  1,  2  and  3),  three  showed  partial  response  and
hree  others  showed  no  response.  Patients  without  response
sed  the  product  for  four  weeks,  whereas  those  with  par-
ial  response  used  it  for  four  to  eight  weeks  and  all  patients
ith  complete  response  used  the  product  for  eight  weeks  or
ore.

Given  the  number  of  patients  treated  during  the  analyzed

eriod,  it  is  clear  that  IMQ  is  not  the  first-choice  treatment
t  the  institution  where  the  study  was  conducted.  One  of  the

� Study conducted at the Dermatology Clinic, Hospital da Santa
asa de São Paulo, São Paulo, SP, Brazil.
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ttps://doi.org/10.1016/j.abd.2025.501142
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
eason  is  that  the  drug  was  prescribed  only  to  immunocom-
etent  patients  without  comorbidities,  a  rare  characteristic
f  those  treated  in  a  tertiary  public  hospital.  This  low  IMQ
rescription  for  MC  is  consistent  with  data  published  in  the
nited  States  of  America,  where  the  IMQ  prescription  rate
mong  6.4  million  consultations  for  MC  was  only  7.0%.7

However,  it  is  important  to  remember  that  the  removal
f  Molluscum  contagiosum  (MC)  on  the  face  or  anogenital
egion,  based  on  physical  methods  such  as  curettage,  is  also
hallenging.  These  procedures  can  cause  physical  and  emo-
ional  impact,  especially  in  patients  younger  than  18  years.
herefore,  a  topical  home  therapeutic  option,  such  as  the
se  of  IMQ,  becomes  valuable  for  both  patients  and  physi-
ians.

The  use  of  Imiquimod  (IMQ)  for  the  treatment  of  Mollus-
um  contagiosum  (MC)  is  widely  discussed  in  the  scientific
iterature,  but  there  is  still  no  consensus  on  its  indica-
ion.  Previous  studies  have  shown  divergences:  while  some
uthors  report  favorable  results  with  IMQ  use,  demonstrat-
ng  efficacy  in  selected  cases,2,3,7 others  question  the  actual
rug  effectiveness,  stating  that  there  are  not  enough  ran-
omized  clinical  trials  to  support  it  as  an  effective  treatment
or  MC,  especially  when  compared  to  conventional  methods,
uch  as  curettage.8---11 These  divergent  studies  state  that,
n  trials  involving  470  children  aged  two  to  12  years,  the
pplication  of  IMQ  three  times  a  week,  for  up  to  16  weeks,
id  not  result  in  a  significant  difference  compared  to  con-
rol  groups,  with  complete  resolution  rates  of  24%  (52/217)
nd  26%  (28/106),  respectively.  Similar  observations  were
ade  in  another  study,  where  the  resolution  rate  was  24%

60/253)  in  the  treated  group,  versus  28%  (35/126)  in  the
ontrol  group.4,8---11 However,  it  is  worth  noting  that  these
tudies  did  not  evaluate  IMQ  efficacy  in  specific  anatomical
egions,  such  as  the  face  and  anogenital  area,  which  may
nfluence  the  overall  conclusions.  In  the  present  study,  when
ocusing  on  lesions  located  in  areas  with  thin  skin,  a  com-
lete  cure  rate  of  71.42%  (15/21)  of  patients  was  observed,
ith  73.33%  (11/15)  of  these  cases  achieving  cure  within  16

eeks.

However,  the  limited  sample  size  should  be  taken  into
ccount,  since  the  small  number  of  treated  patients  influ-
nces  the  success  rates.  Furthermore,  in  four  cases  with  a
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Table  1  Characteristics  of  21  patients  with  molluscum  contagiosum  treated  with  imiquimod.

Patient  Sex  Age  (years)  Location  Treatment  duration  (weeks)a Response  to  treatment  Adverse  effects

1  Female  4  Genital  8  Partial  -
2 Female  11  Genital  4  Total  -
3 Male  5  Face  4  Total  -
4 Male  5  Face  28  Total  -
5 Female  5  Face  20  Total  -
6 Male  8  Face  8  Total  Erythema
7 Female  12  Face  4  Absent  -
8 Male  55  Genital  8  Total  -
9 Female  21  Anal  4  Absent  Bacterial  infection
10 Female  48  Genital  4  Partial  -
11 Male  8  Face  8  Total  -
12 Male  5  Face  4  Total  -
13 Male  6  Face  4  Partial  -
14 Male  8  Genital  4  Total  Erythema
15 Male  6  Genital  4  Absent  -
16 Female  3  Anal  16  Total  -
17 Male  4  Genital  12  Total  -
18 Female  7  Anal  33  Total  -
19 Female  5  Anal  8  Total  Bacterial  infection
20 Female  3  Anal  28  Total  -
21 Female  7  Anal  4  Total  Erythema

a All patients used imiquimod three times a week; (-) Absent.
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Figure  2  Patient  with  molluscum  contagiosum  on  the  right
s
(
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e
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igure  1  Patient  with  molluscum  contagiosum  around  the
yes treated  with  imiquimod.  (A)  Before  treatment;  (B)  Clinical
utcome  after  four  weeks.

ositive  response  after  16  weeks  of  treatment,  it  is  impor-
ant  to  consider  the  possibility  of  spontaneous  involution  of
he  lesions,  a  phenomenon  observed  in  MC.  Finally,  one  of
he  patients  required  28  weeks  (seven  months)  of  treatment,
einforcing  the  importance  of  duration  of  use  for  therapeutic
uccess.

The  careful  selection  of  patients  and  lesions  to  be  treated
ith  Imiquimod  (IMQ)  was  essential  for  the  positive  results
bserved  in  the  present  study.  Only  lesions  located  in  small
reas  of  the  face  and  anogenital  region  were  treated,
egions  where  the  skin  is  thinner,  which  may  have  favored

roduct  absorption  and  local  immune  system  activation,
ontributing  to  treatment  effectiveness.  In  addition,  the
rofile  of  the  selected  patients  ---  immunocompetent  and
ithout  comorbidities  ---  also  seems  to  have  been  decisive  for

i
a
I
a

2

ide of  the  face  treated  with  imiquimod.  (A)  Before  treatment;
B) Clinical  outcome  after  28  weeks.

herapeutic  success,  since  these  patients  respond  better  to
he  immune  stimulation  provided  by  IMQ.  These  factors  may
xplain  the  complete  cure  rate  observed  in  71.42%  (15/21)
f  the  cases,  a  more  effective  result  than  that  reported

n  previous  studies.  Farhangian  et  al.7 also  highlight  that,
lthough  some  studies  show  limited  efficacy,  the  use  of
MQ  may  be  beneficial  in  localized  diseases,  especially  in
reas  of  thin  skin,  reinforcing  the  results  observed  in  the
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Figure  3  Patient  with  molluscum  contagiosum  in  the  genital
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egion treated  with  imiquimod.  (A---B)  Before  treatment;  (C---D)
linical  outcome  after  12  weeks.

resent  study.  Therefore,  the  choice  of  the  patient  and  the
ppropriate  lesion,  combined  with  the  application  in  areas
ith  characteristics  that  favor  drug  absorption,  seem  to  be
ssential  for  the  success  of  IMQ  treatment  in  molluscum
ontagiosum.

Regarding  imiquimod  safety,  five  patients  (23.8%)  showed
ild  side  effects,  such  as  erythema  (three  cases)  and

mpetigo  (two  cases).  All  adverse  effects  were  quickly
esolved  with  temporary  drug  discontinuation  and,  in  cases
f  impetiginization,  a  brief  course  of  topical  antibiotic  ther-
py  was  sufficient  for  control.  These  events  are  consistent
ith  the  literature  findings,  which  generally  indicate  a

avorable  safety  profile  when  used  in  limited  areas  and  at
dequate  doses.  Although  rare,  more  severe  adverse  events,
uch  as  leukopenia  or  Stevens-Johnson  syndrome,  have  been
escribed  in  other  studies  but  were  not  observed  in  this
roup  of  patients,  reinforcing  the  relative  safety  of  the
reatment  in  selected  and  well-monitored  populations.3,4,12

MC  treatment  is  challenging;  despite  being  a benign
esion,  it  is  an  infectious  disease  that  is  easily  transmit-
ed,  which  causes  a  psychological  impact  on  patients  and
heir  families  who  seek  a  rapid,  effective  resolution  with  few
ide  effects.  Although  IMQ  is  not  the  first-choice  treatment
n  clinical  practice,  it  is  possible  that  its  use  in  immuno-
ompetent  patients  with  MC  located  in  regions  where  the
pithelium  is  thinner  may  result  in  better  cure  rates.  It  is
mportant  to  note  that,  as  with  all  other  treatments,  the
se  of  IMQ  may  lead  to  side  effects,  most  of  which  are  mild
nd  reversible.
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ear  Editor,

rtificial  intelligence  (AI)  has  become  a  topic  of  growing
nterest  in  medical  research  and  is  increasingly  being  applied
n  dermatology.  One  of  the  main  branches  of  AI  is  Deep
earning,  a  predominant  technology  in  the  processing  of
omplex  and  high-dimensional  data.1 Deep  Learning  uses
rtificial  neural  networks  that  automatically  learn  the  rela-
ionships  between  input  data,  such  as  images,  and  outputs,
uch  as  diagnoses,  without  the  need  for  detailed  program-
ing  by  humans.  Inspired  by  the  functioning  of  the  brain,

eural  networks  adjust  the  intensity  of  their  connections  as
hey  learn  essential  patterns,  such  as  visual  characteristics,
acilitating  the  prediction  of  results.2

In  this  context,  ChatGPT  is  an  example  of  an  advanced
anguage  model  that  uses  Deep  Learning  techniques.  Belong-
ng  to  the  series  of  generative  pre-training  transformer
GPT)  models  developed  by  OpenAI,  ChatGPT  stands  out  as
ne  of  the  currently  available  largest  language  models,  with
ree  public  access  since  2023.3

ChatGPT  has  already  been  tested  in  certificate  exami-
ations  for  different  medical  specialties,  such  as  ophthal-
ology  (Canada),  dermatology  (United  Kingdom),  and  in  the

itle  of  Specialist  in  Dermatology  (TED)  exam  in  Brazil.4,5 In
he  study  that  evaluated  ChatGPT  in  TED,  the  accuracy  was
5.34%.  Another  study  in  the  United  Kingdom,  with  questions
rom  the  Specialty  Certificate  Examination  in  Dermatology,
btained  an  accuracy  of  63.1%  using  ChatGPT  3.5,  and  90.5%
ith  ChatGPT  4.0.6

This  study  aims  to  explore  the  diagnostic  performance
f  ChatGPT  in  dermatological  clinical  scenarios  published  in

he  ‘‘What  is  your  diagnosis?’’  section  of  Anais  Brasileiros
e  Dermatologia  (ABD).  A  retrospective  observational  study
as  conducted  to  evaluate  the  performance  of  ChatGPT

� Study conducted at the University Hospital, Universidade Fed-
ral de Santa Catarina, Florianópolis, SC, Brazil.

i
i

i
a
g

ttps://doi.org/10.1016/j.abd.2025.501143
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
ests,  followed  by  multiple-choice  questions,  were  included.
ases  without  multiple-choice  questions  were  excluded.

The  interaction  with  ChatGPT  4.0  followed  this  sequence:
)  Type  ‘‘I  would  like  you  to  answer  the  correct  diagnosis  of
he  following  clinical  case’’  and  press  Enter;  b)  Paste  the
omplete  clinical  case,  including  uploaded  images  and  cap-
ions;  c)  Paste  the  question  ‘‘What  is  your  diagnosis’’  and  the
our  alternatives,  press  Enter;  d)  Wait  for  the  AI’s  response
nd  compare  it  with  that  of  the  authors  of  each  case.

The  ChatGPT  4.0  responses  were  compared  with  the  cor-
ect  option  predefined  in  the  ABD,  categorizing  them  as
‘correct’’  or  ‘‘incorrect’’.  The  cases  were  then  classified
ccording  to  the  diagnostic  method  (clinical,  anatomopatho-
ogical,  microbiological).  The  AI’s  performance  was  assessed
y  the  proportion  of  correct  diagnoses  in  relation  to  the  total
umber  of  analyzed  cases.

Twenty-five  cases  were  selected,  and  the  AI  correctly
iagnosed  21,  resulting  in  an  accuracy  of  84%.  Fig.  1
hows  the  performance  of  ChatGPT  categorized  by
iagnostic  methods,  with  better  performance  in  cases
esolved  clinically  or  by  anatomopathological  diagnosis  and
ower  accuracy  in  those  that  required  a  microbiological
ethod.
The  study  assessed  the  performance  of  ChatGPT  4.0  in

ermatological  diagnoses  with  multiple  choice,  with  four
re-determined  options  for  each  clinical  case.  Unlike  a  tra-
itional  diagnostic  accuracy  test,  in  which  the  AI  would
rovide  an  open  diagnosis,  here  it  selected  the  correct
ption  among  limited  alternatives.  This  does  not  allow  one
o  state  that  the  diagnostic  accuracy  of  the  AI  was  tested,
ut  rather  its  performance  in  a specific  context.

Several  barriers  to  the  application  of  AI  in  dermatol-
gy  are  discussed,  including  technical  issues  such  as  lack  of
eneralizability,  standardization  of  images,  and  integration
f  complex  clinical  data,  as  well  as  ethical  and  regulatory
ssues  such  as  acceptance  of  the  technology  and  legal  liabil-
ty  in  cases  of  error.7

The  AI  errors  in  the  study  were  associated  with  diagnoses

nvolving  the  integration  of  clinical,  anatomopathological,
nd  microbiological  data,  suggesting  AI  limitations  in  inte-
rating  different  sources  of  information  in  atypical  cases.
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Figure  1  ChatGPT  and  Anais  Brasileiros  de  Dermatolo

Therefore,  medical  practice,  especially  in  a  complex  spe-
ialty  such  as  dermatology,  involves  a  continuous  process
f  learning  and  improvement,  both  for  human  professionals
nd  for  artificial  intelligence  models.
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dult T-cell
ymphoma/leukemia following

She  reported  weight  loss  and  night  sweats,  but  no  neu-
rological  symptoms.  Skin  biopsy  of  an  exudative  plaque
revealed  hyperparakeratosis,  spongiosis,  exocytosis  of  lym-
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nfective dermatitis in an adult
ith HTLV-1 infection: a case

eport�

ear  Editor,

uman  T-lymphotropic  Virus  Type-1  (HTLV-1)  was  the  first
etrovirus  directly  linked  to  cancer  development  in  humans.
t  exhibits  CD4+  T-cell  tropism,  resulting  in  cell  cycle  accel-
ration,  formation  of  immortal  CD4+  and  CD8+  clones,
nd  exaggerated  immune  response.1 It  is  estimated  that
0  million  people  worldwide  are  infected  with  HTLV-1,
razil  being  the  endemic  country  with  the  largest  abso-
ute  number  of  infected  individuals  (almost  one  million).2

iseases  associated  with  HTLV-1  include  Adult  T-cell  Lym-
homa/Leukemia  (ATLL),  HTLV-1-Associated  Myelopathy
HAM),  Sjogren’s  syndrome,  uveitis,  thyroiditis,  pneumoni-
is,  arthritis,  polymyositis,  infective  dermatitis  (ID),  other
kin  manifestations,  urinary  symptoms,  erectile  dysfunc-
ion,  and  periodontal  disease.3---5 Infective  dermatitis  may
e  associated  with  HAM  in  up  to  50%  of  cases.6

ATLL  has  five  clinical  forms:  acute,  lymphomatous,
hronic,  smoldering,  and  primary  cutaneous  tumoral.7 Infec-
ive  dermatitis  is  a  chronic  relapsing  disorder  that  affects
hildren,  with  few  reports  of  late-onset  disease,  and  rare
ases  progressing  to  ATLL.7 We  describe  a  case  of  adult-onset
D  and  ATLL.

A  71-year-old  woman  infected  with  HTLV-1  for  22  years
resented  xerosis  and  generalized  pruritus  on  the  whole
ody  for  12  months.  She  was  diagnosed  with  atopic  der-
atitis  and  was  treated  unsuccessfully  with  topical  and
ystemic  steroids  for  eight  months  before  she  was  evaluated
n  our  department.  She  presented  erythematous-exudative
laques  associated  with  xerosis  on  the  limbs  (Fig.  1A).

� Study conducted at the Department of Dermatology, University
f São Paulo Medical School, São Paulo, Brazil; Laboratory of Inves-
igation in Dermatology and Immunodeficiencies, Department of
ermatology, Faculty of Medicine, Universidade de São Paulo, São
aulo, Brazil; Institute of Infectious Diseases ‘‘Emílio Ribas’’, São
aulo, SP, Brazil.
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ttps://doi.org/10.1016/j.abd.2025.501151
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
hocytes,  and  superficial  perivascular  infiltrate,  and  a
iagnosis  of  ID  was  made.  She  also  presented  multi-
le  infiltrated  papules  and  purpuric  lesions  on  the  trunk
Fig.  1B---C),  and  histopathology  revealed  infiltration  by  atyp-
cal  CD4+CD7-  T-cells,  compatible  with  ATLL  (Fig.  2).  She
ad  no  lymph  node  or  visceral  involvement.  HTLV-1  provi-
al  load  was  189copies/104 Peripheral  Blood  Mononuclear
ells  (PBMCs)  and  T-cell  proliferation  assay  revealed  1243
ounts/minute,  ten  times  higher  than  HTLV-1-negative  con-
rol.  Immunophenotyping  showed  reduced  CD3  intensity  and
9%  of  abnormal  CD4+CD26-  cells  (Fig.  3).  Polymerase  chain
eaction  of  rearranged  �T-cell  receptor  gene  revealed  mon-
clonal  expansion  of  T-cells  in  the  blood  (Fig.  4).  Diagnosis  of
nfavorable  chronic  ATLL  was  made.  She  received  intramus-
ular  betamethasone  and  oral  antihistamines  with  partial
esponse.  After  the  recurrence  of  symptoms,  zidovudine
400  mg/day)  and  pulse  therapy  with  methylprednisolone
hree  times  every  45  days  were  started,  resulting  in
arked  improvement  of  ID  and  ATLL  skin  lesions  and  blood

lterations.  During  follow-up,  she  developed  bone  marrow
nvolvement  and  died  after  four  years  of  diagnosis  of  ID  and
TLL.

Infective  dermatitis  is  the  primary  pediatric  manifesta-
ion  in  vertically  infected  HTLV-1  patients  and  is  rare  in
dults.5,8 Average  age  of  onset  is  two  years,  and  its  preva-
ence  decreases  with  age,  probably  due  to  maturation  of
he  immune  system.9 Clinical  features  comprise  chronic
rythematous-exudative  eruptions  affecting  the  scalp,  retro
uricular  area,  eyelids,  the  skin  of  paranasal  sinus,  axil-
ae,  neck,  and  groin.8 Lesions  are  aggravated  by  bacterial
uperinfections,  particularly  Staphylococcus  Aureus  (SA)  and
eta-Hemolytic  Streptococcus  (BHS).8 Non-bacterial  infec-
ions  can  also  complicate  the  disease,  such  as  cutaneous
ermatophyte  or  Candida  infections,  and  scabies.8

Development  of  ID  has  been  associated  with  increased
iral  load,  presence  of  HTLV-1  antibodies,  and  genetic
redisposition.8 The  possible  pathogenesis  would  be  the
ax  protein  encoded  by  HTLV-1,  which  transactivates  genes

elated  to  inflammatory  cytokines  (interferon-�, tumor
ecrosis  factor-alpha,  interleukin-1,  and  interleukin-6).9 It
as  also  been  suggested  that  damage  to  the  skin  barrier  due
o  HTLV-1-related  dysregulation  of  epidermal  proteinase  and

lsevier España, S.L.U. This is an open access article under the CC
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Figure  1  Erythematous  and  purpuric  plaques  on  the  popliteal  fossae  (A).  Diffuse  erythematous  rash  on  the  trunk  and  upper  limbs
(B). Multiple  infiltrated  papules  on  the  back  (C).

Figure  2  Histology  of  ATLL  lesion  showing  exocytosis  of  lymphocytes  with  aggregates  of  atypical  cells  on  the  epidermis,  and
perivascular atypical  lymphocytes  on  the  superficial  dermis  (A,  Hematoxylin  &  eosin,  ×100);  CD4  positivity  (B,  ×100);  partial  loss
of CD7  (C,  ×100);  Ki-67  of  60%  (D,  ×100).
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Figure  3  Immunophenotyping  of  lymphocytes  in  peripheral  blood  by  flow  cytometry  showing  lower  CD3  intensity  in  abnormal
T-cells (A)  compared  to  a  normal  control  (B).
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nfection  of  Langerhans  cells  by  HTLV-1  may  lead  to  pre-
arious  modulation  of  immune  responses  in  the  skin  and
ncreased  rate  of  SA  and  BHS  infection.10 This  chronic  inflam-
ation  could  induce  malignant  transformation  of  infected

ells.7,8 However,  if  ID  in  childhood  predicts  a  higher  risk
or  ATLL  development  in  adulthood  must  be  further  investi-
ated.

Prolonged  antibiotic  therapy  is  the  best  strategy  for
D  control.  In  this  case,  the  patient  received  zidovudine,

 nucleoside  reverse  transcriptase  inhibitor,  an  effective
herapy  for  ATLL  as  it  exerts  cytostatic  effects  by  termi-
ating  DNA  replication.4 We  hypothesize  that  zidovudine
ay  lower  HTLV-1  replication  in  the  skin  and  reduce  inflam-
atory  effects  and  immunological  impairment  of  ID.  In

ddition,  steroid  pulse  therapy  reduced  cutaneous  inflam-
ation,  resulting  in  significant  improvement  of  ID  and
TLL.
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xuberant terra firma-forme
ermatosis in an elderly

The  etiology  of  TFFD  remains  unclear,  with  a  hypothe-
sized  incomplete  maturation  of  keratinocytes  in  association
with  melanin  and  sebum  in  the  epidermis.1,3,7 It  predom-
atient��

ear  Editor,

erra  firma-forme  dermatosis  (TFFD),  also  known  as  Dun-
an’s  dirty  dermatosis,  is  a  benign  acquired  condition
haracterized  by  keratotic  papules  and  plaques,  sometimes
ppearing  verrucous,  and  varying  in  color  from  gray,  brown
o  black,  without  associated  symptoms.1---4 The  lesions  typi-
ally  form  a  reticulated  pattern  interspersed  with  areas  of
ormal  skin,  most  commonly  affecting  the  neck,  trunk,  and
nkles.  The  term  ‘‘terra  firma’’  and  ‘‘forme’’  originates
rom  Latin,  meaning  ‘‘dry  land’’,  describing  the  resem-
lance  of  the  lesions  to  clods  of  sand.5---8

inantly  affects  children  and  young  adults,  and  diagnosis
is  typically  clinical.2,3,8 Dermoscopy  can  aid  diagnosis  by
revealing  brown,  polygonal  scales  arranged  in  a  mosaic
pattern.6,8 A  diagnostic  and  therapeutic  friction  test
using  gauze  soaked  in  70%  isopropyl  alcohol  is  effective,
whereas  daily  baths  with  soap  and  skin  exfoliation  are
ineffective.2,4,7,8 Although  not  mandatory,  histopathological
examination  may  show  lamellar  hyperkeratosis  with  focal
areas  of  spiral  and  compact  orthokeratosis,  along  with  acan-
thosis  and  papillomatosis.1,5,6

The  clinical  resemblance  to  dirt  makes  dermatosis
neglect  a  primary  differential  diagnosis.  Other  differen-
tials  include  acanthosis  nigricans,  reticulated  and  confluent
Fig.  1  Clinical  presentation  of  terra

� Study conducted at the Department of Dermatology, Centro Uni-
ersitário Lusíada, São Paulo, SP, Brazil.

ttps://doi.org/10.1016/j.abd.2025.501131
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Fig.  2  Terra  firma-forme  dermatosis  (TFFD)  ---  (A)  Dermoscopic  e

Fig.  3  Hematoxylin  &  eosin,  ×40.  Areas  of  orthokeratotic
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Paulo  Ricardo  Criado:  Intellectual  participation  in  the
yperkeratosis  with  intracorneal  spiral  formations,  hypogran-
losis, mild  acanthosis,  and  focal  mild  papillomatosis.

ougerot-Carteaud  papillomatosis,  epidermal  nevus,  and
eborrheic  keratosis.1,3

A  68-year-old  woman  with  brown  skin,  who  has  hyper-
ension  and  diabetes,  sought  dermatological  care  due  to
yperchromic  lesions  covering  most  of  her  skin,  accom-
anied  by  mild  itching  that  had  progressively  worsened
ver  four  years,  causing  aesthetic  discomfort.  The  patient
eported  daily  baths  and  sporadic  use  of  sponges.  On  derma-
ological  examination,  the  patient  presented  with  multiple
at  papules  with  adherent  scales  measuring  1---4  mm  in  diam-
ter,  and  brownish-black  plaques  grouped  diffusely  on  the
runk,  flexor  region  of  the  arms,  inner  thighs,  and  popliteal
ossa  (Fig.  1).  Dermoscopic  examination  revealed  grouped

olygonal  scales  (Fig.  2).  A  friction  test  using  gauze  soaked  in
0%  isopropyl  alcohol  resulted  in  scale  detachment  and  light-
ning  of  the  lesion  (Supplementary  Material  Video)  (Fig.  2).

p
c
fi

2

xamination  and  (B)  Friction  test  using  70%  isopropyl  alcohol.

istopathology  showed  areas  of  orthokeratotic  hyperker-
tosis  with  intracorneal  spiral  formations,  hypogranulosis,
ild  acanthosis,  and  focal  mild  papillomatosis;  a  discrete

ymphohistiocytic  infiltrate  was  found  around  superficial
apillaries  in  the  dermis  (Fig.  3).

Despite  TFFD  predominantly  affecting  children  and  young
dults,  its  consideration  in  elderly  patients  is  crucial.2,3,7,8

atients  with  extensive  lesions  should  be  cautioned  about
he  risk  of  alcohol  intoxication  from  the  application  of  70%
sopropyl  alcohol  on  the  skin,  which  can  lead  to  symptoms
anging  from  drowsiness  and  lethargy  to  mucous  membrane
rritation  and  respiratory  depression.6 Moisturizer  use  is  rec-
mmended  to  prevent  cutaneous  xerosis.1,3,6 Salicylic  acid
nd  other  keratolytic  can  aid  in  scale  removal,  whereas  top-
cal  corticosteroids  are  generally  ineffective.2,6,8 Clinically
ecognizing  TFFD  can  prevent  unnecessary  costs  from  addi-
ional  tests  and  unsuccessful  attempts  at  skin  cleansing.3,6,7
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. Erkek E, Şahin S, Çetin ED, Sezer E. Terra firma-forme dermatosis.

Indian J Dermatol Venereol Leprol. 2012;78:358---60.

. Ashique KT, Kaliyadan F, Goyal T. Terra firma-forme dermatosis:
report of a series of 11 cases and a brief review of the literature.
Int J Dermatol. 2016;55:769---74.

E

R
A

3

gia  2025;100(4):501131

. Greywal T, Cohen PR. Terra firma-forme dermatosis: a report
of ten individuals with Duncan’s dirty dermatosis and literature
review. Dermatol Pract Concept. 2015;5:29---33.

. Berk DR. Terra firma-forme dermatosis: a retrospective review of
31 patients. Pediatr Dermatol. 2012;29:297---300.

. Dalton SR, Pride H. The histopathology of terra firma-forme der-
matosis. J Cutan Pathol. 2011;38:537---9.

. Badaró BA, Diniz LM, Nogueira PSE. Terra firma-forme dermatosis:
an underdiagnosed condition. An Bras Dermatol. 2020;95:397---9.

. Almarcha TA, Tormo JG, Ruiz MJ, Nso-Roca AP. Dermatosis terra
firma-forme. Rev Chil Pediatr. 2017;88:827.

. Fernández-Crehuet P, Ruiz-Villaverde R. Terra firma---forme der-
matosis. CMAJ. 2016;188:285.

arinna  Sampaio  Campos , Loanda  Oliveira  Fukuma  ,
uliana  Carvalho  Delgado , Paulo  Ricardo  Criado ∗,
arla  Calaça Kabbach  Prigenzi  ,
andra  Lopes  Mattos  e  Dinato

Department  of  Dermatology,  Centro  Universitário  Lusíada,
ão  Paulo,  SP,  Brazil
-mail:  prcriado@uol.com.br  (P.R.  Criado).

eceived  18  July  2024;  accepted  28  August  2024
vailable  online  18  June  2025

https://doi.org/10.1016/j.abd.2025.501131
https://doi.org/10.1016/j.abd.2025.501131
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0035
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
http://refhub.elsevier.com/S0365-0596(25)00073-X/sbref0040
https://orcid.org/0000-0002-0465-9246
https://orcid.org/0000-0003-0850-1208
https://orcid.org/0000-0001-7359-2914
https://orcid.org/0000-0001-9785-6099
https://orcid.org/0000-0002-8264-8972
https://orcid.org/0000-0002-4547-0474
mailto:prcriado@uol.com.br


L

F
m
n

D

M
6
b
R
g
r
h
m

a
e
u
b
d
o
h
s

a
l
A
n
a
s

m
b
E
G
s
p
w
s

u

v

h
0
u

Anais Brasileiros de Dermatologia 2025;100(4):501141

Anais Brasileiros de

Dermatologia
www.anaisdedermatologia.org.br

ETTER - CLINICAL

GF22 heterozygous and FGFR2
osaic mutations in Munro acne
evus:  a case study�
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ear  Editor,

unro  acne  nevus,  also  known  as  nevus  comedonicus  (MIM
17025),  is  a  rare  developmental  anomaly  of  the  pilose-
aceous  unit,  classified  as  a  subtype  of  epidermal  nevus.
ecent  studies  have  implicated  several  genes  in  its  patho-
enesis,  including  FGFR2,  FGFR3  and  NEK9.  Herein,  we
eport  a  case  of  Munro  acne  nevus  associated  with  a  germline
eterozygous  FGF22  mutation  (c.104A>G)  and  a  somatic
osaic  FGFR2  mutation  (c.755G>C).
A  22-year-old  female  presented  with  a  congenital,

symptomatic  plaque  on  her  back  that  had  progressively
nlarged  (Fig.  1A).  Physical  examination  revealed  an  irreg-
larly  shaped,  erythematous  patch  with  well-demarcated
orders  in  the  right  lumbosacral  region.  In  the  affected  area
ark  red  to  black  follicular  papules  with  acuminate  tips  were
bserved  (Fig.  1B).  Comedones  and  hypopigmented  terminal
airs  were  evident  within  the  affected  area.  A  comprehen-
ive  clinical  evaluation  revealed  no  systemic  abnormalities.

Histopathology  (Fig.  2A)  demonstrated  mild  acanthosis
nd  hyperkeratosis  of  the  epidermis  (Fig.  2B),  focal  basal
ayer  hyperpigmentation,  and  dermal  collagen  hyperplasia.

 hair  follicle  with  prominent  sebaceous  hyperplasia  was
oted  (Fig.  2C),  accompanied  by  mild  perifollicular  fibrosis
nd  lymphocytic  infiltrate.  The  superficial  dermis  exhibited
parse  perivascular  lymphocytic  infiltration.

Genetic  analysis  identified  a  germline  heterozygous
utation  in  FGF22  (rs574406266,  c.104A>G,  p.His35Arg)  in
oth  lesional  skin  and  peripheral  blood,  based  on  Whole
xome  Sequencing  (WES)  of  DNA  extracted  with  TIANamp
enomic  DNA  Kit  (DP304,  TIANGEN,  China).  Additionally,  a
omatic  mosaic  mutation  in  FGFR2  (rs79184941,  c.755G>C,
.Ser252Trp)  was  detected  exclusively  in  the  affected  skin,
ith  a  variant  allele  frequency  of  17%,  confirmed  by  Sanger
equencing  (Fig.  3).
Immunofluorescence  analysis  (Fig.  4A---B)  revealed  an

neven  distribution  of  Ki-67-positive  cells  in  the  epidermis

� Study conducted at the Department of Dermatology, Peking Uni-
ersity Third Hospital, Beijing, China.
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Figure  1  Clinical  aspect  (A)  and  close-up  view  (B).

nd  sebaceous  glands,  with  a  higher  abundance  com-
ared  to  normal  control  skin.  Aberrant  upregulation  of  CK6
nd  downregulation  of  CK5  were  observed  in  the  epider-
is  and  peripheral  basal  cells  surrounding  the  sebaceous

lands.  Notably,  both  basal  and  suprabasal  keratinocytes
emonstrated  increased  and  colocalized  expression  of
GF22  and  FGFR2,  as  evidenced  by  intense  yellow  flu-
rescence  signals.  In  contrast,  the  sebaceous  glands
isplayed  expression  of  FGFR2,  with  minimal  expression  of
GF22.

Cutaneous  mosaic-activating  FGFR2  mutations  have  been
dentified  in  several  cases  of  nevus  comedonicus,  including
.755G>C  (p.Ser252Trp),1,2 c.758C>G  (p.Pro253Arg),3 and
.1144T>C  (p.Cys382Arg).4 Apert  syndrome  also  involves
utations  at  these  sites  of  FGFR2, but  is  typically  associ-

ted  with  extensive  acne,  along  with  craniosynostosis  and

evere  syndactyly  of  the  hands  and  feet.5 The  p.Ser252Trp
nd  p.Pro253Arg  mutations  of  FGFR2  are  located  in  the
xtracellular  topological  domain,  specifically  in  the  linker

ciedade Brasileira de Dermatologia. This is an open access article
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Figure  2  Overview  of  the  lesional  biopsy  with  Hematoxylin  &  eosin
views of  the  epidermis  (B)  and  sebaceous  glands  (C),  respectively.  S
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with  FGF22/FGFR2  signaling.  We  propose  a  model  wherein
igure  3  Sanger  sequencing  validation  of  the  FGFR2  mutation
dentified  by  WES  in  the  patient’s  peripheral  blood  and  lesional
issue.
egion  between  immunoglobulin-like  domains  II  and  III.
hese  gain-of-function  mutations  create  additional  non-
pecific  FGF-FGFR  contacts,  enabling  pathological  binding
f  FGFs  to  FGFR2.  Our  case  firstly  reports  a  Chinese

m
a
s

2

 staining  (A).  The  blue  and  green  boxes  represent  the  magnified
cale  bar:  300  �m  for  (A),  100  �m  for  (B  and  C).

unro  acne  nevus  patient  harboring  the  FGFR2  c.755G>C
p.Ser252Trp)  mutation.  Interestingly,  this  specific  mutation
as  been  associated  with  diverse  phenotypes:  M.  Larsabal
t  al.1 described  naevoid  acanthosis  nigricans  with  local-
zed  skin  thickening  and  hyperpigmentation,  while  B.C.
elnik  et  al.2 reported  inflammatory  papules  and  pustules
ith  hypopigmentation.  In  comparison,  our  case  exhib-

ted  relatively  milder  skin  lesions  compared  to  these  two
ases.

FGF22  is  a  potent  activator  of  FGFR2  in  the  skin,  bind-
ng  to  FGFR2  IgIIIc.  FGF22  p.His35Arg  (c.104A>G)  mutation
s  novel  in  epidermal  nevus  and  remains  largely  uncharac-
erized  (SIFT  score  =  0.001,  Polyphen2  HVAR  score  =  0.998).
is35  is  proximal  to  the  N-terminal  signal  peptide  region,
uggesting  that  p.His35Arg  mutation  may  affect  FGF22
ecretion  and  extracellular  localization.  In  our  case,  FGFR2
nd  FGF22  were  clearly  colocalized  in  the  epidermis,  sug-
esting  a  potential  ligand-receptor  interaction  in  situ.
long  with  increased  CK6  and  Ki-67  expression  in  this
rea,  this  indicates  that  disrupted  epidermal  stratification
nd  abnormal  keratinocyte  proliferation  may  be  associated
utant  FGF22  acts  as  a  hyperactive  ligand  for  constitutively
ctivating  FGFR2,  resulting  in  sustained  activation  of  down-
tream  pathways.
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Figure  4  Immunofluorescence  staining  of  the  lesional  biopsy  (A)  and  healthy  control  (B).  In  the  lesional  skin  (A),  an  uneven
distribution of  Ki-67-positive  cells  was  observed  in  the  epidermis  and  sebaceous  glands,  with  higher  abundance  compared  to  normal
control skin.  CK6  was  upregulated  and  CK5  downregulated  in  the  epidermis  and  peripheral  basal  cells  of  the  sebaceous  glands.  Basal
and suprabasal  keratinocytes  showed  increased  and  colocalized  expression  of  FGF22  and  FGFR2.  In  contrast,  the  sebaceous  glands
exhibited FGFR2  expression  but  minimal  FGF22.  In  the  healthy  control  skin  (B),  there  was  minimal  presence  of  Ki-67-positive  cells  or
C in  th
B F22  

F 00  �
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K6 in  the  epidermis  and  sebaceous  glands.  CK5  was  expressed  

asal and  suprabasal  keratinocytes  exhibited  no  expression  of  FG
GFR2 expression  was  observed,  with  FGF22  absent.  Scale  bar:  2
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ntravenous immunoglobulin in
he  treatment of

Extracutaneous  involvement  may  occur,  with  neuro-
logical,  rheumatological,  cardiovascular,  gastrointestinal,
respiratory,  renal  and  ocular  alterations.  ‘‘Dermatoneuro
cleromyxedema associated
ith  monoclonal gammopathy�

ear  Editor,

cleromyxedema  is  a  chronic  disease  of  the  spectrum  of  pri-
ary  cutaneous  mucinosis  that  affects  young  adults  of  both

exes.1 According  to  Rongioletti  et  al.,2,3 the  diagnostic  cri-
eria  are:  generalized  papular  and  sclerodermiform  rash,
ucin  deposition  in  the  upper  dermis,  fibroblast  prolifera-

ion  and  collagen  fiber  thickening,  monoclonal  gammopathy
90%  monoclonal  gammopathy  of  undetermined  significance
MGUS])  and  normal  thyroid  function.

syndrome’’  is  a  severe  complication  characterized  by  fever,
epileptic  seizures  and  coma.  The  mortality  rate  of  scle-
romyxedema  reaches  over  20%.1

The  pathogenesis  and  action  mechanism  of  human  intra-
venous  immunoglobulin  (IVIG)  in  this  disorder  is  still  a  matter
of  debate.  It  has  been  observed  that  serum  from  affected
patients  induces  fibroblast  proliferation  in  vitro  and  that,
after  IVIG  infusion,  there  is  a  reduction  in  IL-17  levels  and
TGF-�  gene  expression.4,5

The  present  report  describes  a  34-year-old  female
patient  who  developed  a disseminated  rash  with  waxy,
pruritic  papules,  some  assuming  a  linear  arrangement,  on
thickened,  difficult-to-fold  skin  (Fig.  1).  She  showed  infiltra-
Fig.  1  Linear  arrange

� Study conducted at the Complexo Hospitalar Padre Bento de
uarulhos, Guarulhos, SP, Brazil.

ttps://doi.org/10.1016/j.abd.2025.501149
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
ment  of  papules.
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Fig.  2  (A)  Pallor  of  the  superficial  dermis  (Hematoxylin  &  eosin,  ×40);  (B)  Increased  number  of  fibroblasts  and  collagen  fiber
thickening in  the  middle  dermis  (Hematoxylin  &  eosin,  ×100);  (C)  Mucin  deposition  (Colloidal  iron,  ×100).
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Fig.  3  Infiltration  improvement  and  papule  reduction  on  the  upper  back  (A)  before  treatment  and  (B)  after  treatment.
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Fig.  4  Infiltration  improvement  of  the  face  in  p

ion  of  the  face  and  ears,  longitudinal  furrows  in  the  glabella
nd  madarosis.  Histopathology  showed  fibroblast  prolifera-
ion,  collagen  fiber  thickening,  and  mucin  deposits  in  the
ermis  with  colloidal  iron  staining  (Fig.  2).

Based  on  the  physical  and  pathological  examination,
he  investigation  was  started  for  monoclonal  gammopathies
ith  electrophoresis  and  immunofixation  of  serum  and
rinary  proteins,  which  revealed  a  monoclonal  peak
n  gamma  globulin  (IgG)  and  IgG  kappa  monoclonality;

yelogram,  which  showed  8%  of  plasma  cells;  bone  mar-

ow  (BM)  immunophenotyping,  showing  0.8%  of  plasma
ells  with  kappa  light-chain  monoclonality;  in  addition

t
s
r

3

e  (A)  before  treatment  and  (B)  after  treatment.

o  BM  karyotype,  the  ratio  between  serum  free  light
hains,  measurement  of  serum  immunoglobulins,  thy-
oid  function,  renal  function,  calcium  metabolism,  blood
ount  and  bone  inventory  by  tomography,  all  with-
ut  alterations.  These  complementary  exams  led  to  the
iagnosis  of  MGUS,  an  asymptomatic  premalignant  condi-
ion  that  eventually  transforms  into  Multiple  Myeloma
MM).

Six  infusions  of  IVIG  2  g/kg  were  performed,  each  lasting

hree  days  and  with  an  interval  of  four  to  six  weeks,  with
ignificant  improvement  in  the  condition  (Figs.  3  and  4).  This
esult  was  similar  to  the  report  by  Guarneri  et  al.  with  eight
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atients  and  an  81.6%  improvement  in  the  modified  Rodnan
core.6

The  patient  will  continue  to  receive  IVIG  indefinitely
ince  most  patients  experience  recurrence  if  treatment  is
nterrupted.  There  is  only  one  case  report  in  which  there
as  spontaneous  remission.1,7,8

Since  this  is  a  rare  disease,  randomized  controlled  clini-
al  trials  are  not  feasible.  Based  on  systematic  reviews  and
wo  prospective  uncontrolled  clinical  trials,  the  best  scien-
ific  evidence  available  regarding  treatment  advocates  in
avor  of  high-dose  IVIG  every  four  to  six  weeks.  Thalidomide
ith  corticosteroids  can  be  used  as  a  second-line  treatment.
ortezomib  and,  more  drastically,  autologous  bone  marrow
ransplantation  (BMT)  are  third-line  treatments.  Melphalan,
espite  being  mentioned,  has  a  high  risk  of  hematological
alignancy  development  with  increased  mortality  due  to

he  treatment  itself.1,6,9

Despite  the  association  with  monoclonal  gammopathies,
 review  with  17  patients  demonstrated  sustained  remission
f  scleromyxedema  in  only  2%  of  patients  after  BMT,  even
hough  the  hematological  disorder  had  been  cured.8

Bortezomib  is  a  reversible  inhibitor  of  the  26S  protea-
ome  pathway  that  prevents  the  activation  of  the  NF-�B
ranscription  factor  and  induces  apoptosis  in  neoplastic
ells.  Its  main  indication  is  for  the  treatment  of  MM.  Like
VIG,  the  action  mechanism  in  scleromyxedema  is  unknown.
espite  having  been  the  therapy  with  the  longest  remission
eriod  described  in  the  literature  to  date,  emerging  as  a  new
reatment  perspective,  for  now,  it  is  limited  as  a  third-line
ecommendation  due  to  the  few  published  studies.1,9,10

Although  rare,  scleromyxedema  has  its  importance  due  to
ts  chronicity  and  high  morbidity  and  mortality.  Its  low  preva-
ence  limits  the  establishment  of  research  protocols  for
he  development  of  new  therapies  with  better  cost-benefit.
lthough  the  strengthening  of  genetic  and  immunological
nowledge  facilitates  this  endeavor,  case  reports,  such  as
his  one,  demonstrating  the  success  of  the  employed  ther-
py,  provide  data  to  the  literature  for  future  systematic
eviews.
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ymphangiectasia and genital
ymphedema secondary to

fied  on  the  penile  shaft  and  scrotum,  some  of  which  were
umbilicated,  while  others  were  pedunculated  (Fig.  1B).
Histological  examination  of  one  papule  revealed  dilated
etastatic Crohn’s�

ear  Editor,

 34-year-old  male  with  Crohn’s  disease  (CD)  diagnosed  in
006  and  treated  with  adalimumab  since  2022,  presented
ith  persistent  genital  lymphedema  (GL)  starting  in  2013.
xtensive  serological  testing  for  sexually  transmitted  infec-
ions  (STIs),  autoimmune  markers,  and  imaging  studies  were
erformed,  leading  to  a  diagnosis  of  idiopathic  GL  in  2018.
he  patient  underwent  circumcision  in  2019,  but  the  proce-
ure  did  not  improve  his  symptoms.  In  2023,  he  was  referred
o  dermatology  due  to  genital  warts  of  one  year’s  duration.

On  physical  examination,  genital  swelling,  predominantly
nvolving  the  penis,  was  observed,  causing  distal  deformity
ften  described  as  ‘‘saxophone  penis’’  (Fig.  1A).  Multiple
kin-colored  popular  lesions,  3---5  mm  in  size,  were  identi-

vascular  channels  in  the  papillary  dermis.  Immunohisto-
chemical  staining  demonstrated  positive  expression  of  D2-40
(podoplanin)  and  CD31  by  the  endothelial  cells,  confirm-
ing  the  lymphatic  origin  of  the  lesions  (Fig.  2).  Based  on
these  findings,  the  lesions  were  diagnosed  as  lymphang-
iectasia  secondary  to  GL.  Further  serological  tests  for
STIs,  autoimmunity,  and  blood  parasites  returned  negative
results.  Imaging  with  ultrasound  and  abdominopelvic  CT
revealed  edema  of  the  penile  subcutaneous  tissue  (SCT).
A  biopsy  of  the  penile  base  demonstrated  lymphoplasma-
cytic  perivascular  infiltrates  in  the  deep  dermis  and  SCT,
with  no  evidence  of  microorganisms  (Fig.  3).  Considering  the
history  of  CD,  the  subsequent  development  of  GL  with  lym-
phangiectasia,  and  the  histological  findings,  the  condition
was  classified  as  GL  secondary  to  CD  or  anogenital  CD,  a
form  of  metastatic  Crohn’s  disease  (MCD).
igure  1  (A)  Genital  edema  predominantly  involving  the  penis.  D
kin-colored popular  lesions  located  on  the  penile  shaft  and  scrotum

� Study conducted at the Hospital Universitario Rey Juan Carlos,
óstoles, Madrid, Spain.
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Figure  2  (1)  Hematoxylin-eosin  staining  of  a  papular  lesion,  showing  dilated  vascular  channels  in  the  papillary  dermis  (Hematoxylin
& eosin,  ×2).  (2)  Immunohistochemical  staining  with  D2-40  positive  in  endothelial  cells,  confirming  the  lymphatic  origin  of  the
vascular structures  (D2-40  ×2).

Figure  3  (A---C)  Lymphoplasmacytic  perivascular  infiltrates  observed  in  the  deep  dermis  and  subcutaneous  tissue  of  the  penile
base (Hematoxylin  &  eosin,  ×10).  (D)  Detailed  view  of  lymphoplasmacytic  perivascular  infiltrates  (Hematoxylin  &  eosin,  ×20).
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Lymphangiectasias  are  dilated  lymphatic  vessels  in  the
uperficial  dermis,  typically  occurring  in  areas  of  pre-
xisting  lymphedema.  These  vessels  are  confirmed  by
ositive  immunohistochemical  staining  for  podoplanin  (D2-
0),  a  specific  marker  for  lymphatic  endothelial  cells.  In
he  literature,  the  terms  lymphangiectasia  and  lymphan-
ioma  are  often  confused  and  used  interchangeably,  which
an  lead  to  diagnostic  confusion.1,2 Penile  lymphedema  is  a
are,  chronic  condition  that  may  be  idiopathic  or  secondary
o  causes  such  as  neoplasms,  surgeries,  radiation,  infections
e.g.,  STIs,  filariasis,  tuberculosis),  sarcoidosis,  hidradeni-
is  suppurativa  or  CD.3 Diagnostic  tools  include  ultrasound,
T  or  MRI  of  the  abdomen  and  pelvis,  lymphoscintigraphy,
nd  screening  for  STIs,  filariasis,  and  angiotensin-converting
nzyme  levels.  Biopsy  is  recommended  when  specific  etiolo-
ies  are  suspected.3---5

Anogenital  Crohn’s  disease  (AGCD),  also  referred  to  as
etastatic  Crohn’s  disease  or  anogenital  granulomatosis

AG),  is  a  rare  condition  that  is  challenging  to  diagnose,
articularly  in  the  absence  of  gastrointestinal  symptoms.6---8

CD  involves  granulomatous  inflammation  in  skin  areas  non-
ontiguous  to  the  gastrointestinal  tract  and  often  presents
s  nodules,  plaques,  or  ulcerative  lesions,  primarily  affect-
ng  the  extremities,  genitalia,  or  perianal  region.7,9 In  our
ase,  this  rare  presentation  highlights  the  diagnostic  chal-
enges  associated  with  AGCD.  A  systematic  review  of  AGCD
ound  that  genital  edema  was  the  most  common  clinical
anifestation  in  both  males  and  females.6 Histological  find-

ngs  may  include  granulomas  (seen  in  up  to  70%  of  cases),
ymphocytic  and  plasma  cell  inflammatory  infiltrates,  and
ccasionally  lymphangiectasia.6 In  this  case,  the  absence  of
ranulomas  does  not  rule  out  the  diagnosis  of  MCD  if  other
haracteristic  features  are  present,  and  the  use  of  anti-TNF
herapy  (adalimumab)  could  have  suppressed  granuloma
ormation.

A study  by  Shim  et  al.  described  41  cases  of  GL,
ncluding  10  patients  with  a  prior  diagnosis  of  CD,  and
our  diagnosed  with  CD  during  the  evaluation  of  their
ymphedema.  Most  of  these  patients  had  no  gastrointesti-
al  symptoms,  and  GL  was  considered  a  manifestation
f  MCD.  GL  typically  appears  years  after  CD  diagnosis
n  adults  but  may  be  the  first  manifestation  in  pediatric
atients.6,10

Treatment  of  AGCD  is  challenging  due  to  the  absence
f  standardized  guidelines.  Management  options  include
ral  antibiotics,  biologics  (anti-TNF,  ustekinumab),  and
AK  inhibitors.6,10 Surgical  interventions,  such  as  lymphatic
rainage  or  lesion  excision,  can  improve  symptoms  but  do
ot  address  the  underlying  cause.6

In  conclusion,  AGCD  is  a  rare  condition  with  frequent
iagnostic  delays.  Genital  edema  is  its  most  frequent  pre-
entation  and,  in  some  cases,  the  first  manifestation  of  CD.
arly  recognition  of  GL  and  lymphangiectasia  in  patients

ith  CD  is  crucial  to  avoid  unnecessary  surgical  inter-
entions.  Multidisciplinary  management  involving  imaging,
istopathology,  and  clinical  expertise  is  essential  for  optimal
utcomes.
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ymphocytic thrombophilic
rteritis, an infrequent cause of

trunk,  with  mild  infiltration  (Fig.  1).  Only  two  scars  were
observed  in  the  internal  malleolar  area  (attributed  by  the
patient  to  footwear),  with  no  ulcers  or  cutaneous  pain.
ivedo reticularis --- Case report�

ear  Editor,

ymphocytic  thrombophilic  arteritis  (LTA),  also  known  as
acular  lymphocytic  arteritis  (MTA),  is  a  small-to-medium

essel  arteritis.  LTA  shares  many  similarities  with  cutaneous
olyarteritis  nodosa  (cPAN)  i.e  livedo  reticularis  but  does  not
xhibit  systemic  features  like  c-PAN.1 The  objective  of  this
eport  is  to  present  the  first  documented  case  of  LTA  in  a
hilean  patient.

A 27-year-old  female  consulted  in  dermatology  service
sking  for  a  second  opinion  in  the  context  of  a  prior  his-
ory  and  diagnosis  of  cutaneous  leukocytoclastic  vasculitis
CLV)  of  two  years  of  duration,  which  had  been  treated  with
orticosteroids  without  success.

She  reported  an  increase  in  lesions,  accompanied  by
atigue  and  arthralgias  in  the  lower  extremities.  She  denies
aving  arthritis,  oral  ulcers,  photosensitivity,  symptoms
f  sicca  syndrome,  or  neuropathy.  Physical  examination
evealed  non-palpable  confluent  hyperpigmented  macules
ith  a  livedoid  distribution  located  on  the  legs,  arms,  and

There  were  no  abnormalities  detected  in  the  lymph  nodes,
thyroid,  breasts,  chest,  abdomen,  or  joints.

Laboratory  tests  showed  a  slight  elevation  of  the
erythrocyte  sedimentation  rate  (ESR)  and  a  myositis
panel  strongly  positive  for  threonyl-tRNA  synthetase  (PL-
7).  Antinuclear  antibody  (ANA)  was  positive  at  1:80
with  a  fine  granular  pattern  (AC-4),  while  other  blood
tests  were  negative  (extractable  nuclear  antigen  [ENA],
rheumatoid  factor  [RF],  anti-cyclic  citrullinated  peptide
[anti-CCP],  anti-double  stranded  DNA  [anti-DNA],  perinu-
clear  anti-neutrophil  cytoplasmic  antibodies  [ANCA-p],  and
cytoplasmic  ANCA  [ANCA-c])  or  within  normal  levels  (com-
plement  C3,  C4,  renal,  and  liver  function  tests).  There  was
no  evidence  of  anemia,  leukocytosis,  or  thrombocytopenia.
A  chest  Computed  Tomography  (CT)  scan  revealed  no  patho-
logical  findings.

A biopsy  performed  two  years  ago  described:  ‘‘Small  ves-
sels  with  abundant  fibrin  in  the  walls  and  scant  inflammatory
cells,  primarily  neutrophils,  with  minimal  leukocytoclasis.
Deep  vessels  showed  no  significant  morphological  alter-
ations’’  which  was  consistent  with  CLV.
Fig.  1  Non-palpable  confluent  hyperpigmented  macules  with

� Study conducted at the Clínica Dávila Recoleta, Santiago, Chile.
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 a  livedoid  distribution  are  observed  on  the  legs  and  feet.
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LETTER  - CLINICAL

Fig.  2  (A)  Low  magnification  view  (×10)  showing  orthokeratosis  and  a  preserved  epidermis.  There  is  erythrocyte  extravasation
with scant  lymphocytic  infiltrate  around  the  walls  of  superficial  and  deep  dermal  postcapillary  venules.  A  medium-caliber  vessel
exhibits fibrin  deposition  within  the  intima  and  subtotal  to  total  luminal  occlusion.  (B)  Medium  magnification  view  (×40)  highlighting
a closer  look  at  the  epidermis  and  the  underlying  dermis.  Erythrocyte  extravasation  is  evident,  and  a  mild  lymphocytic  infiltrate
is seen  in  the  superficial  dermis,  with  preserved  tissue  architecture  and  no  signs  of  granulomas,  leukocytoclasis,  or  interstitial
dermal mucinosis.  (C)  High  magnification  view  (×100)  focusing  on  a  dense  mixed  infiltrate  predominantly  composed  of  mononuclear
cells, including  lymphocytes,  plasma  cells,  and  histiocytes,  along  with  a  few  polymorphonuclear  cells.  There  is  no  perivascular
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issue involvement,  nor  any  granulomas,  leukocytoclasis,  or  thic
edium vessel  vasculitis  without  leukocytoclasia.

Given  the  diagnosis  of  macular  cutaneous  vasculitis  with-
ut  systemic  features  and  the  strong  positivity  for  PL-7,
urther  tests  (ANA,  myositis  panel,  Creatine  Kinase  [CK],
epatitis  B  Virus  [HBV],  Hepatitis  C  Virus  [HCV],  Human

mmunodeficiency  Virus  [HIV])  were  conducted,  confirm-
ng  elevated  PL-7  again  with  all  other  results  negative.  A
ew  punch  biopsy  was  requested,  and  initial  treatment  with
ydroxychloroquine  (Plaquinol)  was  initiated.

The  patient  returned  with  the  new  biopsy  results  (Fig.  2).
he  pathology  service  suggested  considering  lymphocytic
acular  arteritis,  vasculitis  associated  with  connective

issue  disease  (including  lupus,  rheumatoid  arthritis,  mor-
hea/scleroderma,  and  Sjögren’s  syndrome),  Behçet’s
isease,  and  viral  infections  based  on  histopathological
atterns.  Clinical  suspicion  leaned  towards  lymphocytic
hrombophilic  arteritis.

The  patient  developed  frank  Raynaud’s  phenomenon
previously  non-existent),  hand  arthralgia,  and  alopecia,
ithout  sicca  symptoms,  reflux,  or  dysphagia.  Treatment
as  initiated  with  acetylsalicylic  acid,  oral  nifedipine,  and

opical  nifedipine  and  arnica  with  good  response.
In  conclusion,  LTA  is  an  infrequent  arteritis  and  is  proba-

ly  underreported.  To  the  best  of  our  knowledge,  this  is  the
econd  case  report  in  Latin  America.

The  clinical  presentation  of  LTA  is  characterized  by  the
ppearance  of  hyperpigmented  macules  primarily  on  the

ower  limbs,  and  less  commonly  on  the  upper  limbs,  par-
icularly  in  women  over  40  years  old.  Additionally,  livedo
acemosa/reticularis  or  nodules  may  be  observed,  under-

a
i
w

2

d  basement  membrane,  consistent  with  deep  dermal  small  and

coring  the  clinical  resemblance  to  c-PAN.2 Both  conditions
ften  manifest  in  a  similar  distribution  and  morphology,
aking  the  differentiation  challenging  based  solely  on  clin-

cal  features.3

Histologically,  LTA  is  distinguished  by  lymphocytic  infil-
ration  and  thrombophilic  features  in  the  dermal  and
ubcutaneous  vessels.  Key  characteristics  include  luminal
brin  deposition  and  a  hyalinized  fibrin  ring  within  the  ves-
el  lumen,  both  of  which  are  markers  of  a  thrombophilic
tate.  The  intense  lymphocytic  infiltration  surrounding  the
ffected  vessels  in  LTA  also  resembles  cPAN  in  its  chronic
tages.  However,  while  LTA  primarily  shows  lymphocytic
nvolvement,  cPAN  may  transition  from  a  neutrophilic  to

 lymphocytic  infiltrate  as  the  disease  progresses  through
cute  to  reparative  stages.  The  shared  features  of  lumi-
al  fibrin  deposition  and  lymphocytic  infiltration  create
istopathologic  overlaps  with  cPAN,  yet  LTA  generally  lacks
he  systemic  manifestations  commonly  associated  with
PAN.3,4

Treatment  of  LTA  remains  challenging  as  there  are  few
eported  cases,  leading  to  a  lack  of  consensus  or  studies  sup-
orting  a  definitive  treatment  approach.  Further  research  is
eeded  to  establish  the  most  effective  treatment  strategies
or  this  condition.

In summary,  LTA  and  cPAN  share  clinical  and  histopatho-
ogic  similarities,  such  as  the  presence  of  livedo-like  lesions

nd  lymphocytic  vascular  infiltration.  However,  LTA  is  typ-
cally  confined  to  the  skin  with  a  more  indolent  course,
hile  cPAN  carries  the  potential  for  systemic  involvement,
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ainful  nodules,  and  other  inflammatory  features  not  usually
resent  in  LTA.3
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ycoplasma-Induced Rash and
ucositis (MIRM) mimicking

composed  of  lymphocytes  and  polymorphonuclear  cells.
Interface  damage  was  evident,  with  subepidermal  splitting
and  apoptotic  keratinocytes  (Fig.  2).
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erpetic stomatitis�

ear  Editor,

 20-year-old  male  presented  with  a  3-day  history  of
ainful  oral  lesions,  impeding  oral  intake,  and  scro-
al  lesions.  He  recalled  an  episode  of  sore  throat  and
ough  10  days  prior,  which  had  completely  resolved  after
elf-treatment  with  ibuprofen  and  two  doses  of  amoxicillin-
lavulanic  acid.  The  patient  had  a  history  of  herpes  labialis
ut  had  not  experienced  an  outbreak  in  recent  months.
e  was  otherwise  well,  afebrile,  and  without  systemic
ymptoms.

On  examination,  confluent  whitish  aphthous  lesions  in  a
erpetiform  pattern  on  the  oral  mucosa  and  mild  gingivitis
ere  noted  (Fig.  1A---D);  along  with  three  annular  plaques
ith  crusted  center  on  the  scrotal  skin  (Fig.  1E).  There
as  no  ocular  or  genital  mucosal  involvement.  Cardiopul-
onary  auscultation  and  blood  test,  including  complete
lood  count  and  general  biochemistry  panel,  were  normal.
icrobiological  samples  and  a  scrotal  lesion  biopsy  were
ollected.

The  initial  differential  diagnosis  included  Mycoplasma-
nduced  Rash  and  Mucositis  (MIRM)  or  Reactive  Infectious
ucocutaneous  Eruption  (RIME);  toxicodermia  within  the
rythema  Multiforme  (EM)  ---  Stevens-Johnson  Syndrome
SJS)  ---  Toxic  Epidermolytic  Necrosis  (TEN)  spectrum;  and
erpetic  stomatitis  with  minor  EM.  The  patient  was  initiated
n  dexamethasone  4  mg  daily  for  three  days,  valacy-
lovir,  and  topical  triamcinolone  acetonide.  Upon  follow-up
2  hours  later,  the  lesions  had  disappeared.

Serology  was  positive  for  Mycoplasma  Pneumoniae  (MP)
both  IgM  and  IgG  antibodies),  Herpes  Simplex  Virus  (HSV)
IgG  antibodies  only),  and  negative  for  HIV,  hepatitis  viruses,
nd  syphilis.  Polymerase  Chain  Reaction  (PCR)  from  oral

esions  was  negative  for  HSV  types  1  and  2.

The  histopathology  revealed  a  dense  inflammatory  infil-
rate  in  the  superficial  and  mid-dermis,  predominantly

� Study conducted at the Dermatology Department, Complejo
sistencial Universitario de Salamanca, Salamanca, Espanha.

E
t
a
l

l
p

ttps://doi.org/10.1016/j.abd.2025.501138
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
Acute  mucositis  with  minimal  or  absent  skin  involve-
ent  has  been  described  under  terms  like  ‘‘atypical  SJS’’,

‘SJS  without  skin  lesions’’,  and  ‘‘Fuchs  syndrome’’.1 In
015,  Canavan  et  al.  introduced  the  term  MIRM  to  distin-
uish  the  unique  mucocutaneous  eruptions  linked  to  MP  from
rug-induced  SJS,  TEN,  and  herpes-related  EM.1---4 In  recent
ears,  other  pathogens  such  as  Chlamydophila  Pneumoniae
CP),  influenza  B,  parainfluenzavirus,  adenovirus,  metap-
eumovirus,  rhinovirus,  enterovirus,  group  A  Streptococcus,
nd  SARS-CoV-2  have  been  reported  to  trigger  similar  muco-
utaneous  reactions.1,2 This  has  led  to  the  concept  of  RIME,
hich  reflects  the  spectrum  of  infectious  agents  capable  of

nducing  these  eruptions.1,2

MIRM  is  an  uncommon  condition,  predominantly  affecting
hildren  and  young  adults,  marked  by  prominent  mucositis
ith  limited  skin  involvement,  typically  preceded  by  non-

pecific  flu-like  symptoms  that  manifest  7---10  days  before
ucocutaneous  onset.1 The  vesiculobullous  and  atypical

argetoid  skin  lesions  bear  a  resemblance  to  those  in  EM,
JS,  and  TEN.  However,  MIRM  presents  with  distinctive  clini-
al,  pathophysiological,  and  prognostic  outcomes  that  set
t  apart  from  these  conditions.2---4 The  differential  diag-
osis  should  also  encompass  viral  infections  (e.g.,  HSV,
pstein-Barr,  cytomegalovirus,  Coxsackie  A6,  and  HIV),  oral
andidiasis,  exposure  to  caustic  substances,  and  autoim-
une  diseases  like  pemphigus  vulgaris.4---6

The  pathophysiology  underlying  MIRM  remains  unclear;
owever,  it  is  hypothesized  to  involve  polyclonal  B-
ell  proliferation  and  antibody  production  following  MP
nfection,  leading  to  immune  complex  deposition  and
omplement  activation.  Additionally,  molecular  mimicry
etween  mycoplasma  P1  adhesion  molecules  and  a  ker-
tinocyte  antigen,  as  well  as  genetic  susceptibility,  have
een  proposed.4

Histologically,  MIRM/RIME  lesions  share  features  with
M,  SJS,  and  TEN,  including  apoptotic  keratinocytes,  full-
hickness  epidermal  necrosis  with  subepidermal  splitting,
nd  superficial  dermal  infiltrate  with  sparse  perivascular

ymphocytes.1,5,6

PCR  has  emerged  as  the  ‘‘gold  standard’’  for  estab-
ishing  the  microbiologic  etiology  of  community-acquired
neumonia,  offering  higher  sensitivity  to  detect  MP  or  CP,
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LETTER  - CLINICAL

Figure  1  Clinical  images.  Confluent  whitish  aphthous  lesions  in  a  herpetiform  pattern  on  the  oral  mucosa  and  mild  gingivitis
(A---D). Three  annular  plaques  with  crusted  center  on  the  scrotal  skin  (E).

Figure  2  Histological  images.  Scrotal  lesion  showing  a  dense  inflammatory  infiltrate  in  the  superficial  and  mid-dermis,  pre-
d ells.
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ominantly  composed  of  lymphocytes  and  polymorphonuclear  c
poptotic keratinocytes  (Hematoxylin  &  eosin;  ×160  and  ×800  

articularly  in  the  earlier  stages  of  infection.5,7 Specific
erological  detection  can  be  valuable  for  retrospective  diag-

osis,  particularly  when  samples  are  taken  at  least  two
eeks  apart  to  assess  seroconversion  or  a  fourfold  increase

n  antibody  titers.4,5,7 MP-IgM  antibodies  appear  within  one

a
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2

 Interface  damage  is  evident,  with  subepidermal  splitting  and
et).

eek  of  clinical  onset,  peaking  around  the  third  week,  and
erving  as  a  marker  of  recent  infection.5,7 MP-IgG  antibodies

ppear  about  two  weeks  post-infection,  peak  at  five  weeks,
nd  persist  long-term.5,7
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The  prognosis  is  generally  good,  with  low  rates  of  seque-
ae  and  a  good  therapeutic  response  to  antibiotics  and/or
ystemic  steroids.4

This  case  highlights  the  importance  of  considering
IRM/RIME  in  the  differential  diagnosis  of  mucositis.  The
istory  of  recent  respiratory  symptoms  without  drug  expo-
ure  may  suggest  MP  or  CP  infection,  helping  to  distinguish
hese  conditions  from  SJS  and  TEN.  Early  recognition  and
argeted  treatment  are  essential  for  optimal  management.
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ptical super-high
agnification dermoscopy
Figure  2  SHD  with  x180  magnification.  The  image  shows  blue
ovoid  nests  at  higher  magnification  (red  arrow),  rounded  blue
globules  (blue  arrow)  and  irregular  pigmented  structures  (tri-
angle).

Figure  3  SHD  of  the  same  region  with  x400  magnification.
Telangiectasias  can  be  seen  at  higher  magnification,  with  focus
(
(

ersus standard dermoscopy in
asal  cell carcinoma�

ear  Editor,

he  recent  emergence  of  super  high  dermoscopy  (SHD)
llows  magnifications  of  up  to  400  times,  which  brings  new
erspectives  to  the  interpretation  of  dermoscopic  images.
his  technology  is  available  with  non-polarized  light  and
he  images  are  obtained  using  the  Fotofinder  Medicam  1000
evice  (Fotofinder  System,  Bad  Birnbach,  Germany)  replac-
ng  the  conventional  terminal  lens  with  the  super  high
ermoscopy  (SHD)  lens.

To  demonstrate  the  potential  of  using  SHD,  this  report
escribes  the  case  of  a  78-year-old  female  patient  with  Fitz-
atrick  skin  phototype  III,  with  a  brownish  papule  in  the
eft  preauricular  region  with  progressive  growth.  The  patient
as  photographed  using  conventional  dermoscopy  and  super
igh  dermoscopy  with  ultrasound  gel  immersion  (Figs.  1---3).
igure  1  Digital  dermoscopy  with  x20  magnification.
otofinder  System,  Bad  Birnbach,  Germany.

� Study conducted at the Department of Dermatology, Escola
aulista de Medicina, Universidade Federal de São Paulo, São Paulo,
P, Brazil.
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ttps://doi.org/10.1016/j.abd.2025.501152
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
yellow  arrow),  surrounded  by  irregular  pigmented  structures
triangle)  and  rounded  blue  globules  (blue  arrow).

he  patient  was  subsequently  referred  for  tumor  excision
nd  the  material  was  sent  for  histopathological  examina-
ion,  with  a  report  compatible  with  pigmented  solid  basal

ell  carcinoma  with  an  adenoid  component.

SHD  allows  the  visualization  of  structures  that  are  not
erceptible  through  conventional  dermoscopy.1 In  the  litera-
ure,  there  are  reports  on  the  use  of  SHD  in  the  identification
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Figure  4  SHD  at  x400  magnification  demonstrates  a  globule
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I
a a
f an  intradermal  melanocytic  nevus.  Telangiectasias  without
ocus  (white  arrow)  can  be  observed.

nd  differentiation  between  melanomas  and  atypical  nevi  in
elanocytic  lesions,2 as  well  as  in  the  differential  diagnosis
etween  benign  facial  lesions  and  lentigo  maligna.3 Regard-
ng  basal  cell  carcinomas,  irregularly  pigmented  structures,
orresponding  to  melanocyte  deposits  containing  melanin,4

inear  vessels  with  peripheral  dots  and  globules,5 ves-
els  with  a  pattern  similar  to  oak  leaves,6 and  hairpin
essels,4 have  already  been  described  exclusively  through
HD.

The  case  described  herein  illustrates  the  easier  identi-
cation  of  dermoscopic  structures  observed  by  SHD  when
ompared  to  conventional  dermoscopy.  In  Fig.  1,  conven-
ional  dermoscopic  examination  (×20  magnification)  allows
he  visualization  of  structures  that  less  experienced  exam-
ners  may  mistake  for  globules  of  melanocytic  lesions.
igs.  2  and  3  show  the  same  structures  observed  at
HD  (x180  and  x400  magnification).  It  is  clear  that  these
re  bluish-gray  globules,  structures  that  are  characteristic
f  basal  cell  carcinomas.  The  morphological  character-
stic  of  telangiectasias  is  also  more  easily  observed  at
HD,  with  focus  and  showing  the  characteristic  peripheral
ots  previously  described  for  SHD.5 Fig.  4,  for  compar-
son  purposes,  shows  structures  in  an  intradermal  nevus
ith  a  tendency  to  an  annular  arrangement  (globule),
orresponding  to  nests  formed  by  the  union  of  nevus
ells.

The  nomenclature  and  description  of  the  different  struc-
ures  observed  at  SHD  are  not  yet  standardized  and  the  use
f  this  technique  is  still  in  the  experimental  phase.  It  is
ot  a  substitute  for  conventional  dermoscopy,  but  rather  a
ew  tool  capable  of  aiding  in  diagnoses  through  additional
nformation.
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magnification dermoscopy of basal cell carcinoma. Dermatol
Pract Concept. 2022;12:e2022147.

zadora  Moreira  do  Amaral a,∗,

lisa  Scandiuzzi  Maciel ,  Daniela  Surjan  Milheti ,
amila  Arai  Seque a,
ilvia  Maria  Simões  e  Silva  Enokihara b,
érgio  Henrique  Hirata a

http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00094-7/sbref0030
https://orcid.org/0009-0000-3458-1024
https://orcid.org/0000-0003-4322-1260
https://orcid.org/0009-0002-1043-7778
https://orcid.org/0000-0001-8145-268X
https://orcid.org/0000-0002-3340-4074
https://orcid.org/0000-0003-4026-9664


atolo

a

U
b

U

Anais  Brasileiros  de  Derm
Department  of  Dermatology,  Escola  Paulista  de  Medicina,
niversidade  Federal  de  São  Paulo,  São  Paulo,  SP,  Brazil
Department  of  Pathology,  Escola  Paulista  de  Medicina,
niversidade  Federal  de  São  Paulo,  São  Paulo,  SP,  Brazil

∗

E

R
A

3

gia  2025;100(4):501152
Corresponding  author.
-mail:  izadora.amaral@unifesp.br  (I.M.  Amaral).

eceived  5  November  2024;  accepted  12  December  2024
vailable  online  3 July  2025

mailto:izadora.amaral@unifesp.br


L

P
p
p

D

P
r
P
c
m
n
o
f
c
n
t
a
e
S

d
o

d
p
a
v
(
p
d
c

i
c
a
a
p
a

B

h
0
B

Anais Brasileiros de Dermatologia 2025;100(4):501137

Anais Brasileiros de

Dermatologia
www.anaisdedermatologia.org.br

ETTER - CLINICAL

rimary extramedullary
lasmacytoma: a rare case
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ear  Editor,

lasma  cell  dyscrasias  are  a  group  of  clonal  disorders  cha-
acterized  by  the  proliferation  of  neoplastic  plasma  cells.
lasma  cell  neoplasms  include  three  categories:  plasma-
ytoma  (single  lesions);  plasma  cell  myeloma  (multiple
yeloma);  and  plasma  cell  neoplasms  with  associated  para-

eoplastic  syndrome.1 Plasmacytomas  develop  primarily  in
sseous  tissue  (solitary  plasmacytoma  of  bone)  and  less
requently  in  soft  tissues  (Solitary  extramedullary  plasma-
ytoma  --- SEP).  The  latter  represent  approximately  3%  of
eoplasms  of  this  cell  type,  manifesting  predominantly  in
he  airway  and  gastrointestinal  tract,  although  other  organs
nd  tissues  may  be  involved.2 Cutaneous  involvement  is
xtremely  rare,  accounting  for  approximately  6%  of  all
EPs.3

We  herein  present  a  case  report  of  an  adult  male  who
eveloped  a  primary  extramedullary  solitary  plasmacytoma
f  sudden  onset  on  his  right  leg.

A  66-year-old  male  sought  consultation  after  the  sud-
en  onset  of  a  lesion  on  his  right  leg.  The  patient  denied
ain  or  pruritus  associated  with  the  lesion.  He  exhibited
n  8  ×  8  mm  painless,  firm,  slightly  mobile  erythematous-
iolaceous  tumor,  located  in  the  right  pretibial  region
Fig.  1).  There  were  no  other  significant  cutaneous  lesions  or
alpable  lymph  nodes  at  physical  examination.  The  patient
enied  other  past  medical  histories,  did  not  receive  any
hronic  medication,  and  did  not  present  systemic  symptoms.

A  partial  punch  biopsy  of  the  lesion  revealed  a  dermal
nfiltration  of  diffuse  mononuclear  cells  with  a  basophilic
ytoplasm  and  small  central  nucleolus,  some  of  which  had

 plasmacytoid  appearance.  Immunochemistry  showed  an
typical  lymphoplasmacytic  proliferation,  which  was  CD79a

ositive,  CD138  positive,  CD20  negative,  and  exhibited  clon-
lity  of  lambda  light  chains  (Fig.  2).

� Study conducted at the Hospital Universitario Austral, Pilar,
uenos Aires, Argentina.

a
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ttps://doi.org/10.1016/j.abd.2025.501137
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
igure  1  Right  pretibial  region;  a  painless,  firm,  slightly
obile erythematous-violaceous  tumor.

An  extensive  workup  performed  in  conjunction  with  the
ematology  department  ruled  out  plasma  cell  myeloma.  The
esults  evidenced  normal  hemogram,  serum  electrophoretic
roteinogram,  and  renal  function;  a bone  marrow  biopsy
eported  slight  reactive  changes  but  less  than  5%  of  plasma
ells,  and  flow  cytometry  showed  no  abnormalities.  A  total-
ody  PET-scan  did  not  reveal  any  hypermetabolic  foci  in
he  right  leg  or  in  other  locations.  These  findings  led  us  to
onfirm  the  diagnosis  of  solitary  cutaneous  extramedullary
lasmacytoma.

The  patient  received  three-dimensional  conformal  radi-
tion  therapy  with  a  dose  of  40  Gy  over  4  weeks  exhibiting

 complete  response.  At  his  last  follow-up  a  year  after  com-
letion  of  radiotherapy,  there  was  no  evidence  of  cutaneous
ecurrence,  plasma  cell  myeloma,  or  light  chain  disease.
Primary  cutaneous  plasmacytoma  is  a  plasma  cell  dyscra-
ia  (neoplasm)  that  is  difficult  to  classify  and  diagnose
ue  to  its  extreme  rarity.  There  are  fewer  than  100  cases
eported  in  the  literature.4 The  mean  age  of  presentation

lsevier España, S.L.U. This is an open access article under the CC

https://doi.org/10.1016/j.abd.2025.501137
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2025.501137&domain=pdf
https://doi.org/10.1016/j.abd.2025.501137
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


LETTER  - CLINICAL

Figure  2  (A)  Hematoxylin  &  eosin  staining.  Multiple  ovoid  cells  with  basophilic  cytoplasm  and  eccentric  nucleus  demonstrating
p  stain
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lasmacytoid  differentiation.  (B)  CD  138positive  membranous
taining.

s  around  60,  with  a  male  predominance  (approximately
:1).  The  presenting  single  or  multiple  lesions  are  often
eported  as  erythematous  or  violaceous  nodules,  plaques,
r  papules  which  are  very  rarely  ulcerated  and  do  not  show
ny  predilection  site.5

The  diagnosis  of  solitary  extramedullary  plasmacytoma
equires  the  exclusion  of  associated  multiple  myeloma.6

aboratory  testing  is  performed  to  screen  for  evidence  of
nd-organ  damage  such  as  anemia,  hypercalcemia,  or  kid-
ey  impairment,  and  serum-free  light  chain  ratio.  Imaging
uch  as  18F-FDG  PET/CT  must  show  no  evidence  of  other
xtramedullary  or  lytic  lesions,  and  a  bone  marrow  biopsy
hould  demonstrate  no  clonal  plasma  cells.

Therapeutic  approaches  for  SEP  include  radiation,  surgi-
al  excision,  or  a  combination  of  both.  Localized  Radiation
herapy  (RT)  is  generally  the  treatment  of  choice,  most
ublished  series  report  using  a  dose  of  30  to  60  Gy.7,8 Simi-
ar  studies  suggest  that  a  surgical  approach  with  complete
esection  is  also  a  viable  alternative,  especially  in  small
esions.8

Cutaneous  SEP  tends  to  follow  an  indolent  clinical  course,
ut  local  recurrence  may  occur.  Dores  et  al.  showed  a  5-year
verall  survival  of  90%  for  SEP  presenting  in  skin  or  lymph
odes.3 Prognostic  factors  of  recurrence  appear  to  be  multi-

5,8
le  lesions  and  an  age  of  onset  ≥  65. Overall,  less  than  7%
f  patients  with  SEP  develop  local  recurrences  after  RT,  and
nly  10%  to  15%  will  ultimately  develop  multiple  myeloma.9

eriodic  follow-up  is  advised  every  3-  to  6-months.

F

N

2

ing.  (C)  Lambda  chain  positive  staining.  (D)  CD  20  negative

This  case  is  presented  due  to  its  extreme  rarity,  complex
linical  and  histopathological  diagnosis,  and  the  necessity
or  strict  patient  follow-up,  as  a  small  percentage  of  patients
ay  show  local  or  systemic  progression  and  develop  multiple
yeloma  in  the  future.
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are case of lymphomatoid
apulosis type E�

affected  vessels.  Tumor  cells  were  extensively  immunore-
active  for  CD3  and  CD30  but  did  not  stain  positively  for
CD20.  The  neoplastic  cells  also  expressed  CD8,  CD4,  CD56,
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ear  Editor,

ymphomatoid  papulosis  (LyP)  is  a  chronic,  self-limited,
sually  relapsing  papulonodular  skin  condition.  Despite
elonging  to  CD30-positive  cutaneous  lymphoproliferative
isorders  and  malignancies,  most  cases  follow  a  benign
ourse,  however,  patients  possess  an  increased  risk  of  devel-
ping  other  hematological  malignancies.  According  to  the
018  update  of  the  WHO-EORTC  classification  for  primary
utaneous  lymphomas  histologically,  six  different  subtypes
re  differentiated:  LyP  type  A---E  and  a  rare  variant  includ-
ng  the  presence  of  DUSP22-IRF4  rearrangement.1 LyP  type

 with  papules  and  plaques  developing  into  eschar-like
ecrotic  lesions  is  responsible  for  less  than  5%  of  LyP  cases,
istologically  characterized  by  angiodestructive,  angioinva-
ive  pleomorphic  CD30+  T-cells.2,3

A  71-year-old  male  patient  with  an  extensive  history
f  non-melanoma  skin  cancers  was  referred  to  our  clinic,
howing  erythematous  papulonodular  lesions,  progressing
nto  ulcerated,  necrotic  lesions  symmetrically  on  the  lower
xtremities  (Fig.  1).  As  the  first  symptoms  appeared,  lev-
floxacin  therapy  was  administered  with  little  to  no  result.
he  location  and  appearance  of  skin  lesions  made  differ-
ntial  diagnosis  challenging;  necrotizing  vasculitis,  ecthyma
angrenosum  and  hematological  malignancies  were  the  most
robable  conditions.  An  investigation  of  the  patient’s  his-
ory  ruled  out  new  medications  and  infections  previous  to
ymptoms.  Laboratory  test  results  were  normal,  cryoglob-
lin  level  was  not  detectable.  The  immunological  panel
howed  no  abnormalities,  viral  serology  was  positive  for  CMV
nd  EBV  IgG.  An  X-ray  of  the  chest  and  ultrasound  of  the
bdomen  did  not  find  pathological  anomalies.  The  excision
pecimen  depicted  epidermal  ulceration  and  dermal-based
ngiodestructive  medium-sized,  to  large-sized  atypical  lym-

hocytic  infiltrate  without  extension  into  the  subcutaneous
at.  Mitotic  figures  were  not  infrequent.  In  addition  to  fib-
in  deposition,  thrombosis  was  detected  in  some  of  the

� Study conducted at the Department of Dermatology, Venereol-
gy and Oncodermatology, University of Pécs, Pécs, Hungary.
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365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
IA-1  and  Mum-1  (Fig.  2).  Monoclonal  TCR-g  gene  rear-
angement  was  detected  by  PCR.  The  main  histological
ifferential  diagnosis  of  an  angiocentric/angiodestructive
utaneous  lymphoid  infiltrate  includes  lymphomatoid  papu-
osis  type  E,  extranodal  NK/T  cell  lymphoma  nasal  type,
ydroa  vacciniforme-like  lymphoma,  lymphomatoid  granu-
omatosis  and  cutaneous  gamma/delta  T-cell  lymphoma.  To
ffectively  rule  out  systemic  hematological  malignancies,
ow  cytometry  and  peripheral  blood  smear  were  performed.
eukocytes  and  red  blood  cells  showed  no  abnormalities,
ymphocytes’  CD4/CD8  ratio  was  decreased  (0.8).  Physi-
al  examinations  showed  rapid  progression;  papulonodular
esions  extensively  became  ulcerated  leaving  behind  slowly
ealing  necrotic  lesions  (Fig.  3).  Upper  body  regions  were
ot  affected,  nor  were  enlarged  lymph  nodes  found.  The
atient  did  not  report  B  symptoms.  Due  to  rapid  progression,
5  mg  acitretin  was  administered,  local  disinfectant  and  a
otent  topical  corticosteroid  were  used.  Following  three
onths  of  continuously  developing  new  nodules  and  persist-

ng  necrotic  ulcers,  the  patient  reported  fewer  and  fewer
ew  lesions  in  which  the  ulcers  were  gradually  healing.  Reg-
lar  follow-ups  showed  regression  of  all  skin  lesions  by  six
onths,  adverse  events  were  not  reported  with  acitretin

nd  frequent  lab  tests  showed  normal  results.  At  the  time
f  publishing,  the  patient  has  been  followed  up  regularly  for
our  years  and  showed  no  sign  of  relapse.

Most  LyP  cases  are  self-healing,  however,  therapeu-
ic  intervention  is  recommended  only  in  progressive  and
evere  cases.  Distinctively,  the  ‘‘wait  and  see’’  strategy
s  preferred  among  asymptomatic  patients.  Several  treat-
ent  modalities  are  available,  including  local  and  systemic

mmunomodulators  with  or  without  the  use  of  UVB.  In  the
ase  of  severe  symptoms,  methotrexate  2.5---20  mg/week
s  the  standardized,  opted  therapeutic  choice  preventing
he  formation  of  new  lesions.4 Due  to  the  significantly
ncreased  risk  of  non-melanoma  and  melanoma  skin  can-
er  in  methotrexate-treated  patients5 and  our  patient’s
ecades-long  skin  cancer  history,  a  different  treatment

trategy  was  chosen.  Acitretin,  known  for  its  anti-tumor
roliferation  effect,  especially  in  UV-induced  carcinogene-
is  and  successful  use  in  cutaneous  CD30-positive  anaplastic
arge  cell  lymphoma,6 was  our  first  therapeutic  choice
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Figure  1  Erythematous  papulonodular  lesions  (A)  progressing  into  necrotic  ulcers  (B).

Figure  2  Low-power  view  showing  epidermal  ulceration  and  a  dermal-based  angiocentric  lymphocytic  infiltrate  (Hematoxylin
& eosin,  original  magnification  15×)  (A).  High-power  image  showing  an  angiodestructive  medium-sized,  to  large-sized  atypical
l ion  4
C nific

d
L
e
o
t
p

f
e
t

ymphocytic infiltrate  (Hematoxylin  &  eosin,  original  magnificat
D3 (C)  and  CD30  (D)  (CD3  and  CD30  immunostain,  original  mag

eemed  suitable  in  the  treatment  of  our  patient.  Despite
yP  being  benign  in  nature,  a  majority  of  cases  typically
xperience  relapsing  within  months  to  years,  while  10%---40%

f  patients  developing  other  hematological  malignancies  or
ransformation  into  CD30-positive  Anaplastic  Large  Cell  Lym-
homa  (ALCL),  a  regular  follow-up  is  recommended  even

u
c
r

2

00×) (B).  The  tumor  cells  were  extensively  immunoreactive  for
ation  384×  and  279×).

ollowing  total  remission.  Methotrexate,  being  the  most
ffective  systemic  treatment  regarding  LyP,  bears  poten-
ial  side  effects  in  which  patients’  intolerance  can  limit  its

se.  In  our  case,  we  successfully  administered  acitretin  with
omplete  remission.  After  ceasing  treatment,  the  patient
eported  no  relapses  over  the  four-year  follow-up  period.



Anais  Brasileiros  de  Dermatologia  2025;100(4):501133

n  and

F

N

A

M
c
t

i
p
fi

a
t
t
r
t

C

N

R

1

2

3

4

5

6

M
Z

a

O
b

H

∗ Corresponding  author.
E-mail:  bognar.mate@pte.hu  (M.A.  Bognár).
Figure  3  Extensive  ulceratio
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pidemiological profile of
nogenital lesions in 4,029

Table  1  Distribution  of  the  4029  consultations  by  diagnosis
and year.
Diagnosis  Number  of
consultations

%

Condyloma  acuminatum 2841  70,5%
Syphilis  303  7,5%
Herpes  simplex  177  4,4%
Squamous  cell  carcinoma  171  4,2%
Lichen sclerosus  et  atrophicus  89  2,2%
Molluscum  contagiosum  79  2,0%
Eczema  50  1,2%
Lichen planus  40  1,0%
Othersa 279  6,9%
Total 4029  100,0%

Year Number  of
consultations

%

2012  18  0.4%
2013 266  6.6%
2014 702  17.4%
2015 524  13.0%
2016 451  11.2%
2017 498  12.4%
2018 365  9.1%
2019 430  10.7%
2020 192  4.8%
2021 219  5.4%
2022 197  4.9%
2023 149  3.7%
2024 104  2.6%
Total 4029  100.0%

a Candidiasis, Buschke-Lowenstein tumor, lymphogranuloma
venereum, chancroid, lupia, vitiligo, pilonidal cyst, scar
lesion, comedones, neuroma, plicoma, seborrheic keratosis,
foreign body, varicocele, lymphangioma, Kaposi’s sarcoma,
hand-foot-and-mouth syndrome, melanocytic nevus, psoriasis,
onsultations at a Sexually
ransmitted Infections Clinic in
ão  Paulo, Brazil�

ear  Editor,

exually  transmitted  infections  (STI)  are  a  public  health
roblem  due  to  their  high  prevalence  in  developing
ountries,  such  as  Brazil,  and  their  potential  to  cause
orbidity.1,2

A  wide  range  of  diseases  of  inflammatory  and  neoplas-
ic  etiology  can  affect  the  skin  of  the  anogenital  region,
epresenting  important  differential  diagnoses  of  STI.3,4

Knowledge  of  diseases  that  affect  the  anogenital  region
s  of  utmost  importance,  since  a  delayed  diagnosis  exposes
he  patient  to  inadequate  treatments,  worsening  their  clin-
cal  condition  and  perpetuating  the  transmission  of  STI.3,4

ata  from  the  scientific  literature  on  the  epidemiology  of
hese  diagnoses  are  scarce,  demonstrating  the  need  for  new
opulation  surveys.5

Therefore,  the  present  study  was  conducted  to  identify
he  most  frequent  anogenital  diagnoses  in  patients  treated
t  the  STI  outpatient  clinic  of  a  tertiary  hospital  in  the  city
f  São  Paulo,  Brazil.  This  is  a  retrospective  study  analyzing
he  care  provided  between  October  2012  and  August  2024.
ata  on  gender,  age,  and  primary  diagnosis  were  obtained
rom  the  institution’s  electronic  medical  record  system.

During  the  evaluated  period,  4,029  medical  consultations
ere  carried  out  due  to  anogenital  complaints,  1,182  of
hich  were  female  and  2,847  were  male  patients.  The  aver-
ge  number  of  consultations  per  year  was  309.84  ±  192.08.
f  the  total  number  of  patients,  2,992  were  aged  between
0  and  55  years.  The  average  age  of  the  patients  was
2.77  ±  15.86  years,  with  a  minimum  age  of  10  months  (diag-
osis  of  condyloma  acuminatum)  and  a  maximum  of  92  years

condyloma  acuminatum).

The  main  clinical  diagnoses  related  to  the  consultations
Table  1)  were  condyloma  acuminatum  (CA)  in  2847  consul-

� Study conducted at the Dermatology Clinic, Hospital da Santa
asa de Misericórdia de São Paulo, São Paulo, SP, Brazil.

hidradenitis suppurativa, scabies, folliculitis, pharmacodermia,
epidermodysplasia verruciformis, hemorrhoids, Behçet’s dis-
ease, Paget’s disease and Crohn’s disease.

ttps://doi.org/10.1016/j.abd.2025.501145
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https://doi.org/10.1016/j.abd.2025.501145
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2025.501145&domain=pdf
https://doi.org/10.1016/j.abd.2025.501145
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


LETTER  -  TROPICAL/INFECTIOUS  AND  PARASITIC  DERMATOLOGY

Fig.  1  (A)  Anal  condyloma.  (B)  Penile  condyloma.

Fig.  2  (A)  Patient  living  with  HIV  using  antiretroviral  therapy  with  undetectable  VL  and  CD4  327  cells/mm3 showing  concomitant
lesions caused  by  HPV:  squamous  cell  carcinoma  (SCC)  in  situ/Bowen’s  disease  (white  arrows)  and  invasive  SCC  (yellow  arrow)  in
t goin
s

t
(
n
a
g
(
c

O
t

he perianal  region.  (B)  Patient  with  follicular  lymphoma  under
haft.

ations  (70.8%)  ---  shown  in  Fig.  1,  followed  by  syphilis  in  303
5.7%),  herpes  simplex  in  193  (4.4%),  squamous  cell  carci-
oma  in  172  (4.3%)  ---  shown  in  Fig.  2,  lichen  sclerosus  et

trophicus  in  98  (2.4%)  ---  shown  in  Fig.  3,  molluscum  conta-
iosum  in  80  (2%),  eczema  in  50  (1.2%)  and  lichen  planus  in  46
1%).  All  cases  of  syphilis  were  primary  syphilis  (hard  chan-
re,  Follman’s  syphilitic  balanitis,  and  ‘‘cord-like’’  lesion).

s
b
s

2

g  chemotherapy  with  SCC  in  situ/Bowen’s  disease  in  the  penis

ther  diagnoses  with  less  than  1%  were  grouped  together,
otaling  8.2%  of  the  consultations.

The  significant  number  of  consultations  recorded  in  this

tudy  represents  a  relatively  reliable  scenario  of  the  distri-
ution  of  diagnoses  of  patients  with  anogenital  complaints
eeking  public  care  in  the  city  of  São  Paulo.



Anais  Brasileiros  de  Dermatologia  2025;100(4):501145

F ntial
p er  of

t
o
2
p

r
l
d
e
r
M
d
b
p
i
a
m

n
d
i
c

p
i
r
i
c
t
6
e
l
l
g

p
f
f

b
-
t
t

l
a
a
e

A

J
s
t
c
i
t

p
c
a
l

y
the  manuscript  or  critical  review  of  important  intellectual
ig.  3  (A)  Lichen  sclerosus  et  atrophicus  of  the  vulva  (differe
enis showing  a  ring  of  circumferential  constriction  in  the  cent

When  analyzing  the  year-by-year  distribution  of  consulta-
ions  during  the  study  period,  a  progressive  reduction  can  be
bserved  from  2013  onwards,  with  a  marked  decrease  from
020  to  2024,  probably  as  a  consequence  of  the  COVID-19
andemic.

The  fact  that  the  vast  majority  of  consultations  were
elated  to  the  diagnosis  of  CA  is  consistent  with  data  in  the
iterature,  as  is  the  sequence  of  the  other  most  prevalent
iagnoses,  syphilis,  and  herpes  simplex.  It  is  believed  this
pidemiological  trend  observed  in  a  tertiary  hospital  may  be
elated  to  the  chronicity  of  CA,  syphilis,  and  herpes  simplex.
ore  acute  conditions,  such  as  chancroid  and  anogenital
ischarge,  were  rarely  reasons  for  consultation,  probably
ecause  they  were  resolved  by  seeking  medical  care  from
rimary  care  physicians  or  emergency  rooms.  The  negative
mpact  on  the  quality  of  life  of  patients  with  condyloma  may
lso  be  another  reason  that  makes  them  keep  trying  to  seek
edical  care.2,6,7

It  is  important  to  note  the  significant  number  of  diag-
oses  not  related  to  STI,  such  as  inflammatory  and  neoplastic
iseases.  Studies  conducted  in  other  countries  show  that
nflammatory  lesions  are  the  most  frequently  diagnosed  in
linics  treating  genital  lesions.3,4

It  is  also  important  to  highlight  that  the  number  of
atients  treated  for  squamous  cell  carcinoma  in  the  anogen-
tal  region  took  fourth  place.  This  diagnosis  is  intrinsically
elated  to  the  neoplastic  potential  of  the  HPV  virus,  which
s  also  responsible  for  CA  and  is  more  aggressive  in  immuno-
ompromised  patients.  In  a  study  conducted  in  2019  covering
he  entire  national  territory,  it  was  observed  that  among  the
,388  healthy  young  adults  assessed,  the  prevalence  of  gen-
ral  HPV  was  53.6%.  Of  these,  the  majority  (35.2%)  had  at

east  one  high-risk  HPV.8 These  data  show  that  not  only  is  a
arge  part  of  the  population  carrying  this  potentially  onco-
enic  virus,  but  it  is  also  following  its  pathogenic  course,

c
i
t

3

 diagnosis  of  vitiligo).  (B)  Lichen  sclerosus  et  atrophicus  of  the
 the  achromic  lesion  characteristic  of  the  disease.

ossibly  in  a  significant  fraction  of  this  population.  This
act  reinforces  the  extreme  importance  of  public  measures
ocused  on  vaccination  against  HPV.

Although  the  data  collection  period  included  Mpox  out-
reaks  that  occurred  worldwide  ---  and  therefore  in  Brazil1,2

--  there  were  no  records  of  patients  with  Mpox  lesions  being
reated  due  to  structural  impediments  to  the  flow  of  care  at
he  studied  hospital.9,10

The  numbers  presented  herein  represent,  within  their
imitations,  the  reality  of  the  different  aspects  involving
nogenital  dermatoses  in  the  city  of  São  Paulo  and  may  serve
s  indicators  for  the  development  of  public  health  policies,
specially  those  regarding  STI.
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cneiform rash secondary to
rametinib in two patients with

unfortunately,  it  recurred.  Onco-specific  treatment  with
trametinib  was  then  initiated.  A  month  later,  she  presented
an  acneiform  rash,  involving  her  face  and  back  (Fig.  2).  She
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eurofibromatosis�

ear  Editor,

rametinib  is  a  reversible,  selective  inhibitor  of  Mitogen-
ctivated  protein  Kinase  (MEK)  blocking  enzyme  phosphory-
ation  and  activation,  affecting  both  the  proliferation  and
urvival  of  tumor  cells.1

The  most  commonly  reported  side  effects  of  trame-
inib  are  dermatologic;  acneiform  eruptions  are  the  most
revalent.  In  these  cases,  the  dose  of  the  MEK  inhibitor
an  be  reduced;  nevertheless,  this  may  be  associated  with
ecreased  treatment  efficacy.

We  report  two  cases  of  acneiform  rash  secondary  to  tram-
tinib.

A  14-year-old  male  diagnosed  with  NF1  at  age  4,
resented  an  optic  chiasm  glioma,  associated  with  two
xtensive,  plexiform  neurofibromas  (PNF).  One  neurofi-
roma  was  located  on  the  right  foot,  causing  an  inoperable
eformity.  The  other,  emerged  from  the  second  branch
f  the  right  trigeminal  nerve  (V2),  producing  facial  disfig-
rement.  It  was  also  inoperable.  Medical  treatment  with
rametinib  was  started.  After  a  year  of  treatment,  the
acial  mass  had  decreased  by  30%  in  size.  Upon  reaching
he  maximum  dose  of  trametinib,  the  patient  developed
n  acneiform  eruption  (Fig.  1),  affecting  the  nasal  region,
orehead,  upper  eyelid,  cheeks,  and  chin.  He  received  top-
cal  treatment  with  clindamycin  and  benzoyl  peroxide,  in
ddition  to  reducing  the  dose  of  trametinib.  As  papules
nd  pustules  persisted,  oral  treatment  with  doxycycline
as  initiated.  After  evidencing  clinical  improvement,  the

rametinib  dose  was  increased  without  presenting  further
omplications.  To  date,  oncological  treatment  is  ongoing,
nd  a  mild  dermatitis  persists,  evidencing  no  other  adverse
vents.
The  second  patient  is  a  21-year-old  female  diagnosed
ith  NF1  during  her  first  year  of  life,  presenting  a  left  orbital
eurofibroma.  The  tumor  was  resected  on  five  occasions;

� Study conducted at the Hospital Aleman de Buenos Aires, Ciudad
utónoma de Buenos Aires, CABA, Argentina.
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Y license (http://creativecommons.org/licenses/by/4.0/).
tarted  treatment  with  lymecycline,  as  well  as  a  reduction
f  trametinib.  This  treatment  was  successful,  although  when
etracyclines  were  discontinued  the  papulopustular  eruption
eappeared.  Lymecycline  was  reintroduced  alongside  a  pro-
ressive  increase  in  the  dose  of  trametinib.  This  treatment
as  well  tolerated  and  resulted  in  both  aesthetic  and  clinical

mprovement
Two  years  later,  trametinib  was  discontinued  as  the  lesion

emained  stable  and  Lymecycline  was  also  suspended  with-
ut  relapse.

Trametinib  is  a  selective,  reversible  inhibitor  of  MEK1/2
ctivation  and  kinase  activity.2 Several  studies  have  shown
he  efficacy  of  MEK  inhibitors  in  patients  with  NF-

 associated  with  non-surgical  low-grade  gliomas  and
NF.

NF1  is  caused  by  the  loss  of  neurofibromin,  the  protein
roduct  of  the  NF1  gene.  Neurofibromin  is  a  ras-GAP  pro-
ein,  a  negative  regulator  of  RAS  signaling.  Loss  of  functional
eurofibromin  results  in  activation  of  the  classic  RAS-MAPK
ignaling  cascade,  cell  proliferation,  and  subsequent  tumor
ormation.

MEK  inhibitors  have  been  found  to  stabilize  or  even
educe  the  volume  of  these  tumors.  During  the  course  of
herapy,  many  patients  display  side  effects.3 Acneiform
ruptions  are  the  most  common  dermatologic  side  effect,
ccurring  in  77%  of  the  population  studied  by  Anforth
t  al.1 It  is  a  dose-dependent  follicular,  papulopustular
ruption  compromising  the  face,  scalp,  chest,  and  upper
ack.4

The  precise  mechanism  which  triggers  this  side  effect
s  not  clear.  What  is  known  is  that  insulin-like  growth
actor-1  induces  sebaceous  gland  lipogenesis  via  sterol
esponse  element-binding  protein-1,  which  is  activated  by
he  Phosphatidylinositol  3-Kinase  (PI3K)/protein  Kinase  B
AKT)  signaling  pathway,  and  is  related  to  the  pathogene-
is  of  acne.  Unknown  interactions  between  BRAF-MEK-ERK
nd  PI3K-AKT  pathways  might  also  be  responsible  for  this
ffect.1
The  lesions  usually  develop  in  the  initial  2 weeks  of
reatment,  worsening  during  the  first  month.  Mild  cases  are
reated  with  twice-daily  dosing  of  topical  antibiotics.  For
oderate  cases,  systemic  tetracyclines  are  recommended.
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LETTER  - THERAPY

Figure  1  In  the  left  picture  it  can  be  seen  Patient  1  presenting  generalized  comedones,  papules  and  pustules  all  over  his  face.  In
the right  picture,  the  acneiform  rash  also  compromises  the  right  parietotemporal  scalp.
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igure  2  In  the  left  picture,  on  a  frontal  view,  it  can  be  see
icture, a  close-up,  it  can  be  seen  in  detail  multiple  papules  an

opical  steroids  can  be  added  if  a  severe  inflammatory  reac-
ion  is  present.  Refractory  patients  could  be  treated  orally
ith  antibiotics  and  steroids.

Based  on  the  response  to  the  established  treatment,  the
eduction  of  the  oncology  drug  dose  should  also  be  consid-

red.  Severe  refractory  cases  might  even  require  suspending
ncologic  treatment.5,6 Effective  treatment  may  be  con-
inued  for  the  duration  of  the  trametinib  therapy.1 It  is

t
r
o

2

tient  2  presenting  an  acneiform  rash  on  her  face.  In  the  right
stules  just  like  Patient  1.

mportant  to  highlight  that  these  reactions  are  associated
ith  good  antitumor  activity.

To  conclude,  MEK  inhibitors  have  shown  good  results  in
he  treatment  of  neurologic-associated  tumors.  Effective
reatment  should  aim  to  ideally  not  decrease  the  dose  of

rametinib,  but  should  be  considered  in  refractory  cases,
equiring  a  mandatory  multidisciplinary  approach  between
ncology  and  dermatology  specialists.
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xcarbazepine induced
ystemic lupus erythematosus:
Figure  1  Erythematous  targetoid  coalescent  rash  with
c
f

e
C
r

w

 clinical challenge�

ear  Editor,

ystemic  lupus  erythematosus  triggered  by  medications  is
 serious  adverse  effect  that  is  often  incorrectly  identified
ithin  the  range  of  erythema  multiforme  diseases,  posing

ignificant  diagnostic  challenges.
A  46-year-old  man  was  referred  because  of  an  erythema-

ous,  targetoid,  and  coalescent  rash  of  acute  onset  over  the
ast  48  hours.  Patient  history  included  elevated  blood  pres-
ure  and  borderline  psychiatric  disorder  under  treatment
ith  hydrochlorothiazide  and  oxcarbazepine  for  over  two
ears.  Recently,  paracetamol  and  metamizol  were  added
ecause  of  EBV  infection  a  month  prior.  On  physical  examina-
ion,  confluent  erythematous  violaceus  and  targetoid  lesions
ffected  the  face  with  a  ‘‘butterfly  wing’’  distribution,  as
ell  as  the  oral  mucosa,  neck,  and  upper  trunk.  Denudation
as  intermittently  observed  (Fig.  1  and  2).  Joint  tenderness
nd  stiffness  were  also  present.

Histopathology  revealed  vacuolar  degeneration  of  the
asal  layer,  necrotic  keratinocytes,  and  a  superficial  and
erivascular  lymphocytic  and  polymorphonuclear  inflamma-
ory  infiltrate  (Fig.  3).  Concurrently,  Direct  Immunofluores-
ence  (DIF)  demonstrated  granular  deposits  of  IgM  and  C3  at
he  dermo-epidermal  junction.  Other  DIF  markers  (IgG,  IgA
nd  fibrinogen)  resulted  negative.

Blood  tests  showed  thrombocytopenia  (110  ×  109/L),
ymphopenia  (0.5  ×  109/L),  positive  nuclear  antibodies  at
/40  tittle  with  a  homogeneous  pattern,  and  low  C3  levels
70).  Proteinuria  was  absent.

Oxcarbazepine  and  metamizole  were  withdrawn,  and
reatment  with  intravenous  methylprednisolone  60  mg  daily
n  descending  regime  was  initiated,  with  complete  resolu-
ion  of  skin  lesions  and  hematological  and  immunological

arameters.  Subsequently,  a  Lymphocyte  Transformation
est  (LTT)  with  oxcarbazepine  (0.2  ---  2  ---  20  �g/mL)  and
etamizol  was  conducted  (Fig.  4).  The  test  shows  prolif-

� Study conducted at the Hospital Regional Universitario de
álaga, Málaga, Spain.

p
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ttps://doi.org/10.1016/j.abd.2025.501154
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
ephalocaudal  distribution  and  central  erosion  involving  the
ace, neck  and  upper  trunk.

ration  of  mainly  CD3  and  CD4,  with  some  proliferation  of
D19  and  CD56  cells,  with  oxcarbazepine.  No  proliferative
esponse  was  observed  with  metamizol.

Oxcarbazepine-induced  systemic  Lupus  Erythematosus
as  therefore  diagnosed.

The  rare  coexistence  of  EM-SSJ-NET  and  LES  lesions
resents  a  diagnostic  challenge  when  discussing  a  patient
ith  both  an  infectious  disease  (EBV)  and  a  pharmacological

reatment  (oxcarbazepine)  history.
Initially,  the  morphology  of  both  EM  and  LES  lesions  could
e  reminiscent  of  Rowell  Syndrome  (RS),  but  Torchia  et  al.,
ho  updated  the  RS  criteria  in  2012,  argued  for  a  stricter
efinition,  restricting  its  use  if  infectious  or  pharmacological
riggers  were  present.1
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Figure  3  Histological  findings  showing  focal  epidermal  necro-
sis and  vacuolar  degeneration  of  the  basal  layer,  with
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igure  2  Erythematous  coalescent  rash  with  central  erosion
n upper  back.

Although  anti-histone  antibody  titration  could  not  be
erformed,  the  normalization  of  complement,  leukocytes,
nd  ANA  titers  after  drug  suspension  support  the  diag-
osis  of  drug-induced  lupus.2 The  distinction  between
lassic  SSJ-NET  and  lupus  with  SSJ-NET-like  lesions  relies
n  clinical  history  (latency  of  exposure  to  the  suspected

rug),  seroimmunological  criteria  (ANA+),  and  lesion  dis-
ribution  (photodistribution  in  SLE,  trunk  predominance  in
SJ-NET).2,3 Anatomopathological  criteria  can  provide  addi-

f

I

igure  4  Controlled  lymphocyte  Transformation  Test  (LTT)  with  ox
f mainly  CD3  and  CD4  drug  specific  T-cells,  with  some  proliferation
f CD56  cells  suggests  a  cytotoxic  reaction.

2

ymphomonocytic  and  neutrophilic  perivascular  and  upper-
ermal  infiltrates  (Hematoxylin  &  eosin,  ×100).

ional  insights,  although  findings  in  these  entities  often
verlap.1,3

Therefore,  our  patient’s  clinical  course  suggests  an
xcarbazepine-induced  LES  with  SSJ-NET-like  lesions,  prob-
bly  precipitated  by  prior  EBV  infection.

Whereas  EBV  infection  has  already  resolved,  it  is  a
nown  immunity  disruptor,  which  can  lead  to  the  devel-
pment  of  certain  neoplasms,  autoimmune  diseases,  and
oxicodermas.4

Oxcarbazepine  itself  has  been  linked  to  several  condi-
ions,  including  SLE,  erythema  multiforme,  SSJ,  and  NET.
n  this  patient,  the  in  vitro  reactivity  of  Cytotoxic  T  Lym-
hocytes  (CTL)  to  oxcarbazepine  suggests  it  as  the  causal

actor.2,5

A  wide  variety  of  drugs  have  been  associated  with  Drug-
nduced  LES  (DIL).  Procainamide,  hydralazine,  and  quinidine

carbazepine  (0.2  ---  2  ---  20  �g/mL).  The  test  shows  proliferation
 of  CD19  and  CD56  cells,  with  oxcarbazepine.  The  proliferation



atolo

t
c

f
r
a

S
a
s
p

F

N

A

E
o
c
t
a

s
P
s
O
i
t

e
k
a
t
fi

l
r
r
w

C

N

R

1

2

3

4

5

6

7

E
M

a

U
b

d
c

M

Anais  Brasileiros  de  Derm

ypically  produce  classical  DIL,  which  is  more  strongly  asso-
iated  with  the  production  of  anti-histone  antibodies.6

Nevertheless,  other  pharmacological  groups  have  been
ound  linked  to  DIL,  with  lower  anti-histone  positiveness
ates  such  as  anticonvulsants,  minocycline,  propylthiouracil,
nd  statins.3,6,7

In  conclusion,  while  classifying  patients  with  SSJ-NET  and
LE  symptoms  can  be  challenging,  its  management  is  similar
nd  involves  the  withdrawal  of  the  triggering  drug,  providing
upportive  care,  and  using  corticosteroids  or  immunosup-
ressants  in  refractory  cases.
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aradoxical psoriasiform
lopecia secondary to

cellulitis,  and  other  causes  of  cicatricial  alopecia  (Fig.  1).
Biopsies  were  performed  on  both  plaques,  and  samples  were
taken  for  bacterial  and  fungal  cultures.
c
I
a
f

i
c
a
t
l
w
p
c
C

c
r
p

i
a
b
p

p
i
a
a
t
s
s
c
e

ecukinumab: a case report�

ear  Editor,

soriasis  is  a  chronic  immune-mediated  disease  that  can
ften  be  associated  with  other  immune-regulated  patholo-
ies.  One  of  these  is  hidradenitis  suppurativa,  which  has
een  observed  to  increase  the  risk  of  psoriasis  by  3.24  times
ompared  to  the  general  population  (95%  IC  2.27---4.62).1

The  development  of  biological  therapies  has  enabled
he  treatment  of  both  conditions.  Currently,  adalimumab,

 monoclonal  antibody  against  Tumor  Necrosis  Factor-alfa
TNF-�),  and  secukinumab,  an  antibody  targeting  Inter-
eukin  (IL)  17A,  is  approved  for  the  treatment  of  both
iseases.  Both  are  generally  safe  and  well-tolerated,  but
hey  may  cause  adverse  effects,  such  as  paradoxical  reac-
ions.

We  present  the  case  of  a  42-year-old  woman  diag-
osed  with  Hurley  II  stage  hidradenitis  suppurativa  and
ong-standing  plaque  psoriasis  affecting  the  scalp,  armpits,
nframammary  folds,  and  genital  area.  She  had  received
ultiple  systemic  treatments  for  hidradenitis  control
ith  insufficient  results,  including  antibiotics  (doxycy-
line  and  rifampicin-clindamycin  combination)  and  retinoids
isotretinoin  and  acitretin).  Psoriasis  lesions  were  primarily
anaged  with  topical  treatments,  achieving  partial  control.
To  address  both  conditions,  biological  therapy  with  adal-

mumab  was  initiated,  achieving  a  good  initial  response.
owever,  after  a  year,  the  treatment  lost  effectiveness  in
ontrolling  hidradenitis  suppurativa,  prompting  a  switch  to
ecukinumab  in  December  2022.

Three  months  after  starting  secukinumab,  the  patient
xperienced  a  significant  worsening  of  psoriasis,  with
idespread  lesions  and  two  large  erythematous  and  kera-
otic  plaques  on  the  scalp  (occipital  and  parietal  regions)
ith  follicular  pustules  and  areas  suggesting  fluctuation.  Dif-

erential  diagnosis  included  folliculitis  decalvans,  dissecting

� Study conducted at the Hospital Universitario Infanta Cristina,
arla, Madrid, España and Hospital Universitario Fundación Alcor-
ón, Alcorcón, Madrid, España.

M
o
b
i

c
c
m

ttps://doi.org/10.1016/j.abd.2025.501155
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
Given  this  clinical  deterioration,  secukinumab  was  dis-
ontinued,  and  therapy  was  switched  to  guselkumab,  an
L-23  inhibitor.  Additionally,  treatment  with  fluocinolone
cetonide  and  framycetin  cream,  as  well  as  oral  doxycycline
or  three  months,  was  prescribed.

Histopathological  analysis  of  the  biopsies,  processed
n  vertical  and  horizontal  sections,  revealed  a  signifi-
ant  increase  in  the  telogen  and  vellus  indices.  Loss  and
trophy  of  sebaceous  glands,  infundibular  dilation  with
hinning  of  the  follicular  epithelium,  and  a  dense  perifol-
icular  lymphocytic  inflammatory  infiltrate  were  observed
ithout  interface  involvement.  The  epidermis  exhibited
soriasiform  acanthosis  and  parakeratosis.  These  histologi-
al  findings  were  consistent  with  psoriatic  alopecia  (Fig.  2).
ultures  were  negative.

After  the  treatment,  the  patient  showed  signifi-
ant  improvement  in  both  conditions,  including  complete
egrowth  of  alopecic  plaques  on  the  scalp,  with  no  signs  of
soriasis  except  for  minimal  residual  scaling  (Fig.  3).

Paradoxical  reactions  involve  the  onset  or  worsening  of
mmune-mediated  diseases  due  to  the  use  of  monoclonal
ntibodies.  The  main  paradoxical  psoriasiform  reactions  to
iological  treatment  include  palmoplantar  psoriasis  (42.9%),
laque  psoriasis  (14.7%)  and  scalp  psoriasis  (7%).2

Paradoxical  psoriasiform  alopecia  is  an  emerging  and
oorly  understood  type  of  paradoxical  reaction  described
n  recent  years.  It  has  been  reported  more  frequently  with
nti-TNF-�  drugs,  with  few  cases  documented  with  IL-17
nd  IL-12/23  inhibitors.3---7 Psoriasiform  alopecia  can  be  his-
ologically  distinguished  from  other  types  of  alopecia  by
ebaceous  gland  atrophy.8 This  is  a  controversial  issue,  as
ome  authors  accept  it  might  be  possible  to  distinguish  this
ondition  from  primary  psoriatic  alopecia  by  the  presence  of
osinophils  and  plasma  cells  in  the  inflammatory  infiltrate.
eanwhile,  other  authors  stand  up  for  the  same  spectrum
f  diseases,  with  similar  histopathological  findings  on  skin
iopsies.9 Cases  of  permanent  alopecia  have  been  described
n  patients  with  paradoxical  scalp  psoriasis.5,8
It  is  recommended  to  consider  discontinuing  the
ausative  drug  to  prevent  progression  to  cicatricial  alope-
ia,  especially  in  severe  cases  unresponsive  to  conservative
easures.10 However,  the  decision  to  suspend  treatment

lsevier España, S.L.U. This is an open access article under the CC
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Figure  1  Large  plaques  on  the  scalp,  in  the  occipital  and  parietal  regions,  initially  more  erythematous  (A),  which  developed
significant hyperkeratosis  (B  and  C).

Figure  2  Hematoxylin  &  eosin  histopathology:  (A)  Vertical  section  showing  psoriasiform  hyperplasia,  parakeratosis,  and  a  dense
lymphoplasmacytic  inflammatory  infiltrate  (×40);  (B)  Horizontal  section  showing  preservation  of  follicular  units  and  an  increase  in
the telogen  index  (×40);  (C)  Atrophy  of  sebaceous  glands  (×100).
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igure  3  Partial  regrowth  of  psoriatic  alopecia  plaques  after
fter 5  months  of  treatment  (C).

hould  be  individualized  based  on  the  risk-benefit  ratio  and
he  severity  of  the  alopecia.

In  this  case,  the  temporal  sequence,  clinical  findings,
nd  histopathological  features  led  us  to  a  paradoxical  pso-
iasiform  alopecia  diagnosis  induced  by  IL-17  inhibitors
secukinumab).  This  is  one  of  the  few  cases  reported
n  the  literature,  demonstrating  a  very  good  response
fter  discontinuing  secukinumab  and  initiating  guselkumab
herapy.
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tabilization of a recalcitrant visual  restriction  in  the  left  eye.  The  latest  histopathol-
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nd  aggressive necrobiotic
anthogranuloma with
ofacitinib�

ear  Editor,

ecrobiotic  Xanthogranuloma  (NXG)  is  a  form  of  non-
angerhans  histiocytosis  characterized  by  the  development
f  yellow-orange  infiltrated  papules  and  plaques,  with  the
ost  common  location  being  the  periorbital  area.  Occa-

ionally,  there  is  extracutaneous  involvement,  including
cular,  respiratory,  cardiac,  or  cerebral.  Up  to  80%  of
ases  are  associated  with  monoclonal  gammopathy  and
ther  neoplasms.1 The  treatment  of  NXG  is  complex  and
ata  on  therapeutic  options  are  limited,  making  the  best
pproach  to  treatment  unclear.  We  describe  the  case  of

 patient  with  refractory  NXG  who  experienced  an  ade-
uate  response  to  tofacitinib,  a  non-selective  inhibitor  of
anus  Kinases  (JAK),  which  preferentially  blocks  JAK1  and
AK3.

A  54-year-old  woman  presented  to  the  Department  of
ermatology  with  refractory  NXG.  Specifically,  the  lesions
ad  appeared  at  18---20  years  of  age  (>30  years  of  evolution),
nd  throughout  her  life,  she  had  been  treated  with  topical,
ntralesional,  and  systemic  corticosteroids,  methotrex-
te,  multiple  surgeries,  CO2 laser,  hydroxychloroquine,
xtracorporeal  photochemotherapy,  rituximab,  Intravenous
mmunoglobulins  (IVIG),  and  cyclophosphamide.  Despite
he  latter  treatment  (cyclophosphamide),  combined  with
ystemic  corticosteroids,  the  clinical  condition  was  progres-
ive.  There  was  no  other  cutaneous  or  systemic  involvement,
nd  laboratory  tests,  including  protein  electrophoresis,
ere  normal.  On  examination  (Fig.  1),  yellowish  plaques
f  bilateral  palpebral  and  periocular  involvement  were

bserved,  predominantly  on  the  left  side.  The  lesions  had

 shiny  surface  and  a  slightly  erythematous  surrounding
dge.  They  were  hard,  deeply  adherent,  and  caused  some

� Study conducted at the Hospital Universitario y Politécnico La
e, Valencia, Spain.

m
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m

ttps://doi.org/10.1016/j.abd.2025.501159
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
gy  (Fig.  2) and  all  previous  ones  were  compatible  with
XG  with  deep  involvement  (muscular  invasion),  also  con-
rmed  by  ultrasound  and  Magnetic  Resonance  Imaging  (MRI).
iven  the  refractory  clinical  condition,  active  lesions,  and
ultiple  previous  treatments,  it  was  decided  by  a  multi-
isciplinary  team  to  initiate  tofacitinib  therapy,  initially  at

 dose  of  5  mg/12  hours,  and  due  to  good  tolerance,  the
ose  was  increased  to  10  mg/12  hours  after  3  months.  After
ne  year  of  treatment  (Fig.  3),  the  lesions  had  stabilized,
nd  even  the  size  of  some  of  them  had  reduced,  espe-
ially  the  left  upper  eyelid,  where  the  visual  restriction
ad  improved.  They  were  also  less  evident  on  palpation,
nd  the  surrounding  rim  was  less  erythematous.  The  lesions
emained  the  same  at  the  18-month  review.  Tolerability  dur-
ng  the  1.5  years  of  treatment  was  adequate,  except  for
n  upper  respiratory  condition  that  required  discontinua-
ion  of  treatment  for  a  few  days  at  10  months  of  treatment,
uring  which  time  he  reported  worsening  of  the  lesions.
here  were  no  other  adverse  effects,  and  follow-up  lab-
ratory  tests  were  normal.  On  follow-up  brain  MRI  at  1.5
ears,  the  lesions  remained  stable.  Given  the  adequate
herapeutic  response,  it  was  decided  to  continue  treat-
ent.
The  etiology  of  NXG,  which  is  thought  to  be  related  to

ltered  macrophage  lipid  homeostasis,  has  not  yet  been
lucidated.  Recently,  ABCG5/G8  variants  have  been  identi-
ed  that  encode  heterodimers  containing  transporter  and
ransmembrane  domains  essential  for  reverse  cholesterol
ransport  and  sterol  clearance.1 The  accumulation  of  lipid
articles  can  lead  to  the  upregulation  of  pro-inflammatory
ytokines  such  as  Interleukin  (IL)  6  and  tumor  necrosis
actor-alpha.  Animal  studies  have  shown  that  JAK  inhibitors
an  prevent  IL-6  trans-signaling,  which  may  explain  the
fficacy  of  tofacitinib  on  NXG  in  our  patients.2 Similarly,
he  JAK  pathway  has  been  reported  to  play  a  role  in  the
aintenance  of  granulomas.  Thus,  JAK  inhibition  may  pro-
ote  granuloma  resolution,  as  has  been  described  in  other

ranulomatous  diseases  such  as  granuloma  annulare3 and
3,4
arcoidosis. On  the  other  hand,  treatment  of  NXG  is  chal-

enging  and  the  best  approach  to  treatment  is  uncertain.
andomized  clinical  trials  are  lacking,  so  most  recom-
endations  are  based  on  studies  with  limited  evidence.
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Fig.  1  Clinical  presentation  of  the  lesions  before  starting  tofacitinib.
Yellowish,  shiny,  and  infiltrated  plaques  located  around  the  eyelids  and  periocular  region  bilaterally,  with  more  pronounced  involve-
ment in  the  left  eye,  where  they  caused  visual  restriction.  Surrounding  erythema  around  the  plaques.

Fig.  2  Histological  examination  of  the  left  lower  eyelid  lesion  (Hematoxylin  &  eosin;  panel  A  20×,  panel  B  80×,  panel  C  140×,
panel D  160×).  Histology  showed  collagenous  fibrous  tissue  in  the  dermis,  interspersed  with  increased  lymphohistiocytic  cellularity
w )  and
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ith abundant  foamy  histiocytes  (blue  arrows  in  panels  C  and  D

efore  starting  treatment,  it  is  essential  to  rule  out  mono-
lonal  gammopathy  and  associated  malignancy.5,6 Generally,
he  first-line  therapy  consists  of  alkylating  agents  such
s  chlorambucil,  cyclophosphamide,  or  melphalan,  admin-

stered  with  or  without  systemic  glucocorticoids.  Other
reatments  used  include  IVIG,  thalidomide,  lenalidomide,
nterferon  �-2a,  plasmapheresis,  dapsone,  antimalarials,

r
s
i

2

 multinucleated  giant  cells  (green  arrows  in  panels  C  and  D).

hototherapy,  azathioprine,  methotrexate,  or  rituximab.
or  localized  lesions,  local  treatments  such  as  surgery
r  CO2 laser  therapy  can  be  employed.5---7 Our  patient
ad  undergone  most  of  these  treatments  and  still  had

efractory  lesions  with  progressive  growth.  For  this  rea-
on,  and  based  on  the  reported  efficacy  of  tofacitinib  in
solated  cases  in  granulomatous  diseases,  including  histiocy-
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ig.  3  Clinical  presentation  of  the  lesions  one  year  after  star
iameter, less  active  border,  and  improvement  in  left  visual  res

osis  such  as  necrobiotic  xanthogranuloma2 and  multicentric
eticulohistiocytosis,8 and  non-histiocytosis  such  as  granu-
oma  annulare3 or  sarcoidosis,3,4 it  was  decided  to  initiate
reatment  with  tofacitinib.  Although  caution  must  be  exer-
ised  when  drawing  conclusions  from  the  treatment  of
solated  cases,  the  efficacy  of  tofacitinib  observed  in  our
atient,  a  refractory  case,  suggests  it  is  a  therapeutic  option
or  such  NXG  cases.  However,  it  should  be  noted  that  JAK
nhibitors  have  been  associated  with  numerous  side  effects,
ncluding  infections  (especially  herpes  zoster,  respiratory
nfections),  cardiovascular  events  (thrombosis,  infarction),
ematological  changes,  and  a  possible  increased  risk  of
eoplasia.9,10 Therefore,  their  use  should  always  be  justi-
ed,  and  safer  therapeutic  alternatives  should  be  offered
o  the  patient  if  available.
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uccessful intravenous
mmunoglobulin therapy in

involvement,  concomitant  internal  malignancy,  and  evi-
dence  of  anti-plakin  autoantibodies),  or  when  two  major
and  two  minor  criteria  are  present  (acantholysis  and/or
araneoplastic pemphigus
ssociated with hepatocellular
arcinoma�

ear  Editor,

araneoplastic  pemphigus  (PNP),  or  paraneoplastic  multior-
an  autoimmune  syndrome  (PAMS),  is  an  autoimmune  blis-
ering  disease  characterized  by  severe,  often  intractable,
ucous  membrane  involvement  and  polymorphous  skin

esions,  that  is  classically  associated  with  hematological
eoplasms  and,  more  rarely,  with  solid  tumors.1 Given
he  rarity  of  this  disorder  and  the  heterogeneity  of  clin-
cal  presentation,  clinicians  should  maintain  a  high  index
f  suspicion  for  PNP/PAMS  to  avoid  delayed  diagnosis.  In
021,  the  diagnostic  criteria  for  PNP/PAMS  were  revised
o  better  encompass  the  heterogeneous  nature  of  this
yndrome:  the  diagnosis  is  established  when  the  three
ajor  criteria  are  met  (mucositis  with  or  without  skin

interface  lichenoid  dermatitis  observed  in  histopathology
with  or  without  keratinocyte  necrosis;  and  direct  IF  show-
ing  intercellular  and/or  basement  membrane  staining).2 The
treatment  of  PNP  remains  a  clinical  challenge.3 Systemic
corticosteroids  remain  the  first  line  of  treatment  for  patients
with  PNP.  Additional  options  for  disease  control  include  con-
ventional  steroid-sparing  agents,  rituximab,  and  intravenous
immunoglobulin  (IVIG).

Herein,  we  report  a  rare  case  of  paraneoplastic  pemphi-
gus  associated  with  hepatocellular  carcinoma,  successfully
controlled  with  IVIG  therapy  in  combination  with  systemic
corticosteroids.

An  81-year-old  Caucasian  male,  recently  diagnosed  with
inoperable  hepatocellular  carcinoma  was  referred  to  our
department  for  painful  oral  mucositis  with  six  months’  dura-
tion,  associated  with  dysphonia,  dysphagia,  and  significant
weight  loss  (34%).  He  had  already  completed  several  ther-
apies  for  oral  mucositis,  including  antiviral,  antifungal,  and
systemic  corticosteroid  therapy,  without  improvement.  Also
ig.  1  (A  and  B)  Disseminated  erythematous  brownish  hyperkerato
nd labial  mucosa  covered  by  hemorrhagic  crusts.

� Study conducted at the ULS Almada-Seixal, Almada, Portugal.

ttps://doi.org/10.1016/j.abd.2025.501153
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
tic  papules  and  plaques  on  the  trunk.  (C)  Erosions  on  the  tongue

lsevier España, S.L.U. This is an open access article under the CC
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Fig.  2  In  the  dermis,  a  moderate  lymphohistiocytic  intersti-
tial inflammatory  infiltrate  is  observed,  with  moderate  pigment
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ncontinence,  associated  with  interface  changes  (Hematoxylin
 eosin;  150×).

oteworthy,  in  the  context  of  the  dysphagia  investigation,
e  had  undergone  an  upper  gastrointestinal  endoscopy  that
evealed  low-grade  erosive  esophagitis.

In  addition  to  oral  mucositis,  in  the  past  three  months,
he  patient  developed  a  disseminated  skin  eruption  charac-
erized  by  erythematous-brownish  hyperkeratotic  papules
nd  plaques  on  the  trunk  (Fig.  1A  and  B).  Clinical  exami-
ation  of  the  oral  mucosa  showed  erosions  on  the  tongue,
uccal,  and  labial  mucosa,  covered  by  hemorrhagic  crusts
Fig.  1C).

The  histological  examination  of  the  skin  biopsy  revealed
 lichenoid  interface  dermatitis  (Fig.  2).  Serum  IgG  anti-
esmoglein  3  and  IgG  anti-envoplakin  antibodies  were
etected  by  enzyme-linked  immunosorbent  assay  (ELISA).

irect  immunofluorescence  study  of  perilesional  skin  was
egative.

Therefore,  the  diagnosis  of  paraneoplastic  pemphigus
as  established  considering  the  clinical  picture  of  chronic

l
t
o

ig.  3  (A  and  B)  Clinical  picture  six  weeks  after  treatment  with  sy
linical picture  four  weeks  after  initial  IVIG  cycle  in  association  with
ucositis.

2

ERAPY

rosive  mucositis  associated  with  a  malignant  neoplasm,
long  with  the  detection  of  anti-envoplakin  antibodies.2

In  addition  to  sorafenib  for  the  treatment  of  hepatocel-
ular  carcinoma,  the  patient  was  treated  with  prednisolone

 mg/kg/day  (60  mg)  with  progressive  dose  reduction.
pproximately  six  weeks  later,  there  was  a  significant

mprovement  in  the  skin  lesions  (Fig.  3A  and  B).
Despite  treatment  with  prednisolone  and  targeted  ther-

py  for  hepatocellular  carcinoma,  the  symptoms  of  oral
ysphagia  and  dysphonia  worsened  due  to  persistent  painful
ral  erosions,  compromising  the  patient’s  nutrition.  At  this
oint,  IGIV  (2  g/kg/cycle  divided  into  5  days)  was  admin-
stered  in  combination  with  oral  prednisolone  60  mg/day
ith  progressive  dose  reduction,  which  resulted  in  signifi-
ant  clinical  improvement.  One  month  after  the  intravenous
ycle,  there  were  only  a  few  lesions  on  the  oral  mucosa
Fig.  3C).  The  patient  remained  clinically  controlled,  com-
leting  monthly  cycles  of  IVIG  and  prednisolone  30  mg/day.
ne  year  after  the  diagnosis  he  died  at  home  following  a
ead  injury.

This  case  of  PNP  was  associated  with  a  solid  tumor.  In  this
ontext,  the  evidence  supporting  the  use  of  rituximab  is  less
lear.  Furthermore,  the  administration  of  rituximab  or  other
onventional  immunosuppressants  may  promote  tumor  pro-
ression  due  to  significant  immunosuppression.  Therefore,
he  combination  of  systemic  corticosteroids  with  IGIV  was
onsidered  the  safest  choice.  Additionally,  IVIg  has  been
uccessfully  used  in  other  autoimmune  blistering  diseases
uch  as  pemphigus  vulgaris  and  pemphigus  foliaceous,  being
articularly  useful  in  refractory  cases  to  first-line  therapy
r  when  the  use  of  conventional  immunosuppressants  is  not
afe.4,5

In  conclusion,  our  case  illustrates  a  rare  association
etween  PNP  and  hepatocellular  carcinoma.  Importantly,
e  highlight  the  efficacy  and  safety  of  IGIV  therapy  in  asso-
iation  with  systemic  corticosteroids  in  this  condition.  To
he  best  of  our  knowledge,  there  are  only  two  other  cases
f  PNP  related  to  hepatocellular  carcinoma  reported  in  the

iterature,  which  were  both  treated  with  systemic  corticos-
eroids  and  azathioprine,  with  a  clinical  improvement  of  the
ral  lesions  in  only  one.6,7

stemic  corticosteroids  with  an  improvement  of  skin  lesions.  (C)
 systemic  corticosteroids  with  significant  improvement  of  oral
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uccessful repigmentation with
itlecitinib and combined

was  exposed  to  NB-UVB  therapy  two  times  per  week,  on
non-consecutive  days  for  45  sessions.  However,  these  treat-
ments  showed  no  obvious  effectiveness.  Most  areas  of  the
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ome-based phototherapy in an
ntractable case of generalized
itiligo�

ear  Editor,

eneralized  vitiligo  usually  requires  systemic  treatment  due
o  its  large  lesion  areas.  Systemic  glucocorticoid  and  tradi-
ional  immunosuppressants  have  a  limited  role  due  to  their
ide  effects.  Recently,  novel  agents  targeting  Janus  kinase
JAK),  a  family  of  tyrosine  kinases  that  regulates  cytokine
ignaling,  have  emerged.  JAK  inhibitors  are  a  promising
ption  for  the  treatment  of  vitiligo  orally  or  by  topical
pplication.1 Ritlecitinib  is  an  oral  JAK  inhibitor  approved
y  the  FDA  for  the  treatment  of  severe  alopecia  areata.  In  a
hase  2b  trial,  ritlecitinib  demonstrated  significant  improve-
ent  in  the  Facial  Vitiligo  Area  Scoring  Index  in  patients  with

ctive  nonsegmental  vitiligo.2

Here,  we  report  a  case  with  generalized  vitiligo
efractory  to  systemic  and  topical  corticosteroids,  which
esponded  well  to  oral  ritlecitinib  combined  with  photother-
py  by  a  308  nm  excimer  lamp  for  home-based  use.

The  case  is  a  26-year-old  man  who  has  been  suffering
rom  vitiligo  for  5  years.  A  small  white  patch  inniciated  on
he  abdomen,  which  then  increased  gradually.  The  patient
egan  to  take  traditional  herbs  and  apply  tacrolimus  0.1%
intment  on  the  affected  areas,  but  the  lesions  were  still
rogressing,  and  finally  spread  to  the  trunk,  thighs,  palms,
nd  soles.  In  2021,  he  visited  our  clinic.  The  patient  was
iagnosed  with  progressive  vitiligo  and  started  receiving
etamethasone  injections  to  control  the  disease  com-
ined  with  whole-body  Narrow-Band  Ultraviolet  B  (NB-UVB)
hototherapy.  Diprospan® (suspension  of  7  mg  compound
etamethasone)  was  injected  intramuscularly  four  times  at
n  interval  of  3---4  weeks.  The  radiation  source  of  the  pho-

otherapy  was  the  Waldmann  UV  therapy  system,  which
sed  Phillips  TL-01  fluorescent  lamps  with  a  radiation  spec-
rum  of  310---315  nm  and  a  peak  of  311  nm.  The  patient

� Study conducted at the Department of Dermatology, Hangzhou
hird People’s Hospital, Hangzhou, Zhejiang Province, China.

a

T
n
h
t

ttps://doi.org/10.1016/j.abd.2025.501157
365-0596/© 2025 Published by Elsevier España, S.L.U. on behalf of So
nder the CC BY license (http://creativecommons.org/licenses/by/4.0/
runk,  thighs,  palms  and  soles  were  involved  by  vitiligo.  The
reatment  was  changed  to  ritlecitinib  50  mg  once  a  day,  com-
ined  phototherapy  with  a  handhold  308  nm  excimer  lamp
very  other  day.  Excimer  light  starting  doses  ranged  from
80  mJ/cm2 to  360  mJ/cm2,  depending  on  the  body  site,
nd  post-treatment  erythema-guided  adjustments  of  subse-
uent  doses.  Approximately  2  months  after  that,  the  vitiligo
f  this  patient  was  well  controlled,  with  80%  repigmenta-
ion  of  the  lesions  at  the  trunk  (Fig.  1)  and  thighs,  while
alms  and  soles  remained  with  no  obvious  repigmentation.
he  patient  received  ritlecitinib  orally  for  half  a  year  and
urrently  undergoing  maintenance  therapy  at  a  dose  of  50
g  every  other  day.  No  adverse  effect  including  abnormality

f  biochemistry  metabolism  was  found,  showing  ritlecitinib
afety.

Ritlecitinib,  a  JAK3/TEC  inhibitor,  shows  therapeutic
ffects  on  alopecia  areata  by  inhibiting  IL-5  and  IFN-�
ritlecitinib  may  decrease  the  production  of  IFN-� via  an
ndirect  mechanism,  related  to  TEC  kinase  inhibition),  which
re  also  pathogenic  cytokines  in  vitiligo  and  can  therefore
e  used  to  treat  this  condition.  A  recent  study  revealed  that
itlecitinib-treated  vitiligo  patients  showed  downregulation
f  immune  biomarkers  and  upregulation  of  melanocyte-
elated  markers.3

Given  the  encouraging  results  of  the  phase  2  clinical
rial  of  ritlecitinib  for  the  treatment  of  vitiligo,  the  patient
ccepted  the  off-label  use  this  medicine  after  experiencing
ailures  in  previous  treatments.  The  oral  ritlecitinib  ther-
py  achieved  great  improvement  within  2  months.  Although
he  repigmentation  was  partly  attributed  to  phototherapy,
itlecitinib  played  a  key  role  in  the  success  of  this  case,  since
he  patient  has  already  used  phototherapy  multiple  times  in
he  past  with  poor  efficacy,  and  ideal  therapeutic  effects
ppeared  only  after  oral  administration  of  ritlecitinib.  In  a
eport,  oral  tofacitinib  also  could  stop  the  progression  of
ctive  vitiligo,  when  combined  with  phototherapy.4

Furthermore,  ritlecitinib  is  highly  selective  for  JAK3.
he  most  common  adverse  events  of  ritlecitinib  were

asopharyngitis,  upper  respiratory  tract  infection,  and
eadache  as  observed  in  clinical  trials  for  vitiligo2 and  long-
erm  treatment  of  alopecia  areata.5 No  adverse  reactions

ciedade Brasileira de Dermatologia. This is an open access article
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igure  1  Right  truncal  lesions  of  vitiligo  at  baseline;  repigm
ombined with  308  nm  excimer  light  phototherapy.

ere  found  in  our  patient,  but  it  is  still  necessary  to  closely
onitor  the  occurrence  of  side  effects.
Finally,  home  phototherapy  should  be  considered  for  its

conomic  value,  good  tolerability,  adherence,  and  efficacy.6

n  this  case,  both  oral  medication  and  308  nm  excimer  light
hototherapy  are  performed  at  home,  providing  a  conve-
ient  treatment  option  for  the  patient.
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se of ustekinumab in the
reatment of severe psoriasis in

patient  with  severe  psoriasis  who  responded  positively  to
treatment  with  etanercept;  and  finally,  a  female  kidney
transplant  recipient  with  psoriasis  since  childhood  who
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 liver transplant recipient�

ear  Editor,

iologics  represent  an  important  advancement  in  the  treat-
ent  of  psoriasis,  especially  in  moderate  to  severe  cases

hat  do  not  respond  to  conventional  therapies.  These  agents
ct  precisely  on  specific  molecular  targets,  providing  effec-
ive  disease  control  and  substantially  improving  patients’
uality  of  life.1

In  solid  organ  transplant  recipients  (OTR),  the  use  of
iologics  gains  even  greater  clinical  importance.  These
atients,  who  require  continuous  immunosuppression  to
revent  graft  rejection,  often  experience  psoriasis  exac-
rbation  induced  by  medications  like  corticosteroids.
dditionally,  the  toxicity  of  drugs  like  cyclosporine  on  trans-
lanted  organs  and  the  increased  risk  of  infections  and
alignancies  make  the  management  of  these  cases  even
ore  complex.2

Recent  literature  highlights  the  efficacy  and  safety  of  bio-
ogics  in  treating  psoriasis  in  OTRs  but  emphasizes  the  need
or  a  cautious  approach  when  selecting  these  therapies.  Doc-
mented  clinical  cases  demonstrate  that,  while  biologics
ffer  significant  improvement,  careful  patient  monitoring  is
ssential  due  to  potential  interactions  with  immunosuppres-
ive  drugs  and  the  risk  of  serious  complications.3,4

In  2023,  a  study  reviewed  the  literature  on  patients  with
soriasis  who  had  undergone  solid  organ  transplantation
nd  received  biologic  therapy.  The  analysis  identified  13
ases,  including  8  liver  transplants,  4  kidney  transplants,  and

 pancreas-kidney  transplant,  in  which  patients,  primarily
reated  with  etanercept  and  ustekinumab,  showed  positive
esponses  without  complications  over  periods  ranging  from

 months  to  6  years.4

The  study  also  highlighted  three  specific  cases:  the  first,

 man  who  underwent  a  kidney  transplant  and  showed
ignificant  improvement  after  a  severe  psoriasis  relapse,
reated  with  ustekinumab;  the  second,  a  liver  transplant

� Study conducted at Dermatology Division, School of Medical Sci-
nces, Universidade Estadual de Campinas, Campinas, SP, Brazil.

s
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t

ttps://doi.org/10.1016/j.abd.2025.501156
365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
chieved  an  excellent  response  after  30  weeks  of  treatment
ith  risankizumab.4

We  report  the  case  of  a  35-year-old  man  with  a  his-
ory  of  hypertension  and  mild  plaque  psoriasis,  treated
ith  methotrexate  (15  mg  weekly)  for  seven  months,  who
eveloped  acute  liver  failure  due  to  cryptogenic  cirrhosis,
ecessitating  a  liver  transplant.  Initially,  after  the  trans-
lant,  the  patient  was  maintained  on  immunosuppressive
herapy  with  tacrolimus  and  mycophenolate  mofetil,  show-
ng  a  good  response  in  his  skin  condition  (PASI  score  <  5).
owever,  one  year  later,  there  was  a  progression  of  the
isease  to  extensive  plaques  across  the  body  and  scalp,  neg-
tively  impacting  his  quality  of  life.

Treatment  with  acitretin  (50  mg/day  or  0.5  mg/kg/day)
rovided  partial  improvement  for  three  years,  but  there  was
econdary  failure.  Narrowband  UVB  phototherapy  was  ini-
iated,  resulting  in  clinical  worsening  with  transformation
o  pustular  psoriasis  (Fig.  1),  which  gradually  resolved  with
he  reintroduction  of  acitretin.  After  the  transplant,  the
atient  developed  obesity,  chronic  kidney  disease,  and  hep-
tic  steatosis.  The  elevation  of  serum  lipids  with  the  use
f  acitretin  and  the  contraindication  to  methotrexate  and
yclosporine  due  to  additional  complications  limited  thera-
eutic  options.

After  a  multidisciplinary  evaluation,  the  patient  was
reated  with  ustekinumab,  a  monoclonal  antibody  target-
ng  the  p40  subunit  common  to  interleukins  12  and  23.  With
n  induction  dose  of  90  mg  (weight  100  kg),  he  achieved
ASI  100  after  the  first  maintenance  dose  (12  weeks  later).
ontrol  of  psoriasis  was  maintained  with  dosing  every  12
eeks  for  three  years,  although  there  was  a  recurrence  of
laques  on  the  limbs  and  abdomen,  reaching  PASI  <  75.  PASI
0  was  again  achieved  by  reducing  the  interval  to  8  weeks,  as
ose  optimization  or  interval  reduction  is  recommended  in
he  product  information,  without  compromising  treatment
afety.  The  patient  has  remained  well-controlled  for  five
ears,  with  no  evidence  of  lesions  and  stable  liver  function
Fig.  2).
The  risk  of  hepatotoxicity  and  the  complex  interactions
etween  immunosuppressants  and  therapies  for  psoriasis
re  among  the  conditions  that  make  treatment  in  organ
ransplant  recipients  challenging.  Ustekinumab  (UST)  offers
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Figure  1  (A)  Plaque  psoriasis  and  striae  on  the  trunk  before  acitretin.  (B)  Pustular  eruption  after  phototherapy.
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igure  2  (A)  Infiltrative  erythematous-scaly  plaques  on  the  tru
o lesions  present.

n  alternative  with  proven  safety,  as  it  is  the  longest-
tanding  anti-interleukin  available  in  the  Brazilian  market
nd  has  several  reports  in  this  patient  profile.  However,  the
bsence  of  specific  guidelines  and  the  need  for  individual-
zed  approaches  underscore  the  complexity  of  managing  this
ondition,  highlighting  the  importance  of  further  research  to
nhance  treatment.5

This  case  reinforces  that  ustekinumab  can  be  an  effective
nd  safe  option  for  controlling  psoriasis  in  liver  transplant
ecipients  without  compromising  liver  function  over  a  long
eriod,  highlighting  the  importance  of  personalized  thera-
eutic  strategies  and  the  need  for  rigorous  monitoring  and
urther  research.
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