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Abstract Pressure injuries remain a significant challenge in healthcare services. They nega-
KEYWORDS tively impact these services by increasing workload, financial burden, and direct and indirect
Cla@ssiﬁctation; costs related to detection, prevention, treatment, and rehabilitation. It is of utmost impor-
Epidemiology; tance that dermatologists and other healthcare professionals are knowledgeable about these
Pressure ulcer; lesions. The first part of this review discusses the history and terminology of pressure injuries,
Risk factors epidemiology in different settings, from adults to pediatric and neonatal patients; etiopatho-
genesis, demonstrating the current scheme of the vicious cycle of ischemia and tissue death;
associated risk factors, both intrinsic and extrinsic; classification of all stages of pressure
injuries with clinical images; and the main anatomical areas at risk in each position - lateral,
seated, supine, prone, and with medical devices. Differential diagnoses were detailed, includ-
ing incontinence-associated dermatitis, and the ‘‘Kennedy terminal ulcer’’, providing support
for proper evaluation and guidance on preventive measures and treatment, which will be fur-
ther detailed in Part Il of this review. The primary focus was to provide resources for healthcare
professionals to holistically assess, prescribe, and monitor patients at risk for or with pressure
injuries.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

The pressure injury (Pl), also known as a ‘‘pressure ulcer’’,
is a localized area of injury to the skin and/or underlying
tissue, usually over a bony prominence. It may present as an
area of seemingly intact skin with non-blanchable erythema,
blistering, or an ulcer with complete loss of skin and possible
involvement of underlying deep tissues such as muscles and
bones. Medical-device-related Pl was defined as resulting
from the use of devices designed and applied for diagnostic
or therapeutic purposes. The resulting Pl conforms to the
device’s pattern or shape.’

Pl is a persistent healthcare condition. It represents one
of the most challenging clinical problems that negatively
impact patients’ lives in emotional, psychological, physical,
and social aspects, thus globally reducing their quality of
life.? Pl also has repercussions on healthcare institutions,
leading to increased workload and financial burden. Unfor-
tunately, its incidence and burden remain at high levels,?
mainly after the COVID-19 pandemic.*

The economic impact of Pl includes expenses for detec-
tion, prevention, treatment, and rehabilitation.® The cost
of treating a Pl per patient per day varies between 1.71
and 470.49 euros in all scenarios.® In Intensive Care Units
(ICUs), PI can generate even higher costs, especially with
more severe and deeper wounds.’

Based on the best available scientific evidence, this
review highlights the importance of dermatologists and
other healthcare professionals knowing about Pressure
Injuries (PlIs), particularly their ability to diagnose and
differentiate Pls from other similar lesions effectively. Addi-
tionally, it considers the most current mechanisms of Pl
development, classifications, and clinical aspects to sup-
port healthcare professionals in their clinical routines. This
includes assessing patients for potential risk factors to take
assertive preventive measures and facilitating early iden-
tification of Pls to intervene and prevent complications
promptly.

History of pressure injuries

Pls have been a part of human history since ancient times.
The earliest known historical reference comes from pale-
opathologists who identified extensive Pl on the ischial bones
and scapulas of a mummy belonging to an elderly priestess
of Amun from the 215t Dynasty of ancient Egypt (1070 to
945 BC).” The first written record of Pl corresponds to Hip-
pocrates (460-370 BC), who described the appearance of
such lesions in a paralyzed patient with bladder and bowel
dysfunctions.?

During the Renaissance, Ambroise Paré (1510-1590),
considered the father of modern surgery, made the first doc-
umented description of a PI, focusing on addressing its cause
to facilitate healing.”

Effective measures in the prevention and treatment
of Pl were already being implemented in the early 19th
century. For example, in 1806, J.E. Aronssen from Berlin
emphasized the importance of the bed in patient care and

presented plans for a new and improved invalid chair of his
invention.’

The term ‘‘bedsore’’ was documented by nurse Florence
Nightingale in 1859."° This term maintains its association
with the bed, despite the understanding at the time that PI
can occur whenever soft tissues are in contact with support
surfaces, and the significant role played by shear forces and
shear deformation. The addition of ‘‘sore, implied a raw’’
or painful place on the body.’

From the second half of the last century, awareness of
Pl increased alongside advances in healthcare, prompting
various authors to study their etiology. Reichel in 1958
and Kosiak in 1959'? with studies on ischemic injuries
contributed significantly to the understanding of etiopatho-
genesis. The search for Norton et al. in 1962 resulted in the
first risk assessment scale for Pl. The term ‘pressure ulcer’’
started to gain popularity in the 1970s and 1980s, replacing
terms like ‘‘bedsores’’ or *‘decubitus ulcers’’ and ‘ ‘pressure
sores’’. The formation of groups such as the National Pres-
sure Ulcer Advisory Panel (NPUAP) in the United States in the
1970s, along with national groups such as the National Group
for the Study and Advisory of Pressure Ulcers and Chronic
Wounds in Spain (GNEAUPP) in 1994, and the European Pres-
sure Ulcer Advisory Panel (EPUAP) in 1996, propelled the
advancement of knowledge about PI during that time.”

Significant contributions to the understanding and pre-
vention of PI include the conceptual model by Bergstrom
et al. in 1987 who developed the Braden Scale, and
Coleman et al. who presented direct and indirect causal
factors,' and the work of Garcia Fernandez et al. in 2014,'°
who introduced the term ‘‘pressure injuries related to
dependency’’. This work modified the existing classifica-
tion that GNEAUPP had already adopted and paved the way
for reconsidering the term ‘‘pressure injuries’’ instead of
“‘pressure ulcers’’. This term was later adopted by the Pan
Pacific Pressure Injury Alliance in 2014 and recently, albeit
controversially, by the American NPUAP, generating intense
debate due to the English connotations of the concept of
“‘injury’’." Thus, the NPUAP incorporated the *‘injury’’
(National Pressure Injury Advisory Panel - NPIAP)," however,
in Europe, the EPUAP term pressure ulcer remains without
this modification.’

Epidemiology

Assessing Pl incidence is of utmost importance in demon-
strating the relevance of this adverse event in hospital
settings. It is crucial for healthcare professionals at the bed-
side and service managers, as it indicates the quality of care
provided,'® becoming a threat to patient safety."

The prevalence of Pl remains high in the global popula-
tion, proportional to aging and the increasing prevalence of
precipitating factors such as obesity, diabetes, and cardio-
vascular diseases.’® Conversely, the incidence varies widely
according to the clinical setting and is higher among high-risk
groups. It is reported to be up to 60% among quadriplegics
and people with spinal cord injuries, 66% among patients
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undergoing prolonged surgeries, and 70% among older peo-
ple patients with hip or femoral fractures.?°

The global prevalence of Pl reported in a systematic
review in hospitalized patients is 12.8%, with an incidence
rate of 5.4 per 10,000 patient days.?' The same review found
that 61.8% of Pls were acquired in hospitals, and 30% of all
lesions were considered severe (Stages 3 and 4).%

Brazil is the country that reports the most studies on the
incidence and prevalence of Pl in Latin America.?” Accord-
ing to the National Report on Healthcare-Related Incidents
reported to the National Health Surveillance Service from
2014 to 2022, out of 1,100,352 reported incidents, 223,378
(20.3%) were related to Pls. During this period, Pls were
the second most frequently reported type of event by the
Patient Safety Nucleus (NSP) of healthcare services in the
country and the fifth leading cause of death related to inci-
dents in healthcare.?®

Data on the prevalence and incidence of Pl should be
analyzed cautiously in different studies since authors use
different methodologies to calculate these indicators. The
main problems are the inclusion of all stages of Pl or only
those with ulcers and the inclusion of the entire population
or only those at risk of developing PI. These differences sig-
nificantly impact the incidence and prevalence results found
in different studies and countries. This limitation has already
been found in a systematic review, for example, where not
all stages of Pls were included in the studies.?’

Intensive therapy

In ICUs, patients are considered at high risk for develop-
ing Pl due to clinical condition-related risk factors, such
as immobility, inadequate nutrition, and support therapies
like mechanical ventilation and hemodialysis.'®?* The cumu-
lative incidence and prevalence were 10.0% to 25.9% and
16.9% to 23.8%, respectively in a global systematic review
encompassing all diagnostic restrictions and types of ICU.%*

Pediatric and neonatal

The prevalence and incidence of Pl in pediatric populations
can vary considerably depending on the clinical context. Few
studies focus on this population, but Razmus and Bergquist-
Beringer conducted a study covering 678 pediatric acute
care units with 39,984 patients in the United States.? They
reported that the rate of Pl acquired in all facilities ranged
from 0.57% to 3.7% in the pediatric ICU and 4.6% in rehabil-
itation settings.?

A study in Brazilian hospitals, tracking 314 children,
found an average prevalence of 7.1% and an average inci-
dence of 21.8%, with 22 children having 31 cases of Pls.
According to the types of wards, the average prevalence was
1.8% in clinical pediatrics, 4.0% in surgical pediatrics, and
32.8% in pediatric ICUs.?¢ In another Brazilian study assess-
ing 83 children in a tertiary hospital ICU in the interior of
Sao Paulo, the incidence of Pl was 21.6%.%

In neonates, injuries from medical devices are more com-
mon, especially in the ICU.”® A study that assessed the
incidence of Pl in both children and neonates identified a
50% higher risk of PI, primarily due to medical devices, with
injuries to the septum from enteral tubes and the use of

tracheostomies.?’ Another study evaluated 625 children and
neonates, among which those under eight years old devel-
oped one or more injuries from medical devices, with an
incidence of 7%.%

A recent systematic review found the overall pediatric
prevalence ranging from 0.47% to 31.2%. The combined
prevalence among neonates was 27.0%, among children
under 1-year old was 19.2%, and among children over
1-year old was 12.3%. The cumulative incidence of hospital-
acquired Pl in neonates was 9.8%.3'

Older people

An increasingly frequent scenario is the institutionalization
of older people. Due to the natural characteristics of the
aging process and the clinical issues that limit mobility, Pl
is considered a concern for the safety of elderly individuals
living in these institutions.??

A systematic review with meta-analysis showed that the
prevalence, incidence, and occurrence of Pl acquired in
elderly care homes were 8.5%, 11.6% and 14.3%, respec-
tively. The most common stages were Stages 1 and 2.
The calcaneal and sacral regions were the most frequently
affected sites. Additionally, it was observed that the amount
of Pl among the older people in these institutions is like that
found in hospitalized patients.*

COVID-19

In patients with COVID-19, particularly those during the pan-
demic admitted to the ICU, the rates of Pls were significantly
high. A study in Brazil demonstrated that out of 80 patients
admitted to the ICU due to COVID-19, 44 (55%) developed PI
during hospitalization.** Another Brazilian study, among the
393 medical records analyzed, identified a prevalence of Pl
at 167 cases (42.5%), with patients having up to four PI.**

In terms of the location of the PI, a difference was noted
during the pandemic related to the prone position, in which
patients remained for 16 to 24 consecutive hours daily. Pl
frequently occurred on the bony prominences subjected to
this position such as frontal, nasal, pectoral, breast and
knee.** The incidence of Pl ranges from 25.7% to 48.5%
in the prone position.*”

A concern about Pl related to the use of personal protec-
tive equipment by healthcare professionals has also been
reported during the pandemic. A systematic review found
a high incidence of these injuries, ranging from 30% to
92.8%, predominantly stage 1 PI*® and 58.8% in another
study of the same stage.*° This is supported by a Brazilian
study of ICU professionals, where 91.8% had some form of
injury/erythema, primarily in the nasal region (74.1%) and
the zygomatic region (45.9%).“

Etiopathogenesis

The pathological impact of excessive pressure can be
attributed to three factors: the intensity of the pressure,
the duration of the pressure, and the capacity of the tis-
sues (including the skin and other structures) to withstand
the pressure without sustaining damage.?’ The influence
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(A) Actions of pressure, friction, and shear over the bony prominence. (B) External pressure and compression of capillaries

(from surfaces such as a bed or chair) interfere with local blood flow and, consequently, tissue perfusion, leading to the development

of pressure injury. Source: Authors own.

of capillary pressure and capillary closing pressure is cru-
cial in the development of Pls, as insufficient perfusion
due to capillary occlusion can lead to cell and tissue death
through ischemia, mechanical deformation, and biochemi-
cal stress.*' Compression of capillaries by external pressure
can interfere with local blood flow and tissue perfusion. This
reduces the supply of oxygen and nutrients to the tissues,
resulting in the development of Pl in areas subjected to
mechanical loads composed of prolonged pressure, shear,
and friction forces*' (Fig. 1A).

In individuals with normal sensitivity, mobility, and men-
tal state, prolonged pressure triggers a feedback response
that results in frequent adjustments in body positioning.
However, when this feedback response is absent or com-
promised, sustained and continuous pressure can lead to
ischemia, injury, and tissue damage.*?

Tissue damage occurs due to intense and/or prolonged
exposure of soft tissues to sustained mechanical loads, such
as compression, traction, or shear forces, or a combination
of these loading modes. Sustained loading (quasi-static load-
ing) refers to loads applied continuously over long periods,
ranging from minutes to hours or even days* (Fig. 1B).

A new conceptual model on the etiopathogenesis of PI
was updated by the NPIAP authors in 2022, represented by
the PI vicious circle* (Fig. 2).

The injury mechanism affects various tissues, from defor-
mation to inflammatory cell damage.”’ Inflammation may

intensify due to a pre-existing ischemic condition, espe-
cially if reperfusion occurs, for example, immediately
after repositioning.**“¢ Reperfusion after a long period of
ischemia can further worsen tissue damage, as it leads to the
release of harmful free radicals.”’ Persistent deformations
in cells, blood vessels, and tissues drive this entire damage
pathway, impacting the integrity and function of cellular
organelles and leading to tissue and organ malnutrition.*
These deformations not only cause direct damage to cellular
structures but also trigger inflammation and edema, dis-
tort the capillary network, reduce nutrient supply to tissues,
and obstruct the lymphatic system, impairing the removal
of metabolic waste products.* Localized tissue deforma-
tions can quickly lead to microscopic damage; however, it
may take several hours of continuous pressure for this initial
cellular and tissue damage to become clinically visible.*'

Although pressure is the primary triggering factor, the
capacity of soft tissues to tolerate sustained deformations
varies depending on the type of tissue.* It is influenced by
other factors, known as intrinsic and extrinsic factors, which
will be described next.

Risk factors

The PI occurs due to well-established factors such as pres-
sure, friction, and shear, but several risk factors also
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Triggering
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Figure 2 Vicious cycle of Pl: direct deformation damage
(cellular damage, cell death, and inflammation), inflammatory
damage (edema, increased interstitial pressure), ischemic dam-

age (ischemia, tissue death), leading to cellular deformation.
Figure adapted from Gefen.**

contribute to the development of these injuries.*® These
risk factors are divided into two main domains: extrinsic and
intrinsic factors.*

Extrinsic factors refer to external conditions or aspects of
healthcare practices that can increase the risk of developing
PI, such as prolonged pressure, friction and/or shear, mois-
ture, improper handling, medications, hygiene care, and the
use of medical devices."*°

Intrinsic factors are related to the individual and phys-
iological characteristics of the patient that can increase
their vulnerability to developing PI, such as advanced age,
clinical conditions, reduced mobility, urinary and fecal
incontinence, hemodynamic status, arterial insufficiency,
and malnutrition.’

A systematic review with meta-analysis of 39 studies,
including over 2.5 million patients worldwide, identified the
elderly as a vulnerable patient group. The increase in age
is one of the primary risk factors for developing PI, as older
individuals tend to have poor skin conditions, inadequate
nutrition, and reduced mobility.?!

Urinary and fecal incontinence results in excess moisture,
leading to skin maceration and making it more susceptible
to injuries from friction and repositioning.?'->’!

A comprehensive review published in 2024 analyzed sev-
eral meta-analyses, which systematically highlighted an
increased risk of developing Pl in patients with diabetes mel-
litus. Other factors, such as the duration of surgery and the
length of stay in the ICU, were also identified as crucial risk
elements.>?

Populations potentially characterized by multiple risk
factors include: those who are critically ill and/or in inten-
sive care, individuals with hip fractures, spinal cord injuries,

chronic neurological conditions, diabetes mellitus, older
people, those residing in long-term care facilities or commu-
nity care settings, and individuals undergoing trauma and/or
prolonged surgery.’

Clinical and laboratory assessment and
documentation

When collecting the history of the current PI, it is impor-
tant to pay attention to the qualitative information about
the patient, including location, duration, potential causes
or triggering factors, dimensions and changes in size, pain
(type, severity, frequency, factors that relieve or worsen),
characteristics such as exudate, types of tissue and odor, as
well as a history of other Pl and scars.*?

It is necessary to evaluate all bony prominences and
critical areas related to positioning and invasive devices
(Fig. 3). The main sites affected in adults are typically the
sacro-coccigeal region and the heels, the latter mainly from
being in the dorsal or seated position."?">* Other frequently
affected areas include the ischial region in patients who
remain seated and the hip (particularly the trochanter) in
patients who lie in the lateral position.’

In children, the most affected area, especially in infants
who are bedridden in the supine position, is the occipital
region, followed by the sacral area and heels. Other loca-
tions in children include the ears and nose due to the use of
medical devices.">*

Staging

The change in terminology from ‘‘pressure ulcer’’ to
“‘pressure injury’’ encompasses both intact skin and ulcer-
ated lesions."” Thus, Pl describes Stage 1 lesions and deep
tissue injuries without ulcerated skin. The staging and exam-
ples of anatomical involvement are described in Table 1."

Pl is not limited to the skin; it can also occur on mucous
membranes, including the respiratory, gastrointestinal, and
genitourinary tracts. Mucosal Pl is primarily associated with
medical devices, typically caused by tubes and/or their sta-
bilization equipment exerting sustained compressive and
shear forces on vulnerable mucous membranes and underly-
ing tissues.'

The representation of the affected skin layers and images
of representative pressure injuries according to each classi-
fication are in Figs. 4-10.

Evidence-based recommendations for additional assess-
ment techniques, such as skin temperature evaluation,
subepidermal moisture measurement, and skin tone color
charts, should be used when assessing skin and tissues and
classifying PI, particularly in darker skin tones." Assessment
of the skin using subepidermal moisture measurement scan-
ners has gained international attention as it can detect the
onset of Pl approximately five days before becomes visu-
ally apparent,®® making it a promising advancement in the
clinical practice of Pl prevention.>®

Some tools guide the assessment and documentation
of Pls, such as the widely used PUSH (Pressure Ulcer
Scale for Healing), which provides a guide for evaluating
exudate, size, and tissue type, serving as a support for
clinical progression.®”->® Another more current and compre-
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Main bony prominences at risk of developing pressure injuries according to dorsal, lateral, supine, and sitting positions,

as well as those related to invasive devices. Sources: Authors’ own.

Figure 4

(A) Stage 1 pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with

non-blanchable erythema in the sacral region. Source: Authors’ own.

hensive tool that supports professionals is the Bates-Jensen
Wound Assessment Tool (BWAT)*° - adapted for Brazil in
2015 and its reliability was internationally validated in
2019.°" The BWAT consists of 13 wound characteristics: size,
visible depth, wound edges, undermining and tunneling,
type and amount of necrotic tissue, type and amount of
exudate, surrounding skin discoloration, peripheral tissue
edema, peripheral tissue induration, granulation tissue, and
epithelialization.®® ¢!

Laboratory aspects

Laboratory tests help assess conditions that can hinder or
delay Pl healing, such as infection, anemia, poor nutritional
status, and diabetes mellitus. It is recommended that a com-
prehensive metabolic panel, a complete blood count with
differential, albumin and prealbumin (to evaluate nutri-
tional status), and hemoglobin A1C be performed.®’



Anais Brasileiros de Dermatologia 2025;100(5):501187

Table 1  Classification and definition of pressure injuries according to the European Pressure Ulcer Advisory Panel.’

Staging

Definition

Stage 1

Stage 2

Stage 3

Stage 4

Deep Tissue Pressure Injury

Unstageable Pressure Injury

Medical Device-Related

Pressure Injury

Pressure Injury to Mucous
Membranes

Intact skin with non-blanchable erythema, does not lighten with pressure in a localized
area. Darkly pigmented skin may not show visible blanching; its color may differ from
the surrounding areas. The area may be painful, firm, soft, warmer, or cooler compared
to the adjacent tissue (Fig. 4A-B).

Partial-thickness loss of dermal thickness, appearing as a superficial ulcer with a
red-pink wound bed, without necrotic tissue or bruising. It may also present as an intact
or ruptured blister. These injuries do not have necrotic tissue and heal by
epithelialization rather than granulation tissue. This stage does not apply to
moisture-associated skin damage, such as incontinence-associated dermatitis,
intertriginous dermatitis, injury related to medical adhesives, or traumatic wounds like
skin tears, burns, and abrasions (Fig. 5A-B).

Full-thickness loss of skin. Subcutaneous tissue may be visible, but bones, tendons, or
muscles are not exposed. There may be eschar or slough. Tunneling, undermining,
erosions, and epibole may also be present in Fig. 6A-B.

Full-thickness tissue loss where exposure may reach bone, tendon, or muscle. Slough or
eschar may be present in some parts of the wound bed. Often includes erosion and
tunneling. Exposed bone/tendon is visible or directly palpable, which may lead to
osteomyelitis (Fig. 7A-B).

Persistent discoloration of intact skin or the presence of a blister (bulla), characterized
by a translucent lesion that may contain blood-stained, clear, serous, or purulent fluid,
suggesting possible deep damage to the underlying tissue (Fig. 8A-B).

Full-thickness skin and tissue loss in which the base of the wound is covered by eschar
(yellow, beige, gray, green, or brown) and/or necrotic tissue (beige, brown, or black) on
the wound bed. The stage cannot be determined until the necrotic tissue or eschar is
removed to reveal the base of the wound. Excludes PI reclassified to Stage 3 or 4 after
exposure or debridement (Fig. 9A-B).

Caused by using devices designed and utilized for diagnostic or therapeutic purposes.
These injuries exhibit a pattern or shape consistent with the device that applies
pressure to the skin. They should be classified using a recognized staging system, similar
to other PI (Fig. 10A).

These injuries occur on the moist membranes lining the respiratory, gastrointestinal,
and genitourinary tracts. Medical devices, such as tubes and stabilization equipment
primarily cause them. Due to the unique anatomy of these tissues, these injuries cannot
be classified into Stage 1 through Stage 4 (Fig. 10B).

Figure 5 (A) Stage 2 pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with
partial-thickness skin loss and an intact blister in the gluteal region. Source: Authors’ own.
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Figure 6  (A) Stage 3 pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with
full-thickness dermal loss in the gluteal region and the presence of slough. Source: Authors’ own.

Figure 7  (A) Stage 4 pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with
full-thickness skin loss in the sacral region and exposure bone. Source: Authors’ own.

Figure 8  (A) Deep tissue pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with
extensive purpuric lesion in the gluteal region. Source: Authors’ own.
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Figure 9

(A) Unstageable pressure injury. Source with permission of the National Pressure Injury Advisory Panel. (B) Patient with

liquefactive necrosis and an area of coagulative necrosis in the sacral region, making it impossible to assess the depth of the pressure

injury. Source: Authors’ own.

Figure 10

(A) Medical device-related pressure injury in a patient with a pressure injury on the inner surface of the right thigh

caused by pressure from an indwelling urinary catheter. (B) Urethral mucosal pressure injury in a patient with an indwelling urinary

catheter. Source: Authors’ own.

Although swabs to assess for infection remain the most
common method for wound sample collection due to their
simplicity and low cost,* wound cultures from superficial
swabs may not be clinically valuable. They often reflect
colonization rather than infection, leading to false-positive
results.®4-6¢

Tissue biopsy is considered the gold standard due to its
precision, although it is more invasive, costly, and requires
specialized skills for its performance.®® Additionally, biopsy
has greater sensitivity for wounds infected with multidrug-
resistant bacteria.®

Differential diagnoses

Incontinence-associated dermatitis

Lesions caused by excessive moisture (sweat, exudate,
and bodily fluids) compromise the epidermal barrier and

can cause skin damage that may be confused with PI.’
Incontinence-Associated Dermatitis (IAD) is an irritant
contact dermatitis and is the most common form of
moisture-associated skin damage, as chronic exposure of the
skin to urine and feces chemically injures the skin.'

The IAD is characterized as an inflammatory dermato-
sis with erythema, exudation, and excoriation.®’ It also
presents with persistent pigmentation changes, edema,
maceration, vesicles, or blisters.®® It affects the perineum,
the lower folds of the buttocks, the scrotal region, the
thighs, and sometimes even the abdomen (Fig. 11A).

Kennedy terminal ulcer

End-of-life injuries are those that appear hours or weeks
before a patient’s death.® Many synonyms describe the
same type of injury, with the most well-known term being
the eponym ‘‘Kennedy Terminal Ulcer’’ (KTU). KTU was first
reported by Karen Lou Kennedy’® describing a discolored
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Figure 11

Differential diagnosis of pressure injury. (A) Incontinence-associated dermatitis in a patient with urinary and fecal

incontinence who developed intense erythema in the regions intergluteal, perianal and scrotum. (B) Kennedy’s terminal ulcer in a

patient with multiple organ failure who rapidly developed (within 24 hours) a purpuric plaque in the sacral region.
Source: Authors’ own.

skin patch (purple, red, blue or black) usually located in the
sacral or coccyx region, although it can affect other body
parts, with a butterfly, pear, or horseshoe shape (Fig. 11B).
Its progression is very rapid, with full-thickness ulcers evolv-
ing over the course of hours or a few days, indicating the
imminence of death.’

There is debate as to whether KTU is a particular type
of Pl. However, there is a difference in the pathophysiol-
ogy between them.”' Pl is caused by unrelieved pressure,
often accompanied by shear and friction, resulting in local
ischemia and tissue damage. On the other hand, KTU is
caused by hypoperfusion and multiorgan failure, and the
hypoperfusion of the skin results in visible signs of tis-
sue death. In this scenario, the ischemia associated with
multiorgan failure, rather than the damaging effects of
unrelieved pressure or shear, results in an unavoidable skin
ulcer.®”

Due to similar purple or brown discoloration and location,
it can be challenging to differentiate it from deep tissue PI1.”2

Final considerations

This article aimed to support healthcare professionals and
dermatologists in identifying risk factors and mechanisms of
Pl based on the most current concepts available in the sci-
entific literature. The primary focus was providing resources
to help them holistically assess, prescribe, and monitor
patients. Additionally, it aimed to assist in evaluating each
risk classification and distinguishing other skin conditions
like PI.

Some key points of this review include: 1) The prevalence
of Pl remains high in the global population, with emphasis
on patients in ICUs, institutionalized older adults, individu-
als with hip fractures, trauma or prolonged surgeries, spinal
cord injuries, and chronic neurological conditions; 2) Chil-
dren and neonates are also at risk of Pl; 3) Pl is not limited to
the skin; it can also occur on mucous membranes primarily
associated with medical devices; 4) Temperature assess-
ment, subepidermal moisture measurement, and skin tone
color charts can be used when assessing skin and tissue and
grading PI, particularly in darker skin tones; 5) In cases of
Pl with suspected infection, wound cultures from superficial
swabs are not indicated. A biopsy for microbiological analy-

sis has greater sensitivity in detecting wounds infected with
multidrug-resistant bacteria.

The authors invite you to read the subsequent article,
which addresses the main complications inherent to PI, prac-
tical preventive measures, conventional treatments, and
advanced technologies currently in use. Additionally, the
next article provides a practical guide focusing on combating
biofilm and updating debridement techniques.
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Abstract

Background: Superficial infection in venous ulcers (VU) hinders healing.

Objective: To evaluate the action of hydrofiber dressing with silver (HAg) compared to colla-
genase ointment (Col) in VU.

Methods: Randomized controlled clinical trial in which patients with VU with superficial infec-
tion were randomized to the intervention (HAg) or comparison (Col) group. After 30 days (T30),
the primary outcomes evaluated were: rate of ulcers without signs of superficial infection,
decrease in bacterial load, presence of biofilm-producing bacteria, and bacterial clonality.
Results: Thirty-four patients (56 ulcers) were included - 18 patients (28 ulcers) in the HAg group
and 16 (28 ulcers) in the Col group. There was a reduction in ulcers with superficial infection
in both groups over time but with no differences (p = 0.422). There was no decrease in total
bacterial load over time (p = 0.054) or between the groups (p = 0.113). There was a reduction
in the rate of ulcers with biofilm-forming bacteria over time (p = 0.047) but no differences
between groups (p = 0.558). Regarding the clonality of Staphylococcus aureus, 92.8% of ulcers
in the HAg group and 85% in the Col group, the clones identified at TO were the same at T30 (p
=0.553). There was no change in the identity of Pseudomonas aeruginosa in any ulcer in either
group.

* Study conducted at the Department of Infectology, Dermatology, Imaging Diagnosis and Radiotherapy, Faculty of Medicine, Universidade
Estadual Paulista, Botucatu, SP, Brazil.
* Corresponding author.
E-mail: fernandes.abbade@unesp.br (L.P. Abbade).
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Study limitations: Short follow-up time.

Conclusion: Both interventions improved the clinical and some microbiologic characteristics,
but there was no difference between both interventions. In addition, most ulcers showed
indistinguishable genetic profiles of S. aureus and P. aeruginosa between TO and T30, with
no difference between the groups.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Venous ulcers (VU) and other chronic ulcers are contami-
nated by microorganisms that may come from endogenous
secretions, bandages, and their environment. Therefore, it
is essential to understand the difference between coloniza-
tion, critical colonization (superficial infection), and deep
infection. The colonization will occur when bacteria repli-
cate on the ulcer wound bed but do not cause damage to
the host. However, the environment is susceptible to bac-
terial infections that happen when there is an increment
in the microbial load on the surface of the ulcer (critical
colonization or superficial/local infection). Consequently,
the levels of pro-inflammatory cytokines increase and pro-
mote the deterioration of the granulation tissue and exudate
in excess, hampering the healing process. Deep infec-
tion occurs when bacteria penetrate peri-wound tissues,
replicate, and cause damage to the host, surpassing the
immunological defense capacity, manifesting as erythema,
edema, increase in temperature, pain at the perilesional
region, and fever.'

Depending on the ulcer environment, different types of
biofilms can be produced. Its formation starts when a bac-
terium in its planktonic form adheres to an exposed surface,
which can be biotic or abiotic. After, the microorganisms
connect among themselves and attach in an unreversible for-
mat. Then, they start to proliferate, activating the quorum
sensing. The biofilm grows and differentiates itself, becom-
ing a mature biofilm community, and presenting structural
characteristics. Next, a matrix of water and polymeric sub-
stances such as polysaccharides, proteins, and extracellular
DNA is formed. Finally, the mature biofilm starts a disper-
sion process with the detachment of cells or microcolonies.
Dispersion can result in the colonization of new niches and,
consequently, new sites of infections with biofilm.*

The resistance of biofilm-producing bacteria is a crucial
problem in handling and treating chronic ulcers. In a mature
biofilm, the bacteria grow slowly due to the deficiency of
nutrients, resulting in resistance to topical and systemic
antibiotics. Besides, penetration of these substances in the
bacterial structure is reduced or incomplete and the biofilm
in the ulcer is renewed quickly.® Sharp debridement and sil-
ver dressing such as hydrofiber with silver (HAg) are lines
of treatment described to combat biofilm.® However, no
method is entirely effective for biofilms, and scientific evi-
dence is short to ensure the best form of removal from the
chronic ulcer bed.

Products that promote enzymatic debridement, such as
collagenase, are not described to combat biofilm. Collage-
nase is mentioned as an enzyme derived from the bacterium
Clostridium histolyticum. It is effective and selective for

acting in the collagen in the necrotic tissue without harm-
ing the granulation tissue. Thus, the use of it is pointed
as possible after sharp debridement.” Due to the frequent
use of collagenase ointment in clinical practice as a rou-
tine treatment in health services, it is possible to use it as a
comparative intervention. The study of VU’s microenviron-
ment and the search for interventions to combat superficial
infection and biofilm are relevant aspects to consider when
choosing the best therapeutic strategies to promote healing.

The objective of this study was to evaluate the action of
the hydrofiber dressing with silver compared to collagenase
ointment, both after sharp debridement, in the control of
superficial infection, interfering in the formation of biofilm
by Staphylococcus aureus and Pseudomonas aeruginosa, and
in the clonality of the strains isolated in the initial and final
time, in patients with VU that had used these interventions
for 30-days. This time frame was chosen once the primary
objectives were assessing the local superficial infection and
microbiological outcomes instead of healing, which needs
more time for follow-up.

Materials and methods

A randomized, controlled, open-label clinical trial with a
two-arm parallel group design, blinded outcome assessment
was conducted with patients with VU with clinical signs of
superficial infection. It was registered in the Brazilian clini-
cal trials (ReBEC - RBR - 4kkqg2h), and it was approved by the
Research Ethics Committee of ‘‘The Medical School (FMB)
of Sao Paulo State University (Unesp), Botucatu Campus,’’
under the number 3.055.504. Also, the study was reported
following the CONSORT statement.®

It was performed on adult patients treated in the Chronic
Ulcers Outpatient Clinic of Clinical Hospital of Botucatu
Medical School - Unesp, between October 2020 and Novem-
ber 2021.

Participants of the study

The individuals who met all the following inclusion crite-
ria and none of the exclusion criteria were eligible to be
included. The criteria were: 1) Age equal or older than
18-years old; 2) Chronic VU (ulcer being active over six
weeks) with clinical signs of superficial infection, following
the mnemonic criteria rule NERDS’ if there were at least two
of the following: i) N = Nonhealing wounds; ii) E = Exudative
wounds; iii) R = Red and bleeding wound surface granula-
tion tissue); iv) D = Debris-yellow or black necrotic tissue on
the wound surface; v) S = Smell or unpleasant odor from the
wound; 3) Agreement with the procedures proposed in the
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study; 4) Sign the written informed consent form (patient
or guardian). Exclusion criteria: 1) Ulcers from other etiolo-
gies (peripheral arterial disease, hematologic, neoplastic,
infectious causes, etc.); 2) Ulcers with deep tissue infections
associated with erysipelas, cellulitis or lymphangitis due to
the necessity of systematic antibiotic therapy; 3) History of
hypersensitivity to proposed treatments; 4) VU associated
to peripheral arterial disease that was classified when the
Ankle-Brachial Index (ABI) was lower than 0.8 and absence
of distal pulses, mainly tibial.

Randomization and interventions

The randomization protocol was implemented using Soft-
ware Rv 3.1.2, performed per patient, not per wound.
To ensure allocation concealment, the randomization list
was cared for by an unrelated individual in the clinical
selection of participants. Therefore, the randomization was
performed at basal Time (T0), and the participant could
be allocated into the Collagenase group (Col group) or the
Hydrofiber dressing with silver (HAg group).

After enrollment, the area of all ulcers was measured at
baseline for all participants. Then, the ulcer was cleaned
with a 0.9% saline solution. Next, the collection of material
using a swab for microbiologic analysis and sharp debride-
ment of the wound bed was done. This last procedure
was performed with local topical anesthesia (lidocaine 4%
cream) and kept under an occlusive dressing for 30-minutes.
Afterward, the debridement was performed with a curette
throughout the ulcerated bed.

Following the superficial debridement, the participants
were randomized into two groups. The first group was made
of participants treated with the hydrofiber dressing with sil-
ver (HAg - AQUACEL® Ag + Extra™) in the shape of a pad
with changes needed when saturation was reached (approx-
imately four days). In the second group, the participants
were treated with collagenase ointment (Col), which was
not associated with the antibiotics (Kollagenase®). The pre-
sentation of collagenase was in ointment, and the quantity
applied varied with the size of the wound. Still, it should be
enough to cover all the wounded beds with a minimum layer
of 2 mm, and after being covered with gauze, needing to be
changed once a day.

In both groups, the compressive elastic band (Surepress®)
was associated with the treatment, having to be applied
once daily (in the morning and removed at the end of the
day). The compressive elastic band is a compression system
made of a unique layer, with pressure around 25 to 35 mmHg
on the ankle. In addition, all the participants and the care-
takers received instructions to take care of the wound at
home during the study period.

Outcomes

The outcomes evaluated after 30-days (T30) were the fol-
lowing.

Primary: (i) Rate of wounds with no sign of superficial
infection following the clinical criteria in the mnemonic
rule NERDS;’ (ii) Microbiologic analysis - the rate of ulcers
with reduction of bacterial load; rate of ulcers with biofilm-

forming bacteria; rate of ulcers with bacterial identity
changes (clonality).

Secondary: (i) Clinical improvement of VU assessed by
the PUSH scale (Pressure Ulcer Scale for Healing)." The
total score can range from 0 to 17; higher scores repre-
sent the worst conditions for the ulcer; (ii) Decrement of
ulcer area using the planimetric method; (iii) Healing rate
assessed clinically by the observation of the total epithelial-
ization without the presence of crusts at the place of VU;
(iv) Adverse local events related to the interventions.

All the outcomes were evaluated by an independent clin-
ician blinded to treatment allocation.

Microbiologic analysis

The ulcers were irrigated with a 0.9% saline solution over
mechanical pressure to collect the samples. A sterile gauze
mold with a central opening of 1 cm? was placed onto the
wound bed with the appearance of the most unviable tis-
sues. The swab was moistened with a sterile saline solution
(0.9%) and rubbed along the exposed area. Later, the swab
was conditioned in a tube with 3 mL of sterile 0.9% saline
solution, which was placed under refrigeration and immedi-
ately transferred to microbiologic analysis.

The microbiologic analyses were made in the Labora-
tory of Microbiology of the Botucatu Institute of Biosciences
(Sao Paulo State University — Unesp). In this study, the most
prevalent biofilm-forming bacteria in the VU mentioned in
the literature - S. aureus and P. aeruginosa - were selected
to be analyzed. The Staphylococcus epidermidis was also
assessed for being a bacterium that forms biofilm."" The
other bacteria in the cultures were only described as present
and their load. Still, they were not evaluated regarding the
ability to form biofilm and the bacterial identity between
TO0 and T30. To calculate the number of colony-forming units
per square centimeter (CFU/cm?), the number of confirmed
colonies was multiplied by 10 (100 pL inoculum) and then
by 3 (total of 3 mL in the swab tube).

Biofilm production on polystyrene microplate

For each culture of S. aureus, S. epidermidis, and P. aerug-
inosa, growth in BHI under 35 °C/24 hours was diluted to
approximately 1.5 x 108 CFU (0.5 MacFarland scale), with
the support of Densicheck (Biomeriéux For), using the BHI
supplementing with 0.5% of glucose. The Optical Density
(OD) was measured using an ELISA reader (Babsystems, Mul-
tiSkan EX) at 570 nm. BHBI not inoculated was used as a
negative control of the reactions. The positive control of P
aeruginosa was the ATCC 9027 and the Staphylococcus was
S. epidermidis ATVV 35983. From the average of the four
repetitions (OD) and according to the relation between the
OD (test sample) and the OD (negative control), the strains
were classified into the following categories: no biofilm pro-
ducers, weak, moderate, or strong biofilm producers, as
mentioned by Stepanovic et al."”

Identification of the bacterial typing by Pulsed Field Gel

de Eletroforese (PFGE)

The molecular typing using the PFGE technique was per-
formed for the S. aureus and P. aeruginosa bacteria when the
same species were found in one ulcer on TO and T30. For the
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] !

Analyzed (n=18 participants/28
ulcers)

Fig. 1

strains of S. aureus, the methodology used was described for
PulseNet." For the strains of P. aeruginosa, the methodology
of Gram-negative of Selim et al.’* was employed.

Sample size and statistical analysis

For the sample size, the authors assumed that 20% of VU
would remain with superficial infection in the HAg group and
60% in the Col group. The difference between the groups
was based on previous studies that found almost 80% of
superficial infection was controlled with HAg dressing''®
In the Col group, the authors assumed only 40% control of
the infection since its action is enzymatic debridement.’
Considering 80% of statistical power and a two-tailed signif-
icance level of 95%, 27 VU by each intervention group was
necessary.

The statistical analysis was by intention to treat. It
was executed respecting the assumptions determined by
the variables’ results, characteristics, and behavior. The
binomial variables were compared by Chi-Square (c%) and
Fisher’s Exact tests. The Student’s t-test or Mann-Whitney U
test compared the numerical variables. The normality was
assessed by the Shapiro-Wilk test. The Longitudinal follow-
up of ulcer areas, the PUSH score, was reached between
the groups by a generalized linear mixed model with an
adequate probability distribution for each variable. The
magnitude of the effect on nominal data was assessed by
the Relative Risk (RR) and its Confidence Interval of 95% (95%
Cl)."” Data were analyzed using the software SPSS 22.0 and
considered a significant value of p < 0.05.

Results

During the study period, 74 participants were evaluated to
determine if they met the eligibility criteria (Fig. 1). Among

Analyzed (n=16 participants/28
ulcers)

Flowchart of the study according to CONSORT.

them, 40 were excluded for not meeting the eligibility crite-
ria. Thus, 34 participants with 56 venous ulcers were eligible
and randomized for the study. Eighteen participants with 28
VU were randomized for the HAg group and 16 participants
with 28 VU for the Col group. After 30 days of follow-up, one
participant from the HAg group with one ulcer and one from
the Col group discontinued the interventions.

Table 1 presents the demographic and clinical data from
the participants in the basal time (T0), distributed by group
of study. It is observed that the study groups are homogenous
and not statistically different among the variables.

Primary outcomes

Rate of ulcer without clinical signs of superficial
infection at T30

There was a reduction of ulcers with criteria of superfi-
cial infection in both groups over time. In 29/56 ulcers
(51.8%; 95% Cl 39.0%-64.3%), there were no signs of super-
ficial infection at T30, 13/28 from HAg group (46.4%; 95%
Cl 28.6%-65.4%) and 16/28 from Col group (67.1%; 95% ClI
40.0%-73.4%), not having statistic difference between the
groups (p = 0.422). The RR for non-superficial infection at
the end of 30 days among the HAg group compared to the
Col group was 0.81 (95% Cl 0.39-1.68).

Rate of ulcers with bacterial load reduction

It was possible to identify that no decrease of the bacte-
rial load over time occurred (p = 0.054) nor did it happen
between the groups (p = 0.113) (Figs. 2 A, B, and C).

At TO, 37/56 of ulcers had growth of S. aureus (66.1%,
95% Cl 53%-77.1%); in the HAg group occurred in 16/28
(57.1%; 95% Cl 39.1-73.5%) and the Col group in 21/28
ulcers (75%; 95% Cl 56.6%-87.3%). At T30, 46/56 had growth
of S. aureus (82.1%; 95% Cl 70.1%-90%), in the HAg group
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Table 1 Distribution of the 34 participants (56 ulcers) by study group according to demographic and clinical data on basal Time
(TO).
Variables related to patients el Total, n = 34 (%) p-value
Col, n =16 (%) HAg, n = 18 (%)
Average age (in years) (£SD) 70.7 (£9.2) 68.6 (+8.9) 69.6 (+9.0) 0.94
Women 11 (68.8) 13 (72.2) 24 (70.6) 0.83
Men 5 (31.3) 5 (27.8) 10 (29.4) 0.83
SAH 11 (68.8) 14 (77.8) 25 (73.5) 0.58
DM 5(31.3) 6 (33.3) 11 (32.3) 0.90
Vascular surgical procedure history 6 (37.5) 4(22.2) 10 (24.49) 0.36
Reduced ankle mobility 9 (56.2) 10 (55.5) 19 (55.8) 0.97
History of DVT 5(31.3) 3 (16.7) 8 (23.5) 0.35
ABI - median (max-min) 1.07 (0.80-1.50) 1.05 (0.93-1.21)  1.06 (0.80-1.50) 0.25
Variables related to the wounds Median (min-max) n = 28 ulcers n = 28 ulcers Total (n = 56 ulcers) p-value
Ulcers’ time (months) 24.0 (1.0-168.0) 42.0 (2.0-600.0) 30 (1.0-600.0) 0.25
Ulcer’s area (cm?) 10.3 (1.0-96.9) 14.3 (1.0-123.3)  11.2 (1.0-123.3) 0.74

SHA, Systemic Arterial Hypertension; DM, Diabetes Mellitus; DVT, Deep Venous Thrombosis; ABI, Ankle Brachial Index.

occurred in 20/28 ulcers (71.4%; 95% Cl 52.4%-84.75%) and
the Col group in 26/28 ulcers (92.8%; 95% Cl 77.5%-98.0%).
There was no difference with statistical significance over
time (p = 0.345) and according to the intervention groups
(p = 0.336).

As for P. aeruginosa, on T0, there was a growth in 16/56
ulcers (28.5%; 95% Cl 18.4%-41.5%); in the HAg group, it
occurred in 11/28 (39.3%; 95% Cl 23.6%-57.6%) and the Col
group occurred in 5/28 (17.8%; 95% Cl 7.9%-35.6%). At T30,
13/56 ulcers had growth of P. aeruginosa (23.2%; 95% Cl
14.1%-35.8%), in the HAg group occurred in 7/28 ulcers (25%;
95% Cl1 12.7%-43.3%) and the Col group in 6/28 ulcers (21.4%,
95% Cl 10.2%-39.5%). The S. epidermidis only occurred in
three ulcers on TO.

Rate of ulcers with biofilm-forming bacteria

There was a reduction in the rate of ulcers with biofilm-
forming bacteria from TO to T30 (p = 0.047), but there was
no statistically significant difference between the groups at
T30 (p = 0.558).

At T30, in the HAg group, 13/28 (46.4%; 95% Cl 28%-63%)
did not present bacteria that form biofilm; in the Col group
also 13/28 (46.4%; 95% Cl 28%-63%). Thus, the RR of ulcers
with bacteria that do not form biofilm was 1.0 (95% CI
0.46-2.16; p = 1.000). The results of the biofilm production
by a strain of bacteria are shown in Fig. 3.

Rate of ulcers with change in the bacterial identity

The molecular typing using the PFGE technique was per-
formed for the bacteria (S. aureus and P. aeruginosa) from
the same species in a specific ulcer on TO and T30. How-
ever, typing was not performed for S epidermidis since there
was no growth of this bacterium on TO and T30 in the same
ulcer.

Fig. 4 shows the results of the dendrogram of genetic
similarity of S. aureus of ulcers that had growth of this
bacterium on TO and T30. It was possible to identify the
existence of 17 total clones of bacteria in 22 participants at
different moments and groups of this study. In that regard,

there was a significant similarity, over 80%, in most ulcers,
so the identical clones were identified on TO and at T30. The
clones of S. aureus identified on TO were the same identi-
fied at T30 in 13/14 ulcers (92.8%; 95% Cl 68.5%-98.7%) in
the HAg group and in 17/20 ulcers (85%; 95% Cl 64.0%-94.8%)
in the Col group. The RR to have S. aureus with a change in
the identity is 0.58 (95% Cl 0.10-3.31; p = 0.553); therefore,
there is no difference with statistical significance between
the groups.

The PFGE analyses on strains of P. aeruginosa are
observed in the dendrogram of Fig. 5. This dendrogram was
created using one final partition of 8 groupings with a level of
similarity of over 80%. All wounds of the dendrogram iden-
tified a high similarity of the clones on TO and at T30. It
was possible to identify eight clones in 7 participants with
11 ulcers. Of these eleven ulcers, 9/28 were from the HAg
group (32.1%) and 2/28 (7.14%) from the Col group. There
was no change in the identity of P aeruginosa in any ulcer
in both groups.

Secondary outcomes

Clinical improvement of VU

In the HAg group, the average PUSH value on TO was 13.5
(+2.5), at T30, it was 12.7 (£3.3). In the Col group, the
average value on TO was 13.5 (+2.5), and at T30, it was
12.4(£2.9). Both groups showed improvement in the score
over time (p = 0.001); however, there was no statistically
significant difference between the groups (p = 0.0668). The
average percentile score reductions of PUSH in the HAg
group was -6.8 (95% Cl —1.3 to —13.0); in the Col group,
it was —7.6 (95% Cl —1.10 to —14.1), confirming that there
was no difference between the groups.

Reduction of ulcer area and total healing

The average reduction in ulcer area was 0.78 cm? (95% ClI
-0.20 to -1.36) in the HAg group, and 1.1 cm? (95% Cl —0.20
to —2.00) in the Col group. There was a reduction in the
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Fig. 2 Log of the bacterial load (CFU/cm?) of the total evalu-
ated species (A), S aureus (B), and P. aeruginosa (C) at baseline
(T0) and after 30-days (T30), in the ulcers of the Hydrofiber with
silver (HAg) and Collagenase (Col) group. The bacterial load over
time (mean before vs. mean after) had a marginal significance
(p = 0.054); however, it did not differ between the groups (p =
0.113).

area for both groups over time (p = 0.001) but no difference
in statistical significance between the groups (p = 0.786).
There were no ulcers with total healing in both analyzed
groups.

Adverse events

There were no adverse events related to both interventions.
One patient with four ulcers in the Col group had secondary
myiasis, but this event was unrelated to the intervention.

Discussion

Evaluating interventions that act in the bacterial load and
biofilms of VU is crucial, for there is a high prevalence of
62% to 89% of biofilms in chronic wounds.'® This randomized
clinical trial was specifically designed to evaluate, in a short
period, the efficacy of the Hydrofiber dressing with silver
on clinical outcomes such as local infection and microbio-
logic such as reduction of the bacterial load and inhibition of
bacteria biofilm producers. It was assessed if the dressings
could eliminate the bacteria that were initially colonizing
the ulcer, using the bacterial clonality evaluation, compar-
ing basal outcomes with the follow-up’s final time.

The main results show that both interventions, Hydrofiber
dressing with silver and collagenase ointment, have pro-
moted the reduction of ulcers with criteria of superficial
infection, a decrease in ulcer rate with biofilm-forming
bacteria over time, but with no statistically significant dif-
ference between the groups. On the other hand, there was
no reduction in total bacterial load over time, but there was
a marginal significance (p = 0.054). So, the lack of detec-
tion of a difference may have been due to the small sample
(underpowered). However, there was no suggestion of a dif-
ference between the groups.

Most of the ulcers presented indistinguishable PFGE pro-
files between TO and T30, showing a lack of action to
eliminate the bacteria that were initially colonizing the
ulcer. The initial hypothesis presumed that the Hydrofiber
dressing in silver would be superior to the Collagenase oint-
ment since there is more evidence of its action against
superficial infection and biofilms due to its antimicrobial
properties.’>'® Dressings containing silver are known for
reducing the bacterial load and acting as an antimicro-
bial barrier to avoid higher contamination of the wound
by external microorganisms. These dressings have a lower
risk of bacterial resistance when there is an adequate dose
of silver.” In addition, silver acts against Gram-negative
bacteria, Gram-positive bacteria, fungi, and viruses,' even
though there have been recent reports of bacterial resis-
tance to silver.?’

The clinical trials with dressings with silver generally
evaluate outcomes of healing. However, the results related
to the local control of the infection and microbiologic effects
still need to be assessed, which hampers the present find-
ings’ comparison.

A Cochrane systematic review with meta-analyzes from
2010 concluded that there was no evidence to confirm if
products with silver can promote wound healing.?' However,
other systematic revisions from recent years have found
different results. A Cochrane systematic review in 2018
about dressings and topical agents for the treatment of VU
found evidence that the dressings with silver can increase
the probability of VU healing compared to non-adherent
dressings (RR = 2.43; 95% Cl 1.58 to 3.74) with evidence
of moderate certainty.”? The systematic review made in
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2020 about dressings with silver, specifically for VU, included
eight randomized clinical trials, totaling 1,057 patients, 526
participants with dressings with silver, and 531 controls.
The evaluated outcomes were clinical, such as wound area
reduction and healing. There was evidence that dressings
with silver can increase the healing rate of VU and improve
its recovery in a short period. However, compared to other
dressings, clinical trials with a long time of follow-up are
necessary to confirm if the dressings with silver are superior
to the complete healing of the wound.?

In the present study, both groups were submitted
to debridement by superficial surgical curettage before
the randomization, which can explain the similar results
between both groups. Debridement represents a treatment
strategy against biofilms. Although, it cannot be eradicated
because its formation occurs a few hours after the proce-
dure. Thus, it is not recommended the isolated use. Still,
it is a strategy that supports the best efficacy of topical
therapies against biofilm performed after debridement, as
it opens a window of opportunity.?

Biofilm and bacterial load of ulcers promote a delay
in healing and can cause de development of infections.?
Therefore, the knowledge of the most frequent microor-
ganisms in chronic ulcers shows a way to create wound
treatment strategies. The clinical-laboratory correlation
regarding the bacterial flora of chronic ulcers is a challenge.
The microbiologic sample can be analyzed in a qualitative
and quantitative approach. In this study, the swab was per-
formed in a predetermined area, making the quantitative
analyses and identification of bacteria species possible. The
swab technique is less invasive and can be used for qualita-
tive, semi-quantitative, or quantitative analyses. It is mainly
employed in outpatient settings.?

The swab technique is less invasive and can be used for
qualitative, semi-quantitative, or quantitative analyses. It
is predominantly employed in outpatient settings.

The most frequent bacteria in chronic ulcers are S.
aureus and P. aeruginosa. At the same time, the preva-
lence of other types varies in the different studies.”” The
ulcer can evolve into an infection of deeper soft tissues
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24 1 H T30 0001
19 1 Col TO 0002
19 1 Col T30 0002
20 1 Col TO 0003
20 1 Col T30 0003
20 2 Col T30 0003
20 2 Col TO 0003
32 1 H T30
1 1 Col TO 0010
1 1 Col T30 0010
1 2 Col TO 0010
1 2 Col T30 0010
29 2 H TO 0005
29 2 H T30 0005
3 1 Col TO 0008
3 1 Col T30 0008
16 1 H TO 0007
16 1 H T30 0007
30 1 Col TO 0008
30 3 Col TO 0008
14 1 Col T30 0006
14 2 Col TO 0008
14 2 Col T30 0008
14 1 Col TO 0006
30 1 Col T30 0010
30 4 Col T30 0010
30 4 Col TO 0010
30 3 Col T30 0010
30 2 Col T30 0010
30 2 Col TO 0008
32 1 H TO
5 1 H TO 0007
5 1 H T30 0007
13 1 H T30 0005
31 1 H T30 0011
13 1 H TO 0005
31 1 H TO 0011
27 1 H TO 0013
27 1 H T30 0013
17 1 Col T30 0016
17 1 Col TO 0016
2 3 H TO 0002
2 3 H T30 0002
9 1 H TO 0002
9 1 H T30 0002
22 2 Col TO 0015
22 2 Col T30 0015
22 3 Col T30 0015
22 4 Col TO 0015
26 1 H TO 0015
26 1 H T30 0015
22 4 Col T30 0015
11 1 Col TO 0001
11 2 Col TO 0001
1 2 Col T30 0001
11 1 Col T30 0001
22 1 Col TO 0017
22 1 Col T30 0017
22 3 Col TO 0015
15 1 H T30 0003
15 2 H TO 0003
15 1 H TO 0003
15 2 H T30 0003
15 3 H TO 0003
15 3 H T30 0003
6 1 Col TO 0004
6 1 Col T30 0004
8 1 H TO 0009
8 1 H T30 0009

Fig. 4 Dendrogram of genetic similarity of ulcers with S aureus. The RR to have S. aureus with a change in the identity is 0.58
(95% C1 0.10-3.31; p = 0.553).
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Spel P.aeruginosa

Fig. 5
ulcer in both groups.

when the bacteria reach a critical level of 10° unities cre-
ators of colony per gram of tissue. When the number of
bacteria increases over this level, the probability of infec-
tion increases as the host’s immune system cannot control
the bacteria’s proliferation anymore.?® The study that ana-
lyzed the microbiological characteristic of 754 VU, using
the swab in a 1 cm? area, in a sample of 636 (84.3%)
patients presented ulcers with positive for culture.?’ Among
the pathogens identified in the study, P aeruginosa was
detected in 28.6% of cultures. In the present study, about
66% of the ulcers were colonized by S. aureus and 28.5% by
P. aeruginosa.

The molecular typing, by the PFGE technique performed
in this study, demonstrated the high similarity of clones on
TO and T30 in the strains of S. aureus and P. aeruginosa.
Only one ulcer in the Hydrofiber dressing with a silver group
and three from the Collagenase group presented different
genetic profiles of S. aureus. PFGE profiles of P. aeruginosa
were indistinguishable in any ulcers from both groups. Then,
the present results show that the dressings are not efficacy
in changing the bacterial clonality. Another study evaluated
the colonization in wounds by P. aeruginosa via PFGE; it iden-
tified the bacteria in 48 isolated cultures of chronic ulcers
that performed different types of dressings, including silver,
demonstrating multi-resistance in three of them. P. aerugi-
nosa was present in 75% of the samples of chronic wounds. In
most ulcers, the strains showed the same genetic character-
istics on both analyzed moments, indicating that the wound
beds remained colonized and that the clones persisted for

N Ulcer Group Moment Cluster
29 4 H TO 0001
29 4 H T30 0001
29 3 H T0 0001
29 3 H T30 0001
29 1 H TO 0002
29 1 H T30 0002
9 1 H T0 0003
9 1 H T30 0003
14 2 H TO 0004
14 2 H T30 0004
14 1 H T0 0004
14 1 H T30 0004
10 1 H T0 0005
10 1 H T30 0005
20 2 Col TO 0006
20 2 Col T30 0006
18 1 Col T0 0007
18 1 Col T30 0007
25 2 H TO 0008
25 2 H T30 0008
25 1 H TO 0008
25 1 H T30 0008

Dendrogram of genetic similarity of ulcers with P. aeruginosa. There was no change in the identity of P. aeruginosa in any

more than a month of treatment, a similar result found in
this study. Most bacteria had virulence genes associated with
the high potential to establish infection.*°

The present study has some limitations. First, the follow-
up time of 30-days is considered insufficient to evaluate the
evolution of the healing process of chronic ulcers. However,
the primary outcomes were associated with the assessment
of the local superficial infection and microbiological out-
comes, which could be achieved in the proposed period.
Another limitation is the material collection procedure for
the microbiological analyses, as the gold standard is tissue
biopsy due to the capacity to evaluate the deeper bacte-
ria. However, the biopsy has the disadvantage of being more
invasive, painful, and expensive than the swab technique.'
Also, the swab was collected in a small area of the wound
bed. The distribution of bacteria and biofilms in chronic
wounds may not be even. Therefore, one unique biopsy
sample or swab in a small area can influence the results
because other regions of the same injury can show differ-
ent results. However, the swab was performed in the wound
bed with traces of unviable tissue, increasing the chances
of representing the site with the highest bacterial load and
biofilm.

The results of this study allow for discussing the effi-
cacy of interventions referred to as strategies for treating
ulcers with superficial infection and biofilm, with clini-
cal and microbiological evaluation of essential outcomes
related to wound infections.
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Conclusion

Both interventions improved the clinical and some microbio-
logic characteristics over time, but there was no difference
between both interventions after 30-days of follow-up. In
addition, most ulcers showed indistinguishable genetic pro-
files of S. aureus and P. aeruginosa between TO and T30,
with no difference between the groups.
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Abstract

Background: Arsenic, recognized as a potentially lethal substance and a carcinogen, has been
associated with an increased risk of skin cancer; however, the findings have been inconsistent.
The aim of this study was to assess the impact of arsenic exposure on skin cancer risk (including
melanoma and non-melanoma) through a meta-analysis of the available data.

Objectives: To assess the risk of skin cancer from arsenic exposure.

Methods: Searches were performed in databases such as PubMed, Web of Science, Embase, and
CNKI (as of June 10, 2024). The pooled odds ratio (OR) and its 95% Confidence Interval (95% Cl)
were calculated using a random effects model. Subgroup analyses were performed considering
sample size, study centers, U.S. regions, arsenic exposure routes, and measurement methods.
Results: A total of 12 papers were included, comprising 48,003 participants. The findings indi-
cated an association between arsenic exposure and the risk of skin cancer ([OR = 1.51], 95%
Cl 1.26-1.80). Specifically, the OR was 1.52 (95% ClI 1.06-2.17) for melanoma, 1.64 (95% Cl
1.16-2.32) for squamous cell carcinoma, and 1.36 (95% Cl 1.04-1.77) for basal cell carcinoma.
Subgroup analyses also revealed an association between arsenic exposure and skin cancer in the
United States (OR = 1.52, 95% Cl 1.25-1.87). Both ingestion and inhalation pathways of arsenic
exposure showed a trend toward an increased risk of skin cancer.

Study limitations: An important limitation of this study is a degree of heterogeneity, and
another is due to the limited number of research papers available.

Conclusion: This meta-analysis indicates that arsenic exposure may be associated with an ele-
vated risk of skin cancer. Additional prospective research is necessary to verify the association
between arsenic exposure and the incidence of skin cancer, encompassing both cutaneous
malignant melanoma and non-melanoma skin cancer.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

Skin cancers can be categorized into two main groups: cuta-
neous malignant melanoma and non-melanoma skin cancer
(NMSC). NMSC, predominantly formed of squamous cell car-
cinoma (SCC) and basal cell carcinoma (BCC), is the most
commonly identified cancer, making up approximately one-
third of all malignant tumors diagnosed globally each year."?
BCC represents almost 80% of all NMSC cases detected each
year,® with SCC making up the remaining 20%.%> Melanoma,
an aggressive type of skin cancer arising from melanocytes,
accounts for under 5% of all skin cancer cases but poses a
substantial threat. If left untreated, melanoma, responsible
for 75% of all deaths related to skin cancer, has the ability to
metastasize to different areas of the body.>” Collectively,
melanoma and NMSC impose a substantial economic and
health burden, which is anticipated to keep increasing in
the future.

Arsenic has been used as a medicine (Fowler’s solution)
for the treatment of syphilis, malaria and psoriasis for the
past two centuries.® However, after 30-years of treatment,
patients developed multiple skin cancers.” Subsequent
research has progressively demonstrated that long-term
chronic exposure to arsenic can result in a range of can-
cers, including skin, lung,’®'" and, to a lesser extent,
liver, kidney, and bladder cancers.'>"'* Consequently, many
arsenic-containing drugs have been restricted or phased out
entirely. The International Agency for Research on Cancer
(IARC) classifies arsenic as a Group | human carcinogen.'
Nonetheless, Arsenic is commonly found in soils, sediments,
and groundwater, either occurring naturally or as a result
of human activities such as food preparation, industrial pro-
cesses, mining and pesticide use. Humans can be exposed
to arsenic through various pathways.'® According to rec-
ommendations from the World Health Organization (WHO),
the level of arsenic in drinking water should not exceed
10 wg/L."”” However, this guideline is often increased to 50
wg/L in numerous developing nations.'® Globally, more than
100 million individuals are at risk of consuming arsenic lev-
els over 50 pg/L in their drinking water.” Average dietary
exposure to inorganic Arsenic (iAs) ranges from 0.1 to 3.0
ng/kg per day in Europe, Asia, and the United States.?’
The National Research Council (NRC) Risk Assessment from
2001 suggests that even exposure to lower concentrations
of arsenic poses a relatively high risk of cancer.”’

Extensive research has been conducted on the association
between exposure to arsenic and NMSC.?22¢ Multiple epi-
demiological investigations have established a association
between exposure to arsenic and a heightened likelihood
of developing NMSC in different locations such as Taiwan,
Mexico, Bangladesh, and Chile.?’-*" Research in Taiwan’"*
revealed a significant dose-response relationship for this
association, while other studies did not observe such an
effect.?>2>26.28 Conversely, research on the potential asso-
ciation between melanoma and exposure to arsenic has
yielded divergent findings.??33-3% While some studies indi-
cate a possible association between arsenic exposure and a
heightened likelihood of developing skin cancer, the defini-
tive nature of this link is still debated. To investigate this
potential association more thoroughly, a meta-analysis was
carried out to systematically review existing data concern-

ing arsenic exposure and its association to skin cancer,
encompassing both melanoma and non-melanoma cases.

Methods

Protocol

The meta-analysis was registered with PROSPERO
(CRD42024556618) and adhered to the PRISMA guide-
lines for thorough reporting.* Supplementary Appendix 1
contains the PRISMA checklist. Approval from the institu-
tional review board was not necessary for this study, as
it consisted of a systematic review and meta-analysis of
existing literature.

Literature search strategy

Two researchers, Li Jiao He and Mei Ying Wei, individu-
ally searched PubMed, Embase, Web of Science, Cochrane
Library, and CNKI (as of June 10, 2024). Key terms such as
arsenic, basal cell carcinoma, squamous cell carcinoma, and
melanoma were employed. Search expansion was conducted
using mesh terms in PubMed, such as Malignant Melanoma,
Arsenic-75, Epidermoid Carcinoma, and Rodent Ulcer. No
limitations were placed on language or time in the search
strategy. Each author conducted an independent review of
all titles and chose relevant abstracts, while duplicates and
unrelated articles were excluded. Final decisions on study
inclusion or exclusion were made by consensus. The analy-
sis included studies that examined the association between
exposure to arsenic and skin cancer, encompassing both
melanoma and non-melanoma (Specific search strategies are
supplemented in Supplementary Appendix 2).

Inclusion and exclusion criteria

The criteria for including studies were defined as: 1) Case-
control or prospective cohort research designs; 2) Studies
involving populations with melanoma, BCC, SCC, or cor-
responding control groups; 3) Documentation of arsenic
exposure history; 4) Availability of 95% Confidence Intervals
(95% Cls) or sufficient data to calculate Odds Ratios (ORs) or
Relative Risks (RRs) for the study outcomes.

The exclusion criteria for this study included: 1) Insuffi-
cient data or results; 2) Non-comparative studies, in vitro
experiments, animal experiments, case reports, path mech-
anisms, conference abstracts, letters, reviews, and expert
opinions; and 3) Individuals who were not diagnosed with
skin cancer.

Data extraction

Two researchers independently reviewed the literature
based on inclusion and exclusion criteria and collected data
with a standardized form for information extraction. The
data retrieved was verified by both researchers, and incon-
sistencies were addressed by a third-party specialist. Each
study provided the following details: 1) Study details, includ-
ing study design, country, the follow-up duration, study
population (number of cases and controls or cohort mem-
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bers), and demographic characteristics. 2) Type of arsenic
exposure (e.g., water, dust, biological samples, question-
naires). 3) Definitions of outcomes, such as melanoma, BCC,
and SCC (including histological diagnosis and ICD codes).
4) Reported effect measures, including odds ratios, rela-
tive risks, and corresponding 95% Confidence Intervals for
exposed and unexposed groups.

Quality assessment and risk of bias

The quality of these studies was thoroughly evaluated by
two reviewers utilizing the Newcastle-Ottawa Scale (NOS).*
This assessment focused on three primary criteria: study
selection, comparability of exposures, and evaluation of
outcomes. The revised NOS utilizes a 9-star rating sys-
tem: research is evaluated with 1-3 stars for poor quality,
4-6 stars for medium quality, and 7-9 stars for excellent
quality. Two independent reviewers utilized the Cochrane
Non-Randomized Study Intervention (ROBINS-I) tool to eval-
uate the risk of bias in the selected studies.”’ During the
assessment process, the authors classified the risk of bias
into five levels: low, moderate, serious, critical, or insuffi-
cient information, based on seven domains: 1) Bias due to
Cofounding; 2) Bias in deviation from intended outcomes; 3)
Bias in classification of interventions; 4) Bias due to devia-
tion from intended intervention; 5) Bias due to missing data;
6) Bias in measurement of outcomes; 7) Bias in selection of
the reported results. If at least one domain was rated as
high or moderate, the overall risk of bias was classified as
high or moderate; otherwise, it was classified as low. Any
disagreements between the two investigators were resolved
unanimously through consensus.

Statistical analysis

Stata SE 15.0 software was utilized to conduct statistical
analysis for the computation of Odds Ratio (OR) and the
corresponding 95% Confidence Intervals (95% Cl) pertain-
ing to binary variables. The choice between fixed-effects
and random-effects models was based on the |2 index and
Cochran Q test p-values.”? Heterogeneity was categorized
as low (I < 25%), moderate (25 %-75 %), or high (12 > 75%).%
Significant heterogeneity was determined by a Cochran Q
test p-value < 0.05. A subgroup analysis was carried out to
examine the origins of variability, and a sensitivity analysis
was done by removing individual studies to gauge the sta-
bility of the outcomes. The assessment of publication bias
was done by visually inspecting the asymmetry of the fun-
nel plot and using the Begg test.** All statistical tests were
conducted as two-sided tests, with a significance level set
at p < 0.05.

Results

Results of the literature search

Initially, a total of 2937 articles were retrieved through the
literature search. Following the exclusion of 718 duplicate
entries, an additional 2106 articles were removed according
to the predefined criteria. Initially, 68 studies underwent

title and abstract review. Upon full-text assessment, 56
studies did not meet the inclusion criteria and were subse-
quently excluded. After thorough examination, 12 research
studies met the established criteria and were included in
the meta-analysis. The specifics of the screening process for
literature and its results are elucidated in Fig. 1.

Basic characteristics of the included studies

The analysis encompassed 12 studies, consisting of 11 case-
control studies and 1 cohort study. Detailed demographic
information of the population, such as sex ratio and country
of origin, is presented in Table 1. The definitions of arsenic
exposure differed across studies, with some emphasizing
exposure through drinking water and others highlighting
chemical contamination or indirect indicators like toenail
and urine arsenic concentrations. These definitions exhib-
ited minor discrepancies among the studies.

Quality assessment and risk of bias

The Newcastle-Ottawa Scale (NOS) was utilized to assess
the quality of the cohort studies included, with the results
presented in Table 2. In summary, five articles were rated
as high quality, each receiving a score of 7-stars. Among
these, two studies focused on the analysis of arsenic lev-
els in urine, two others measured arsenic levels in toenails,
and only one investigated arsenic levels in drinking water.
These analyses accounted for variables such as age, sex, sun
exposure history, and skin type to mitigate potential residual
confounding effects. Additionally, a total of seven stud-
ies examined the association between occupational arsenic
exposure and skin cancer, with five rated as moderate qual-
ity (6-stars). These studies employed a semi-quantitative
three-stage scale (low, medium, and high) to evaluate occu-
pational arsenic exposure based on intensity, frequency, and
probability. Furthermore, the findings adjusted for key con-
founding factors, including age, sex, skin type, history of
solar radiation exposure, family history of cancer, smoking
history, and education level. The remaining two studies were
rated as relatively low quality (5-stars) due to their reliance
solely on data gathered from questionnaires administered
by specially trained staff.

Most studies present a low to moderate risk of bias,
mainly due to confounding bias (age, sex, history of solar
radiation, skin type), selection bias (high exposure areas),
and intervention bias (misclassification of exposure), even
though adjustments are made, this concern is particularly
salient in observational studies. Two other studies were
at serious risk of bias due to bias in the selection of the
reported result (see Table S1 in Supplementary Appendix 3).

Meta-analysis results

Preliminary analyses

Fig. 2 illustrates the association between exposure to
arsenic and the various types of skin cancer, including
melanoma, BCC, and SCC, through a forest plot. The analysis
was based on 12 studies involving 48,003 participants, with
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Unrelated diseases(n=156)

Conference abstract(n=115)

Fig. 1

anoverall OR=1.51,95% Cl (1.26-1.80). A meta-analysis was
conducted using a random effect model (12 = 42.6%). Specifi-
cally, arsenic exposure was associated with melanoma (OR =
1.52, 95% Cl 1.06-2.17), SCC (OR = 1.64, 95% Cl 1.16-2.32),
and BCC (OR = 1.36, 95% Cl 1.04-1.77). These results col-
lectively imply that arsenic exposure heightens the risk of
these skin cancers. To explore potential sources of variation,
additional sensitivity analyses were conducted in light of the
observed heterogeneity.

Sensitivity analyses

A sensitivity analysis was conducted on the studies that were
included, as illustrated in Fig. 3. Every individual study was
methodically removed from the meta-analysis to assess its
influence on the overall risk estimation. The results revealed
that the remaining studies consistently converged around an
overall OR of 1.51. No significant changes in outcomes driven
by individual studies were noted throughout this process.
The heterogeneity observed could be attributed to varia-
tions in arsenic exposure definitions among the included

M) animal experiment(n=199)
Not In English and chinese(n=99)
After title and abstract screening Response(n=86)
(n=2174) Other reasons(n=265)
o Full text not found (n=9)
.E The document type does not match(n=11)
g Reports sought for retrieval -~ Intervention methods are not consistent(n=23)
g (n=68) i Review(n=2)
The quality of the literature is too low(n=>5)
Others (n=2)
A
Reports assessed for eligibility
(=16) >
The outcome cannot be extracted or combined(n=4)
)
3
] Studies included in review
<@ —
£ 0=12)
-

Flowchart of study retrieval for this meta-analysis.

articles, as well as differences in exposure assessment meth-
ods such as water, dust, urine levels, and self-reported
exposures. Some studies focused primarily on arsenic in
drinking water, while others addressed occupational expo-
sure, chemical contamination, or utilized indirect exposure
indicators. Despite these discrepancies, the overall hetero-
geneity remained moderate, and the meta-analysis model
utilized was considered robust and reliable.

Subgroup analyses

A comprehensive subgroup analysis was conducted across
the included studies, considering factors such as sample
size, study centers, US regions, arsenic exposure routes,
and measurement methods. The analysis revealed a total
of 43,469 participants from the U.S. regions, 44,703 parti-
cipants involved in the measurement methods, and 48,003
participants considered in the analyses of sample size,
research centers, and arsenic exposure pathways. The
results are shown in Table 3. No significant sources of hetero-
geneity were identified in these analyses. Subgroup analysis



Table 1 Clinical and demographic characteristics of the included studies in the meta-analysis.

First Research Author Sample (n) Age (year) Sex (Male/ Female) Definitions Follow-  Skin
author ey type states - - X X X X of up cancer
Skin cancer  Non-skin Skin cancer  Non-skin Skin cancer  Non-skin arsenic (years) type
cancer cancer cancer exposure
Bedaiwi * 2022 Case-control USA Melanoma Non-skin 64.6 45.4 M: 51.7% /  M:50.0% /  Urine As NA Melanoma
study (87) cancer F: 44.7% F: 50.0% concentration
(12615) (>50ug/L)
Langston 2022 Case-control USA Melanoma Non-skin 20-39: 13% 20-39: 17% M: 52% / F:  M: 45% / F:  Drinking water NA Melanoma
study (1096) cancer 40-49: 14% 40-49: 15% 48% 55% As (>10ug/L)
(1033) 50-59: 21% 50-59: 25%
60-69: 23% 60-69: 26%
70-79: 18% 70-79: 13%
80+: 11% 80+: 4%
Beane Freeman 2004 Case-control USA Melanoma Non-skin 40-49: 26% 40-49: M:55.7% /  M: 64.3% /  Toenails As NA Melanoma
e2 study (326) cancer (329) 50-59: 15.8% F: 44.3% F: 35.7% concentration
22.8% 50-59: (>0.084 ug/g)
60-69: 29.8%
23.1% 60-69:
70-79: 28.4%
19.6% 70-79:
80-89: 8.4% 18.2%
80-89: 7.8%
Collatuzzo *° 2023 Case-control Italy Melanoma Non-skin <35: 14.8%  <35: 20% M: 47% / F: M: 47.2% /  Occupational NA Melanoma
study (295) cancer (293) 35-49: 35-49:25.2% 53% F: 52.8% exposure to As
27.6% 50-64: (undefined)
50-64: 3.2% 31.2% >65:
>65: 24.3% 23.6%
Dennis */ 2010 Cohort USA Melanoma Non-skin 57 48 NA NA Arsenical 10.3 Melanoma
study (150) cancer pesticide years
(24554) exposure
Kennedy-1 22 2005 Case-control Netherlands Melanoma Non-skin NA NA NA NA Occupational NA Melanoma
study (47) cancer (164) exposure to
As(undefined)
Kennedy-2 2 2005 Case-control Netherlands Basal cell Non-skin NA NA NA NA Occupational NA Basal cell
study carcinoma  cancer (164) exposure to As carcinoma
(249) (undefined)
Kennedy-3 2005 Case-control Netherlands Squamous Non-skin NA NA NA NA Occupational NA Squamous
study cell cancer (164) exposure to As cell
carcinoma (undefined) carcinoma
(103)
Surdu-1 %3 2013 Case-control USA Basal cell Non-skin 67 61 M: 44.8% /  M:51.6% /  Occupational NA Basal cell
study carcinoma  cancer (515) F: 55.2% F: 48.4% exposure to As carcinoma
(500) (dust fumes)
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Table 1 (Continued)

First Research Author Sample (n) Age (year) Sex (Male/ Female) Definitions Follow-  Skin
author UG type states - - - - - - of up cancer
Skin cancer  Non-skin Skin cancer  Non-skin Skin cancer  Non-skin arsenic (vears)  type
cancer cancer cancer exposure
Surdu-2 2 2013  Case-control USA Squamous Non-skin 71.5 61 M: 54.3% /  M:51.6% /  Occupational NA Squamous
study cell cancer (515) F: 45.7% F: 48.4% exposure to As cell
carcinoma (dust fumes) carcinoma
(70)
Mitropoulos 2 2004 Case-control USA Squamous Non-skin NA NA NA NA Occupational NA Squamous
study cell cancer (395) exposure to As cell
carcinoma (undefined) carcinoma
(404)
Sanchez »° 2013 Case-control Colombia Squamous Non-skin 70.8 71.8 M: 31% / F:  M:31% / F:  Occupational NA Squamous
study cell cancer (166) 69% 69% exposure to As cell
carcinoma (carpentry carcinoma
(166) trade wood,
gunpowder,
metal
industries)
Suarez-1 %6 2007 Case-control France Basal cell Non-skin 60.5 58.2 M: 63% / F:  M: 62% / F: Occupational NA Basal cell
study carcinoma  cancer 37% 38% exposure to As carcinoma
(1333) (1507) (Agricultural
works)
Suérez-2 %¢ 2007 Case-control France Squamous Non-skin 60.5 58.2 M: 63% / F:  M: 62% / F:  Occupational NA Squamous
study cell cancer 37% 38% exposure to As cell
carcinoma  (1507) (Agricultural carcinoma
(183) works)
Karagas-1 ?/ 2001 Case-control USA Basal cell Non-skin <40: 7.2% <40: 5.3% M: 57.6% / M: 60.1% /  Toenails As NA Basal cell
study carcinoma  cancer (524) 40-49:17%  40-49:12.6% F: 42.2% F: 39.9% concentration carcinoma
(587) 50-59:21%  50-59:19.7% (0.345-0.81
60-69:34.9% 60-69:39.3% ug/g)
>70:19.9% >70:23.1%
Karagas-2 2/ 2001 Case-control USA Squamous Non-skin <40: 1.1% <40:5.3% M: 64.1% / M: 60.1% /  Toenails As NA Squamous
study cell cancer (524) 40-49:6 %  40-49: F: 35.9% F: 39.9% concentration cell
carcinoma 50-59: 12.6% (0.345-0.81 carcinoma
(284) 16.6% 50-59: ug/g)
60-69: 19.7%
40.9% >70: 60-69:
35.6% 39.3% >70:
23.1%
Gilbert- 2013  Case-control USA Squamous Non-skin <50:4% <50: 7.6% M: 60.4% /  M:57.7% /  Urine As NA Squamous
Diamond study cell cancer (447) 50-59: 50-59: F: 39.6% F: 42.3% concentration cell
& carcinoma 19.4% 18.6% >5.31 ug/L) carcinoma
(470) 60-69: 60-69:
45.3% >70: 45.4% >70:
31.3% 28.4%

M, Male; F, Female; USA, United States of America; non-skin cancer; healthy controls.
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Table 2 NOS Quality Evaluation Form. The assessment system rates the selection of participants, group comparability, and
results evaluation using a 9-star scale. Research is considered poor quality if it is rated 1-3 stars, moderate quality if it is rated

4-6 stars, and high quality if it is rated 7-9 stars.

Sy Selection oy Outcomes Total
1 2 3 1 2 3

Ahmed Bedaiwi * * * * * * 7
Marvin E. Langston * * * * * * 7
Laura E. Beane Freeman * * * * * * 7
Giulia Collatuzzo * * * * * * 6
Leslie K. Dennis * * * * * 5
Cornelis Kennedy * * * * * * 6
Simona Surdu * * * * * 6
Panagiotis Mitropoulos * * * * * 6
Guillermo Sanchez * * * * * 5
Berta Suarez * * * * * 6
Margaret R. Karagas * * * * * 7
Diane Gilbert-Diamond * * * * * 7

Study %

ID OR (95% CI) Weight

Melanoma i

Ahmed Bedaiwi, MPH (2022) —_—— 0.78 (0.31,1.92) 3.15

Marvin E. Langston (2022) —— 1.06 (0.79,1.44) 1158

Laura E. Beane Freeman (2004) —— 178 (1.27,2.49) 1067

Giulia Collatuzzo (2023) _T_+_ 2.34(095,578) 3.16

Leslie K. Dennis (2010) —7—0-— 214 (1.16,3.98) 559

C Kennedy-1 (2005) T < 3.60 (0.49,26.27) 0.76

Subtotal (I-squared = 53.4%, p = 0.057) <> 152(1.06,2.17) 3492

|

Basal cell carcinoma i

C Kennedy-2 (2005) - 2.69 (0.56, 12.82) 1.20

Simona Surdu-1(2013) —— 1.59 (1.16,2.18) 11.12

Berta Suarez-1 (2007) —— 1.09 (0.84,1.42) 1243

Margaret R. Kara gas-1 (2001) ———— 1.57 (0.82,3.00) 525

Subtotal (I-squared = 30.7%. p = 0.228) <} 1.36 (1.04, 1.77)  30.01

@ |

Squamous cell carcinoma :

C Kennedy-3 (2005) — 2.43 (0.40, 14.80) 0.92

Simona Surdu-2 (2013) —— 266 (1.53,4.63) 6.46

Mitropoulos, Panagiotis (2004) . - 3.94 (0.44,35.41) 063

G. Sanchez (2013) —_—— 0.71(0.32,1.61) 3.77

Beria Suarez-2 (2007) ﬂl-._ 2.07(1.33,3.22) 832

Margaret R. Kara gas-2 (2001) —_——— 1.57 (0.74,3.35) 418

Diane Gilberi-Diamond (2013) —— 127 (0.91,1.77) 1080

Subtotal (I-squared = 46.0%, p = 0.085) O 1.64 (1.16,2.32) 35.07

- |

Overall (I-squared = 42.6%, p = 0.033) 'o) 1.51(1.26,1.80)  100.00

|
NOTE: Weights are from random effects analysis 1
1 T
0282 1 354

Fig. 2 Meta-analysis summarizing the data from various studies that investigate the association between arsenic exposure and
the incidence of skin cancer. The weights come from the random-effects model. OR, Odds Ratio; Cl, Confidence Interval.
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Meta-analysis estimates, given named study is omitted
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O
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Fig. 3 Plot of single-study sensitivity analyses for all studies. Sources of heterogeneity were analyzed using a random-effects

model. Cl, Confidence Intervals.

Table 3 Subgroup analysis. Sample size, study center, US region, measurement methods, and subgroup analyses of arsenic
exposure pathways; weights are from random-effects models.
Subgroup Study OR (95% Cl) p-value 12
USA
Melanoma 3 1.35 (1.10, 1.65) 0.004 65.1
Basal cell carcinoma 2 1.58 (1.19, 2.11) 0.002 0
Squamous cell carcinoma 4 1.54 (1.18, 2.01) p=0.001 47.8
Sample size
<100 3 1.64 (1.15, 2.23) 0.006 64.6
> 100 9 1.46 (1.23, 1.72) p<0.001 35.8
Exposure route
Cconsume 5 1.33 (1.07, 1.64) 0.233 26.9
Inhalation 7 1.72 (1.30, 2.27) 0.034 48.7
Research centre
Single centre 8 1.41 (1.09, 1.82) 0.009 26.3
Multicentre 4 1.61 (1.24, 2.11) p<0.001 42.6
Measurement method
biomarker 5 1.33 (1.07, 1.64) 0.233 26.9
Occupational assessment semi-definable scale 5 1.80 (1.34, 2.42) 0.061 46.3
OR, Odds Ratio; Cl, Confidence Interval.

further revealed a significant increase in the risk of skin scale OR = 1.80, 95% ClI 1.34-2.42), the results are not

cancer (both melanoma and non-melanoma) in the US due
to arsenic exposure, with a pooled OR of 1.48 (95% ClI
1.20-1.83). Whether through food intake (OR = 1.33, 95%
Cl 1.07-1.64) or inhalation (OR = 1.72, 95% Cl 1.23-2.27),
there was a consistent trend of increased risk of skin can-
cer associated with arsenic exposure. In the analysis of
the arsenic measurement method (biomarker OR = 1.33,
95% Cl 1.07-1.64, occupational assessment semi-definable

biased.

Publication bias

Fig. 4 illustrates a funnel plot that shows the distribution
of effect sizes from all studies, assessing publication bias.
The plot displayed no notable asymmetry, as all studies
were within the 95% Confidence Interval (95% Cl) (Begg’s p =
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Fig. 4  Funnel plot of the association between arsenic expo-
sure and skin cancer risk.

0.149). The results suggest that the analysis did not reveal
any clear, significant bias in the publication.

Discussion

This groundbreaking meta-analysis is the initial study to
investigate the association between exposure to arsenic and
the likelihood of developing skin cancer, encompassing both
melanoma and non-melanoma varieties. Firstly, the research
examined 12 papers, comprising prospective and case-
control studies involving 48,003 participants, offering some
evidence of an association between exposure to arsenic and
a heightened likelihood of developing skin cancer. Secondly,
the quantification of arsenic exposure in the reviewed lit-
erature presents distinct advantages, such as the precise
identification of biomarkers, including arsenic concentra-
tions in water, urine, and toenails. Additionally, the use of
semi-quantitative three-level scales (low, medium, high) for
quantification enhances the research potential of the data.
Thirdly, previous studies that did not meet the authors’
criteria also supported these findings. For example, one
study showed a significant association between inorganic
Arsenic (iAs) and BCC, even at average water iAs concentra-
tions below 40 ug/L.*> A separate investigation conducted
in the United States revealed a 1.5 times increased likeli-
hood of developing SCC due to exposure to arsenic in rice,
in contrast to individuals who did not consume rice.“® More-
over, research carried out in Bangladesh through a cohort
study established a direct association between the levels
of arsenic in water and the occurrence of melanoma, BCC
and SCC.¥ In a meta-analysis, Shuai et al.*® found that
arsenic exposure was associated with an increased risk of
melanoma, with a pooled OR of 1.47 (95% Cl 1.01-2.13). The
results from previous studies, along with the meta-analysis,
consistently indicate the possibility of a positive associa-
tion between exposure to arsenic and the heightened risk of
melanoma, BCC, and SCC. Additionally, the assessment using
funnel plots and Begg’s test did not show any significant
evidence of small study effects. Subgroup and sensitivity
analyses consistently indicated strong correlations.

The present study has several limitations. In the
meta-analysis, the authors observed a notable degree of
heterogeneity, which remained evident even following sub-
group and sensitivity analyses. While such variability is not
uncommon in similar studies, it is likely rooted in underly-
ing differences across the literature, including population
characteristics, adjustments for confounding variables,
methodologies for determining outcomes, and approaches
to assessing exposure. Due to the restricted quantity of
research papers accessible, the authors were unable to per-
form stratified examinations according to levels of exposure
to arsenic in the urine, arsenic in water, or exposure in
the workplace. Additionally, combined estimates of arsenic
concentrations across different exposure media may result
in misclassification of exposure. Self-reported assessments
through questionnaires are susceptible to memory bias,
while data from biological samples, water, or air analy-
sis may be subject to inaccuracies, potentially affecting
the reliability of the association between arsenic exposure
and the risk of developing skin cancer. Ultimately, personal
protection measures, skin type, population mobility, and
socioeconomic factors also represent significant potential
confounding variables. The accuracy of a meta-analysis is
contingent upon the quality of the underlying research. In
case-control studies, key issues such as recall bias, varying
measurement criteria, and residual confounders contribute
to the risk of bias. While literature quality assessments and
bias risk evaluations indicate that most studies have made
adjustments for potential bias-inducing factors, the findings
of meta-analyses may still be influenced. Due to the lack
of high-quality studies that can effectively control for these
bias factors, and because the results of studies with small
sample sizes or statistical insignificance are often not easy
to publish, the results of meta-analyses may still be affected
and tend to report positive results. Therefore, the authors
must be cautious in interpreting these results.

The precise molecular mechanisms involved in arsenic
carcinogenesis are still being actively researched. It
is widely acknowledged that arsenic exerts its toxic-
ity through various pathways, such as inducing oxidative
stress,” immune dysfunction,’® genotoxicity,”' impairing
DNA repair,'®? and disrupting signal transduction.®® It is
believed that these procedures play a crucial role in the
formation of skin cancer following arsenic exposure.

Arsenic triggers oxidative stress through the upregulation
of Nicotinamide Adenine Dinucleotide Phosphate Oxidase
(NADPHO), which results in the production of Reactive Oxy-
gen Species (ROS). These ROS disturb the equilibrium of
nitric oxide and glutathione, essential antioxidants, and
affect other proteins responsible for redox homeostasis. %>
The formation of ROS triggers the activation of transcrip-
tion factors like AP-1 and NF-«kB, resulting in the excessive
production of pro-inflammatory factors, which can enhance
cell proliferation and potentially initiate carcinogenesis.>”

Arsenic exposure activates the unfolded protein response
signaling pathway, which impairs both innate and adap-
tive immunity by reducing immune cell function and
number, creating a microenvironment conducive to tumor
development.®' Within cells, arsenic metabolism involves
key enzymes like Adenine nucleoside Methionine (SAM).
Depletion of SAM due to arsenic-induced ROS leads to the
methylation of inorganic arsenic into methylated forms.
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These methylated arsenic compounds further deplete SAM
and can methylate DNA in an unregulated fashion, alter-
ing intracellular gene expression and potentially promoting
carcinogenesis.’'*® Additionally, arsenic disrupts cellular
DNA repair mechanisms, such as base excision, mismatch
repair and nucleotide excision, mainly by interfering with
ATP and interacting with complexes likepoly-ADP ribose
polymerase, O6-methyl-guanine-DNA methyltransferase and
DNA polymerase B.'%°? Impairment of these repair path-
ways may compromise genomic stability and disrupt normal
cancer-related gene expression. Recent research indicates
that arsenic triggers the Hippo pathway, which is critical for
the survival and growth of cells. Arsenic modulates Hippo
pathway activity by upregulating key proteins like Large
Tumor Suppressor Kinase 1/2 (LATS1), Salvador homologue-1
(Sav1) and ste20-like kinase 1/2 (Mst1), which are known to
play roles in various cancers, including skin cancer.>*°”

Conclusions

This study demonstrates an association between arsenic
exposure and the risk of skin cancer (both melanoma and
non-melanoma), regardless of the exposure route - whether
through inhalation, ingestion, or dermal contact. This find-
ing could have significant implications for patient education
initiatives, enhancing public awareness of skin cancer pre-
vention and consequently reducing both its health and
economic burdens. Furthermore, it may serve as a valuable
reference for professionals involved in mitigating occupa-
tional exposure. However, the study’s limitations highlight
the need for future research. There is a clear necessity for
more rigorous prospective studies that can better control
potential confounding variables to understand the precise
impact of arsenic on skin cancer risk. Additionally, evalu-
ating the response to different doses will provide a more
robust scientific basis for creating regulations on arsenic lev-
els in a variety of sources, including drinking water, soil,
air, and food. Drawing from the latest studies, the authors’
recommendation is to initiate proactive measures aimed at
not only validating arsenic as a contributing element to skin
cancer but also crafting successful preventative tactics for
areas plagued by chronic arsenic exposure.
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KEYWORDS Abstract

Artificial intelligence; Background: Accurate diagnoses in dermatology can be challenging for general practitioners.
Dermatology; In this context, the support of artificial intelligence tools can be beneficial in the Brazilian
Diagnosis, primary care setting.

differential; Objectives: To develop an interpretable machine-learning algorithm capable of assisting in the
Expert systems; diagnosis of erythematous-squamous dermatological diseases through clinical data, without
Machine learning histopathological support.

Methods: The random-forest algorithm was trained with the public Dermatology database of
366 patients diagnosed with: chronic dermatitis, lichen planus, pityriasis rosea, pityriasis rubra
pilaris, psoriasis, or seborrheic dermatitis. The model was evaluated by performance metrics
and interpretability techniques.

Results: The model showed good predictive performance, with ROC-AUC ranging from 0.89 to
1.00, and overall accuracy of 0.86. The best results were for the diagnosis of pityriasis rubra
pilaris (f1-score: 1.00) and the worst for chronic and seborrheic dermatitis (f1-score: 0.77
and 0.76, respectively). The clinical characteristics that most influenced the model’s decision
were, in decreasing order: involvement of knees and elbows, involvement of scalp, Koebner
phenomenon, polygonal papules, and involvement of oral mucosa.

Study limitations: The model was not validated with Brazilian data.
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Conclusion: The developed technology obtained good predictive performance and clinical
coherence. There is a need for adaptation for implementation, using national data. The results
indicate the potential for similar models to be improved and adapted to clinical practice for
the benefit of the Unified Heath System.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The different possible diagnoses in dermatology are often
complex and require physicians to go through a long learn-
ing curve to make assertive diagnoses. A study comparing
the performance of general practitioners and dermatolo-
gists in general clinical dermatology cases demonstrated
agreement of only 45% of diagnoses in cases without
support from histopathological data.’ Another study, a sys-
tematic review with meta-analysis on medical efficacy in
the diagnosis of melanoma, demonstrated a sensitivity of
81% for dermatologists, while primary care general prac-
titioners had a sensitivity of only 42%.? In a similar vein,
erythematous-squamous dermatological diseases, such as
dermatitis, psoriasis, and lichen planus, can be difficult to
differentiate and diagnose because they have very similar
characteristics, especially for non-specialist physicians.

Machine learning models can be a useful tool to aid in
diagnosis for physicians, especially general practitioners in
primary care in the Brazilian Unified Health System (SUS,
Sistema Unico de Satde), where there would be a greater
concentration of dermatological diagnostic errors due to
their generalist nature, with quick consultations and, in
many cases, without the support of complementary exams.
Some models have already been developed around the world
for the diagnosis of erythematous-squamous dermatologi-
cal diseases that have shown excellent performance, using
clinical and histopathological data to predict diagnoses.?
However, in scenarios where histopathological diagnosis
is not possible or is time-consuming, tools that improve
diagnostic accuracy without the support of complemen-
tary exams can optimize clinical practice, enabling more
assertive treatments.

This study aimed to develop an interpretable machine-
learning algorithm capable of differentiating and diagnosing
six erythematous-squamous dermatological diseases, based
on clinical data, without histopathological support.

Method

Database and preprocessing

The ‘‘Dermatology’’ database of erythematous-squamous
dermatological diseases was used, which contains individ-
ualized data without patient identification. The data were
originally made available through a partnership between
the Department of Dermatology, Gazi University School of
Medicine, and the Department of Computer Engineering and
Computer Science, Bilkent University, and are freely avail-
able on the UC Irvine Machine Learning Data Repository.*

Therefore, the present study does not require approval by a
Research Ethics Committee.

The database contains clinical and histopathological
data from 366 patients diagnosed with one of the six
diseases under study: chronic dermatitis (n=52), lichen
planus (n=72), pityriasis rosea (n=49), pityriasis rubra
pilaris (n=20), psoriasis (n=112), and seborrheic dermatitis
(n=61). The variables with clinical attributes are: ery-
thema, desquamation, defined borders, pruritus, Koebner
phenomenon, polygonal papules, follicular papules, involve-
ment of the oral mucosa, involvement of knees and elbows,
family history and age. The histopathological variables are:
pigment incontinence, eosinophilic infiltrate, neutrophil
infiltrate, papillary dermal fibrosis, exocytosis, acanthosis,
hyperkeratosis, parakeratosis, widening of the epidermal
ridges, elongation of the epidermal ridges, thinning of
the suprapapillary epidermis, spongiform pustule, Munro’s
microabscess, focal hypergranulosis, the disappearance of
the granular layer, vacuolization and damage to the basal
layer, spongiosis, epidermal ridges in a ‘‘sawtooth pattern’’,
follicular horny plug, perifollicular parakeratosis, mononu-
clear inflammatory infiltrate and band infiltrate.

Since the histopathological analysis, combined with clin-
ical history, can be considered the ‘‘gold standard’’ in the
diagnosis of erythematous-squamous dermatological condi-
tions, it was decided to train the model without the support
of these variables for prediction. The choice was made
with the aim of developing a model that could assist clin-
ical practice, which sometimes does not have access to
histopathology.

Data preprocessing consisted of eliminating columns of
histopathological data and patients with incomplete clini-
cal data. The final set consisted of 359 patients, 98% of the
original 366 evaluated patients.

Model and performance metrics

A machine learning model for Multiclass Classification was
developed using the Random Forest algorithm and the
“*One-vs.-Rest’’ strategy, in Python via the Google Colab™
platform. The Holdout Method was used, in which the model
was trained by dividing the data between training and test-
ing subsets, in which 70% of these were used for learning the
algorithm and 30% for testing and evaluating the predictive
performance of the model on new data.

In the Random Forest model used, 100 trees were gen-
erated, with an average depth of 13.21; ranging from a
maximum depth of 17 to a minimum of 11. For each node,
a maximum number of features was selected based on
the square root of the total number of available features
(**sqrt’’). The impurity criterion used was the Gini index,
and the minimum number of samples per leaf was defined as
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Table 1 Individual and overall measures of diagnostic model performance.

Disease ROC-AUC Sensitivity Specificity PPV NVP F1-score Overall Model Accuracy
Chronic dermatitis 0.89 0.67 0.99 0.91 0.94 0.77 0.86

Lichen planus 1.00 0.90 1.00 1.00 0.98 0.95

Pityriasis rosea 0.96 0.93 0.94 0.68 0.99 0.79

Pityriasis rubra pilaris 1.00 1.00 1.00 1.00 1.00 1.00

Psoriasis 0.98 0.91 0.96 0.91 0.96 0.91

Seborrheic dermatitis 0.94 0.78 0.94 0.78 0.96 0.76

ROC-AUC, Receiver Operating Characteristic - Area Under Curve; PPV, Positive Predictive Value; NVP, Negative Predictive Value.

1, while the minimum number of samples required to divide
a node was 2.

To assess the predictive performance, a Confusion Matrix
was generated and the area under the Receiver Operating
Characteristic Curve (ROC-AUC), sensitivity, specificity, Posi-
tive Predictive Value (PPV), Negative Predictive Value (NPV),
F1-score and model accuracy were calculated.

Interpretability

The model interpretation technique chosen was the SHAP
(SHapley Additive exPlanations) method, which is based on
the Shapley Values technique.’ In this case, the objective
is to explain the predictions of the machine learning model
based on the contribution of each variable to the predic-
tion of the final result.® In this study, the variables are the
clinical characteristics of each patient and the final result,
or prediction, is the diagnosis of one of the erythematous-
squamous diseases in the study.

Thus, each clinical characteristic receives a SHAP value,
indicating the impact of this variable on the diagnosis pre-
diction. If the SHAP value of a variable is zero, it means that
the presence or absence of that clinical characteristic does
not influence the diagnostic decision made by the model. If
the SHAP value is positive, the presence of the characteris-
tic has an influence in favor of the diagnosis. On the other
hand, if the SHAP value is negative, it is interpreted that the
presence of the characteristic has an influence contrary to
the diagnosis. Finally, high SHAP values (in modulus) indi-
cate that the influence of the variable on the prediction is
high, while low SHAP values (in modulus) indicate that the
variable has little influence on the disease prediction.®

Results

Algorithm performance

The developed model showed good predictive performance,
even without the support of histopathological variables
(overall accuracy of the model: 86%), as shown in Table 1.
The most assertive diagnoses were made in the predictions
of the diseases pityriasis rubra pilaris and pityriasis rosea
(sensitivity: 100% and 93%, respectively), while chronic
dermatitis and seborrheic dermatitis attained the lowest
metrics (sensitivity: 67% and 78%, respectively). Neverthe-
less, the model was successful in predicting negative results
for these diseases, achieving high specificity and NPV values
(chronic dermatitis: 99% and 94%; seborrheic dermatitis: 94%

and 96%). Fig. 1 shows the ROC curves resulting from the
predictive analysis of the test data.

The algorithmic performance results become clear when
analyzed together with the Confusion Matrix of predicted
versus actual results, shown in Fig. 2 below.

Model interpretability: the importance of clinical
variables

For a general analysis, the characteristics were classified in
decreasing order of influence on the model’s decisions, using
the average absolute impact values (average SHAP).

The clinical characteristics that most influenced the dif-
ferentiation between the analyzed skin diseases - that is,
those with the highest average SHAP - were: involvement
of knees and elbows, involvement of the scalp, Koebner
phenomenon, polygonal papules, involvement of the oral
mucosa and defined borders, as observed in Fig. 3 below. The
characteristics ‘‘family history’’, ‘‘erythema’’ and ‘age’’
had little influence on the general diagnosis.

It is also possible to observe how much each character-
istic contributes, in absolute terms, to each diagnosis; for
example: the variables ‘‘involvement of knees and elbows’’
and ‘‘involvement of scalp’’ have a very significant influence
on the diagnosis of psoriasis (blue bars), while the variables
“‘polygonal papules’’ and ‘‘involvement of oral mucosa’’
had a greater influence on the diagnosis of lichen planus
(green bars). Thus, the diseases associated with the best
predictive performances of the model are those that have
unique distributions of mean SHAP values. Likewise, diseases
with similar distributions of mean SHAP values among the
variables, such as when comparing chronic and seborrheic
dermatitis (red and purple bars, respectively), have the
worst predictive performances, since the model may have
difficulty differentiating them.

The influences of clinical characteristics in the defini-
tion of each differential diagnosis can also be observed in
more detail and individually in the Beeswarm-type graphs,
in Figs. 4, 5 and 6 below. In this case, it is possible to iden-
tify how the variables influenced the model decision-making
process, in which the values of the variables (pink tones are
higher values, indicating a greater presence of the charac-
teristic, and blue tones are lower values, indicating a lesser
presence of the characteristic) correlate with the impact on
the diagnostic result (positive SHAP-values are favorable to
the diagnosis in question, while negative SHAP-values are
unfavorable to the diagnosis).
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Based on the interpretation of the proposed model and
the clinical characteristics made available for this analysis,
it can be verified that chronic dermatitis (ROC-AUC =89%)
was positively correlated mainly with pruritus and lower
desquamation values, while the presence of the Koebner
phenomenon had an unfavorable effect on the diagnosis.
Lichen planus (ROC-AUC=100%) was positively and signifi-
cantly correlated with the presence of polygonal papules
and involvement of the oral mucosa. Pityriasis rosea (ROC-
AUC=96%) correlated positively and significantly with the
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Confusion matrix.

Koebner phenomenon, while the presence of higher val-
ues of pruritus, and involvement of knees, elbows, scalp
or polygonal papules had an unfavorable effect on the diag-
nosis. Pityriasis rubra pilaris (ROC-AUC=100%) correlated
positively and significantly with the presence of follicu-
lar papules, mean values of involvement of knees and
elbows, and during young age (first two decades of life).
The prediction of psoriasis (ROC-AUC=98%) was positively
and significantly influenced mainly by the involvement of
knees, elbows and/or scalp. Finally, seborrheic dermatitis
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(ROC-AUC =94%) had its prediction positively influenced by
desquamation, pruritus and erythema. On the other hand,
the presence of the Koebner phenomenon, involvement of
knees and elbows, and defined borders had an unfavorable
effect on its diagnosis.

Discussion

Overall, the model showed good predictive performance,
showing an overall accuracy of 86%. Studies published
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around the world were found, predominantly in electronic
engineering and technology journals, which used the same
database to develop different predictive algorithms for
erythematous-squamous diseases, all of which used clini-
cal and histopathological variables to predict the diagnosis.
One of these studies used Classification and Regression Tree
(CART), obtained an overall accuracy of 93.69% and sim-
ilar results to the present study, showing a specificity of
100% for ‘‘lichen planus’’ and ‘‘pityriasis rubra pilaris’’,
and showed better sensitivity for ‘‘seborrheic dermatitis’’
(100%) when compared to this study (78%).” Another study
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Figure 6

also used Random Forest and showed cross-validation values
of 51.13%. Higher values were obtained by other algorithms,
such as 96.65% with Deep Neural Networks and 95.80% with
XGBoost.®

The results found by the study demonstrate the potential
for applying machine learning algorithms in dermatological
diagnosis. When compared to the results of this study, with-
out histopathological data, it is clear that the algorithm did
not suffer a significant loss of performance, making it viable
for clinical practice. The importance of tools like this lies
in the possibility of optimizing clinical practice aiming to
provide assertive treatments without the support of com-
plementary exams.

When the interpretability of the results is verified, that
is, how the variables contributed to the prediction of each
diagnosis (Fig. 2), an important convergence with clinical
practice can be observed. When observing the characteris-
tics of pityriasis rubra pilaris in the medical literature, one of
the main characteristics common to the disease subtypes is
the presence of hyperkeratotic follicular papules. Further-
more, pityriasis rubra pilaris is diagnosed according to its
subtypes, which are based on age of onset, lesion distribu-
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tion and prognosis® - these characteristics are in line with
the main findings of this study. In psoriasis, the involvement
of knees and elbows is also a characteristic of the clini-
cal diagnosis and the Koebner phenomenon demonstrated
relevance, as expected.'® Thus, the exercise of comparing
the results of this study with the medical literature can be
performed for each disease analyzed.

A limitation of the model lies in its dependence on the
quality of the database. In this study, the data collected
from a non-Brazilian population may not be representa-
tive of the characteristics of the local population. These
limitations were also verified and mitigated in the study
by Wichmann et al., who developed models for predicting
death from COVID-19 with data from 18 Brazilian hospitals
and compared optimization strategies, finding that the best
performance occurred when the model was trained locally,
that is when a model was trained with data from a hospital
to predict the data from the same hospital.!" Moreover, the
quality of the data for training depends on the data collec-
tion operator, while the quality of the results depends on the
end user during the clinical use of the proposed model, since
an incorrectly identified clinical sign could lead to an incor-
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rect diagnosis. Some of the characteristics of lesions used to
train the model under study may require greater knowledge
from the operator and user, such as the definition of the
Koebner phenomenon and differentiation between papules.

Therefore, the developed technology requires adapta-
tions for its local implementation, since the predictive
capacity with data from other hospitals, especially from
other continents, may present variations that impact its
effectiveness. In addition to training on a local database,
the model would need to be incorporated into software with
an intuitive and instructive interface, to support general
practitioners in characterizing the lesions according to the
recommended scales. Also, the inclusion of a functionality
for reading and interpreting photos of skin lesions would
make the technology even more useful in non-specialized
clinical practice.

Final considerations

This study identified technological possibilities applicable to
the Unified Heath System, proposing the construction of a
machine learning algorithm for multiclass classification of
erythematous-squamous dermatological diseases with the
potential to assist in the reality of clinical practice in
Brazilian public primary care. For future studies, it will be
important to develop this technology to include the cons-
truction of an updated and multicenter Brazilian database,
and the improvement of the prediction technique using
models capable of interpreting photos of skin lesions, incor-
porated into software with an interface suitable for use by
non-specialist physicians.
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NAY] Abstract
KEYWORDS Background: Leprosy is a chronic infectious disease marked by complex immune interactions,
B-lymphocyte

yet the roles of specific B-lymphocyte subsets in its pathology are poorly understood.
subsets; Objectives: To investigate the presence and distribution of B-cell subsets, including B1 cells,
Immune r.esponse;. Marginal Zone (MZ) B-cells, Regulatory B-cells (Bregs), and Effector-1 B-cells (Be1), across
Immunohistochemistry; different clinical forms of leprosy and reactional states.
Leprosy Methods: Immunohistochemical and morphometric analyses were performed on skin lesions
from patients with various clinical presentations of leprosy.
Results: CD20+ B-cells were abundant in tuberculoid lesions, whereas MZB-1 expression varied
significantly among leprosy subtypes. Type 1 Reaction (T1R) lesions exhibited significantly higher
counts of B1 and MZ B-cells compared to Type 2 Reaction (T2R), lepromatous leprosy (LL),
and indeterminate leprosy (I). Expression patterns of PAX5/MZB-1 and PAX5/CD5 suggested a
dominant presence of these cells in the Th1 pole. Be1 cells, strongly linked to Th1 immune
response, were also more abundant in Th1 clinical presentations (tuberculoid and T1R leprosy).
Although Bregs were generally scarce, they were most frequently observed in T1R.
Study limitations: This study was limited by the relatively small number of cases analyzed per
clinical subtype and reactional state.
Conclusions: This is the first study to document the presence and distribution of these specific
B-cell subsets in leprosy lesions. The findings suggest distinct roles for B-lymphocyte subtypes,
particularly at the tuberculoid pole and during Type 1 reactions.
© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

The spectral manifestations of leprosy reflect the host’s
immune response against Mycobacterium leprae." As an
obligate intracellular bacterium, the effectiveness of the
immune response against leprosy primarily relies on cellular
immunity, with the balance between Th1 and Th2 play-
ing a pivotal role in determining the clinical presentation
of the disease. The progression from tuberculoid (local-
ized) to lepromatous (disseminated) leprosy is marked by a
shift from Th1 (cellular) to Th2 (humoral) response. Conse-
quently, the cytokine profile varies between presentations,
with Th1 cytokines (such as IFN-v, IL-2, and IL-12) in tuber-
culoid leprosy and Th2 cytokines (such as IL-4, IL-5, IL-10,
and TGF-B) in lepromatous leprosy.?

“‘Indeterminate’’ leprosy presents with a hypochromic
macule with diminished local sensitivity, potentially evolv-
ing with spontaneous healing or progressing to a classic
presentation. This type of leprosy has no clear predomi-
nance of Th1 or Th2 response.’

Leprosy reactions are episodes of acute hypersensitivity
characterized by the worsening of previous lesions or the
appearance of new ones. Type 1 reaction is a type IV hyper-
sensitivity reaction characterized by an exacerbation of the
cellular immune response against M. leprae, with signifi-
cant secretion of TNF-a, IFN-vy, IL-2, IL-1B, and IL-6.° Type
2 reaction involves a systemic inflammatory process related
to extravascular deposition of immune complexes and neu-
trophilic exudate, with high levels of TNF-q, IL-2, IL-4, IL-5,
IL-6, and IL-10.°

In 1993, Modlin et al.” published studies linking the clin-
ical spectrum of leprosy to Th1-Th2 responses. Since then,
most of the research in leprosy immunology has concen-
trated on T-cells. Although Ridley et al. first described the
presence of B-cells in 1974, the focus on T-cells over the
decades led to limited investigation into the role of B-cells.®
It was only recently, in 2017, that Fachin et al.® revealed an
increased presence of B-cells in the Th1 pole, challenging
the previous assumption that B-cells would be predomi-
nantly associated with the Th2 pole, which is typically linked
to humoral responses.

Mammalian B-cells encompass distinct subsets, including
Follicular B2 cells, B1-cells, Marginal Zone B-cells (MZB), B-
Regulatory cells, and B-Effector-1 (Be1) cells.”® B1-cells,
originating during fetal development, inhabit the peritoneal
cavity, exhibiting self-renewal and spontaneous IgM secre-
tion. Despite controversies in the literature regarding the
characterization of B1 B-cells in humans,’ " reports indi-
cate that they constitutively express CD5 (B1a cells) and
spontaneously secrete multi-reactive IgM, facilitating early
bacterial clearance."

MZ B-cells, another category of B-lymphocytes, inhabit
the marginal zone of lymphoid follicles within the spleen
and several other tissues.”> These cells orchestrate swift
antibody responses against blood-borne microbes rich in
polysaccharides. Along with B1-cells, a subset of MZ B-cells,
specifically the transitional type 2 marginal zone precur-
sor (T2-MZP) B-cells, are termed Innate-Like B-Lymphocytes

(ILBs) or innate B regulatory cells (Bregs) due to their
ability to secrete IL-10, a regulatory cytokine.' Bregs con-
tribute to cutaneous immune responses and exhibit both
pro-inflammatory and regulatory actions.'®

A recently recognized B-cell subset, the B-effector-
1 (Bel) cell, shares resemblances with T-helper-1 (Th1)
cells and seems to bridge innate and adaptive immune
responses.'®"” Be1l cells release inflammatory Th1-like
cytokines such as IFN-y, TNF-a, and IL-12."8"

By dissecting the intricate interplay between these B-
cell subsets and the mycobacterial environment within
leprosy lesions, the present investigation aims to pro-
vide a comprehensive understanding of the in situ immune
response in leprosy. The present findings hold the potential
to inform therapeutic strategies and refine disease mana-
gement approaches, opening new avenues for effective
intervention.

Materials and methods

This study involves a case series examination. Initially gath-
ered for diagnosing and classifying classical forms of leprosy
and reactive states, skin samples have been selected from
the archives of the Dermatopathology Laboratory at the Der-
matological Clinic, Department/Division of the University of
Sao Paulo Medical School. These samples were processed
using histological techniques and embedded in paraffin.
The authors examined skin samples from 95 patients with
various clinicopathological manifestations of leprosy. These
included lepromatous leprosy (18 samples), tuberculoid lep-
rosy (23 samples), indeterminate leprosy (14 samples), Type
1 Reaction (19 samples), and Type 2 Reaction (21 sam-
ples). Specifically, for comparisons within the CD20 group,
the authors utilized a control group comprising samples of
normal skin from 10 patients. In contrast to Dendritic and
T-cells, B-cells are known to be very scarce in normal skin
under homeostatic conditions.?’ Nonetheless, the authors
established a dedicated control group for CD20 to reaffirm
this observation and eliminate the need for controls in B-
cell subsets. All histological samples of leprosy lesions were
stained with hematoxylin-eosin and the acid-fast bacilli
staining technique (Faraco technique) for diagnostic confir-
mation. Additionally, patient records were consulted to aid
in the classification and composition of study groups.

Immunohistochemical techniques

Four micrometer paraffin-embedded sections were obtained
from all specimens and subjected to single-labeling tech-
niques using CD20 (B-cells) and MZB-1 (B1-cells, MZB-cells,
and plasmablasts/plasma cells) antibodies.”’ For better
discrimination between the MZB-cell population and plas-
mablasts/plasma cells at the lesion sites, the authors
performed double labeling PAX5/MZB-1 to distinguish the
MZB/B1-cells in the tissue from plasmablasts and plasma
cells, which have silenced PAX5 expression.?!’ The authors
also performed double-staining for PAX5/CD5 (B1-cells),
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Table 1 Antibodies, detection systems, and chromogens specifications.

Primary antibody ID Code Manufacturer Dilution/Detection system
Anti-CD5 rabbit antibody SP-19 Cell-marque 1:50/Polink

Anti-PAX5 mouse antibody 312M-15 Cell-marque 1:200/Envision flex
Anti-CD20 mouse antibody AC-0012 Epitomics 1:100/Envision flex
Anti-MZB-1 rabbit antibody 11454-1 Proteintech 1:200/Polink

Anti-Tbet rabbit antibody aB-150440 ABcam 1:200/Polink

Anti-c-MAF rabbit antibody SC7866 Vector 1:100/Impress
Chromogens used for double labeling technique ID Code Manufacturer Dilution/Detection system
Membrane/cytoplasm

PermaGreen / HRP substrate K074-RUO Diagnostic BioSystems Not applicable

Nucleus

3.3’-Diaminobenzidine tetrahydrochloridrate D5637-50G Sigma Life Science Not applicable

CD20/T-bet (Be1-cells), and CD20/c-MAF (Bregs) with a pro-
tocol modified by Tudor et al.?” For Bregs, the authors
initially attempted to perform dual labeling with PAX5/IL-
10; however, due to unsatisfactory results, the authors
opted for labeling surface CD20 with the IL-10 nuclear
transcription factor, c-MAF, also expressed by regulatory
B-lymphocytes.”>%> The choice for CD20/c-MAF yielded
more easily discernible and reliable results. Table 1 dis-
plays the antibody specifications, detection systems, and
chromogens used for the immunohistochemical procedures.
Detailed technique descriptions are given as Supplementary
data.

Fluorescence confocal microscopy

The immunofluorescence technique protocol for confocal
microscopy was performed as follows: both primary anti-
bodies, anti-IgM, and anti-PAX5, were diluted and mixed
in 1% bovine albumin solution and incubated for 48 hours
at 4°C. Following, it was applied the isotype-specific sec-
ondary conjugated antibodies Alexa Fluor® 488 (green) goat
anti-rabbit Ig and AlexaFluor® 555 (red) donkey anti-mouse
Ig, Invitrogen, Carlsbad, CA, USA, and nuclear staining with
6-Diamidino-2-Phenylindole, Dihydrochloride DAPI - Sigma-
Aldrich, Steinhein, Germany (blue) for 60-minutes. The
slides were mounted in a mounting medium (Hydromount,
National Diagnostics, Atlanta, GA, USA) and glass cover-
slips and maintained protected from light at 4°C until
analysis. Fluorescent images were acquired using UV/Laser
excitation on confocal microscopy Olympus FluoView 1000
(FV1000). Given the limited number of cases analyzed, a
total of 5, quantitative morphometric analyses were not
conducted.

Morphometric and statistical analyses

All slides immunostained with CD20 and MZB-1 antibodies
were scanned with the 3DHISTECH ‘‘whole slide imaging’’
system (Budapest, Hungary). For morphometric analysis,
images with a digital zoom of 10x were obtained from suc-
cessive, non-superimposable fields of the entire dermis for
each sample, using Case Viewer software (2.3 version 64-bit,
3DHISTECH Ltd.).

The images were processed using the freely avail-
able Fiji/ImageJ software from the National Institutes of
Health (http://imagej.nih.gov). Following the methodolog-
ical approach outlined by Biswas et al.,”> the authors
comprehensively analyzed all images associated with each
sample. The arithmetic means of the immunostained area
fraction, specifically for CD20 and MZB-1, was then cal-
culated for each sample (case). In analyses involving
colocalization of antigens, double positive cells were manu-
ally counted in each hotspot of whole-slide images, divided
by the total number of B-cells in the same field, and then
by the field dermal area (estimated by the free Fiji/ImageJ
software). After analyzing all images for each sample, an
arithmetic mean was calculated for the proportion of dou-
ble immunostained cells to the total B-cells (CD20 or PAX5
positive cells) per unit of area. Thus, the use of the term
’expression’ later in the text refers specifically to the num-
ber of positive cells or the fraction of immunolabeled tissue,
rather than to staining intensity.

Non-parametric one-way ANOVA followed by Kruskall
Wallis’ multiple comparisons test was performed using
GraphPad Prism version 10.1.0 for macOS, GraphPad Soft-
ware, Boston, Massachusetts USA, www.graphpad.com. A
p-value <0.05 was considered statistically significant.

Results

Samples from 95 cases and 10 controls were analyzed.
Among the cases, the male-to-female ratio was 11:9, indi-
cating a slightly higher representation of males. This group
had an average age of 44.64, from 8 to 84 years. In the
control group, the average age was (44.7-years.) with a cor-
responding male-to-female ratio of (5:5).

Presence and distribution of single-labeled cells

The presence and distribution of B-lymphocytes differed
in the tissue response among the studied leprosy groups.
B-cells were observed in the papillary dermis and around
epithelioid granulomas in tuberculoid leprosy samples
(Fig. 1A). In indeterminate leprosy, B-cells were scarce and,
when present, were located near blood vessels and cuta-
neous adnexa (Fig. 1B). Rare lymphocytes were observed
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Fig. 1 B (CD20+) cells in tuberculoid leprosy arranged around granulomas (A) and cells immunolabeled with the MZB1 antibody (D).
Presence of rare perivascular B-cells (B) and absence of MZB1 expression (E) in indeterminate leprosy. In lepromatous leprosy, note
rare clusters of B-cells within the diffuse macrophage infiltrate (C) and rare cells immunolabeled with the MZB1 antibody, some of
them with plasma cell morphology (inset) (F). Immunohistochemical technique, diaminobenzidine chromogen, and counterstaining
with hematoxylin. Scale bars (left top) indicate the magnification.

Fig. 2 In type 1 reaction, B (CD20+) cells are present in the papillary dermis and around epithelioid granuloma in the reticular
dermis (A). Cells immunolabeled with the MZB1 antibody are observed in the papillary dermis; however, they are absent around
the granuloma (C). In type 2 reaction, rare B-cells amidst the regressive macrophage infiltrate (B) and a few clusters of cells
immunolabeled with the MZB1 antibody, some of them with plasma cell morphology (inset) (D). Immunohistochemical technique,
diaminobenzidine chromogen, and counterstaining with hematoxylin. Scale bars (left top) indicate the magnification.

alongside vacuolated macrophages in the tissue response of
lepromatous leprosy samples (Fig. 1C). B-cells were slightly
more abundant, arranged around granulomas, in type 1 reac-
tion leprosy (Fig. 2A) and scarce in type 2 reaction leprosy
skin samples (Fig. 2B).

Cells immunostained with the MZB-1 antibody exhib-
ited morphology, sometimes like lymphocytes, sometimes

slightly larger and resembling plasma cells. They appeared
scarcer than CD20 in tuberculoid leprosy samples (Fig. 1D)
and extremely scarce or absent in indeterminate leprosy
samples (Fig. 1E). On the other hand, in lepromatous lep-
rosy samples, MZB-1 positive cells were more frequently
observed than B-cells and exhibited plasma cell and plas-
mablast morphology (Fig. 1F). In type 1 reaction samples
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Fig. 3

B1-cells (PAX5+/CD5+) in tuberculoid leprosy (A); Be1-cell (CD20+/Tbet+) in type 1 reaction (B); Breg cell (CD20+/c-

MAF+) in type 1 reaction (C); B1 and MZB cells (PAX5+/MZB1+) in tuberculoid leprosy (D), double immunolabeling technique using
diaminobenzidine chromogen (brown) for PAX5 and T-bet and PermaGreen (green) for CD20 antibody; B1-cell (PAX5+/IgM+) in laser
confocal microscopy in type 1 reaction (E). Arrows indicate the respective cells. Scale bars - indicate the magnification.

MZB-1-positive cells were distributed in the papillary der-
mis and, in some cases, they were scarce or even absent
around granulomas (Fig. 2C) contrary to what was observed
in tuberculoid leprosy samples. Type 2 reaction samples dis-
played MZB-1-positive cells forming small clusters, and like
lepromatous leprosy samples, they showed a morphological
appearance of plasma cells (Fig. 2D).

Given that the MZB-1 antibody reveals the MZB-1 protein,
associated with the processing and secretion of immunoglob-
ulins and present in the endoplasmic reticulum of B-cells
in the marginal zone of lymphoid follicles, plasmablasts,
and plasma cells,”’ the authors decided to compare the
mean expression area fraction of CD20 (B-cell marker) with
the mean expression area fraction of MZB-1 in each lep-
rosy group. That was an attempt to ascertain whether
MZB-1 expression was solely attributable to the presence
of plasmablasts and plasma cells in the tissue response of
the studied samples. Table 1S in Supplementary materials
demonstrates the statistical analysis results of these com-
parisons.

Presence and distribution of double-labeled cells

The authors observed a sparse presence of double-labeled
cells in all evaluated B-cell subpopulations. Fig. 3 (A, B,
C, and D) illustrates some of these cases, contrasting with
the infiltrates shown previously for CD20 mainly in tubercu-
loid and type 1 leprosy reaction samples. In addition, slide
reading using the Confocal Immunofluorescence Microscopy
technique revealed the presence of PAX5/IgM (B1-cells) in
cases of T1R (Fig. 3E).

Morphometric and statistical analyses

The mean rank differences observed in Dunn’s multi-
ple comparisons test delineate distinctions in the ratio
of double-labeled positive cells in comparison to single-
positive PAX5 or CD20 cells per unit area among distinct
leprosy groups. The differences in medians between groups
with statistically significant comparisons are summarized in
Table 2, along with their respective p-values. Fig. 4 displays
the medians for all groups in graphical form, along with their
corresponding measures of central dispersion.

Discussion

The present study observed a higher area fraction of CD20+
cells (B-cells) in the tuberculoid pole of leprosy compared
to the lepromatous pole, which is consistent with recent
literature findings.?>?® The lepromatous leprosy group, how-
ever, exhibited a lower B-cell component compared to
the reactional groups, both Type 1 (T1R) and Type 2
(T2R).

The involvement of B-cells in mycobacterial infections
has been discussed in the literature, particularly in the con-
text of granuloma formation, cytokine production, T-cell
responses, and antigen presentation.”’ This could explain
the higher expression of CD20 and the presence of B-cells in
the granulomatous response group, aligning with literature
data. Interestingly, this study demonstrated that reactional
states (T1R and T2R) exhibited a higher population of B-
cells compared to the lepromatous group. In T1R, this could
be related to the better organization of the granulomatous
response. In T2R, however, these findings differ from those
reported by Biswas et al.,?”> who found fewer B-lymphocytes
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Table 2 Differences in medians between the groups with statistically significant comparisons and their respective p-values.

CD20

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

LT vs. LL 51.82 <0.0001
LT vs. | 58.67 <0.0001
LT vs. Controls 48.57 0.0002
LL vs. TIR -41.31 0.0004
LL vs. T2R -37.8 0.0016
Ivs. TIR -48.17 <0.0001
lvs. T2R -44.66 0.0002
T1R vs. Controls 38.07 0.0145
T2R vs. Controls 34.56 0.0374

MZB-1

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

TT vs. | 35.07 0.0006
LL vs. | 36.58 0.0007
I'vs. TIR -32.17 0.0066
PAX5/CD5

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

LL vs. T1R -22.93 0.0245
Ivs. TIR -30.86 0.0024
T1R vs. T2R 30.17 0.0005
CD20/Tbet

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

TT vs. | 27.33 0.0055
TT vs. T2R 22.86 0.0123
Ivs. TIR -27.29 0.0096
T1R vs. T2R 22.82 0.0227
CD20/c-Maf

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

lvs. TIR

PAX5/MZB-1

-15.74

0.0373

Dunn’s multiple comparisons test

Mean rank difference

Adjusted p-value

TT vs. TIR -31.18 <0.0001
LL vs. TIR -37.5 <0.0001
lvs. TIR -37.5 <0.0001
T1R vs. T2R 35.53 <0.0001

LT, tuberculoid form; I, indeterminate form; LL, lepromatous form; T2R, Type 2 leprosy Reaction; T1R, Type 1 leprosy Reaction.

in T2R compared to multibacillary leprosy. These authors
correlated the presence of B-lymphocytes in T2R with poorly
formed granulomas, which might not fully align with the
present observations.

Lesions from indeterminate leprosy demonstrated lower
B-cell expression compared to the tuberculoid group and the
reactional groups (T1R and T2R). This might be due to the
less intense inflammatory response or the undefined polar-
ization of this group.

The MZB-1 molecule, encoded by the MZB-1 gene,
is present in the endoplasmic reticulum and functions
as a chaperone involved in the folding and secretion
of Immunoglobulin M (IgM). MZB-1 is a marker for B-
lymphocytes, particularly B1-cells, Marginal Zone-B (MZB)
cells, plasmablasts, and plasma cells.”® B1-cells are known
for secreting IgM, characterizing them as part of the early
humoral immune response. The authors chose this marker to
demonstrate the presence or absence of this B-lymphocyte
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Fig. 4 Medians for all groups in graphical form, along with their corresponding measures of central dispersion. The asterisks
indicate statistically significant post hoc comparisons. LT, tuberculoid leprosy; |, indeterminate leprosy; LL, lepromatous leprosy;

T1R, Type 1 leprosy Reaction; T2R, Type 2 leprosy Reaction.

subtype in leprosy lesions. However, the authors could
demonstrate the expression of IgM in PAX5-positive cells
(B-cells) only through immunofluorescence and confocal
microscopy, as the results obtained by immunoenzymatic
techniques were unsatisfactory.

MZB-cells, like B1-cells, are part of the innate immune
response and play essential roles in the early stages of
humoral immune responses.?® MZB-cells reside in lymphoid
follicles, particularly in the spleen, and efficiently transport
antigens from the blood to the follicles, where they acti-
vate CD4+ T-cells and induce the differentiation of B-cells
into plasma cells.?’ In the present sample, MZB-1 expression
was higher in tuberculoid leprosy than in the indeterminate
form. Interestingly, MZB-cells expressing MZB-1 correlate
with a higher number of infiltrating CD8+ T-lymphocytes in
the tumor environment of pancreatic carcinoma and are
associated with a better prognosis for this neoplasm.?’

Analyzing the expression of CD20 and MZB-1 in the stud-
ied groups, the authors found that in the Tuberculoid (TT)
leprosy group, CD20 expression was higher than that of MZB-

1. This is probably because MZB-1 stains B1/MZB/plasma
cells, and plasma cells are strongly associated with the Th2
(humoral) response in leprosy, which is scarce in the Th1
pole.?>?¢ In addition, the authors observed that, in double-
labeling techniques, MZB and B1-cells were much scarcer
than CD20-positive cells in all groups of patients, including
TT.

On the other hand, in the lepromatous group (LL), CD20
expression was lower than that of MZB-1. In LL, the plasma
cell component is significant, and in this context, the MZB-1
antibody would reveal plasma cells. The scarcity of double-
stained B1 and MZB cells in LL and T2R samples supports the
hypothesis that the MZB-1 antibody displayed mainly plasma
cells rather than B-1/MZ B-cells.

In the type 2 reaction, the authors observed a higher
expression of CD20 compared to MZB-1 expression. Given
this finding, the authors can propose a similar hypothesis as
in the case of the TT group: B1/MZB-cells were also lim-
ited in T2R, and existing literature does not indicate an
abundance of plasma cells in T2R.?>%
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There was no significant difference in the indeterminate
(I) leprosy group regarding the expression of the two mark-
ers, possibly due to the scarcity or absence of inflammatory
cells.

There was also no difference in the expression of CD20
and MZB-1 in T1R. Considering that plasmablasts and plasma
cells are recognized to be infrequent in T1R,?% the few
cells that exhibited MZB-1 immunostaining are likely MZB-
cells or B1-cells. The most robust double-labeling for B1
and MZB-cells was observed in T1R lesions. In employing
the PAX5/MZB-1 co-localization, the authors excluded plas-
mablasts and plasma cells, thereby restricting the labeling
to B1/MZB-cells.

Interestingly, the disparity between the T1R, T2R, LL,
I, and TT groups in PAX5/MZB-1 (B1 and MZB-cells) closely
paralleled that observed in PAX5/CD5 (specifically marking
B1-cells), suggesting that PAX5/MZB-1 did not display a sub-
stantial number of MZB-cells. For both markers (PAX5/MZB-1
and PAX5/CD5), T1R exhibited significantly more cells than
T2R, LL, and I. However, uniquely in PAX5/MZB-1, the
authors observed a significantly higher cell count in T1R
than in TT. Since this discrepancy was not observed in the
PAX5/CD5 labeling (B1-cells), the authors attribute it to a
difference in the number of MZB-cells, which may be lower
in the TT group.

While the authors did not observe a significant number
of B1-cells in the lepromatous group, Kotb et al.,*° using
peripheral blood flow cytometry, reported a higher percent-
age of these cells in lepromatous leprosy patients compared
to healthy controls. They also associated the presence of
B1-cells with autoimmune phenomena in the patient group.

The number of B-effector-1 cells (Be1) was higher in
T1R and TT than in the | and T2R groups. The associa-
tion of Bel-cells with a Th1 response makes this outcome
expected. While not achieving statistical significance, LL
showed a lower count of Betl-cells compared to TT and
T1R, further reinforcing the connection of Be1l-cells with
the Th1 response in leprosy. Lund and colleagues demon-
strated that Th1-cells, specifically those producing IFN-vy or
stimulated by IL-12, induce the polarization of B-cells into
Be1, leading to the expression of pro-inflammatory cytokines
such as IFN-y and IL-12." Conversely, interaction with Th2
cells or exposure to IL-4 directs B-cells, termed Be2, to pro-
duce IL-2 and IL-4. Be1 and Be2 cells, in turn, play roles
in promoting the in vitro differentiation of Th1 and Th2
cells, respectively.'®3" Subsequently, it was revealed that
B-cell-derived IFN-vy plays a crucial role in Th1 responses,
contributing to allograft and tumor rejection, autoimmune
arthritis, and antibacterial response.’?3*

Regulatory B-cells (Bregs) were notably scarce across all
leprosy groups studied, with significant differences observed
only between the T1R and | groups. It is important to note
that, as mentioned earlier, MZB and B1-cells are subtypes of
innate B-regulatory cells. However, the number of MZB and
B1-cells was higher than that of Bregs. This apparent para-
dox may be attributed to the fact that the authors identified
B regulatory cells based only on the expression of the IL-10
transcription factor c-MAF.

The predominance of Bregs in the Th1 pole aligns with
prior studies that have highlighted the protective role of
Bregs in various autoimmune diseases such as multiple scle-
rosis, systemic lupus erythematosus, rheumatoid arthritis,

type 1 diabetes mellitus, and inflammatory bowel disease,
all of which are associated with Th1 or Th17 cells.*®> Addi-
tionally, Bregs have been implicated in tumor immunology
exerting their immunosuppressive properties within the
tumor microenvironment.*

Considering that this study, although it involved a
large number of samples, is retrospective and relies on
immunohistochemical techniques for identifying B lympho-
cyte subtypes, the authors have been able to demonstrate
and compare the presence of these B-cell subsets across var-
ious leprosy lesion sites and reactional states. While there
are limitations to this approach, these findings suggest dis-
tinct roles for these B lymphocytes, particularly within the
tuberculoid pole and Type 1 leprosy reactions.
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Abstract

Background: Bullous pemphigoid (BP) is the most prevalent autoimmune bullous dermatosis
with increasing incidence globally. There is a lack of literature on BP in the multiethnic Brazilian
population.

Objectives: To assess the epidemiological, clinical, and therapeutic characteristics of BP
patients in a tertiary center in Brazil.

Methods: Retrospective longitudinal review of clinical records of 189 BP patients from January
1986 to September 2023.

Results: BP primarily affected elderly individuals, predominantly females, with an average
onset of symptoms at 65.7-years. Non-bullous presentations had a longer time to diagnose com-
pared to the bullous form. Mucosal involvement was observed in 24.9% of patients. Subepidermal
blistering was the predominant histopathological feature. Most cases presented fluorescence
of 1gG and C3 at the basement membrane zone (BMZ) on direct immunofluorescence. Indirect
immunofluorescence mainly revealed fluorescence of IgG along the BMZ, and with salt-split skin
technique demonstrated predominantly IgG fluorescence on the epidermal side of the cleavage.
Eosinophilia, elevated IgE levels, and D-dimer were common. Systemic corticosteroids remained
the mainstay of treatment. BP was associated with significant complications, including throm-
boembolism, hospitalization, and infections, along with numerous comorbidities and a notable
percentage (10.6%) of patients using potentially BP-inducing medications.

Study limitations: The study’s limitations include its retrospective design, reliance on poten-
tially incomplete clinical records, and findings of a single tertiary center.
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Conclusions: This study provides crucial insights into the multifaceted nature of BP in the Brazil-
ian population, emphasizing the need for comprehensive management strategies to address its
diverse complications and associated conditions.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Bullous pemphigoid (BP) is the most common autoimmune
bullous dermatosis, mainly affecting elderly individuals over
70-years of age. There has been a significant increase in inci-
dence over the last two decades due to population aging,
earlier recognition of non-bullous forms of the disease, and
increased availability of diagnostic methods. BP results from
the production of autoantibodies against the hemidesmoso-
mal antigens BP-180 and BP-230, which are components of
the basement membrane zone (BMZ). The subsequent loss
of adhesion between the epidermis and dermis leads to a
subepidermal detachment resulting in tense blisters. This
clinical presentation is classified as bullous or classic BP.
However, other forms of the disease have been described,
such as lichen planus pemphigoid and even non-bullous
forms of BP, including prurigo-like, eczematous, dyshidrosi-
form, urticariform, and erythroderma.”? Fig. 1 shows the
clinical manifestations of classic BP and non-bullous forms,

including eczematous, prurigo-like, and urticariform presen-
tations.

There is a paucity of literature on BP in Brazil, a multi-
ethnic country with an aging population. To our knowledge,
this is the first study on the profile of BP patients in Brazil
with a 37-year follow-up. The aim of the present study is
to retrospectively evaluate the epidemiological, clinical,
and therapeutic profiles of patients with BP followed at the
Department of Dermatology, Hospital das Clinicas HCFMUSP,
Faculdade de Medicina, Universidade de Sao Paulo, Brazil.

Methods

This retrospective, longitudinal, and descriptive study
included patients evaluated from January 1986 to Septem-
ber 2023 at the Department of Dermatology, Hospital
das Clinicas HCFMUSP, Faculty of Medicine, Universidade
de Sao Paulo, Brazil. After ethics committee approval
(CAAE #63382922.2.0000.0068), patients with BP confirmed

Figure 1
like (C), and urticariform (D).

Clinical manifestations of classic BP with tense blisters (A) and non-bullous BP forms, including eczematous (B), prurigo-
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Table 1 Main epidemiological and clinical aspects of the studied cases of BP.

Subjects (n)

Mean follow-up time (months), + standard deviation

Sex

Race/Ethnics

Mean age of onset (years), + standard deviation

Mean time to diagnosis (months), +
standard deviation

Clinical presentation at initial
assessment

Mucosal involvement

Pruritus
Main diagnostic hypotheses at initial

assessment

Potential BP-inducing medications

Complications

Female

Male

White
Multiracial
Asian

Black

Not specified

Overall

Classic BP

Non-bullous BP

Bullous

Non-bullous

Eczematous

Prurigo-like

Urticariform

Erythroderma

Dyshidrosiform

Lichen planus pemphigoid

No active lesions

Not specified

Total of patients with mucosal
involvement

Oral

Nasal

Larynx

Esophageal

Pharynx

Conjunctival

Present

Absent

Not specified

Bullous pemphigoid

Acquired epidermolysis bullosa
Linear IgA bullous dermatosis
Dermatitis herpetiformis
Percentage of patients in use of one
of them

Aldosterone antagonists
Dipeptidyl peptidase 4 inhibitors
Anticholinergics

Dopaminergic medications
Hospitalization rate

Venous thromboembolism
Secondary bacterial infection (at
least 1 episode)

189
55.0 (0.3 to 448)
62.4% (118/189)
37.6% (71/189)
85.2% (161/189)
7.9% (15/189)
3.7% (7/189)
2.1% (4/189)
1.0% (2/189)
65.7 (0.2 to 93)
9.3 (0.2 to 221)
6.5 (0.2 to 120)
43.4 (1 to 221)
88.3% (167/189)
7.9% (15/189)
40.0% (6/15)
26.7% (4/15)
13.3% (2/15)
13.3% (2/15)
6.7% (1/15)
0.5% (1/189)
2.1% (4/189)
1.0% (2/189)
24.9% (47/189)

95.7% (45/47)
10.6% (5/47)
8.5% (4/47)
2.1% (1/47)
2.1% (1/47)
2.1% (1/47)
70.4% (133/189)
0.0% (0/189)
29.6% (56/189)
85.2% (161/189)
29.1% (55/189)
14.8% (28/189)
10.6% (20/189)
10.6% (20/189)

3.2% (6/189)
3.2% (6/189)
2.6% (5/189)
1.6% (3/189)
55.0% (104/189)
7.9% (15/189)
62.4% (118/189)

Infections 66.7% (10/15)
Death Complications associated with 13.3% (2/15)
neoplasms
Others (complications from an 20.0% (3/15)
epigastric hernia, acute pulmonary
edema, and myocardial infarction)
according to the following diagnostic criteria were included: IIF with Salt-Split Skin (SSS) technique with 1gG on the epi-
compatible (1) clinical and (2) histopathological features, dermal or epidermal and dermal side of the cleavage.
and the (3) presence of IgG and/or C3 at the BMZ demon- Medical records were reviewed to gather data on epi-

strated by Direct Immunofluorescence (DIF) and/or Indirect demiology, clinical presentation, comorbidities, histopatho-
Immunofluorescence (lIF) with IgG deposits at the BMZ, and logical and immunofluorescence findings, treatments admin-
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istered, and complications. Patients with incomplete
medical records that hindered the collection of important
research data were excluded.

Results

A total of 189 patients were included in the study, with
a mean follow-up of 55-months. There was a female pre-
dominance (62.4%) and the majority of patients were White
(85.2%). The mean age at onset of symptoms was 65.7-years,
and the overall mean time to diagnosis was 9.3-months (6.5-
months for bullous BP vs. 43.4-months for non-bullous BP).
Two cases began during pregnancy.

BP with blisters was the most common initial presen-
tation (88.3%), followed by the non-bullous forms (7.9%),
among which 46.7% developed blisters after an average of
31.6-months. Mucosal involvement occurred in 24.9% of the
patients, predominantly affecting the oral mucosa (95.7%).
BP was one of the initial diagnostic hypotheses in 85.2%
of cases, and the main differential diagnoses - acquired
epidermolysis bullosa (29.1%); linear IgA bullous dermato-
sis (14.8%); dermatitis herpetiformis (10.6%) - were ruled
out according to the immunofluorescence studies.

Cardiovascular and metabolic comorbidities were
present in 77.8% of the patients, followed by neu-
ropsychiatric conditions (25.4%), other autoimmune and
inflammatory diseases (24.9%) and malignancies (23.3%).
Potentially BP-inducing medications were observed in 10.6%
cases: aldosterone antagonists (3.2%), Dipeptidyl Peptidase
4 (DDP4) inhibitors (3.2%), anticholinergics (2.6%), and
dopaminergic medications (1.6%).

The main histopathological characteristics observed
were subepidermal blistering (88.0%), eosinophilic spongio-
sis (6.0%), presence of eosinophils (52.2%), both eosinophils
and neutrophils (35.3%), and exclusively neutrophils (4.9%).
Major DIF findings included immune complex deposition at
the BMZ with both IgG and C3 (73.8%), only C3 (20.8%) or
IgG (5.5%). IIF with the SSS technique demonstrated IgG flu-
orescence on the epidermal side of the cleavage (81.9%)
or both on the epidermal and dermal sides (4.0%). Addi-
tional assessment of the patients revealed elevated serum
IgE levels (47/63; 74.6%), eosinophilia (91/87; 48.7%), and
increased D-dimer levels (26/28; 92.8%).

Systemic treatment was the mainstay of therapy, with
the use of corticosteroids (82.5%), doxycycline/tetracycline
(44.9%), immunosuppressants (22.7%); dapsone (17.5%), rit-
uximab (2.1%) and plasmapheresis (0.5%). Exclusive topical
corticosteroid was used in 6.9% of patients and one patient
experienced spontaneous remission. Data from the last
consultation revealed that 40.7% of patients were in com-
plete remission with therapy, and 30.7% were in complete
remission off therapy. Partial remission with medication was
observed in 22.2% of patients, and 5.8% experienced recur-
rence (>3-lesions lasting >7-days).

Venous thromboembolic events occurred in 7.9% of
patients including deep vein thrombosis (72.2%), pulmonary
embolism (22.2%) and portal vein thrombosis (5.5%). Sec-
ondary bacterial infection was experienced by 62.4% of
patients. Hospitalization was required by 55.0% of patients
either due to disease severity or infectious complications.

Data from 15 deaths was available, with infection as the
leading cause (40.0%) followed by complications related to
neoplasms (13.3%). The average disease duration at the time
of the patient’s death was 37.5-months. The main charac-
teristics of the studied cases are described in Tables 1-4

Table 2 Comorbidities presented by the patients.

Cardiovascular and metabolic diseases
Systemic arterial hypertension

Diabetes mellitus
Dyslipidemia
Osteoporosis

Chronic kidney disease
Congestive heart failure
Coronary artery disease
Arrhythmia

Gout

Neurologic and psychiatric diseases

Cerebrovascular disease
Dementia
Alzheimer’s disease
Vascular dementia:
Mixed dementia
Unknown cause
Depression
Anxiety
Epilepsy
Parkinson’s disease
Schizophrenia
Intellectual disorder
Bipolar affective disorder
Personality disorder
Malignancies
Skin
Basal cell carcinoma
Squamous cell carcinoma
Mycosis fungoides
Not specified
Prostate
Breast
Hematological
Oral
Ovary
Stomach
Rectum
Others

Autoimmune and inflammatory diseases

Hypothyroidism
Rheumatoid arthritis
Asthma

Psoriasis

Lupus erythematosus
Allergic rhinitis
Psoriatic arthritis
Atopic dermatitis
Inflammatory bowel disease
Vitiligo

Lichen sclerosus

77.8% (147/189)
63.5% (120/189)
38.6% (73/189)
26.4% (50/189)
20.6% (39/189)
10.0% (19/189)
9.5% (18/189)
9.0% (17/189)
7.9% (15/189)
1.6% (3/189)
25.4% (48/189)
12.2% (23/189)
9.5% (18/189)
4.8% (9/189)
0.5% (1/189)
0.5% (1/189)
3.7% (7/189)
6.9% (13/189)
3.2% (6/189)
2.6% (5/189)
2.6% (5/189)
1.6% (3/189)
1.0% (2/189)
0.5% (1/189)
0.5% (1/189)
23.3% (44/189)
7.4% (14/189)
5.3% (10/189)
3.2% (6/189)
0.5% (1/189)
1.0% (2/189)
3.2% (6/189)
2.6% (5/189)
2.6% (5/189)°
1.0% (2/189)
1.0% (2/189)
1.0% (2/189)
1.0% (2/189)
5.3% (10/189)°
24.9% (47/189)
11.1% (21/189)
5.8% (11/189)
4.2% (8/189)
1.6% (3/189)
1.0% (2/189)°
1.0% (2/189)
0.5% (1/189)
0.5% (1/189)
0.5% (1/189)
0.5% (1/189)
0.5% (1/189)



Anais Brasileiros de Dermatologia 2025;100(5):501163

Table 2 (Continued)

Table 3

Main laboratory findings of the studied cases of BP.

Others
Immunosuppressive conditions
Renal transplant
Liver transplant
Common variable immunodeficiency

1.6% (3/189)
0.5% (1/189)
0.5% (1/189)
0.5% (1/189)

Ophthalmological 7.9% (15/189)
Cataract 4.8% (9/189)
Glaucoma 4.2% (8/189)

Infectious diseases 3.2% (6/189)
Hepatitis B 1.0% (2/189)
Hepatitis C 1.0% (2/189)

HIV 0.5% (1/189)
Tuberculosis 0.5% (1/189)

@ Including myelodysplastic syndrome, multiple myeloma,
myelofibrosis, lymphoma, and not specified (1-patient each).

b Including vulva, kidney, larynx, liver, lung, bladder,
endometrium, intestine, brain, and not specified (1-patient
each).

¢ Including one case of systemic lupus erythematosus and one
case of discoid lupus.

Discussion

BP is the most common autoimmune blistering dermatosis,
primarily affecting individuals of white race over 70-years
of age, with no gender predilection.? In this case series, the
disease primarily affected elderly individuals with a mean
age of symptom onset of 65.7-years, mostly white (85.2%),
and with a slight female predominance (62.4%). As a referral
center, this case series included five rare cases of children
with BP, which may have slightly lowered the average age.
Notably, the ethnic composition of the sample contrasts with
the 2022 Census data,® where only 43.5% of the popula-
tion self-identified as white. As this is a single-center study,
this limitation may have contributed to the observed dif-
ferences, reflecting regional characteristics and healthcare
access disparities.

The overall average time for diagnosing BP was 9.3-
months, longer in non-bullous than in bullous forms, which
may occur because the absence of blisters can pose a
challenge for clinicians in recognizing this condition." It is
important to mention that patients referred to the tertiary
center often have a history of multiple consultations in dif-
ferent healthcare facilities, leading to a delayed diagnosis.
Notably, 46.7% of patients with non-bullous BP developed
blisters after a mean of 31.6-months, a higher proportion
than previously reported,’ likely due to the extended follow-
up (mean of 55.0-months).

In the present study, mucosal involvement was observed
in 24.9% of patients (within the reported range of
10%-30%),">* primarily in the oral mucosa, and was asso-
ciated with classic BP and increased severity of cutaneous
disease. Pruritus was a common symptom, highlighting the
importance of considering BP as a potential differential diag-
nosis for chronic pruritus in elderly patients.”? BP was one
of the initial diagnostic hypotheses in 85.2% of cases, with
the main differential diagnoses being other subepidermal
blistering dermatoses.

Histopathological findings

Subepidermal blistering
Eosinophilic spongiosis
Intraepidermal blistering
Eosinophils (without neutrophils)
Neutrophils (without eosinophils)
Eosinophils and neutrophils

Direct immunofluorescence

Combined deposition IgG and C3 at
the BMZ

C3 deposition at the BMZ (without
1gG)

IgG deposition at the BMZ (without
C3)

IgA deposition at the BMZ

IgM deposition at the BMZ
Negativity for IgG and C3
Inadequate sampling

Exam not performed

Indirect immunofluorescence

IgG deposition at the BMZ
IgM deposition at the BMZ
IgA deposition at the BMZ

IgG on the epidermal side of the

88.0% (162/184)
6.0% (11/184)
14.1% (26/184)
52.2% (96/184)
4.9% (9/184)
35.3% (65/184)

73.8% (135/183)
20.8% (38/183)
5.5% (10/183)

9.3% (17/183)
6.5% (12/183)
0.0% (0/183)
1.6% (3/189)
1.6% (3/189)

72.7% (120/165)
2.7% (4/145)
2.7% (4/146)

Indirect immunofluorescence with salt-split skin technique

81.9% (122/149)

split
IgG on the epidermal and dermal
side of the split
IgA on the epidermal side of the
split
IgM on the epidermal side of the
split

IgE levels
Above the laboratory reference
range

Eosinophilia
Eosinophil count > 500

D-dimer levels
Above the laboratory reference
range

4.0% (6/149)
12.0% (18/150)

3.7% (2/54)

74.6% (47/63)

48.7% (91/187)

92.8% (26/28)

Fig. 2 presents the prevalence of the main disease groups
among patients. Neurological and psychiatric conditions
were present in 25.4% of patients, and studies indicate that
26.4%-55.8% of BP patients have at least one neurological
condition.® Cardiovascular and metabolic conditions were
prevalent in 77.8% of patients, consistent with a higher
prevalence of metabolic syndrome associated with BP,> con-
tributing to increased morbidity. The association between BP
and malignancies remains controversial, but the high rate of
this association (found in 23.3% of these cases) could be due
to the prevalence of BP in older age groups.® Autoimmune
and inflammatory comorbidities were present in 24.9% of
patients, reflecting the autoimmune nature of BP.?

A recent meta-analysis suggested a connection between
certain medications, such as aldosterone antagonists, DPP4
inhibitors, anticholinergics, and dopaminergic drugs, and
the development of BP.° In the present study, 10.6% of
patients were using at least one of these potentially BP-
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Table 4 Therapies utilized by the patients during the
follow-up period and their status at the final evaluation.

Treatment (percentage of patients who underwent each
therapy during follow-up)
Corticosteroid intralesional injection
Tetracycline
Doxycycline

2.6% (5/189)
9.5% (18/189)
35.4% (67/189)

Dapsone 17.5% (33/189)
Systemic corticosteroids 82.5% (156/189)
Methotrexate 7.4% (14/189)

Mycophenolate mofetil
Azathioprine
Rituximab
Plasmapheresis

Outcome at the last consultation
Complete remission with medication 40.7% (77/189)
Complete remission without medication 30.7% (58/189)
Partial remission with medication 22.2% (42/189)
Partial remission without medication 0.5% (1/189)
Recurrence (>3-lesions lasting >7-days) 5.8% (11/189)

11.1% (21/189)
4.2% (8/189)
2.1% (4/189)
0.5% (1/189)

inducing medications at their initial assessment. Further
analysis is needed to guide informed prescribing practices
for BP management, as some of these medications are essen-
tial for treating comorbidities.

Histopathological findings primarily showed subepider-
mal blistering, often accompanied by eosinophils and/or
neutrophils, which is consistent with the typical findings
of bullous lesions, while non-bullous lesions usually demon-
strate the presence of eosinophilic spongiosis (Fig. 3).
Intraepidermal blistering may be attributed to the phe-
nomenon of re-epithelialization and also to significant
spongiosis, leading to intraepidermal vesication.”

DIF revealed combined IgG and C3 fluorescence at the
BMZ in 73.8% of cases, with no negativity for both markers,
indicating the high sensitivity of this method. IIF detected
IgG deposits along the BMZ in 72.7% of cases, while SSS
showed higher positivity, with 81.9% of cases presenting I1gG
fluorescence on the epidermal side - an expected result

Cardiovascular and
metabolic diseases

Neurologic and
psychiatric
diseases

Malignancies

Autoimmune and
inflammatory
diseases

0,00% 20,00%

Figure 2

given the higher sensitivity of the SSS technique.® All three
techniques demonstrated low positivity values for IgA and
IgM. The positivity of these immunoglobulins is reported in
the literature, with suggested associations between IgA pos-
itivity and mucosal involvement.’""" Fig. 4 shows the main
findings of DIF and SSS techniques.

A significant portion of the evaluated cases presented
eosinophilia and elevated IgE and D-dimer levels. These
markers correlate with BP severity and activity, serving as
important prognostic indicators.” However, the retrospec-
tive nature of the study limited further analysis, as these
parameters were not available for all patients.

Immunosuppression is the primary treatment for BP, with
only 6.9% of patients using topical corticosteroids alone,
despite literature indicating their efficacy for mild cases.?
Systemic corticosteroids were administered to 82.5% of
patients, likely due to the higher severity of cases at the ter-
tiary center, and only one patient experienced spontaneous
improvement without any treatment. However, despite the
challenges in treating BP patients, the present study showed
promising treatment outcomes, as most patients were in
complete remission at their last evaluation, regardless of
still required specific medication.

The hospitalization rate in these cases was 55.0%,
aligning with previous reports of 53.0%.'> Venous throm-
boembolism occurred in 7.9% of patients, mostly after
disease onset, likely due to BP-induced immune dysreg-
ulation, which promotes a pro-inflammatory state and
increases thromboembolic risk.”? Additionally, 62.4% of
patients experienced at least one episode of secondary bac-
terial infection, a common complication and major cause
of hospitalization in BP patients.' Infections, particularly
pneumonia, were the leading cause of mortality, though
mortality data were available for only 15 patients, repre-
senting a limitation.

Conclusion

In conclusion, the complexities of BP are apparent, with
diverse clinical presentations, associated diseases, chal-

40,00% 60,00%

Graph showing the prevalence of the main disease groups presented by the patients.
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Figure 3

Skin biopsy: Histopathological findings of (A) subepidermal blistering with eosinophils in the classic BP form (Hematoxylin

& eosin, x4), and (B) presence of eosinophilic spongiosis (intraepidermal eosinophils within areas of spongiosis) in a case of non-

bullous form (Hematoxylin & eosin, x4).

Figure 4
technique demonstrating IgG deposition at epidermal side of the detachment (C).

lenging treatment regimens, and multiple complications.
Despite its limitations, including a retrospective design and
findings from a single tertiary center, this study provides
crucial insights into the multifaceted nature of BP in the
Brazilian context, emphasizing the need for a comprehen-
sive approach to diagnosis, management, patient care, and
prevention of complications.
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Abstract

Background: Rosacea is the most prevalent chronic vascular-inflammatory dermatosis of the
face. Its pathogenesis includes genetic and environmental factors, neurovascular alterations,
and innate immunity. Many triggering and aggravating factors, as well as systemic comorbidities,
have been associated with the disease, but there are few studies on its epidemiology in Brazil.
Objectives: To describe the profile of patients with rosacea treated at referral centers, as well
as to investigate the presence of comorbidities, dietary aspects, worsening factors, and quality
of life.

* Study conducted at the Hospital de Clinicas de Porto Alegre, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil;
Universidade Federal de Sao Paulo, Sao Paulo, SP, Brazil; Faculdade de Medicina, Universidade Estadual Paulista, Botucatu, SP, Brazil; Santa
Casa de Belo Horizonte, Belo Horizonte, MG, Brazil; Universidade Federal da Paraiba, Jodo Pessoa, PB, Brazil; Universidade Federal do Para,
Belém, PA Brazil.

* Corresponding author.
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Methods: Cross-sectional and multicenter Brazilian study. Clinical and demographic data, dis-
ease severity, triggering and/or aggravating factors, diet, comorbidities, and impact on quality
of life were evaluated.

Results: 258 patients were included, predominantly women, between 35 and 65 years old and
phototypes lll, IV and Il. The clinical picture ranged from mild to moderate in 89% of cases and
quality of life was reasonable to slightly affected in 58% of cases. Aggravating factors for rosacea
were reported by 96% of patients, with climate exposure, alcoholic beverages, and emotional
changes being the most frequent. Among the foods mentioned as aggravating factors (28%),
pepper, other condiments and hot beverages were the most frequently reported. Comorbidities
were reported by 89% of the participants, with emphasis on endocrine (48%), psychiatric (35%),
cardiovascular (31%) and gastrointestinal (28%) diseases.

Study limitations: Uncontrolled study, including patients undergoing dermatological treat-
ment.

Conclusions: This study establishes that the profile of Brazilian patients with rosacea corrob-
orates that described in the literature, with the presence of the disease in higher phototypes
being relevant. Pepper and other condiments and hot beverages were important aggravating
factors, and the presence of various comorbidities was reported by most of the patients.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Rosacea is a chronic inflammatory skin disease that mainly
affects the central regions of the face (malar region, nose,
eyes, chin and forehead). It mainly affects women with
fair skin and aged between 20 and 50 years, although chil-
dren can be affected.” The prevalence of the disease varies
between the studied countries and according to ethnic
composition, ranging from 1% to over 20% of adults.”” In
Brazil, there are no population-based studies; a recent study
carried out in 13 dermatology outpatient clinics estimated
a prevalence of 13% among adult dermatological patients.®
Although being more common in women, men more fre-
quently develop more severe forms of the disease, especially
phymas.°

Clinically, it is characterized by persistent facial ery-
thema with or without edema, papules, pustules, recurrent
episodes of transient erythema (flushing), telangiectasias
and phymas."’ It is believed that half of the patients have
ocular involvement; however, ophthalmological complaints
are often underestimated.®

The diagnosis of rosacea is clinical and does not require
laboratory tests. Anatomopathological examination may
occasionally be useful to rule out other diseases. Several
diagnostic systems have been proposed; however, the most
widely used is the one proposed by the Global Rosacea
Consensus (ROSCO) panel, with criteria based on the disease
phenotype.’~"?

Rosacea negatively affects quality of life due to its
chronicity, irritative symptoms, evolution in flare-ups, and
because it affects the face. It can cause embarrassment,
anxiety, low self-esteem, harm to professional relationships,
and even difficulty finding a job.'>"">

Its pathogenesis is complex and not yet fully under-
stood, including genetic predisposition and other intrinsic
and extrinsic factors related to the disease phenotype.'® The
participation of the cutaneous (e.g., increased colonization
by the Demodex sp. mite) and gastrointestinal microbiomes

has gained recent importance.'” The association of diet with
rosacea is controversial; some foods may cause exacerba-
tion or exert possible protection through regulation of the
intestinal microbiome.'® "

Neurovascular dysregulation may be related to the occur-
rence of flushing. The mediators suggested as markers of
this mechanism include vascular endothelial growth factor
(VEGF) and CD 31.%° Ultraviolet radiation (UVR) can induce
an increase in cutaneous VEGF, exacerbating rosacea.’'

The participation of innate immunity is evidenced by the
greater expression of the Antimicrobial Peptide (AMP), of
the cathelicidin family, of 37-amino-acid peptide (LL-37),
the enzyme that activates it - a serine protease of the
kallikrein family - produced by keratinocytes, and of the
Toll-Like-2 receptor (TRL-2) in skin lesions.'%20-26

Moreover, the skin of the face in patients with rosacea is
very sensitive, with alterations in the skin barrier that favor
inflammation.?”-%8

Several factors are reported as triggers or exacerbators
of rosacea, such as stress, hot or cold climates, wind, solar
radiation, ingestion of hot beverages, alcoholic beverages,
tea, coffee, spicy foods and smoking.?’

Rosacea has been associated with several systemic
comorbidities: neurological, psychiatric, gastrointestinal
and cardiovascular ones.?”* Its association with metabolic
syndrome may result from increased cathelicidins, pro-
inflammatory cytokines and systemic oxidative stress.*'

Despite its relevance, there is no comprehensive Brazil-
ian data on different aspects of the profile of patients with
rosacea. The scarce studies include few variables; there
are also no publications investigating associated comorbidi-
ties, dietary habits, and the disease impact on quality of
life.>*

This study aimed to describe the clinical and demographic
profile of patients with rosacea, as well as to investigate
comorbidities, dietary habits, perception of worsening fac-
tors, and the disease impact on quality of life, in samples
from different regions of Brazil.
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Methods

A cross-sectional, descriptive, multicenter study was con-
ducted in the Dermatology Services (all accredited by the
Brazilian Society of Dermatology), by the Brazilian Research
and Studies Group on Rosacea, of the following institutions in
Brazil: Universidade Federal do Rio Grande do Sul/Hospital
de Clinicas de Porto Alegre; Universidade Federal de Sao
Paulo; Universidade Estadual Paulista Faculty of Medicine;
Santa Casa de Belo Horizonte, Universidade Federal da
Paraiba and Universidade Federal do Para, between March
2022 and September 2023. The research was approved by
the Ethics and Research Committees of each center.

The inclusion criteria were: adult patients diagnosed with
rosacea by certified dermatologists. The exclusion criterion
used was the presence of other facial dermatoses (other
than rosacea) that prevented a correct clinical evaluation
at the time of the consultation.

The calculations to define the sample size were per-
formed using the WINPEPI 11.65® program. To estimate the
frequency of comorbidities of 80% in patients with rosacea,
with a margin of error of 5 percentage points (acceptable
difference = 0.05) and a confidence level of 95%, 246 study
participants were required.

After signing the Informed Consent Form (ICF), the par-
ticipants answered data collection instruments: a clinical
data questionnaire, including Body Mass Index (BMI), demo-
graphic data and comorbidities, a questionnaire on factors
that aggravate rosacea, a dietary questionnaire focusing
on factors that trigger rosacea, and a quality of life ques-
tionnaire translated and validated into Brazilian Portuguese
(RosaQol-BR).*3

The RosaQol-BR consists of 21 questions related to three
domains, which explain how rosacea affects patients’ qual-
ity of life and are related to the severity reported by
patients: symptoms, emotions, and function. The result is
based on an average of the responses (‘‘never - 1’’, ‘‘rarely
-2’7, "‘'sometimes - 3”’, “‘frequently - 4’’ or “‘always - 5’’)
related to each domain, in addition to the global assess-
ment. The final score for each domain can therefore vary
from 1 to 5, and the final value is the sum of the aver-
ages for each question.** The RosaQol-BR questionnaire is
self-administered.

All participants were classified according to the char-
acteristics and severity of rosacea using the Investigator
Global Assessment of Rosacea Severity Score (IGA-RSS), with
the following parameters: IGA-0: Absent (rosacea almost
absent - absence of papules and/or pustules, absent or
residual erythema, mild degree of telangiectasias may be
present), IGA-1: Minimal (rare papules or pustules, resid-
ual erythema and telangiectasias may be present), IGA-2:
Mild (some papules and/or pustules, mild erythema and
mild or moderate degree of telangiectasias), IGA-3: Mild to
moderate (distinct number of papules and/or pustules, ery-
thema and telangiectasias of mild to moderate degrees),
IGA-4: Moderate (marked number of papules and pustules,
erythema and moderate degree of telangiectasias), IGA-
5: Moderate to severe (many papules and/or pustules,
occasionally with large inflammatory lesions, moderate
erythema and moderate degree of telangiectasias), IGA-
6: Severe (numerous papules and pustules, occasionally

with confluent areas of inflammation, erythema and severe
degree of telangiectasias).**

The clinical assessment of rosacea, based on the
Rosacea Clinical Scorecard (RCS), includes its classification
as absent, mild, moderate, or severe based on pri-
mary characteristics (flushing, persistent erythema, papules
and pustules, telangiectasias), secondary characteristics
(burning or stinging, plaques, dry appearance, edema, ocu-
lar manifestation, peripheral manifestation, phymatous or
granulomatous changes) and the classification ‘‘absent’’,
““mild’’, “*moderate’’ or ‘‘severe’’ for the subtypes: erythe-
matotelangiectatic, papulopustular, phymatous, ocular and
global assessment. >’

The description of the numerical variables was used for
the statistical analysis, with mean and standard deviation,
and, for categorical data, the absolute value and the cal-
culation of the percentage in relation to the total sample.
The internal consistency of the RosaQoL questionnaire was
assessed by Cronbach’s alpha coefficient, considering ade-
quate if > 0.8.

Results

A total of 258 patients diagnosed with rosacea were evalu-
ated, and the main demographic data are shown in Table 1.
There was a predominance of female participants (2.3
times), aged between 35 and 65 years, with phototypes Il to
IV (95%), with overweight and obesity (67.3%), of European
descent (83%) and with a family history of rosacea (32%).

The high prevalence of use of antihypertensives
(31%), antidepressants (19%), antidiabetics (17%) and lipid-
lowering drugs (15%) stands out. The time of disease
evolution was highly variable (from three months to 45
years, with an average of 11 years). In addition to topical
interventions, 30% had already used oral treatments such as
tetracyclines and isotretinoin.

According to the IGA-RSS scale, 83% of the cases had
mild to moderate rosacea. The clinical score (RCS) identified
flushing in 84% of cases, burning sensation in 69%, papules
and pustules in 73%, phymas in 22%, and ocular forms in
41%. According to the patient’s assessment, 89% classified
disease activity as mild to moderate. The other clinical ele-
ments of the sample, such as rosacea severity assessment
and rosacea characteristics assessed by the investigator and
patients, are shown in Table 2.

The results of the mean scores of the domains measured
by RosaQoL (internal consistency defined by Cronbach’s
alpha coefficient was > 0.8), self-perception of rosacea
severity, and self-perception of the impact on quality of
life caused by the disease are shown in Table 3. The most
affected quality of life domain was symptoms. Overall, 75%
of the participants considered their rosacea as good and
regular over the past four weeks, and 58% considered that
rosacea interfered little or reasonably with their quality of
life.

Aggravating factors for rosacea were reported in 96%
of cases, with environmental exposure, emotional condi-
tions, and physical exercise predominating. Food items were
reported as aggravating factors by 72 (27.9%) of the partici-
pants, with pepper and other condiments and hot beverages
being the most frequently mentioned (Table 4).
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Table 1 Main demographic characteristics of participants
with rosacea (n = 258).

Variable Values
Age (years)? 51.3 + 14.4
Body Mass Index (kg/m?)? 26.9 + 5.7
Overweight (BMI > 25 < 30 kg/m?)° 100 (39.21%)
Obesity (BMI > 30 kg/m?)P 72 (27.9%)
Time to diagnosis (year)? 8.0 £+ 8.6
Total duration of disease (years)?® 11.1 £9.2
Sex®
Female 179 (69.4%)
Male 79 (30.6%)
Phototype®
I 7 (2.7%)
Il 61 (23.7%)
11 119 (46.3%)
v 66 (25.7%)
\Y 4 (1.6%)
Self-reported ancestry®
European 215 (83.3%)
African-American 18 (7.0%)
Eastern-Asian 2 (0.8%)
Indigenous 23 (8.9%)
Level of schooling®
Did not attend 4 (1.6%)
Kindergarten 25 (9.7%)
Elementary School 50 (19.4%)
High School 61 (23.6%)

Higher Education
Family history of rosacea”
Medications in use”

118 (45.7%)
83 (32.3%)
185 (71.7%)

Anti-hypertensives 80 (31.0%)
Antidepressants 50 (19.4%)
Antidiabetics 45 (17.4%)
Lipid-lowering agents 38 (14.8%)
Levothyroxine 29 (11.3%)
Oral contraceptives 25 (9.7%)
Proton-pump inhibitor 22 (8.6%)
Antiplatelet agents 10 (3.9%)
Vasodilators 7 (2.7%)
Others® 87 (47%)

Treatments used for rosacea®

Topical 167 (64.7%)
Azelaic acid 82 (31.8%)
Ivermectin 91 (35.3%)
Metronidazole 87 (33.7%)
Oral 78 (30.2%)
Cyclins 71 (27.5%)
Isotretinoin 19 (7.4%)

Laser / pulsed light 55 (21.3%)

@ Mean and standard deviation.
b Absolute and percentage values.
¢ Medications with less than 2% frequency.

Certain foods traditionally recognized as aggravating
factors were investigated regarding the frequency of con-
sumption, and the following were consumed daily by the
patients in the present study: hot coffee (79.1%), milk
and dairy products (72.9%), tomatoes (54.3%), citrus fruits

Table 2 Clinical evaluation of rosacea using the Investiga-
tor Global Assessment of Rosacea Severity Score (IGA-RSS)

and Rosacea Clinical Scorecard (RCS; n = 258).

Clinical assessment Categories n (%)
scores
(investigator)
1 73 (29.4%)
2 97 (39.1%)
3 45 (18.1%)
(e 4 25 (10.1%)
5 7 (2.8%)
6 1 (0.4%)
RCS
Absent 42 (16.3%)
. Mild 100 (38.8%)
A Moderate 93 (36.0%)
Intense 23 (8.9%)
Absent 67 (26%)
Mild 122 (47.3%)
Erythema Moderate 65 (25.2%)
Intense 4 (1.6%)
Absent 91 (35.3%)
Papules and Mild 121 (46.9%)
Pustules Moderate 43 (16.7%)
Intense 3 (1.2%)
Absent 34 (13.2%)
Telangiectasias il A0 ()
Moderate 71 (27.5%)
Intense 7 (2.7%)
Absent 81 (31.4%)
Burning or stinging Mild ()
Moderate 73 (28.3%)
Intense 21 (8.1%)
Absent 219 (84.9%)
Plges Mild 22 (8.5%)
Moderate 14 (5.4%)
Intense 3 (1.2%)
Absent 148 (57.4%)
By SepeaEEs Mild 68 (26.4%)
Moderate 40 (15.5%)
Intense 2 (0.8%)
Absent 224 (87.2%)
Mild 26 (10.1%)
2 Moderate 5 (1.9%)
Intense 2 (0.8%)
Absent 151 (58.5%)
Mild 76 (29.5%)
Ocular Moderate 24 (9.3%)
Intense 7 (2.7%)
No 233 (90.7%)
Cervical 12 (4.7%)
Peripheral Pre-auricular 1 (0.4%)
(extra-facial) Back 1 (0.4%)
Scalp 3 (1.2%)
Anterior thorax/neck 7 (2.7%)
Absent 200 (77.5%)
Phymatous Mild 23 (8.9%)
changes Moderate 27 (10.5%)
Intense 8 (3.1%)
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Table 2 (Continued)
Clinical assessment Categories n (%)
scores
(investigator)
Changes Absent 238 (92.2%)
compatible with Mild 8 (3.1%)
granulomatous Moderate 11 (4.3%)
rosacea Intense 1 (0.4%)
Absent 14 (5.4%)
Erythematous Mild 146 (56.6%)
telangiectatic Moderate 89 (34.5%)
Intense 9 (3.5%)
Absent 96 (37.2%)
Mild 119 (46.1%)
Papulopustular Moderate 40 (15.5%)
Intense 3 (1.2%)
Absent 197 (76.4%)
Mild 26 (10.1%)
Phymatous Moderate 27 (10.5%)
Intense 8 (3.1%)
Absent 157 (60.9%)
Mild 70 (27.1%)
OeEw Moderate 23 (8.9%)
Intense 8 (3.1%)
Absent 8 (3.1%)
Overall patient Mild 129 (50.0%)
assessment Moderate 100 (38.8%)
Intense 21 (8.1%)

*Results presented in absolute values and percentages.

Table 3

Quality of life in participants with rosacea,

according to the RosaQoL instrument, self-perception of
rosacea severity, and self-perception of quality of life

inflicted by the disease (n = 258).

Variables Values
Domains?®
Symptom 2.9+0.8
Emotion 2.7 £1.1
Function 2.1+1.0
General 2.6 £0.8
How has your rosacea been over the past
four weeks??
Bad 37 (14.5%)
Regular 110 (43.3%)
Good 80 (31.3%)
Very good 18 (7.0%)
Excellent 11 (4.3%)

How much does your rosacea influence
your quality of life??
Not at all
A little
Reasonably
A lot
Very much

48 (18.7%)
82 (31.9%)
68 (26.5%)
46 (17.9%)
13 (5.1%)

Results presented in mean and standard deviation? and absolute

and percentage frequenciesP.

Table 4  Aggravating factors reported by participants with
rosacea (n = 258).

Factors?® Values - n (%)

196 (76.0%)
169 (65.5%)

Sun exposure
Emotional changes

Heat 160 (62.0%)
Physical exercise 115 (44.6%)
Alcohol 110 (42.6%)
Wind 66 (25.6%)
Foods 72 (27.9%)
Pepper 39 (54.16%)°
Other condiments 9 (12.5%)°
Hot foods/beverages 6 (8.3%)°
Dairy products 6 (8.3%)°
Chocolate 6 (8.3%)°
Coffee 5 (6.9%)°
Wine 4 (5.6%)°
Fats/fried foods 4 (5.6%)°
Milk 4 (5.6%)°
Sugar 4 (5.6%)"
Sweets 3 (4.2%)°
Processed meats-preservatives 3 (4.2%)°
Crustaceans 3 (4.2%)°
Tomato paste/tomato 2 (2.8%)°
Mayonnaise 2 (2.8%)°
Ketchup 2 (2.8%)°
Ginger 2 (2.8%)°
Cinnamon 2 (2.8%)°
Others 14 (19.4%)°
No aggravating factors mentioned 10 (3.9%)

@ There may be more than one factor for each patient.
b Percentage related to the 72 cases that reported aggravation
due to food.

(50.4%), vegetable fat (44.5%), chocolate (19%), vinegar
(11.6%), ginger (7.4%) and pepper (6.2%).

Active smoking was reported by 8% of the patients and
alcoholism by 5%. Comorbidities were identified in 89.1% of
the participants (Table 5), with emphasis on gastrointesti-
nal, endocrine, cardiovascular, and psychiatric diseases.

Discussion

The multiethnic characteristics and cultural and climatic
variability of Brazil require studies with representative
samples from different regions for a more adequate under-
standing of the characteristics of its dermatoses, aiming to
improve disease perception and its therapeutic approach.
There are national data on the prevalence of rosacea with
different results, which may reflect this variation between
regions: in a study conducted in the south of the coun-
try, a higher prevalence of rosacea was found in women
aged between 40 and 50 years,*” while in another the
most affected age group was between 60 and 79 years
and the least affected was under 30 years.® In other non-
Brazilian studies, a predominance was observed in women
aged between 30 and 60 years, and it can also affect chil-
dren and the elderly.? %> There were also reports that men
develop more severe forms, possibly due to androgenic
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Table5 Reports of comorbidities reported by research par-

ticipants (n = 258).

Comorbidities n (%)
Gastrointestinal condition 71 (27.5%)
Crohn’s disease / URC 6 (2.3%)

Gastroesophageal reflux disease 32 (12.4%)
Gastritis/gastric ulcer 40 (15.5%)

Pancreatitis 1 (0.4%)
Bariatric surgery 1 (0.4%)
Lactose intolerance 5 (1.9%)
Irritable bowel syndrome 5 (1.9%)
Colitis 1 (0.4%)
Diverticulitis 1 (0.4%)
Gastric hernia 1 (0.4%)
Neurological disease 46 (17.8%)
Cerebrovascular accident 6 (2.3%)
Migraine 39 (15.1%)
Other neurological disease 3 (1.2%)
Psychiatric disease 89 (34.5%)
Depression 46 (17.9%)
Anxiety 67 (26.1%)
Social phobia 1 (0.4%)
ocDh 1 (0.4%)
Panic syndrome 1 (0.4%)
Insomnia 2 (0.8%)
Autoimmune disease 38 (14.8%)
Psoriasis 14 (5.4%)
Lupus erythematosus 6 (2.3%)
Frontal fibrosing alopecia 4 (1.6%)
Rheumatoid Arthritis 3 (1.2%)
Vitiligo 2 (0.8%)
Scleroderma or systemic sclerosis 2 (0.8%)
Hashimoto’s disease 4 (1.5%)
Purpura and hidradenitis 1 (0.4%)
Purpura 1 (0.4%)
Pemphigus foliaceus 1 (0.4%)
Transverse myelitis 1 (0.4%)
Lupus, scleroderma and dermatomyositis 1 (0.4%)
Infectious disease 12 (4.7%)
HIV/AIDS 4 (1.5%)
Hepatitis B 3 (1.2%)
Chagas’ disease 1 (0.4%)
Leprosy 1 (0.4%)
Recurrent UTI 1 (0.4%)
Latent tuberculosis 1 (0.4%)
Chromomycosis 1 (0.4%)

Neoplastic disease
Cutaneous BCC/SCC
CIN3
Melanoma
Larynx
Thyroid
Breast
Ovarian teratoma
Intestine / Rectum
Prostate
Endometrium
Leukemia

Cardiovascular diseases
Arterial Hypertension

40 (15.6%)
23 (8.91%)
1 (0.4%)
7 (2.7%)
1 (0.4%)
3 (1.16%)
5 (1.9%)
1 (0.4%)
1 (0.4%)
2 (0.8%)
1 (0.4%)
1 (0.4%)
81 (31.4%)
77 (29.8%)

Table 5  (Continued)

Comorbidities n (%)
Acute myocardial infarction 3 (1.2%)
Dyslipidemia 40 (15.5%)
Arrythmia / atrial fibrillation 7 (2.7%)
Cardiomegaly 1 (0.4%)
Heart failure 1 (0.4%)
Venous thrombosis 2 (0.8%)

Endocrine disease 123 (47.7%)

Diabetes mellitus 42 (16.3%)
Thyroid nodule 3 (1.2%)
Hypothyroidism 18 (7%)
Insulin resistance 3 (1.2%)
Osteoporosis 1 (0.4%)
Obesity 61 (23.6%)
Metabolic syndrome 42 (16.3%)

Liver disease 26 (10.07%)

Steatosis 22 (8.5%)
Liver thrombosis 1 (0.4%)
Post-hepatitis cirrhosis 1 (0.4%)
Drug-induced hepatitis 1 (0.4%)
Liver transplant 1 (0.4%)
Urological disease 21 (8.1%)
Renal lithiasis 15 (5.8%)
Glomerulonephritis - transplant 1 (0.4%)
Prostatic hyperplasia 2 (0.8%)
Nephritis in childhood 1 (0.4%)
Renal cyst 1 (0.4%)
Pyelonephritis 1 (0.4%)

URC, Ulcerative rectocolitis; OCD, Obsessive-Compulsive Dis-
order; HIV/AIDS, Human Immunodeficiency Virus/Acquired
Immunodeficiency Syndrome; UTI, Urinary Tract Infection;
BCC/SCC, Basal Cell Carcinoma/Squamous Cell Carcinoma; CIN,
Cervical Intraepithelial Neoplasia.

activity.®3¢ Furthermore, a study showed a higher preva-
lence in female patients up to 49 years of age, but the
prevalence was higher in men between 50 and 70 years of
age.”’

In this investigation, as mentioned in Table 1, a high pre-
dominance of rosacea was found among women (69.4%). An
additional difference between the sexes in this study com-
pared to others may have occurred due to the tendency
for women to seek medical care more frequently.”33 A
wide age range affected by the disease was also identified,
including cases of rosacea in individuals over 60 years of age.

There is a consensus that rosacea predominates in people
with lower phototypes (I and Il) according to the Fitzpatrick
classification, 1988,%¢% although there are reports of the
disease in populations with higher phototypes.3>3¢% The
results of the present study showed that almost half of the
population studied was phototype Ill, followed by photo-
types IV and Il. The disease in phototypes | and V was rarely
observed. These data demonstrate a particularity of the
disease in Brazil, which may be related to the ethnic compo-
sition of the Brazilian population. It is noteworthy that the
suspicion of rosacea is more difficult in darker skin, leading
to a late diagnosis.

Rosacea is more frequently described in European coun-
tries, particularly in the north.** The majority (83.3%) of
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the patients in the present study were of European descent,
corroborating findings from previous Brazilian studies.?3%*'

Regarding the patients’ occupations, there was a wide
diversity of professions and there was no association regard-
ing the prevalence of rosacea in the reported professions.

As for the level of schooling, it was observed that 45.7% of
the study participants had completed higher education and
23.6% had completed high school. It was not possible to com-
pare this finding because, to date, it has not been reported
in the literature on rosacea. It is important to emphasize
that in Brazil there is a high presence of adult white women
in higher education, which has a likely interface with this
high level of schooling found in the sample.*?

Only 8.1% of the study population were smokers. The
inverse association between rosacea and smoking is contro-
versial and some authors claim that active smoking may be
a protective factor for rosacea.>** There have been reports
that nicotine may play an anti-inflammatory role*** and
promote vasoconstriction in the skin.*4

In the present study, 95% of the individuals were non-
alcoholics; however, among them, 42.6% associated alcohol
intake with rosacea exacerbation. Although it is mainly
related to flushing, the association between alcoholic bev-
erages and the onset of rosacea remains controversial in
the literature.?324748 A study carried out with 82,737 North
American women followed for 14 years, with 4,948 cases of
rosacea, showed that higher alcohol intake was associated
with an increased risk of the disease compared to patients
who never consumed alcoholic beverages.”” A recent meta-
analysis concluded that alcohol consumption is not a risk
factor for rosacea; however, in the subgroup analysis, a
higher risk for the phymatous form was observed.* Another
study showed that the use of alcoholic beverages increased
the risk of rosacea, but only with high consumption per
week.?

Regarding information on height, weight, and BMI, there
is little data on patients with rosacea in the literature.*
In the present investigation, it was found that the average
weight was 73.5 kg + 15.21; the mean height was 1.65 m +
0.1 and the mean body mass index was 26.87 kg/m? + 5.67.
Additionally, 39.21% of the participants were classified as
overweight and 28.23% showed some degree of obesity. The
increased risk of rosacea in patients with obesity had already
been described, with a risk ratio of 1.48 in patients with BMI
> 35.0 when compared to those with a BMI between 21.0
and 22.9 kg/m?2.%

A family history of rosacea occurred in one-third of
the cases, corroborating the role of previously reported.
genetic (yet to be better understood) and environmen-
tal factors'®?%?> A study with identical and fraternal
twins showed a genetic participation of 46% in rosacea
manifestations.>°

Disease evolution showed an average period of 11 years,
and the average time until diagnosis was eight years. Several
factors can delay the diagnosis of rosacea, such as difficulty
in accessing tertiary health services, overlapping symptoms
with other dermatoses, and diagnosis complexity in darker
skin due to difficulty in visualizing vascular manifestations,
such as erythema and telangiectasia. It is noteworthy that
27% of the individuals were phototypes IV and V in the pop-
ulation of this study, which could be considered a factor for
later diagnosis.

The use of systemic medications to treat other diseases
was highly prevalent, particularly antihypertensive drugs.
There are contradictory reports of worsening or triggering
of rosacea by the use of calcium channel blockers, which
should be avoided, and there is debate about the reduced
risk in patients using beta-blockers.>'~33

The use of antidepressants was observed in approxi-
mately 20% of individuals, and the relationship between
rosacea and psychiatric disorders, especially anxiety and
depression, is frequently reported.'*'> A discrepancy was
observed between rosacea severity and the impact on qual-
ity of life since the disease was moderate or severe in 46.8%
of the participants and only 23% reported a negative influ-
ence on quality of life. An important consideration is the
cross-sectional approach of the present study. Many patients
were undergoing treatment, which positively impacted the
perception of quality of life. It is known that dermatologi-
cal treatment interferes with this assessment, improving the
results,’® making it difficult to draw conclusions about the
true extent of the disease impact. This dissociation between
severity and quality of life has already been reported,'
since patients with mild forms can have a relevant impact
when left untreated.

Regarding treatments, topical medications were men-
tioned by 64.7% of patients, and systemic medications
by 30.2%. The active ingredients were in accordance
with the recommendations of therapeutic guidelines for
rosacea.*! %%

Data related to the demographic characteristics of the
participants in the present study can be found in Table 1.

The frequency of the observed clinical manifestations of
rosacea was similar to those described in a meta-analysis,>’
with the exception of phytates and ocular changes, which
were more prevalent in the present study (Table 2).

Subjective symptoms such as burning or stinging can have
a negative impact on quality of life, in addition to repre-
senting an auxiliary tool for diagnosis.”® The frequency of
this symptom is usually under-assessed in clinical practice,
due to the difficulty in measuring it. A high frequency was
observed, particularly with mild or moderate intensity, as in
a previous study.?®

Chronic inflammation in rosacea has been associated
with multiple comorbidities, including cardiovascular, psy-
chiatric, neurodegenerative, gastrointestinal, neurological,
oncological, endocrine, and autoimmune diseases. The
extent, clinical significance, and consequences of these
associations are not fully understood.””® In the present
sample, 27.5% of the patients reported some gastrointestinal
disease; this association should be considered by physicians
for early diagnosis and therapeutic implications.®'-%3

Neurovascular dysregulation and chronic inflammation
may explain the association between rosacea and headache,
particularly migraine.®® Most patients with rosacea and
headache have the erythematotelangiectatic subtype and,
in addition to flushing or transient erythema, persistent
erythema and telangiectasias characteristic of the skin
condition, photophobia and phonophobia are common.
A study showed that 15% of patients with rosacea had
migraines, and the risk seemed higher in men.% In contrast,
the present study showed a higher prevalence of migraines
in women, accounting for 17.9%, while the prevalence in
men was 8.9%.
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Although there have been reports of an increased risk of
neurodegenerative diseases in patients with rosacea, partic-
ularly Parkinson’s disease and dementia, such as Alzheimer’s
disease,®® the present data did not demonstrate these con-
ditions. The risk of developing psychiatric symptoms is 1.6
to 2-fold higher in patients with rosacea when compared
to controls, possibly due to shared mechanisms involving
the neuro-immuno-cutaneous system.'*'>¢%¢” The findings
of the present study are in agreement with this observa-
tion, since psychiatric diseases were detected in 34.5% of
the individuals, particularly anxiety and depression.

Regarding oncological diseases, the literature shows
that rosacea is associated with an increased risk of
Non-Melanoma Skin Cancer (NMSC), glioma, and breast
cancer.®®® In the present population, 23 (8.9%) patients
with NMSC were detected; however, fair skin and European
ancestry are common factors for rosacea and this type of
skin cancer.

Patients with rosacea are predisposed to the risk of sub-
clinical cardiovascular (CV) disease, atherosclerosis, and
thromboembolism,®-73 with screening and guidance on
lifestyle modifications being advised. In this study, 31.4% of
patients reported CV disease, 29.8% had hypertension, and
15.5% had dyslipidemia.

Endocrinological abnormalities are frequently observed
in patients with rosacea, having been found in half of the
participants in this study. The main endocrine disorders were
diabetes mellitus, obesity, and metabolic syndrome.

Clinicians should be aware of the potential risk of sys-
temic comorbidities in rosacea, which becomes more likely
as the duration and severity of the disease increase. The
potential to control these conditions aiming to improve
rosacea symptoms and vice versa should be the focus of
further research. '

Quality of life is impacted in most patients with rosacea,
since the disease is chronic, recurrent, and manifests itself
in exposed areas, such as the face. Low self-esteem,
social phobia, depression, and anxiety may occur, which
compromise the affected individuals’ mental health and
socialization.”*”> The RosaQoL-BR scores revealed an impact
on the quality of life in almost 50% of patients, although
almost 90% considered their disease to be mild to moder-
ate in the overall assessment, as it was considered by the
researchers.

Several environmental factors are described as triggering
or aggravating rosacea, which were reported by 96% of the
participants in this study. As shown in Table 4, which lists the
triggering or aggravating factors reported by the study par-
ticipants, sun exposure was the main one, corroborating the
data in the literature.”®”” The higher disease prevalence in
lighter skin and the presence of lesions in the central area
of the face, which are the most exposed to sunlight, cor-
roborate this hypothesis.> UVR can trigger rosacea, actively
participating in its etiopathogenesis.”’

Acute emotional changes were reported by more than
half of the participants, reinforcing stress as a relevant trig-
ger, as it increases levels of cortisol and adrenocorticotropic
hormone, activating the hypothalamic-pituitary-adrenal
axis.”’

Exposure to heat was mentioned as a trigger by 62% of the
participants, as well as, to a lesser extent, cold and wind.
It is important to highlight the great climatic variation in

the different regions of Brazil, such as extreme heat in the
Amazon region, cold in the subtropical regions, and heat
and wind on the coast of the Northeast. This study included
patients from states in all of these regions, making the sam-
ple quite heterogeneous, but representative of the country’s
climate variability. Disease worsening due to physical exer-
cise, which has a thermogenic and vasodilatory effect, was
reported by almost half of the participants.®7’¢

The intake of certain foods is referred to as a trigger
or worsening factor for rosacea, although there are few
studies confirming this property.'®' In this study, 28% of
the participants reported worsening of rosacea with the
diet, with pepper being reported by more than half of
them, followed by other spicy foods and seasonings. The
foods considered as triggers can be divided into four cate-
gories: hot foods/beverages, such as coffee (33%) and tea
(30%), spicy foods, foods with cinnamaldehyde, and alco-
holic beverages.'®’® Capsaicin is present in peppers and
cinnamaldehyde is found in tomatoes, citrus fruits, cinna-
mon, and chocolate. The relationship between diet and the
gut-skin axis has been reported, interfering in the clinical
manifestations of the disease.'®

The present results demonstrated that some foods that
are consumed daily were rarely mentioned as triggers of
the disease, such as hot coffee, milk and dairy prod-
ucts, tomatoes, and citrus fruits. Contrary to what was
believed in the past, a cohort study with 82,737 women
suggests that caffeine may have a protective effect on
rosacea, reducing symptoms by inducing a vasoconstrictor
and immunosuppressive response.’”’ The influence of milk
and dairy products is controversial, with a possible nega-
tive correlation, suggesting that they are protective in the
erythematotelangiectatic and papulopustular phenotypes. '
Daily consumption of tomatoes and citrus fruits was reported
by more than half of the studied population, although they
were not mentioned as aggravating factors. To date, there
is no evidence that eliminating certain foods results in an
improvement in rosacea symptoms.’® However, for Brazil-
ians, this study suggests that the consumption of alcoholic
beverages and diets containing pepper may be important in
worsening the disease, based on the frequency of ingestion
and the patient’s perception.

This study has limitations, especially related to the lack
of a control group, the inclusion of patients from referral
centers, and the fact that many were undergoing treatment.
Other observational studies and, mainly, population-based
studies are necessary to confirm the findings presented
herein.

Conclusion

The higher prevalence of rosacea in phototypes Il and IV in
the Brazilian sample studied demonstrates the need for der-
matologists to be alert to signs of the disease, since diagnosis
may be delayed in higher phototypes.

The assessment of comorbidities plays a fundamental
role, particularly regarding overweight and obesity. Cardio-
vascular, psychiatric, neurodegenerative, gastrointestinal,
neurological, oncological, endocrinological, and autoim-
mune diseases were detected, demonstrating that the
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identification of these comorbidities can allow screening and
adequate monitoring of patients.

Gastrointestinal manifestations were highly prevalent,
corroborating the possible relationship between rosacea,
microbiome and gastrointestinal tract diseases (gut-skin
axis).

The quality of life impairment and high prevalence of psy-
chiatric diseases demonstrate the importance of addressing
these aspects.

In the present sample, certain foods and the use of alco-
holic beverages were mentioned as aggravating factors of
the disease, and specific research is required to determine
the impact of diet on rosacea.

This study presents real data from different regions of
Brazil, which may contribute to the development of algo-
rithms for the holistic management of patients with rosacea.
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Abstract

Background: RNA sequencing-based studies have identified the transcription processes that
contribute to psoriasis development, but the associations of these processes with specific
phenotypes need further investigation.

Objective: The authors aimed to determine the associations of specific Peripheral Blood
Mononuclear Cell (PBMC) endotypic profiles with loss of treatment response in psoriasis patients.
Methods: A Psoriasis Area and Severity Index (PASI) > 10 was the main outcome. The gene
expression of Tyrosine Kinase-2 (TYK), Interleukin (IL)-12A, IL-12B, IL-23A, IL-23 Receptor (IL-
23R), IL-6, IL-6R,IL-17A and Tumor Necrosis Factor (TNF) in PBMCs was quantified as possible risk
factors. Single-Nucleotide Polymorphisms (SNP) were screened using a genotyping technique.
Hierarchical clustering of the gene expression results was performed.

* Study conducted at the Universidade de Brasilia, Brasilia, DF, Brazil.
* Corresponding author.
E-mail: cirogomes@unb.br (C.M. Gomes).
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Results: The authors included 178 psoriasis patients. TYK2 was upregulated in the PBMCs of
patients with a PASI score > 10, but its distribution was widely variable. A cluster of 19
patients exhibited upregulated expression of most TYK2-dependent mediators and increased
PASI (p = 0.021) and Dermatology Life Quality Index (DLQI) scores (p = 0.034). Three patients
harbored the TYK21684S variant.

Study limitations: The utility of using single markers for psoriasis diagnosis is limited due to
the wide variability of results, but the utility of the simultaneous evaluation of a set of markers

has promise.

Conclusions: The present study suggests an association between multiple TYK2 pathway mark-
ers and loss of systemic treatment response.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The exact pathophysiology of psoriasis is still unknown
and involves a combination of genetic and environmental
factors.! One of the key features of psoriasis is the abnor-
mal production of cytokines both systemically and in skin
lesions.” Previous studies have identified genes associated
with the risk of psoriasis, such as polymorphisms in the genes
that encode the P19 and p40 subunits of /L-23 and IL-12/IL-
23, respectively.®>

RNA sequencing (RNA-seq) and microarray techniques
have been used to identify various genes involved in
transcription-mediated disease processes.®’ However, these
techniques may not be effective in detecting wide varia-
tions in gene expression.® Therefore, further investigations
are needed because the direct relationship between genetic
and clinical findings in psoriasis patients is still unknown.?°

Although new medications that target the cytokines
involved in psoriasis are available, treatment choices are
almost exclusively dependent on the clinical assessment
of the disease.'"""* Biomarkers are measurable signs that
can indicate the presence or severity of a disease.' In
dermatology, most of these markers are measured in skin
samples, but the collection of sequential skin biopsies may
be unfeasible.’”""” In psoriasis patients, many traditional
blood markers, particularly those used to detect inflam-
mation (C-reactive protein and erythrocyte sedimentation),
have been tested, but the results have been inconclusive.'®

The primary aim of the current study was to identify
specific endotypic profiles of Peripheral Blood Mononu-
clear Cells (PBMCs) involved in the Tyrosine Kinase-2
(TYK2) signaling pathway and the frequency of the protec-
tive psoriasis-related Single-Nucleotide Polymorphism (SNP)
rs12720356 and their relationship with the loss of systemic
treatment response in psoriasis patients.

Materials and methods

Study design and recruitment

This report complies with the Strengthening the Reporting of
Observational Studies in Epidemiology - Molecular Epidemi-
ology (STROBE-ME) guidelines.' The study was conducted in
a tertiary center for the treatment of patients with psoria-
sis at the University Hospital of Brasilia, which is located in

Brasilia, Brazil. This center is responsible for a population of
more than a million people, and patients are referred from
secondary facilities.

From November 1st, 2022, to December 1st, 2023, the
authors included consecutive patients attending the Pso-
riasis Ambulatory Department. To form the main analysis
group, the authors included patients who were regularly fol-
lowed up at the University Hospital of Brasilia and who had a
confirmed history of severe psoriasis vulgaris (International
Classification of Diseases 10th Revision [ICD10 = L40.0]) (Pso-
riasis Area and Severity Index [PASI > 10] or Dermatology Life
Quality Index [DLQI > 10]) and who subsequently achieved
disease remission (PASI or DLQI < 5) for at least 1-year after
the use of methotrexate or biologics. Consecutive psoriasis
patients who were referred to this specialized dermato-
logical center during the same period and who were not
receiving systemic treatment were also included to form
a comparator group. Twenty healthy controls matched for
sex and age to psoriasis patients were also included (con-
venience sampling) for comparison. The authors excluded
patients who had any other autoimmune conditions (except
for psoriatic arthritis), pregnant women, or indigenous
individuals. All mutation and gene expression tests were
conducted on every patient.

After signing an informed consent form, all patients com-
pleted a comprehensive questionnaire aimed at gathering
detailed clinical information. The information requested
included age, sex, time since psoriasis diagnosis and pre-
vious medications used for the treatment of psoriasis. All
patients were also examined by 2 board-certified dermatol-
ogists who collected data related to the type and severity
of psoriasis (PASI and DLQI scores).

Definition of loss of systemic treatment response

In the main analysis group, all psoriasis patients were reg-
ularly followed up for more than a year and had previously
achieved a satisfactory clinical response to systemic treat-
ment. Upon inclusion in the study, patients were divided
into two main groups: 1) Those who developed a loss of sys-
temic treatment response (defined as the recurrence of one
or both of the following scores — PASI > 10 or DLQI > 10
- after previously effective treatment) and 2) Those who
continued to have a sustained effective response to sys-
temic treatment. Although the group of patients who did
not receive any systemic treatment was also divided into
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patients with a PASI or DLQI > 10 or not, the term ‘‘loss of
systemic treatment response’’ was not used for this group.

Clinical samples

The authors collected 20 ml of whole blood from the study
participants in 2 heparin tubes. Immediately after collec-
tion, PBMCs were isolated using a Ficoll Paque Plus (Merck
KGaA, Darmstadt, Germany) gradient. The samples were
stored in RNA Later (Thermo Fisher Scientific, Waltham,
United States) at —80 °C until RNA extraction, which was
performed up to 1-month after sample collection. Whole
blood and plasma were also stored at —80 °C.

Gene expression analysis

Total RNA from PBMCs was extracted using the mirVana™
PARIS™ RNA and Native Protein Purification Kit (Thermo
Fisher Scientific, Waltham, United States). The purified RNA
was quantified with a NanoDrop One/OneC UV-vis spec-
trophotometer (Thermo Fisher Scientific). Samples were
treated with RNase-free DNase | (1 U/pl) (Thermo Fisher
Scientific). Complementary DNA (cDNA) was generated using
a High-Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific) in a T100 Thermal Cycler (Bio-Rad, Her-
cules, United States) according to the manufacturer’s
instructions.

Messenger RNA (mRNA) expression analysis was per-
formed using TagMan-based manufactured probes (Thermo
Fisher Scientific) labeled with 5’Fluorescein Amidite (FAM)
and 3'Minor Groove Binder (MGB) probes. The authors mea-
sured the expression of the TYK2, IL-12A, IL-12B, IL-23A,
IL-23 receptor, IL-6, IL-6R, IL-17A and Tumor Necrosis Fac-
tor (TNF) genes using probes that spanned exon junctions.
Despite the primary objective of this study being the eval-
uation of cytokines in the IL-23 axis and other activators
of the TYK2 receptors, effector cytokines such as TNF
and IL-17A were additionally measured to assess and com-
pare the activation of the entire Th1 and Th17 stimulation
pathway. Three target candidates, namely, Glyceraldehyde-
3-Phosphate Dehydrogenase (GAPDH), eukaryotic 18S rRNA
and beta actin, were screened for use as endogenous con-
trols, and GAPDH was selected. For each assay, the genes
analyzed are detailed in Supplementary Table 1.

Reactions were performed in a QuantStudio 5 Thermocy-
cler (Thermo Fisher Scientific). The reaction was initiated
at 50 °C for 2 min, followed by 95 °C for 10 min (poly-
merase activation) and 40 PCR cycles of 95 °C for 15 s and
60 °C for 60 s. Reactions were performed in a final volume
of 15 pl comprising 1x TagMan™ Gene Expression Mas-
ter Mix (Thermo Fisher Scientific, Waltham, United States),
1x TagMan-based probes, 2 ul of cDNA sample from each
patient and ultrapure water. All the samples were tested
in triplicate. For normalization, the authors used a refe-
rence sample (calibrator) formed from a pool of total RNA
extracted from the PBMCs of the 20 included healthy con-
trols. No-template controls were also used for comparison.

The authors used the comparative Ct (AACt) method for
data analysis. The individual results are reported as the Rel-
ative Quantification (RQ) of gene expression (fold change).
Calculations were performed with Applied Biosystems™

Analysis Software (Thermo Fisher Scientific). Values of each
expression considered inaccurate are suppressed by the
analysis software.

TYK2 gene variant analyses

The authors chose a robust manufactured assay that
precisely detects the psoriasis-related protective Single-
Nucleotide Polymorphism (SNP) rs12720356.19 This SNP
was the only SNP in the TYK2 gene that was found to
be related to psoriasis and that was reproduced in more
than one scientific article, according to a previous system-
atic review of the literature and meta-analysis.”” The kit
uses multiplex qPCR with [VIC/FAM] probes to detect the
following mutation in the TYK2 gene: GTGCTCCACGTACTCT-
GTCACCATG[A/C]TATCTGTAAAGACACAGCTGCTCTG, located
on chromosome 19:10359299 on build GRCh38. Transcripts of
this region are similar to those of the target tested for TYK2
gene expression.

Genomic DNA from whole blood was extracted using the
PureLink™ Genomic DNA Mini Kit (Thermo Fisher Scientific).
The genotyping mixture included 1x TagPath™ ProAmp™
Master Mix (Thermo Fisher Scientific), 1x TagMan™ SNP
Genotyping (Thermo Fisher Scientific, Waltham, United
States) (CN: C_34042925_10, 4351379), 20 ng of genomic
DNA and ultrapure water in a final volume of 25 pl. Reac-
tions were performed in a QuantStudio 5 Thermocycler
(Thermo Fisher Scientific). The cycling conditions comprised
a preread step of 30 s at 60 °C, followed by an initial denat-
uration/enzyme activation step of 5 min at 95 °C; 40 cycles
of denaturation (15 s at 95 °C) and annealing/extension (60 s
at 60 °C); and a post read step of 30 s at 60 °C.

Cytometric bead array assay

The plasma levels of TNF-«, IL-10, IL-18, IL-8, IL-6 and IL-
12p70 in the first 80 included patients were measured using
the Human Inflammatory Cytokine Cytometric Bead Array
(CBA)-1 Kit (RUO) (Becton Dickinson, Franklin Lakes, USA)
and a FACSVerse flow cytometer (Becton Dickinson).

Statistical analysis

For initial statistical analysis, the authors considered the
PASI score the main outcome and divided patients into two
groups: those with a PASI > 10 and those with a PASI < 10.
Another important outcome was the loss of systemic treat-
ment response, defined by a PASI or DLQI score > 10.

The authors explored the differences in the RQs of
gene expression and clinical characteristics. Subsequently,
the authors applied hierarchical cluster techniques and
heatmaps to find groups of patients who could represent
a different endotypic profile of individuals experiencing
loss of systemic treatment response. The assumptions for
multivariate analysis were not met, and this analysis was
determined to be unreliable.

The clinical relevance of gene expression changes was
defined as a minimum 2 x difference in gene expression (RQ)
between groups.?®?' A p-value < 0.05 indicated statistical
significance. Whenever statistical significance was met for
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RQ, the authors applied Benjamini-Hochberg False Discovery
Rate (FDR) adjustment. Statistical analysis was performed
using the program R version 4.1.2 (R Core Team [2021]).
R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

Ethics

All patients were included after signing an informed consent
form. This study complied with the Declaration of Helsinki
and was approved by the Ethics Committee of the Fac-
ulty of Medicine of the University of Brasilia, Brazil (CAAE:
68068323.3.1001.5558).

Results

Clinical profile of the included participants

The authors enrolled 198 participants in this study, including
162 patients with psoriasis who had previously achieved dis-
ease remission using systemic medications, 16 patients with
psoriasis who were not receiving any systemic treatment,
and 20 healthy controls. Twenty-seven psoriasis patients
exhibited a PASI score > 10 (the main dependent variable),
and another 32 patients exhibited DLQI scores > 10. The
data in Supplementary Table 2 show that sex, age and dis-
ease duration were not different between patients with PASI
scores > 10 and those with PASI scores < 10.

Regarding the medication used by each patient at recruit-
ment, 21 were using methotrexate, 83 were using anti-TNF
biologics (5 etanercept, 7 infliximab, and 71 adalimumab),
17 were using anti-IL-12/23 biologics (ustekinumab), 7
were using anti-IL-23 biologics (5 risankizumab and 2
guselkumab), 34 were using anti-IL-17 biologics (secuk-
inumab) and 16 were not using any systemic treatment. The
authors did not detect a PASI > 10 in patients treated with
anti-IL-23 biologics (n = 7) (Supplementary Table 3).

The percentage of patients who experienced a loss of
systemic treatment response (PASI or DLQI score > 10) did
not differ among those receiving different systemic treat-
ments (p > 0.05). The number of patients with a PASI or
DLQI > 10 was greater among those who did not receive
systemic treatment than among patients who received anti-
TNF biologics, anti-IL-17 biologics, anti-IL12/23 biologics or
anti-1L-23 biologics (p < 0.05) (Supplementary Table 3).

Gene expression analysis revealed upregulation of
TYK2 pathway genes in patients with PASI scores
>10

The authors found a positive correlation between TYK2
gene expression RQ and IL-12A, IL-23A or IL-23R expression
(p < 0.05) (Supplementary Fig. 1). Compared with that in
the PBMCs of healthy controls, the RQ gene expression of
most mediators was similar or reduced in the PBMCs of pso-
riasis patients. Similar results were found via CBA analysis
(Supplementary Tables 4-8).

TYK2 gene expression in PBMCs was upregulated in
patients with a PASI > 10 (Table 1). FDR correction revealed

that, in isolation, TYK2 RQ gene expression could not differ-
entiate patients with a PASI greater than 10 from those with
a PASI less than or equal to 10. This result is probably due to
the very wide range of RQ gene expression (Supplementary
Fig. 2). Additionally, the authors did not find any relation-
ship between TYK2 gene expression and other demographic
or clinical characteristics (Supplementary Table 9).

Hierarchical clustering detected a subgroup of
upregulated TYK2 pathway genes

For our hierarchical clustering analysis, the authors included
only patients who had RQ values less than 2 standard devi-
ations apart from all mediators tested (Fig. 1). The authors
included 55 patients in this analysis (Tables 2 and 3). The
authors identified a group of 19 patients with increased
expression of mediators of the TYK2 signaling pathway. IL-
12A, IL-12B, IL-23A, IL-23R, and IL-6 were upregulated in this
group (Table 2). This group of patients also presented higher
PASI (p = 0.021) and DLQI (p = 0.034) scores than those with
lower TYK2 mediator expression (Table 3). Patients in this
group who exhibited increased expression of mediators of
the TYK2 signaling pathway and also loss of systemic treat-
ment response were using methotrexate, anti-TNF agents
and anti-IL-17 biologics but not anti-IL-12/23 or anti-IL-23
biologics (Supplementary Table 10). The remaining patients
did not exhibit a gene expression pattern in PBMCs that could
distinguish them from other patients (n = 36) (Fig. 1).

Genotyping the TYK2 gene

Three patients (1.69%) were heterozygous for the
rs12720356 SNP identified in the TYK2 gene (Supple-
mentary Fig. 3). This mutation is also known as the TYK2
16845 variant.”? Of the 3 patients carrying the TYK2 16845
variant, 2 were females, 2 had associated nail psoriasis, and
1 had palmoplantar lesions. All 3 patients had a PASI value
< 10. Because the frequency of this SNP was low, it was
not possible to relate these findings to the measured gene
expression. No mutations were found in healthy controls.

Discussion

The TYK2 gene has recently received substantial atten-
tion because of its clinical and therapeutic importance in
psoriasis.®>* TYK2 is a tyrosine kinase that belongs to the
JAK family. The gene is located on chromosome 19p13 and
encodes a kinase that promotes IL- 17 transcription via STAT3
phosphorylation, playing a critical role in the pathogenic
CD4 T-cell response.?® Fig. 2 shows a schematic of the influ-
ence of circulating CD4+ or CD8+ T-cells on the inflammatory
loop in psoriasis.

The authors quantified the gene expression of media-
tors involved in the TYK2 pathway and related them to a
specific phenotype of psoriasis. The authors found that com-
pared with healthy controls, psoriasis patients had similar or
downregulated TYK2 pathway RQ gene expression in their
PBMCs, regardless of whether they underwent treatment
with systemic medications. This systemic downregulation
has previously been described in microarray studies includ-
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Table 1
classification.

Median relative quantification of gene expression (fold change) of mediators according to the psoriasis severity index

Association PASI > 10 x PASI < 10 psoriasis patients PASI > 10 x PASI <10 psoriasis
direction (Clinical patients x healthy controls
relevance)
PASI > 10 PASI < 10 p-value FDR Healthy p-value®
correction Controls
Median (IQR) Median
(IQR)
TYK2 + 29.23 (66.82) 9.85 (27.92) 0.027° 0.243 34.86 (302.45) 0.292
IL-12A - 26.20 (94.14) 15.58 0.282 0.635 28.63 (160.45) 0.770
(40.47)
IL-12B + 390.30 116.29 0.129 0.438 326.67 (574.00) 0.345
(2290.73) (1275.15)
IL-23A - 12.54 (17.71) 11.66 0.741 0.953 36.17 (19.73) 0.838
(19.88)
IL-23R - 18.14 (25.03) 9.83 (18.67) 0.366 0.659 27.46 (168.96) 0.310
IL-6 - 35.096 (229.57) 66.19 0.959 0.959 30.23 (567.87) 0.698
(155.49)
IL-6R - 2.62 (29.65) 1.37 (9.96) 0.146 0.438 1.43 (2.22) 0.165
TNF-« - 100.41 (337.33) 73.07 0.900 959 203.35 (513.91) 0.911
(267.18)
IL17-A - 142.92 77.45 0.465 0.698 137.69 (201.50) 0.345
(1647.96) (952.37)

TYK2, Tyrosine Kinase-2; IL, Interleukin; R, Receptor; PASI, Psoriasis Area Severity Index; FDR, False Discovery Rate controlled using
the Benjamini-Hochberg method; IQR, Interquartile Range; +, Clinically relevant upregulation according to the relative quantification
presenting a minimum of 2x positive association; -, Clinically relevant downregulation according to the relative quantification presenting

a minimum of 2x negative association; -, No association.
a p<0.05.

b No significant difference was observed between the gene expression levels of healthy controls compared to psoriasis subgroups divided

by the PASI value.

ing a limited number of patients.?* In patients treated
with systemic drugs, immunological suppression is expected.
However, in patients without systemic treatment, decreased
expression of mediators in PBMCs may be a result of
increased adhesion of circulating effector mononuclear cells
to local skin inflammation, resulting in depletion of these
cells.”

In the second step, the authors found that TYK2 gene
expression was upregulated in the PBMCs of psoriasis
patients with a PASI > 10. However, the range of TYK2
RQ gene expression was very wide, preventing the use of
this marker alone to identify loss of systemic treatment
response. Next, the authors used hierarchical clustering to
reveal that 19 out of 55 patients evaluated in this step
exhibited clear upregulation of genes involved in the TYK2-
dependent signaling pathway. These patients had higher PASI
and DLQJ scores (Table 3). Although the number of patients
using anti-IL-23 medications was only 7, it is noteworthy that
in the total population, no patient using anti-IL-23 biologics
had a PASI greater than 10, although some of them had a DLQI
greater than 10. This result is consistent with previous clin-
ical trials that demonstrated an impressive PASI-dependent
response in patients using IL-23 blockers.?%?’

The authors found 3 patients who were heterozygous for
a protective psoriasis-related SNP, also known as the TYK2
1684S variant. This variant results in a reduction in phos-
phorylated (p)-STAT4 levels after IL-12 induction” and in

the function of CD4+ and CD8+ T-cells in PBMCs. The fre-
quency of the TYK2 1684S variant varies from 1% to 9% in the
population.?® The authors assessed the association between
the upregulation of mediators involved in the canonical
activation of TYK2 (IL-12A, IL-12B, IL-23A, IL-23R, IL-6 and
IL-6R) and specific phenotypes and identified a cluster of
patients with psoriasis who did not use anti-IL-12/23 or anti-
IL-23 medications and who exhibited greater PASI scores.
Individual markers were not useful for phenotypic psoriasis
association, but the utility of the simultaneous evaluation
of a set of markers has promise.?’ Other limitations of the
study must be acknowledged, including the potential for
confounding factors, which are an inevitable concern in
any observational study. While such factors could indeed
cause worry, all subgroup analyses conducted in this arti-
cle indicated a significant upregulation of the inflammatory
TYK2-dependent pathway in patients who exhibited a loss
of response to systemic treatments.

Although this study is one of the largest of its kind to
explore complex gene expression analysis in the blood of
psoriasis patients, the relatively modest sample size, par-
ticularly among patients using IL-23 blockers, must be taken
into account. Nonetheless, the findings presented here
underscore the necessity for future clinical trials to inves-
tigate the efficacy of TYK2 inhibition in bio-experienced
psoriasis patients, especially those currently using the most
effective biological drugs available on the market. These
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Fig. 1 The image displays a heatmap of the gene expression of mediators that belong to the TYKZ2 signaling pathway. The data
are derived from 55 psoriasis patients who had all the necessary measurements taken in their peripheral mononuclear cells and for
whom the replicate results were within 2 standard deviations. This graphic was generated using the program R version 4.1.2 (R Core
Team (2021)). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/). TYK2, Tyrosine Kinase-2; IL, Interleukin; R, Receptor.
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Fig. 2 This schematic presents the influence of CD4+ or CD8+ T-cells on peripheral blood mononuclear cells and their influence
on the inflammatory loop in psoriasis patients. IL, Interleukin; PBMCS, Peripheral blood mononuclear cells; IFN, Interferon; TYK,
Tyrosine kinase; JAK, Janus kinase; STAT, Signal transducer and activator of transcription.
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Table 2 Median relative quantification of gene expression (fold change) of mediators between 2 different endotypic clusters
of psoriasis patients identified in this study and healthy controls.

TYK2- dependent endotype x other psoriasis patients

TYK2- dependent
endotype x other

Association TYK2- Other p-value FDR psoriasis
direction dependent correction patients x healthy
endotype controls
(Clinical Median (IQR) Median Healthy p-value®
relevance) (IQR) Controls
TYK2 + 25.19 (61.98) 10.12 0.150 0.150 34.86 (302.45) 0.241
(22.64)
IL-12A + 23.34 (104.99) 11.44 0.005% 0.008% 28.63 (160.45) 0.259
(20.36)
IL-12B + 1185.79 59.25 <0.001° 0.0022 326.67 (574.00) 0.312
(5021.12) (216.01)
IL-23A 21.29 (23.0510) 6.52 (8.68) <0.001° 0.002* 36.17 (19.73) 0.141
IL-23R + 32.25 (64.88) 6.83 (12.79) <0.0012 0.0022 27.46 (168.96) 0.063
IL-6 + 163.85 (559.28) 42.52 0.002?2 0.003* 30.23 (567.87) 0.150
(115.48)
IL-6R - 2.45 (9.70) 1.31 (2.98) 0.141 0.150 1.43 (2.22) 0.347
TNF-o + 193.09 (457.85) 39.06 0.091 0.117 203.35 (513.91) 0.199
(112.66)
IL17-A 1153.41 47.47 <0.001 0.002 137.69 (201.50) 0.094
(5288.85) (228.30)

TYK2, Tyrosine Kinase-2; IL, Interleukin; R, Receptor; PASI, Psoriasis Area Severity Index; FDR, False Discovery Rate controlled using
the Benjamini-Hochberg method; IQR, Interquartile Range; +, Clinically relevant upregulation according to the relative quantification
presenting a minimum of 2 x positive association; -, Clinically relevant downregulation according to the relative quantification presenting
a minimum of 2x negative association; -, no association.

a p<0.05.

b No significant difference was observed between the gene expression levels of healthy controls compared to psoriasis subgroups divided
by the TYK2-dependent endotype.

Table 3 Comparison of demographic and clinical characteristics between the 2 different endotypic clusters of psoriasis patients
identified in this study.

TYK2-dependent endotype Other psoriasis patients p-value
Sex (n) 0.623
Female 9 21
Male 10 15
Age Median (IQR) 55.00 (21.50) 46.50 (23.25) 0.190
Loss of systemic treatment response (n)?* 9 10 0.087
PASI > 10 (n) 6 6 0.352
PASI > 5 (n) 10 7 0.0262
PASI Median (IQR) 5.6 (8.65) 0.6 (2.50) 0.0212
DLQI Median (IQR) 12.00 (15) 1.50 (8) 0.034?
Ungual involvement (n) 8 8 0.218
Scalp involvement (n) 6 10 1.000
Genital involvement (n) 5 8 0.749
Palmoplantar involvement (n) 6 10 1.000
Psoriatic arthritis (n) 4 13 0.360
Total (n) 19 36

TYK2, Tyrosine Kinase-2; n, Number of patients; IQR, Interquartile Range; PASI, Psoriasis Area Severity Index.

@ p<0.05.

trials could potentially pave the way for more tailored and

efficacious treatment options, bringing renewed hope to

patients grappling with this challenging condition.

selective,

Recent treatment developments for psoriasis have
focused on the TYK2-dependent immunological response.

Deucravacitinib is an oral, allosteric TYK2

inhibitor that is licensed for plaque psoriasis treatment in
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some countries.’® Our study revealed that TYK2 pathway
activity may be upregulated in patients who do not respond
to anti-TNF and anti-IL-17 biologics. This finding suggests
that deucravacitinib could be a promising option for patients
who require second or third-line treatment.

The successful relation of previously described genotypes
to the clinical phenotypes of a group of psoriasis patients
who experienced a loss of systemic treatment response rein-
forces the importance of simultaneously assessing multiple
molecular markers for the development of new tools for the
evaluation of psoriasis patients.
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o Abstract
RE ORDS_ Background: The FricTest is used as a valuable tool for diagnosing and conducting threshold
Dermographism;

e testing for Symptomatic Dermographism (SD).
Urtlc'ana; : Objective: In this study, the authors aimed to make a comparison between the Urticaria Activity
Quality of Life Score (UAS), Urticaria Control Test (UCT), Visual Analog Scale (VAS), Dermatology Life Quality
Index (DLQI), and Chronic Urticaria-Specific Quality of Life (CU-QoL) used to evaluate disease
activity and control in the follow-up of urticaria patients and the Fric Test responses used in
the diagnosis of dermographism.
Methods: 71 patients with SD were included in the study. Fric test 4.0 was performed in all
patients at baseline and at month 1. The correlations of Fric test scores with UCT, UAS, VAS,
DLQI, and CU-QoL at baseline as well as the changes in responses of treatment in the mean
scores at month 1 were performed.
Results: In the correlation analyses, positive correlations were observed between UAS, DLQI,
and CU-QoL scores and changes in Fric test 4.5 mm and 4 mm responses from baseline to the
first month of treatment (p < 0.05). No significant correlations were found between Fric test
3.5 mm and 3 mm responses and CU-QoL, UAS, DLQI, and VAS scores (p > 0.05).
Study limitations: This study includes results from a small sample size, and larger-scale clinical
trials are needed.
Conclusion: Changes in the Fric test 4.5 mm and 4 mm responses of treatment were found to
be more sensitive in detecting UCT, UAS, CU-QoL, and DLQI changes than the responses of the
Fric test 3.5 mm and 3 mm.
© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

Symptomatic dermographism (SD) is characterized by wheals
that appear on the skin after pressure or trauma. The term’s
literal meaning is ‘‘writing on the skin’’. Dermographism is
observed in approximately 2-5% of the population. The most
common form of chronic inducible urticaria (CIndU) is SD
(dermographic urticaria, urticaria factitia), characterized
by linear wheals with accompanying itching or sometimes
burning and stinging sensations upon mild scratching or
rubbing of the skin.'™* A provocation test using a dermo-
graphometer pen, the Fric test, or a blunt, smooth object
like the tip of a ballpoint pen or wooden spatula confirms
a diagnosis of SD based on the patient’s history. The volar
forearm or upper back skin is drawn with a blunt object for
provocation, and the presence of wheals accompanied by
itching, burning, and stinging sensations after ten minutes
is positive.’

The urticaria activity score (UAS) is used to assess
the severity of chronic urticaria based on the number of
wheals and intensity of itching over the past week.® The
urticaria control test (UCT) assesses disease control in
chronic urticaria patients over the last four weeks, focus-
ing on symptoms, symptom control, impact on quality of
life, and treatment effectiveness.” The Chronic Urticaria-
Specific Quality of Life (CU-QoL) assesses chronic urticaria’s
physical, daily, and psychosocial impacts over the past
two weeks.® The Dermatology Life Quality Index (DLQI)
is a widely used, simple, and clear questionnaire that
determines the impact of skin diseases and treatments
on patients’ symptoms, emotions, daily activities, leisure,
work, school, and social interactions.’ Urticaria treatment
comprises two main elements: the avoidance of triggering
factors and medical treatment. Second-generation H1 anti-
histamines are the first-choice agents in pharmacological
treatment, with omalizumab and cyclosporine forming the
second and third stages of the disease control treatment
algorithm, respectively.’'0-"2

This study aims to assess the relationship between Fric
test responses, disease activity scores (UAS, UCT, and visual
analog scale (VAS), and quality of life scales (CU-QoL and
DLQl) in patients with SD. The authors investigated the
potential of the Fric Test as a tool to assess disease severity
and predict its impact on quality of life.

Methods

The local Ethics Committee approved the present study
(approval number: 2022-09/03, date: 20.09.2022). This
study included 71 patients with SD who were followed up
at the Hospital UCARE (Urticaria Centers of Reference and
Excellence) between October 2022 and March 2023. The
patients were using second-generation H1 antihistamines
and omalizumab.

The authors obtained an informed consent form from
all participants and informed them about the study. The
authors excluded patients under the age of eighteen, those
under immunosuppressive treatment, and those on systemic

steroids. The authors recorded the demographic information
of all participants.

The authors used UAS, UCT, and VAS to assess disease
severity and control. In this study, the authors also used DLQI
and CU-Qol to assess the impairment of quality of life (QoL).

Design and evaluation of the study based on Fric
test responses, urticaria activity score, urticaria
control test, and quality of life tools

FricTest® 4.0 (Moxie, Germany) was applied perpendicu-
lar to the skin of the back with a pressure such that all
pins (4.5 mm, 4 mm, 3.5 mm, and 3 mm) made complete
contact (Fig. 1). The authors applied the Fric test to the
back region of the patients in this study, both at baseline
and during the first month of treatment. The authors mea-
sured the widths of the wheals formed at the 10th minute
using a digital caliper within the four corners of the Fric
test (4.5 mm, 4 mm, 3.5 mm, and 3 mm) and recorded
them in centimeters. The authors calculated daily urticaria
activity scores (UAS) at baseline and during the first month
of treatment, summing the seven-day scores, to assess the
severity of urticarial activity. The authors also applied the
urticaria control test (UCT) at both baseline and the first
month of treatment to assess the severity of the disease
and the response to treatment.

Patients were asked to evaluate itching and burning com-
plaints on a 10-point scale 10 minutes after the application
of the Fric test in the first and 1-month examinations and
recorded as VAS scores (10 points indicate the most severe
itching and burning sensation, 0 points indicate no itching
and burning sensation). The authors also administered the
DLQI and the CU-QoL questionnaires at baseline and the
first month of treatment to assess the impact of urticarial
disease on daily activities, home, work, school life, social
relationships, sleep, nutrition, personal care, and psychoso-
cial status.

The authors analyzed correlations between the millime-
ter changes in Fric test responses from baseline to the first
month and the changes in UAS, UCT, CU-QoL, DLQI, and VAS
scores for the same period.

Statistical analysis

The authors entered the collected data from this study into
the SPSS software package (Version 22.0) for evaluation. The
authors assessed the normality of the continuous data dis-
tribution using the Kolmogorov-Smirnov test. The authors
provided mean, SD, median (min-max), frequency, and per-
centages for quantitative variables as descriptive statistics.
The authors used the Chi-Square test to compare categor-
ical ratios. The authors used the Mann-Whitney U test to
compare two independent groups and the Wilcoxon test to
compare two dependent groups. The Spearman correlation
test was applied. The authors set the level of significance
(p-value) at 0.05.
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Fig. 1 Fric test to determine dermographism. (A) Fric test
4.0. (B) Fric test applied perpendicular to the skin. (C) Wheals
at the 10th minute as a result of the Fric test.

Results

The demographic data of patients with SD is in Table 1.

There was a statistically significant decrease in Fric test
responses (4.5 mm, 4 mm, 3.5 mm, and 3 mm) from baseline
to the first month of treatment (p < 0.05). Additionally, there
was a statistically significant decrease in UAS, CU-QoL, DLQI,
and VAS scores from baseline to the first month of treatment
(p < 0.05). Furthermore, there was a statistically significant
increase in UCT scores from baseline to the first month of
treatment (p < 0.05) (Table 2, Figs. 2 and 3).

Table 1  Demographic data of patients with symptomatic
dermographism (n = 71).
Age, years
Min-max (Median) 18-75 (41)
Mean + SD 41.5 £ 15.0
BMI, kg/m?
Min-max (Median) 14.2-57.8 (26.4)
Mean + SD 27.4 + 6.6
Time of urticaria diagnosis (year)
Min-max (Median) 0.15-21.0 (4)
Mean + SD 5.8 £5.6
Gender
Male 18 (25.4%)
Female 53 (74.6%)
Working status
Not working 42 (59.16%)
Working 29 (40.84%)
Marital status
Married 52 (73.24%)
Single 19 (26.76%)

Education level
Primary Education
Secondary Education
Higher Education

Smoking status

32 (45.07%)
18 (25.35%)
21 (29.57%)

No 54 (76.05%)

Yes 17 (23.9%)
Drinking status

No 64 (90.14%)

Yes 7 (9.85%)

SD, Standard Deviation; BMI, Body Mass Index.
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Fig. 2 Changesin CU-QoL, UCT, UAS and DLQI during the treat-

ment process.

The Fric test 4.5 mm response was found to have a posi-
tive correlation with CU-QoL (r = 0.352, p = 0.003), UAS (r =
0.402, p = 0.001), and DLQI (r = 0.369, p = 0.002) from base-
line to the first month of treatment. The Fric test 4.5 mm
response was found to have a negative correlation with the
UCT score (r = -0.398, p = 0.001). No statistically signifi-
cant correlation was found between the Fric test 4.5 mm
response and the VAS score (r = 0.180, p = 0.142). The Fric
test 4 mm response was found to have a positive correla-
tion with CU-QoL (r = 0.312, p = 0.009), UAS (r = 0.341,
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Table 2 Comparisons of measurement parameters from
baseline to the first month of treatment.

Min-max (Median) p?
Mean £ SD

Baseline of CU-QoL 25-74 (38) <0.001
38.2 +£10.4

Month 1 of CU-QoL 12-42 (27)
29.4+7.1

Baseline of UCT 0-16 (8) <0.001
8.6 4.0

Month 1 of UCT 4-16 (12)
11.9 £ 2.7

Baseline of UAS 3-39 (21) <0.001
20.2 + 8.8

Month 1 of UAS 0-28 (9)
9.6 £6.8

Baseline of DLQI 0-21 (3) <0.001
3.9+ 3.4

Month 1 of DLQI 0-9 (1)
1.5+1.2

Baseline of Fric test 1.6-6.3 (3.2) <0.001

4.5 mm 3.4+1.0

Month 1 of Fric test 0-4.6 (2.2)

4.5 mm 2.2+0.9

Baseline of Fric test 1.2-5.6 (2.9) <0.001

4 mm 3.0+ 1.0

Month 1 of Fric test 0-4.2 (2)

4 mm 1.7 £1.1

Baseline of Fric test 0-4.7 (2.4) <0.001

3.5 mm 2.3+1.3

Month 1 of Fric test 0-4 (1.5)

3.5 mm 1.2+1.2

Baseline of Fric test 0-4.2 (1.5) <0.001

3 mm 1.4£1.5

Month 1 of Fric test 0-3.7 (0)

3 mm 0.6 + 1.1

Baseline of VAS mm 0-10 (4) <0.001
3.8+2.8

Month 1 of VAS 0-10 (1)
21+25

CU-QoL, Chronic Urticaria Quality of Life Questionnaire; UAS,
Urticaria Activity Score; UCT, Urticaria Control Test; DLQI, Der-
matology Life Quality Index; VAS, Visual Analog Scale.

@ The level of significance (p-value) was accepted as 0.05.

p = 0.004), and DLQI (r = 0.424, p < 0.001) from baseline to
the first month of treatment. The Fric test 4 mm response
was found to have a negative correlation with the UCT score
(r = -0.397, p = 0.001). No statistically significant correla-
tion was found between the Fric test 4 mm response and VAS
score (r =0.187, p = 0.130) (Table 3).

There was no statistically significant correlation between
Fric test 3.5 mm response with CU-QoL (r=0.097, p = 0.422),
UAS (r = 0.196, p = 0.102), DLQI (r = 0.255, p = 0.052),
UCT score (r = -0.194, p = 0.105), and VAS score (r = 0.010,
p = 0.936) from baseline to the first month of treatment.
Additionally, there was no statistically significant correla-
tion between the Fric test 3 mm response and CU-QoL (r =
0.233, p=0.052), UAS (r=0.228, p =0.058), DLQI (r=0.152,
p = 0.210), or VAS score (r = 0.083, p = 0.504) from baseline

4

Baseline Month 1

—e—Fric Test 4.5 mm response

~—Fric Test 4 mm response
Fric Test 3.5 mm response
Fric Test 3 mm response

Fig. 3 The change in responses of Fric test mm during the
treatment process.

Table 3 Correlation analysis of changes in Fric test
responses from baseline to the first month of treatment with
different measurements.

Baseline to month 1 differences R p?

Fric test 4.5 mm response baseline to month 1

CU-QoL 0.352 0.003
UucTt -0.398 0.001
UAS 0.402 0.001
DLQI 0.369 0.002
VAS 0.180 0.142
Fric test 4 mm response baseline to month 1

CU-QoL 0.312 0.009
UucTt .397 0.001
UAS 0.341 0.004
DLQI 0.424 <0.001
VAS 0.187 0.130

CU-QoL, Chronic Urticaria Quality of Life Questionnaire; UCT,
Urticaria Control Test; UAS, Urticaria Activity Score; DLQI, Der-
matology Life Quality Index; VAS, Visual Analog Scale.

@ The level of significance (p-value) was accepted as 0.05.

to the first month of treatment. There was only a statisti-
cally significant negative correlation between the Fric test
3 mm response and the UCT score (r = -0.344, p = 0.004)
(Table 3).

Discussion

SD is the most common subtype of chronic inducible
urticaria, significantly limiting patients’ daily functionality,
work and school performance, and quality of life due to its
psychosocial effects. For the diagnosis of SD, provocation
tools such as a dermographometer pen, the Fric test, or a
blunt-tipped, smooth object can be used. Schoepke et al.
found the Fric test 4.0 to be 100% sensitive and 100% spe-
cific in diagnosing SD."* The authors used the Fric test® 4.0
(Moxie, Germany) in the present study and recorded the
corresponding values for 4 different tips (4.5 mm, 4 mm,
3.5 mm, and 3 mm) in millimeters. The authors investigated
the correlation of these values with disease activity scores
and quality of life scales.
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In this study, the authors observed a significant posi-
tive correlation between the change in Fric test 4.5 mm
response from baseline to the first month of treatment and
changes in CU-QoL, UAS, and DLQI, and a significant neg-
ative correlation with the change in UCT. Similarly, the
change in Fric test 4 mm response from baseline to the
first month of treatment also showed a significant posi-
tive correlation with changes in CU-QoL, UAS, and DLQI, as
well as a significant negative correlation with UCT change.
However, the authors detected no significant relationship
between the change in Fric test 4.5 mm and 4 mm responses
from baseline to the first month of treatment and the VAS
score.

No significant correlation was found between the 3.5 mm
and 3 mm Fric test responses and changes in CU-QoL, UAS,
VAS, and DLQI. Also, no significant relationship was identi-
fied between the change in the 3.5 mm Fric test response
from baseline to the first month of treatment and the
change in UCT score. However, a significant negative corre-
lation was found between the change in the Fric test 3 mm
response from baseline to the first month of treatment and
the change in UCT score. Considering that an increase in
UCT scores indicates improved urticaria control, the nega-
tive correlation between UCT score changes and Fric test
responses is consistent with other findings in the present
study.

Based on these results, it can be inferred that test results
corresponding to 4.5 mm and 4 mm responses may provide
more accurate information in predicting changes in CU-QoL,
UCT, UAS, and DLQI, as well as in assessing disease activity
and its impact on quality of life, compared to the responses
for 3.5 mm and 3 mm ends.

Can et al. used the total Fric test score (TFS) in their
study, which involved 58 patients and included initial vis-
its and one-month follow-ups. In their study, changes in
TFS showed a moderate positive correlation with changes
in DLQI, and a significant negative correlation was found
between changes in TFS and the physician’s global assess-
ment of disease control. However, in the same study, while
the average changes in TFS showed a negative but non-
significant correlation with changes in UCT, no correlation
was found between changes in itching scores, the patient’s
global assessment of disease severity, and changes in TFS.
The authors measured the reaction sizes for the four dif-
ferent ends of the Fric test in millimeters in this study,
without using TFS; instead, the authors used the differences
in millimeter measurements for correlation analysis. In the
present study, the correlation of changes in the 4.5 mm and
4 mm ends of the Fric test from baseline to the first month
of treatment with DLQI supports each other. Furthermore,
the positive correlation of these changes with CU-QoL, UAS,
and DLQI and the significant negative correlation with UCT
indicate that the Total Fric Score’s sensitivity to reflecting
disease severity might be low. This suggests the need for
recording measurements in millimeters or developing a new
scoring method.™

In Ferreira et al.’s study comparing the quality of life of
patients with chronic urticaria (CU) with its psychometric
properties, CU-QoL was found to be highly correlated with
DLQI, successfully differentiating between different sever-
ities of redness and itching.” Although this study did not
directly examine the relationship between these two mea-

surement tools, it was observed that they correlate similarly
with changes in Fric test responses. Particularly, the change
in Fric test 4.5 mm and Fric test 4 mm responses from
baseline to the first month of follow-up were found to be
correlated with changes in DLQI and CU-QoL. This result sup-
ports the conclusion that the Fric 4.5 mm and 4 mm ends are
more sensitive in patient follow-up.

Can and Kocaturk’s study included patients with SD. The
study validated treatment responses with increased UCT
scores, physicians’ global assessments of disease control,
decreased DLQI scores, and patients’s global assessments
of disease severity. Omalizumab treatment was adminis-
tered to 18 patients in the study, and by the 24" week,
the total response rates of patients had increased to 86%.
Over time, UCT scores significantly increased, and VAS scores
decreased.'®

Limitations

A limitation of this study is that it includes results from a
small sample size, and larger-scale clinical trials are needed.
Future studies assessing Fric test results more comprehen-
sively could help us better understand patients’ treatment
responses and personalize treatment plans.

Conclusion

In conclusion, the present study identified significant rela-
tionships between changes in Fric test results and changes in
CU-QoL, UCT Score, UAS, and DLQI. In particular, test results
corresponding to the 4.5 mm and 4 mm ends of the Fric test
were found to be more sensitive in detecting changes in CU-
QoL, UCT, UAS, and DLQI compared to responses from the
3.5 mm and 3 mm ends. There is a correlation between
the Fric test results, particularly the 4.5 mm and 4 mm
ends, and other clinical assessment measurements. This
suggests that the Fric test could be a useful tool for assess-
ing disease severity and predicting its impact on quality of
life.
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Abstract

Background: Xeroderma pigmentosum (XP) is an autosomal recessive genetic disorder charac-
terized by a defect in the nucleotide excision repair (NER) pathway, responsible for repairing
DNA damage induced by ultraviolet rays. The most common symptom in affected patients is
an increased photosensitivity associated with early development of cutaneous and internal
malignancies.

Objective: To describe whether the follow-up of xeroderma pigmentosum patients using total
body mapping (TBM) with digital dermoscopy (DD) and in vivo reflectance confocal microscopy
(RCM) increases early detection of melanoma and reduces unnecessary biopsies of benign
melanocytic lesions.

Methods: Twelve XP patients were followed-up with TBM and DD from February 2008 until
March 2020. The number of melanocytic lesions excised (NNE) was counted before and after
the surveillance with TBM, DD, and RCM.

Results: In the 12-year surveillance period, twelve XP patients were followed-up with TBM,
DD, and RCM. The proportion of thinner and in situ melanomas diagnosed increased after the
implementation of TBM and DD in the follow-up of this group (from 67% to 82%). The association
of technologies caused a reduction in the NNE from 4.02 to 2.88 and promoted early detection
of melanoma.

Study limitations: Maintaining regular follow-up with some XP patients can be challenging due
to comorbidities and social issues. Although XP is a rare disease, this represents an especially
small number of cases.
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Conclusion: XP patients are generally submitted to multiple surgical excisions, with high mor-
bidity. Based on this experience, TBM, DD and RCM have improved the early detection of
melanoma and reduced the NNE with a positive impact on health and quality of life.

© 2025 Published by Elsevier Espana, 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/

by/4.0/).

Introduction

Xeroderma pigmentosum (XP) is an autosomal recessive
genetic disorder characterized by a defect in the nucleotide
excision repair (NER) pathway. The NER pathway is respon-
sible for repairing DNA damage induced by ultraviolet,
thus the most common symptom in affected patients is an
increased photosensitivity associated with early develop-
ment of cutaneous and internal malignancies.’

The disease is comprised of eight complementation
groups (A to G) with defects in different steps of the NER
pathway, and an XP variant V (XP-V), which has normal repair
of photoproducts but defective DNA polymerase n (pol n)."
Multiple skin cancers are more common in XP-C, XP-E, and
XP-V groups.? The incidence of XP varies among different
countries in the world: in Japan, the incidence is 1 in 20,000
to 40,000 live births, while in the United States and Europe
is 1 in 250,000 to 1,000,000 live births.3

The clinical manifestations of XP are predominantly cuta-
neous and ocular, but neurologic findings are reported in a
few cases.’ The photosensitivity is the first skin manifesta-
tion and occurs in 50% of the patients. It is characterized by
exaggerated sunburn (with blisters and prolonged erythema)
with minimal UV exposure.” Freckling is usually seen within
the first two years of age.' Hyperpigmented and hypopig-
mented macules, telangiectasias and premature photoaging
are also seen in childhood.

Early diagnosis and sun protection measures are crucial
for the survival of XP patients. Individuals who are less than
20 years old have a 10,000-fold increased risk of develop-
ing non-melanoma skin cancers and a 2,000-fold increased
risk of melanoma (MM) when compared to the general pop-
ulation. The median age of the onset of non-melanoma skin
cancer is at 9 years and for the first melanoma is 22 years.'

It has been reported that dermoscopy significantly
increases the sensitivity and specificity of the diagnosis of
melanoma compared with naked-eye examination.’® How-
ever, in XP patients with a high number of actinic lesions
(solar lentigos, lentigines and solar elastosis), the early
recognition of malignancies can be challenging.®

With the goal to improve follow-up for patients with XP,
few reports showed that digital dermoscopy could be useful.
Salerni et al suggested that the use of baseline and follow-up
photographs of the skin (total-body photography) combined
with digital dermoscopy increases the diagnostic accuracy
of malignant melanoma in high-risk patients, including those
with genodermatoses like XP. In that cohort, more than 600
patients were evaluated, although only 3 were XP.” In 2005,
Malvehy et al. described the dermoscopy of skin lesions in
two XP patients, and in 2009 Green et al. reported the
follow-up of a 39 y.0. woman with XP using total-body exam-
ination and photography and, dermoscopy.®?

In vivo reflectance confocal microscopy (RCM), a noninva-
sive imaging technique with cellular resolution, enables the
early detection of melanoma with a lower rate of excisions.’
It has already been proved that RCM improves the diagnos-
tic accuracy in skin cancer detection when combined with
dermoscopy, especially for difficult-to-diagnose lesions.’ "2
In 2019, Rocha et al first published the use of RCM on dermo-
scopic suspicious lesions, improving the diagnostic accuracy
of malignancy in XP patients."?

Here the authors describe the experience in the follow-
up of twelve XP patients at the Department of Cutaneous
Oncology of the AC Camargo Cancer Center, Sao Paulo, SP,
Brazil based on total-body photography associated with dig-
ital dermoscopy and the use of RCM as a complementary
exam to avoid unnecessary excisions.

Objective

To describe whether the follow-up of xeroderma pig-
mentosum patients using total body mapping (TBM) with
digital dermoscopy (DD) and in vivo reflectance confocal
microscopy (RCM) increases early detection of melanoma
and reduces unnecessary biopsies of benign melanocytic
lesions.

Methods

Twelve XP patients were retrospectively retrieved from the
Department of Cutaneous Oncology of the AC Camargo Can-
cer Center, Sao Paulo, SP, Brazil. They had been followed up
with total-body photography and digital dermoscopy from
February 2008 until March 2020. The study was approved
by the AC Camargo Cancer Center Ethics Committee (CEP
1524/11). These patients were also referred to a multidisci-
plinary team of oncology surgeons, oncogenetic evaluation
and ophthalmologic evaluation if necessary (Fig. 1).

The follow-up was performed every 6 months during regu-
lar dermatology clinics. The dermatological visits comprised
complete dermatological examination using a manual der-
matoscope (DermLite® DermlLite LCC, California) as well
as Total-Body photography and digital dermoscopy using
Fotofinder® (Fotofinder Systems GmbH, Germany).

In a first step, previous and current total-body images
were compared, and changes in color, shape, and size of
pigmented lesions were evaluated, and the search for new
lesions was performed. The second step consisted of the
evaluation of digital dermoscopy images; the melanocytic
lesions previously recorded were compared to the cur-
rent images, and new observed lesions were included.
Pre-existing lesions or new lesions that showed asymme-
try, multiple colors and at least one of the dermoscopy
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Figure 1

suspicious features associated with MM by dermoscopic pat-
tern analysis were included. In lesions under surveillance,
increasing in size, changes in color and appearance of the
following dermoscopy features were considered suspicious:
peppering or multiple brown or dark globules with irregular
shape or distribution, prominent pigment network, blotches,
and structureless areas. The melanocytic lesions included
in the digital dermoscopy records that presented atypical
dermoscopic features but no changes from the previous
images were entitled to follow-up. New lesions with atypical
features and the ones with subtle changes were consid-
ered suspicious and referred to RCM, while melanocytic
lesions with specific dermoscopic features of melanoma
were excised (as described in Pattern Analysis).'* All the
steps were performed by certified dermatologists, without
the use of the Fotofinder® artificial intelligence-based sys-
tem.

RCM examination was performed by an experienced
dermatologist using the Vivascope 1500® confocal micro-
scope (Lucid-Tech, Rochester, New York, USA). The RCM
evaluation was based on features previously described for
melanocytic lesions in the general population following the
Brazilian Portuguese consensus terminology and translated
to English for publication purposes.®'® The RCM confocal
criteria indicative of melanoma suspicion included the pres-
ence of disarranged epidermal pattern and pagetoid cells
in the epidermis, non-edged papillae, cellular atypia at the
dermoepidermal junction, atypical nests, and bright nucle-
ated cells in the upper dermis.® '

The number needed to excise (NNE) was calculated by
dividing the total number of excised melanocytic lesions by
the total number of melanomas, regardless of whether they
underwent RCM evaluation or not.

Results

During the 12years of surveillance, total-body photography
and digital dermoscopy were performed with a median of 6

\

Manual dermoscopy

RCM of doubtful
lesions

N

Suspicious

Total Body Photography
and Digital Dermoscopy

Benign

Follow-up

Fluxogram of the xeroderma pigmentosum patients.

exams per patient (range: 2-13). Three of the 12 patients
have done only two total-body photographs and digital der-
moscopies during the follow-up.

Five patients had their molecular mutation identified:
three females in DNA repair gen XP-C (C.2251-1G>C),
one female in XP-C (C.2251-1G>C and nonsense muta-
tion c.1969G>T) and one male in XP-V (C.1221-1224del;
T408LfsX36) (Table 1).

Among the 12 XP patients, 6 (50%) were female and 2
were from the same family (sister and brother). The mean
age at the first exam with total-body photography and digital
dermoscopy was 27 y.o. (range: 7-54y.0.). The youngest and
the oldest patients who underwent digital dermoscopy were
7 and 54 y.o., respectively.

In the present data, all patients developed skin cancer
before 11 y.o.; the youngest one developed a basal cell car-
cinoma (BCC) at 4 years of age while her first melanoma was
diagnosed at 15 y.o.. The youngest patient with melanoma
diagnosed during the follow-up was a 7 y.o. male.

Eleven patients had a previous history of surgical removal
of squamous cell carcinoma (SCC) (n = 33) and/or basal
cell carcinomas (n = 254) and eight patients of melanoma
(n = 88) before the first total-body photography and
digital dermoscopy. Fifty-eight (67%) of all excised malig-
nant melanomas were in situ, 24 (28%) were classified
as thin melanoma (Breslow < 1 mm) and 4 (5%) were
thick melanoma (Breslow > 1 mm). The most frequent
histopathological subtype found was superficial spreading
melanoma and the highest Breslow thickness was 1.55 mm.
The melanomas were predominantly localized on the trunk
(n = 33), followed by upper limbs (n = 24), lower limbs
(n = 22) and head and neck (n = 8) (Table 1).

During the follow-up, based on total-body photography
and digital dermoscopy 187 BCC, 51 SCC and 68 MM were
excised. Among the excised melanomas, 56 (82%) were in
situ, 9 (13%) with Breslow <1 mm, one with Breslow 1.8 mm,
one with Breslow 8 mm (desmoplastic subtype), and the
other was a primary dermal melanoma. No melanoma metas-
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Table 1 Melanoma diagnosis and mutation profile.

Patient Age at MM in situ MM < 1 mm MM > 1 mm Total of Mutation

first DD melanoma
Before After DD  Before After DD  Before After DD
DD DD DD

1 26 0 2 0 0 0 0 2 XP-C
(C.2251-1G>C)

2 18 1 23 2 4 1 0 31 XP-C
(C.2251-1G>C and
nonsense mutation
c.1969G>T

3 54 2 1 3 1 0 1 8 XP-V
(C.1221-1224del;
T408LfsX36

4 41 4 9 0 0 0 0 13 NT

5 13 0 4 0 1 0 0 XP-C
(C.2251-1G>C)

6 7 0 0 0 0 0 0 NT

7 41 8 7 0 2 1 1 19 NT

8 8 2 3 0 0 0 1 6 NT

9 27 2 0 1 0 1 0 4 NT

10 9 0 0 0 0 0 0 0 NT

11 37 6 2 4 0 0 0 12 XP-C
(C.2251-1G>C)

12 39 33 5 14 1 1 0 54 NT

Total 58 56 24 9 4 3 154

DD, Digital Dermoscopy; MM, Melanoma; NT, Not Tested.

tases were seen. Before the follow-up period 67% (n = 58)
of all melanomas excised were in situ and after, the value
increased to 82% (n = 56).

The dermoscopy features found on invasive melanomas
were: atypical, pigmented network (90%), blotches (40%),
irregular globules (30%), blue-whitish veil (30%), dotted ves-
sels (30%), polymorphic vessels (20%), structureless areas
(10%), shiny-white streaks (10 %) and milky-red areas (10%)
(Table 1; Figs. 2-6).

During the XP patient surveillance, lesions with small
changes in dermoscopy and the new ones showing atyp-
ical patterns without melanoma features were evaluated
under RCM. The features described for melanoma in the
general population were applied. Disarranged pattern and
the presence of dendritic nucleated cells at the spinous-
granular layer, areas with non-edged papillae and dermis
with atypical meshwork were the most common features in
malignant lesions in the patients (Fig. 7). A total of 48 lesions
were evaluated under RCM. Of these, 23 were excised, while
the remaining lesions were kept under surveillance. Among
the excised lesions, 16 (69%) were malignant, including 14
melanomas, 1 BCC and 1 SCC. Histological analysis of the
7 benign lesions revealed 5 cases of atypical intradermal
melanocytic hyperplasia and 2 dysplastic junctional nevi.

Over the 12-year follow-up period, a total of 503 lesions
were excised, 197 of which were benign. Among these
benign lesions, 128 were melanocytic, while 69 were non-
melanocytic, including seborrheic keratosis and actinic
keratosis. In the current study, the NNE found was 2,88.
However, when the patients were evaluated using RCM, a

significant improvement was observed, reducing the NNE to
1.64.

Discussion

Xeroderma pigmentosum is a rare genetic inherited disorder
caused by a defect in UV-induced DNA repair (nucleotide
excision repair or translesion synthesis).’> Mutations in
eight different genes have already been identified in XP
patients, from which seven (XPA-XPG) are associated with
a defect in nucleotide excision repair and one (XP-V) which
codes a defective DNA polimerase n.'®'” Therefore, photo-
protection is the only imperative measure to avoid the
development of sunburn and skin cancers.

XP-C, XP-E and XP-V groups are characterized by nor-
mal sunburn reactions. In XP-C patients, the first symptoms
are photo-distributed lentigines around the age of 2 y.o.
Due to the absence of exacerbated sunburns, they generally
have a later age diagnosis and thus accumulate more photo-
damage, leading to an earlier age of first skin cancer.'®?
Among the four XP-C patients in the present study, the ear-
liest skin cancer diagnosed was at the age of 4 y.o.

XP-V patients tend to be diagnosed much later, with
patients living two decades or more without symptoms. Con-
sequently, they accumulate more UVR-induced mutations
and can develop hundreds of skin tumors later in life.? The
XP-V patient in the data developed his first carcinoma and
melanoma at the ages of 24 y.o. and 43 y.o, respectively.
This is the oldest patient, aged 60 and who has already
had removed five melanomas and ninety-three carcinomas.
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Figure 2 Dermoscopy patterns of benign and malignant melanocytic lesions observed in a XP patient. (A) Clinical aspect of a
skin torso showing multiple freckles and pigmented lesions. (B and C) Dermoscopy of pigmented lesions with lentiginous reticular
homogeneous pattern. (D) Dermoscopy of a melanoma in situ showing atypical, pigmented network, structureless area (arrow),
hyperpigmented excentric area (blotch) with granularity (square).

N

Figure 3 Melanoma in a XP patient. (A and B) Melanoma in situ: Dermoscopy showing hyperpigmented structureless areas at the
periphery of the lesions and shiny-white streaks in the center (arrows). (C) Melanoma in situ: Hypopigmented structureless lesion
showing atypical and dotted vessels in a milky red area (rectangle). (D) Superficial spreading melanoma, Breslow 0.4 mm showing
shiny-white structures (arrow) and dotted vessels (rectangle).
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Figure 5

Melanoma in situ: (A) Dermoscopy showing atypical network (square), rhomboidal structure (circle) and angulated lines

(triangle)(B) Desmoplastic melanoma: ulceration (rectangle), hyperkeratosis (star) and hyperpigmented excentric area (circle).

Figure 6
blotch (star).

This data is similar to the literature about XP-V, in which
symptoms occur later, and the patients have a longer life
expectancy than the other groups."

The skin of these patients was characterized by the pres-
ence of a great number of solar lentigines and poikiloderma
on sun-exposed areas. This phenotype adds a challenge to
the early diagnosis of skin cancers, even for an experienced
dermatologist, either because of the presence of an exten-
sive number of lesions with delicate pigment network from
lentigines as well as the telangiectasia due to poikiloderma
that can mimic the arborizing vessels described in BCC.°

(A) Melanoma in situ on the right leg in a 15-year-old girl. (B) Dermoscopy showing shiny-white streaks (arrow) and

Regarding melanocytic lesions, the majority of patients
presented lentiginous lesions and the absence of common
acquired (junctional, compound, dermal) and congenital
nevi. These findings were similar to the study by Malvehy et
al., which described phenotypic aspects from two siblings
with XP.¢ Massaki et al. compared melanocytic lesions from
XP and non-XP patients and showed histological differences:
XP nevi are characterized by a lentiginous proliferation of
single unit or small nests of melanocytes along the dermal-
epidermal junction and often show attenuation of rete
ridges, in contrast to the junctional nevi seen in general pop-
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Figure 7

Melanoma in situ on the back in a 40-year-old man. (A) Clinical image: pigmented lesion on a photodamage skin

(black arrow). (B) Dermoscopy: atypical dots and globules (square), peppering (star), structureless area (arrow). (C) Reflectance
Confocal Microscopy (RCM); individual image (0.5 x 0.5 mm) of the spinous-granular layer. Disarranged pattern, presence of dendritic
nucleated cells (white arrow). (D) RCM individual image (0.5 x 0.5 mm) of the dermoepidermal Junction (DEJ) area showing
ringed pattern (center). (E) RCM at the DEJ individual image (0.5 x 0.5 mm) at the dermis showing atypical meshwork and non-
edged papillae. (F) Histopathology: nested atypical melanocytes growing along dermoepidermal junction with pagetoid spread,
involvement of adnexal structures and absence of dermal invasion. These microscopic features allow to confirm the diagnosis of

Melanoma in situ (hematoxylin and eosin, 200x).

ulation which show elongated rete ridges with small nests
of melanocytes along the tips and sides of the rete ridges.'®
This explains the dermoscopy pattern that the authors found
in the follow-up during these years.

The most common dermoscopy feature observed in inva-
sive melanomas was an atypical pigmented network, which
was seen in 90% of cases. The blue-white veil was seen in
30% of cases, and shiny-white lines, described as associated
with invasive melanoma by Lallas et al. and Silva et al. were
observed in 10% of invasive melanomas.?®?” More recently,

Polesie et al. observed that shiny-white lines and atypical
blue-white structures were both associated with a Breslow
thickness >1 mm.?® In the present findings, unlike what is
reported in the literature, shiny-white lines were frequently
observed in melanoma in situ, while blue-white structures
were only associated with Breslow greater than 1 mm.
Total-body photography and digital dermoscopy were
shown to improve the surveillance of high-risk groups by pro-
viding the benefit of not overlooking featureless melanoma
and reducing the unnecessary excision of benign lesions.®
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In addition, in XP patients, sun-damaged skin and high den-
sity of light to dark brown pigmented lesions, dermoscopy
allows for the discrimination between the delicate pig-
ment network of the multiple actinic lentigo from the
true pigment network characteristic of melanocytic lesions.
The digital follow-up in 3-, 6- or 12-months intervals that
had already been proved to be effective for other high-
risk groups, and in our opinion, is also effective in XP
patients. Previous descriptions regarding the follow-up of
XP patients using digital dermoscopy have already been pub-
lished, although all of them have involved a small nhumber
of studied patients.®=%1322

In an attempt to improve the diagnostic accuracy in
skin cancer detection, even for difficult-to-diagnose lesions
and to avoid unnecessary excisions, RCM was performed in
association with digital dermoscopy. During the XP patient
surveillance, lesions with small changes in dermoscopy and
the new ones showing atypical patterns without melanoma
features were evaluated under RCM. The features described
for melanoma in the general population were applied.” %%

The present study showed an improvement in diagnos-
ing melanoma at earlier stages after the implementation
of total body mapping, digital dermoscopy, and reflectance
confocal microscopy in the XP patients (from 67% to 82%
of melanomas in situ). The association of this cellular res-
olution technology as a complementary exam in doubtful
lesions allowed for earlier melanoma diagnosis and avoided
unnecessary excisions. Recently, Rocha et al showed 85.7%
sensitivity and 46.8% specificity for melanoma diagnosis in
XP patients using RCM."? This result validates the need for
close and specialized follow-up of these high-risk patients
by a specialized center with the aim of reducing the risk of
advanced disease and mortality.

The NNE is an effective method to measure the accu-
racy in melanoma detection and has decreased significantly
over time in specialized clinics dedicated to skin cancer
because of the routine use of diagnostic techniques such as
digital dermoscopy and reflectance confocal microscopy.?®?'
Argenziano et al showed in a 10-year multicenter survey
an improvement from 12.8 to 6.8 in the NNE with the
use of digital dermoscopy in the evaluation of melanocytic
lesions.”” More recently, RCM has demonstrated to be able
to reduce the number of excised lesions, reaching numbers
close to 3-6.2%* Despite the challenges of the follow-up
in XP patients, this study found an NNE of 2.88, similar to
the 2.87 previously published by Alarcon et al. using RCM
and dermoscopy in general and XP patients.'? Prior to the
adoption of digital dermoscopy and RCM, the NNE was 4.02,
indicating a 28% improvement.

XP patients are generally submitted to multiple surgical
excisions from an early age, with high morbidity. The com-
bined use of total-body photography, digital dermoscopy and
RCM has great potential to promote the early diagnosis of
cutaneous malignancies and avoid unnecessary excisions in
an attempt to enhance the prognosis and quality of life of
XP patients.
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Abstract

KEYWORDS Background: The understanding of chronic spontaneous urticaria pathogenesis has been increas-
Chronic urticarial; ing recently. The central role of mast cells is being reinforced, but multiple cells, pathways,
Chronic and mediators are involved in a complex interrelationship. Modern therapies for its manage-
urticaria/ therapy; ment reflect the need to encompass different mechanisms and promise to alter the course of
Chronic urticaria and the long journey of those with refractory disease. Continuous updating of these
urticaria/pathology; aspects is necessary to optimize patient care.

Immunobiologicals; Objectives: To review concepts and advances in the pathogenesis of chronic spontaneous
Sm?}“ n:10lecules; urticaria, in addition to contextualizing promising drug options for its management.

Urticaria Method: A narrative review was conducted between 1977 and 2024, including relevant articles

published in the scientific literature, indexed in the PubMed system.

Results: A total of 25,732 articles were found. Inclusion criteria were determined by the
authors’ decision regarding their level of importance for furthering knowledge in the areas of
pathogenesis and treatment of chronic spontaneous urticaria, with preference given to meta-
analyses, systematic reviews, and randomized trials. Regarding therapeutics, 138 articles from
the last 15 years were prioritized, in addition to records on ClinicalTrials.gov, and the drugs
could be in the clinical trial phase. Immunobiologicals and small molecules hold promise for
future treatment regimens for chronic spontaneous urticaria.

* Study conducted at the Centro Universitario Faculdade de Medicina do ABC, Santo André, SP, Brazil.
* Corresponding author.
E-mail: prcriado@uol.com.br (P.R. Criado).
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Study limitations: Narrative reviews do not provide statistical value to the results and outcomes
studied.

Conclusion: A review of the pathogenesis of chronic spontaneous urticaria was conducted,
contextualizing these aspects with promising drug options for its treatment, particularly
immunobiologicals and small molecules.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Urticaria is a cutaneous inflammatory process of varying
intensity in which mast cell degranulation initially leads to
vasodilation, increased capillary permeability, and dermal
edema (hives), accompanied or not by subcutaneous and/or
submucosal edema (angioedema).’-?

Mast cell degranulation results from several factors
associated with cell receptors, physical stimuli, chemi-
cal stimuli, or those linked to immunity (innate and/or

adaptive), which promote, within minutes, the release
of preformed mediators (stored within intracytoplasmic
granules). Newly formed mediators (lipid derivatives and
cytokines/chemokines) are released minutes to hours after
stimulation of these cells (Fig. 1 and Tables 1-3).% In gen-
eral, infections/infestations, foods, and medications are the
main causes of acute urticaria.

The main mediator responsible for the initial events of
urticaria is histamine, which binds to H1 and H2 recep-
tors on the vascular endothelium, determining the effects

. CDA0L
OX40L

~J TLR2,4,5,6‘

ETR

CXCR1-4

CCR1-3

MR

SHTR

il MRGPRX2

ry

o IL-5Ra IL-6R VEGFRF

Cys-LT S1PR, CB1 CB2

cyRIl ’

Receptors
involved

in mast cell
activation

NS
INF-y-Ra ' '\
2 Fey
Tie2
uPAR
ACE2

c-KIT
FceR!

FceRI
FcyRllb

’ LIRs: ‘
LAIRs ‘
SIRPs ‘

_— 4

CD200R
CD300a
PDL-1,2 Receptors
EP-2 r involved
EP- in mast
Siglec-8 cell

Siglec-6

ifhibition

Figure 1

Mast cells and their receptors that stimulate activation, degranulation via IgE-dependent and non-IgE-dependent path-

ways, synthesis of newly formed mediators, and receptors that suppress mast cell activation. Top left, a still-intact mast cell in the
non-urticaria skin of a patient with hives, under transmission electron microscopy (x 10,000 magnification). T, Tryptase; C, Chymase.
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Table 1 Main receptors, ligands and mediators that promote mast cell activation.

Receptors and Type of Mediators

Name

Functions/Actions

Immunoglobulin superfamily
receptors

G protein-coupled receptors

FceRI

FcyRINI
Mas-related G
protein-coupled
receptor X2
(MRGPRX2)

Histamine
receptors H1, H2
and H4 (H1R, H2R
and H4R)

Adenosine
receptor (A3R)

Cystil-Leukotriene
Receptors

Protease-activated
receptor (PAR)
types 2 (PAR2) and
4 (PAR4)
Corticotropin-
releasing factor
(CRF) receptor

Expressed on mast cells and basophils as a tetramer composed of subunits («fvy2), the a
subunit responsible for binding the FceRI receptor to IgE, the B subunit for regulating
receptor expression and signaling, and the vy subunit responsible for signal transduction.
FceRlI circulates free in the blood, either in a soluble form (sFceRI) or bound to IgE. IgE
binds to FceRI with high affinity (Kd ~10-9 to 10-10), and the dissociation half-life of IgE
from FceRl is very slow, on the order of weeks. Due to IgE’s high affinity for the receptor
and slow dissociation, there is long-lasting sensitization of mast cells exposed to
specific antigens.

When activated by IgG1, in mice, it promotes anaphylaxis

Expressed predominantly in mast cells of the skin, peripheral neurons, basophils, and
eosinophils. Activated by eosinophil major basic protein (MBP) and eosinophil cationic
protein, fluoroquinolone antibiotics, opioids, neuromuscular blockers, human
B-defensin 2 (hBD2), cathelicidin (LL-37), neuropeptides (such as substance P),
Calcitonin Gene-Related Peptide (CGRP), Vasoactive Intestinal Substance (VIP),
Staphylococcus aureus §-toxin, hormone receptor modulators, phenothiazines,
corticostatin-14, icatibant, cetrorelix, leuprolide, octreotide, sermorelin, atracurium,
tubocurarine, rocuronium, and herbal medicines.

The binding of histamine to its H1R on mast cells stimulates the release of more
histamine and other mediators, increasing the expression of cell adhesion molecules
and chemotaxis of eosinophils and neutrophils, in addition to increasing antigen
presentation capacity and costimulatory activity in B cells, and suppressing IgE
production. Histamine binding to the H2R inhibits mast cell chemotaxis, as well as that
of eosinophils and neutrophils, suppressing Th2 responses. Stimulation of the H4R leads
to increased intracellular calcium influx, mast cell degranulation, and the release of
cytokines, cysteinyl leukotrienes, and leukotriene B4 (LTB4). It is also relevant to the
histaminergic pathways of cutaneous sensory nerve endings that conduct pruritus.
Adenosine receptors differ in the type of G protein they recruit, their effect on adenylyl
cyclase (AC) activity, and the downstream signaling pathway they trigger. Adenosine can
both increase and inhibit mast cell degranulation, indicating that its effects on these
receptors are controversial and still need to be clarified. Depending on the study
model, A1, A2b, and A3 receptors demonstrate anti- or pro-inflammatory activity.
Cysteinyl leukotrienes (CysLTs), released from mast cells, are important mediators of
allergy. Type 1 receptors for CysLTs (CysLT1Rs) are involved in accelerating IgE-mediated
MC activation.

PAR2: can be activated by proteases (chymase, tryptase)

PAR4: activated by thrombin.
CRF1 receptor: induces the release of VEGF. They are co-receptors of VEGFR-2.
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Table 1 (Continued)

Receptors and Type of Mediators

Name

Functions/Actions

Activated complement receptors

Maturation, differentiation, and
activation receptor (type Il
receptor of tyrosine kinase)

Neuropilin Receptors

Tyrosine kinase receptors for
angiopoietin

Neurokinin Receptor

Pattern Recognition Molecular
Receptors (PAMPs and DAMPs)

Major histocompatibility antigen

Sphingosine-1phosphate receptors

Glycosylphosphatidylinositol
(GPI)-anchored cell surface
receptor

Receptors of Interleukins and Other
Cytokines

Calcium sensor
(Cas)

Serotonin receptor
(5-HTR)
Acetylcholine
receptor
(Muscarinic M)
Chemokine
receptors: CCR 1-3
and CXCR1-4
Endothelin
receptor (ETa )
C3aR

C5aR

c-Kit (CD117)

Receptors NRP 1
and 2
Tie 1 and Tie 2

NK1
TLR 1,2, 3,4, 5,
6,7,8,9e10

MHCII
S1PR;
CD48

IL-33

Increases mast cell activity.
Amplifies mast cell activation

Its binding to acetylcholine evokes mast cell degranulation.

The CCR3 receptor has high affinity for eotaxin-1/CCL-11, eotaxin-2/CCL-24, and
eotaxin-3/CCl-26 and mediates mast cell migration

Via this receptor, endothelin-1 determines mast cell degranulation and can induce the
production of TNF-a and IL-6.

Activates mast cells, amplifying degranulation

Activates mast cells, amplifying degranulation

Its ligand targets Stem Cell Factor (SCF), for which it has high affinity (Kd —200 pM),
causing receptor dimerization and phosphorylation of tyrosine residues. It is expressed
in mast cells, hematopoietic and non-hematopoietic cells (such as melanocytes and
interstitial cells of Cajal), and some tumors. In mast cells, it is expressed from their
progenitors until their differentiation and maturation, and their development and
survival depend on its activation by SCF, mediated intracellularly by the PI3K pathway,
causing degranulation in response to allergens and cytokine production.

Relevant in angiogenesis

Its ligand is angiopoietin, which, together with VEGFs, is important for the proliferation,
migration and survival of endothelial cells, including the formation of lymphatic vessels.
This receptor is expressed when the mast cell is stimulated by IL4 or SCF.

Recognition of bacteria and fungi in particular, as well as peptides such as
Gram-negative lipopolysaccharides (LPS), which can reach the bloodstream due to
dysbiosis of the intestinal microbiome. Viral receptors (TLRs 3, 5, 7, and 9) are
intracytoplasmic.

HLA-DR

Upregulates both allergen-induced degranulation and chemokine secretion

Expressed on mast cells, eosinophils, and nearly all hematopoietic cells, including
basophils, it is regulated by bacterial and viral products and immune-associated
proteins. It is important as a costimulatory molecule in lymphocyte activation,
facilitating cell adhesion and innate responses to bacteria (such as S. aureus and its
exotoxins). Its soluble form (sCD48) is elevated in lymphoproliferative diseases,
Sjogren’s syndrome, and asthma compared to healthy individuals.

ST2 receptor: its ligand, IL-33, is a member of the IL-1 superfamily, initiating and
amplifying the responses of type (2) innate lymphoid cells by stimulating the synthesis
of IL-5 and IL-13 by these cells. IL-33 is also synthesized by mast cells after
IgE-mediated activation and acts autocrinely on the mast cells themselves, stimulating
them. IL-33 produced by the bronchial epithelium stimulates mast cells to produce
IL-18 and IL-6, inducing the differentiation of ThO lymphocytes into the Th17 phenotype
after challenge with ovalbumin (OVA).
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Table 1 (Continued)

Receptors and Type of Mediators Name Functions/Actions

IL-4 IL-4 Ra (type |) and IL-4Ra coupled to IL-13Ra2 (type Il): when IL-4 binds to these
receptors, it decreases mast cell proliferation, increases the expression of ICAM-1
(Intercellular Adhesion Molecule-1) and reduces the expression of c-Kit, but in synergy
with SCF, IL-4 promotes mast cell proliferation and directs the production of cytokines
in the IgE-dependent pattern.

IL-5 IL-5Ra: activates mast cells, but is crucial for stimulating eosinophils, prolonging their
survival, activation, adhesion to endothelial cells, differentiation and maturation, in
addition to promoting the interaction between mast cells and eosinophils

IL-6 IL6R: activated by IL-6, also synthesized by mast cells and innate immunity

Vascular VEGF1R and VEGF2R: Mast cells can express receptors for VEGF, which they produce.

Prostaglandin D2 Receptor

Costimulatory molecules

Angiotensin-converting enzyme type
2 receptor

endothelial growth
factor (VEGF)
types 1 and 2
Interferon gamma
receptor

Thymic Stromal
Lymphopoietin
(TSLP)

CRTH2 or DP2

CD40L (CD154)

OX40L (CD134L)

ACE2

INFy-Ra: INFgamma can determine mast cell apoptosis.

TSLPR: is a heterodimer composed of the «-chain and a-chain of IL-7R, and is the target
of TSLP, produced primarily by epithelial and endothelial cells, which causes
differentiation and proliferation of mast cells. It also induces the production of
chemokines and the synthesis of Th2-type cytokines.

PGD2 is the main metabolite derived from arachidonic acid, released by IgE-activated
mast cells. CRTH2 or DP2 is present intracellularly in mast cells and on the membranes
of other cells such as LTh2, eosinophils, basophil macrophages, and dendritic cells. By
binding to the PGD2 receptor, it mediates cell chemotaxis and promotes degranulation
of mast cells, basophils, and eosinophils.

Transmembrane glycoprotein that binds CD40 on other immune cells, such as CD4+ T
cells and platelets. The interaction between CD40L and CD40 on B cells is relevant for
immunoglobulin class switching and memory B cell generation. Blocking the CD40L-CD40
interaction reduces the generation of regulatory T cells (Tregs). Activation of CD40
allows the expression of costimulatory molecules such as CD80 and CD86.

Involved in interaction with antigen-presenting cells (macrophages). Interacts with
0X40 (CD134) of T lymphocytes, including promoting Th17-dependent inflammation,
together with TNF-a and IL-6.

The interaction between OX40L and its ligand OX40 on T cells induces T cell expansion
and proliferation and decreases the immunosuppressive effect of regulatory T cells
(Treg)

Studies demonstrate its presence in mast cells of the respiratory tree.
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Table 2 Main receptors, ligands and mediators that suppress mast cell activation.

Receptors and Type of Mediators Name Functions/Actions

Cannabinoids CB1 Under the action of endocannabinoids
(anandamide and 2-arachidonoylglycerol), it
promotes regulatory actions. In mast cells, it has
anti-inflammatory effects, with CB1 suppressing
mast cell degranulation by increasing cytosolic
CAMP levels.

CB2 Under the action of endocannabinoids

(anandamide and 2-arachidonoylglycerol), it
promotes regulatory actions. In mast cells, it has
anti-inflammatory effects by suppressing the
release of pro-inflammatory mediators.

Sphingosine-1phosphate receptors S1PR4 Its activation by agonists decreases allergic

Immunoglobulins

CD300 Family

Siglecs Family (sialic acid-binding
immunoglobulin-like lectins)

Leukocyte Ig-like receptor (LIR)

Membrane glycoprotein receptor
belonging to the SIRP family
CD200R

c-lectin mast cell function-associated
antigen (a variant of lectin-like
type Il transmembranal
glycoprotein)

Platelet-Endothelial Cell Adhesion
Molecule-1

Leukocyte-associated I-like receptor
(LAIR)

FcyRlIb (low-affinity
receptor for IgG type b)
(expressed only in mice,
but not in human mast
cells)

CD300a

Siglec-6
Siglec-7

Siglec-8

Inhibitory receptors
LIR-1, LIR-2 and LIR-3

SIRP-a
CD200R

MAFA

PECAM-1

LAIR-1

inflammation in the airways and reduces the
accumulation of eosinophils and T cells

In murine mast cells, FcyRIIb can cross-link
adjacent FceRI on the cell membrane with the
same multivalent ligand and form an immune
complex and inhibit FceRI-dependent mast cell
activation, preventing degranulation and
synthesis of newly formed mediators.

Its ligands are phosphatidylserine and
phosphatidylethanolamine (expressed in the early
stages of apoptosis/cell death) as membrane
signals for phagocytosis. In the intracellular
space, its action activates the SHP-1 protein,
dephosphorylates SYK, and decreases intracellular
calcium influx. CD300a expression on mast cells
can be inhibited by eosinophil major basic protein
(MBP) and eosinophil-derived neurotoxins.

Its activation prevents mast cell activation.

Its activation results in inhibition of mediator
release via FceRI-dependent pathway, by
cross-linking with adjacent FceRI on the cell
membrane.

Stimulated by IL-5, IL-33, or GM-CSF, mast cell
apoptosis is induced. Activation of mast cell
mediators results in FceRI-dependent inhibition of
mast cell mediator release.

LIR-1 is expressed in mature mast cells and LIR2
and LIR-3 in mast cell progenitors. They promote
inhibition of mast cell activity.

Its activation inhibits FceRI-mediated mast cell
activation in mice

Its activation inhibits FceRI-mediated mast cell
activation

Inhibits degranulation and cytokine release by
IgE-activated mast cells in rat mucosa

Its activation inhibits FceRI-mediated mast cell
activation

Its activation results in the reduction of
preformed mediators and the release of
cytokines. Its ligand is collagen.
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Table 2 (Continued)

Receptors and Type of Mediators Name

Functions/Actions

Prostanoid-E Receptors EP2 e EP4

Programmed death receptor PDL1

Prostaglandin E2 (PGE2) binds to the EP2 receptor
and inhibits mast cell degranulation, cytokine
transcription, and eicosanoid production via
stimulation of FceRI. Binding to EP4 inhibits mast
cell activation. One of the mechanisms of
urticaria caused by nonsteroidal
anti-inflammatory drugs is the decrease in PGE2
synthesis and loss of its mast cell-silencing
mechanisms.

Induces mast cell apoptosis

of vasodilation, increased capillary permeability (in con-
junction with other mediators released by mast cells), and
pruritus, its cardinal symptom, initially caused by stimula-
tion of histaminergic cutaneous sensory pathways (via H1
and H4 receptors) and the action of tryptase.’

Hives are transitory, generally lasting in the same loca-
tion for no more than 24 hours, while angioedema is more
long-lasting (varying between 48 and 96 hours)." Urticaria
is classified according to its temporal evolution as acute (<6
weeks) or chronic (>6 weeks). Although hives are common in
Chronic Urticaria (CU), 43% to 59% of patients also present
with angioedema; however, approximately 10% present with
angioedema alone (mast cell angioedema).’

Over time, in addition to pre-synthesized substances (his-
tamine, tryptase, and other proteases) released by damaged
mast cell granules, ‘‘de novo’’ synthesized mediators, such
as lipid derivatives (prostaglandins and leukotrienes) and
cytokines/chemokines, are released by mast cells, acti-
vating the cutaneous vascular endothelium (expression of
cell adhesion molecules such as PECAM-1/CD31, E-selectin,
P-selectin, ICAM-1, VEGF expression, and tissue factor pro-
duction), and leading to the chemotaxis of other blood cells
to the skin, such as basophils, lymphocytes, eosinophils, and
neutrophils. These recruited cells, like a feedback loop,
determine the establishment of chronic and intermittent
inflammatory responses in distinct areas of the skin, which
are recurrent and of varying intensity. Other mediators,
besides histamine, play a key role in the chronicity of the
disease.’

Conceptually, Chronic Urticaria (CU) is classified as
induced: related to identifiable and generally external
triggering stimuli, such as cold, heat, pressure, water,
solar radiation, or even cholinergic or symptomatic dermo-
graphism; or spontaneous, when the trigger is not always
the same, appearing in different situations throughout the
disease’s history.'

This article aims to present a review of the pathogenesis
of Chronic Spontaneous Urticaria (CSU), as well as to support
the rationale for its current and developing therapies.

Methods

This narrative review addressed the literature from Jan-
uary 1977 to October 2024, in PubMed/Medline, using the
terms (idiopathic OR spontaneous=4.169) AND urticaria,
prevalence AND urticaria (3.320), genetic AND urticaria

(2.486), autoantibodies AND urticaria (766), coagulation
AND urticaria (757), gut AND microbiota AND urticaria
(43), stress AND urticaria (482), treatment AND urticaria
(13.709), totaling 25.732 articles. The authors selected rel-
evant articles on these topics that have provided advances
in these areas. Priority was given to articles and records
in Clinical Trials (ClinicalTrials.gov) addressing aspects of
the pathogenesis of chronic spontaneous urticaria, its cur-
rently recommended treatment, and the prospects for new
medications such as small molecules or biological agents.

Prevalence and Natural History of Urticaria

Different population groups have variable prevalence rates
for CU. Latin America has the highest prevalence, 1.5% (95%
C10.0-6.0), followed by Asia, 1.4% (95% C1 0.5-2.9), Europe,
0.5% (95% Cl 0.2-1.0), and North America, 0.1% (95% Cl
0.1-1.0). Women are more affected by CU than adult men,
while no gender differences were observed in children.?

In Brazil, a retrospective study estimated a 1.7% preva-
lence of CU among dermatological patients.” Another study,
which analyzed retrospective data from 2011, 2012, and
2015, from a national health and well-being survey with
36,000 respondents, resulted in a 0.41% prevalence of CU.°
In Brazil, two studies demonstrated a higher incidence of CU
in adults among women, with estimates ranging from 80%*
to 86%.°

There is little published data on the natural history of
urticaria, and some of it has methodological limitations,
most focusing on the duration of CSU.” In general, the fre-
quency of progression of acute urticaria (AU) cases to CU is
not adequately explored, and some studies are conducted
in hospital settings rather than population-based.’

In an evaluation of data from the Korean national health-
care system between 2002 and 2013, with a population
sample of 1,025,340 individuals, a total of 4.8% were iden-
tified with urticaria, which determined its annual incidence
rate ranging from 45.7 to 82.5 per 100,000 person-years.” In
this study, among all patients with urticaria; 6.1% were iden-
tified with progression to CU. Among these; 46.6% already
had CU when they were first diagnosed with urticaria. The
remainder had AU at their first diagnosis, but they subse-
quently developed CU when the disease recurred after a
median of 614 days.” Over the five-year and ten-year peri-
ods, the cumulative incidence rates of CU among all patients
with urticaria ranged between 6.3% and 7.8%, respectively,



Table 3 Major preformed and newly formed receptors, ligands and mediators.

Receptors and Type of Mediators Name Functions/Actions
Preformed (generally stored in Amines Histamine Vasodilation, expression of VCAM in the vascular endothelium activating
granules of 0.2 to 0.8 pm in endothelial cells, increased capillary permeability, stimulation of pruritus
diameter, of skin mast cells. TC Polyamines Vasodilation
mast cells, chymase-tryptase Proteoglycans Heparin Anticoagulation
positive) Chondroitin sulfate Inhibits the activation of other connective tissue mast cells
Serglycin Proteoglycan to which heparin binds and whose function is to maintain the
homeostasis of mast cell granules to be secreted.
Proteases Tryptases (expressed only in Tryptase-a, Tryptase-Bl Tryptase-Bll, Tryptase-Blll, Tryptase-vy, Tryptase-5:
mast cells) Increased capillary permeability, stimulation of pruritus via PAR2
Chymase-1 (expressed only in Protease stored in skin mast cell granules, promoting inflammation and
skin mast cells) tissue destruction
Cathepsin G
Carboxypeptidase A
Granzyme B 3
Lysosomal B-glucoronidase Glycosidase that participates in the catabolism of mucopolysaccharides
enzymes B-Hexosaminidase Involved in hydrolysis mechanisms.
Arylsulfatase Catalyzes reactions of sulfonated hexoses.
Cytokines TNF-a Stimulates TH1 polarization
bFGF Stimulation of fibroblasts in the regeneration of the intercellular matrix
IL-4 Stimulates type 2 inflammation
SCF Maturation, differentiation and increased survival of mast cells
VEGFb Increased capillary permeability and angiogenesis
Neoformed (synthesized Lipids Prostaglandin D2 (PGD2) Vasodilation and increased capillary permeability
minutes to hours after mast Recruitment and activation of Th2 lymphocytes
cell stimulation) Chemotaxis and activation of basophils and eosinophils
Migration of type 2 innate immune lymphoid cells (ILC2)
Leukotriene B4 (LTB4) Chemotaxis of neutrophils, mast cells, and dendritic cells
Recruitment of CD8+ lymphocytes
Leukotriene C4 (LTC4) Eosinophil migration
Leukotriene D4 (LTD4) Migration of eosinophils and neutrophils
Leukotriene E4 (LTD4) Migration of eosinophils and ILC2
Prostaglandin E2 (PGE2) Stabilization of mast cells and their decreased activation and migration of
dendritic cells
Platelet activating factor (PAF) Vasodilation, increased capillary permeability, increases adhesion of blood
cells to the vascular endothelium and promotes migration to the
extravascular space
Cytokines Interleukin-1 (IL-1) (increased Recruitment of eosinophils, neutrophils, migration of dendritic cells,

serum expression in CSU)

activation of the inflammasome; IL-13 determines plasma extravasation
from vessels
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Table 3 (Continued)

Receptors and Type of Mediators

Name

Functions/Actions

Interferon type | (INF-a and
INF-B) and Il (INF-y and has
decreased serum expression in
CSU)

IL-2 (increased serum
expression in CSU)

IL-3 (increased expression in
CSU lesions)

IL-4 (increased serum
expression in CSU)

IL-5 (increased serum
expression in CSU)
IL-6 (increased serum
expression in CSU)
IL-8 (increased serum
expression in CSU)
IL-9 (increased serum
expression in CSU)

IL-10 (increased serum
expression in CSU)

IL-12

IL-13 (increased serum
expression in CSU)

IL-16

IL-17A (increased serum
expression in CSU)

IL-18

IL-25 (increased expression in
CSU lesions)

Secreted in viral infections such as respiratory syncytial virus. It leads to
the aggregation of lymphocytes, eosinophils, mast cells, macrophages, and
neutrophils.

Proliferation of effector T lymphocytes and B lymphocytes; development of
Treg cells; growth factor for B lymphocytes and stimulation of antibody
synthesis

Activation of eosinophils and basophils; enhancement of FceRIl expression
in basophils and stimulation of their longer survival

Activation of T lymphocytes and basophils; increased humoral immunity;
recruitment of eosinophils; differentiation from ThO to Th2 with induction
of type 2 inflammatory response and monocytes; differentiation into M2
macrophages; factor of increased survival for T and B lymphocytes;
promotes immunoglobulin class switching, determining the production of
IgE and IgG1 by B lymphocytes.

Increase in the number of eosinophils due to increased adhesion and
chemotaxis capacity to the skin.

Differentiation of B lymphocytes and subsequent production of 1gG, IgM and
IgA; increased mast cell proliferation, maturation and reactivity (priming)
Acts as a chemoattractant for T lymphocytes, basophils, eosinophils, NK
cells, and neutrophils

Acts as a growth factor for mast cells and T lymphocytes; inhibits Th1-type
cytokines and promotes the proliferation of CD8+ lymphocytes and mast
cells

Inhibits Th1 and Tc1 cell function; activates B lymphocytes and induces
autoantibody production by B cells

Recruitment of CD8+ T lymphocytes; induction of Th1 lymphocyte responses
Activation of mast cells and eosinophils; increased eosinophil survival

T lymphocyte recruitment and dendritic cell migration

Induction of pro-inflammatory cytokines and chemokines, with recruitment
of neutrophils

Dendritic cell migration

Induction of Th2 responses and inhibition of Th1 and Th17 responses;
induction of the production of IgE and IgG1, IL-4, IL-5, IL-9 and IL-13
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Table 3 (Continued)

Receptors and Type of Mediators

Name

Functions/Actions

Chemokines

IL-31 (increased serum
expression in CSU)
IL-33 (increased serum
expression in CSU)

TNF-a ( “‘de novo’’ synthesis:
increased serum expression in
CSU)

GM-CSF
CCL1
CCL2
CCL3
CCL4
CCL5

CCL7
CCL18
CCL20

CXCLA1
CXCL2
CXCL3
CXCL8
XCLA1
CXCCL1

Induction of IL-6 and IL-8, CXCL1, CXCL8, CCL2 and CCL8 in eosinophils

Increases allergic stimulation of mast cells and basophils; induces IL-31
production in mast cells; increases integrin expression in basophils and
eosinophils, leading them to the skin; promotes mast cell maturation
Promotes activation of endothelial cells, proliferation of effector T
lymphocytes, increases the expression of ICAM-1 in eosinophils allowing
them to migrate to the skin; activation of monocytes and macrophages,
recruitment of neutrophils and proliferation of T lymphocytes
Determines migration of dendritic cells to lymph nodes

Recruitment of T cells and monocytes

Recruitment of T cells, monocytes, and neutrophil migration
Recruitment of T cells and monocytes

Recruitment of T cells and monocytes

Recruitment of CD8+ T cells, monocytes, basophils, eosinophils, NK cells
and dendritic cells

Recruitment of T cells: monocytes, basophils, eosinophils, NK cells,
immature dendritic cells, and hematopoietic progenitor cells
Recruitment of naive T cells, CD4+ and CD8+ T lymphocytes, memory T
lymphocytes, B lymphocytes, and immature dendritic cells

Recruitment of B lymphocytes, memory effector T lymphocytes,
recruitment of CD11b+ dendritic cells

Neutrophil recruitment

Recruitment of neutrophils, basophils, and eosinophils

Neutrophil recruitment

Recruitment of neutrophils and CD4+ T lymphocytes

Dendritic cell migration and antigen cross-presentation
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and approximately 50% of patients with CU experienced
remission after 11 months of disease, with CU remission
rates ranging from 52.6% in the first year of disease, 78%
in the third year, and 89% at 5 years.’

Higher financial income was associated with higher CU
remission rates.’” Furthermore, the study demonstrated that
several other clinical factors interfered with the progres-
sion to CU, conferring a higher risk: age > 10 years, male
gender, urban residence, and autoimmune thyroid disease.
Women were more affected by AU than men in the age range
between 20-44 years and 45-64 years, which may be linked
to estrogen, which stimulates humoral immunity.’

Regarding the average duration of CSU, in patients aged
>12 years, it is estimated to last approximately five years,
although it can persist for longer periods in severe cases.?
In a review that included eight observational studies and
two reviews, aimed at determining the duration of the CSU
course and disease remission rates, the average age ranged
from 34 to 68 years, and the proportion of women ranged
from 61% to 80%.% The proportion of patients who achieved
CSU remission within the first year of disease ranged from
21% to 47%, while remission rates reported in the fifth year
of disease were between 34% and 45%.% Based on a four-
week consecutive CSU remission, cumulative remission rates
ranged from 9% to 38% in the first year, from 29% to 71% in the
fifth year of disease, and from 52% to 93% in the twentieth
year of CSU.®

Chronic pruritus without hives or angioedema occurred in
12.2% of patients. There was a greater likelihood of CSU per-
sisting in patients diagnosed with hypothyroidism (HR =0.43;
95% Cl 0.29-0.60) and with each point increase in the UAS7
severity score (HR=0.93; 95% Cl 0.92-0.95).°

Thus, regarding the natural course of the disease,
urticaria is a condition that will affect approximately 10%
to 20% of the world’s population at some point in their lives.
There is a consensus that acute spontaneous urticaria is com-
mon; however, it is often associated with upper respiratory
tract infections. Most of these infections are self-limited,
and less than 10% progress to CU, although some studies
indicate higher rates.”'%"" CU, in turn, persists for periods
of > 1 year in most patients, significantly impairing quality
of life, causing psychiatric and systemic comorbidities, and
incurring high costs to the healthcare system.”-8 1011

Genetic and Epigenetic Basis

CU is a multifactorial disease, in which the hypersensitiv-
ity reaction is based on a genetic and epigenetic basis that
inflicts susceptibility.

Regarding histocompatibility antigens, HLA-Bw35 has
been associated with CU and other endocrine diseases in
the Japanese population.’? CD4+ T lymphocytes in the infil-
trate, as well as vascular endothelium, sweat glands, and
nerves, express HLA-DR. 31>

In Caucasian patients with CSU, a strong association
with HLA-DRB1*04 (HLA-DR4) was found in patients who
manifested histamine-releasing activity in their serum,
demonstrating that, despite being heterogeneous, CU has
an autoimmune pathogenesis in a subgroup of patients.'®

In a sample of Chinese individuals, CSU patients had
lower methylation in 439 genes, with 86.5% of these genes
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hypomethylated, especially on chromosome 6, suggest-
ing an autoimmune behavior similar to diseases such as
rheumatoid arthritis, multiple sclerosis, and lupus. The
study also identified that the sphingolipid pathway, partic-
ularly sphingosine-1-phosphate (S1p), may be involved in
CSU, as hypomethylation increases its production, influenc-
ing inflammation and the immune response. Indeed, the
prevalence of autoimmune diseases in CSU patients is high,
and many have specific antibodies and a family history of
autoimmunity. 718

Under homeostatic conditions, S1p levels are low in tis-
sues, but mast cells can release S1p in response to stimuli,
which increases capillary permeability and recruits immune
cells, contributing to allergic inflammation. S1p, through the
s1p1 receptor, promotes Th17 T-cell differentiation and can
polarize lymphocytes toward the Th2 immunophenotype, in
addition to suppressing the differentiation of thymic and
extrathymic T-regulatory (LTreg) cells, leading to chronic
inflammation.' The autocrine effect of s1p on sip2 recep-
tors on mast cells themselves leads to degranulation.®

In a GWAS study, CSU was associated with SNPs in the
genes TDGF1, HLA-G, PTPN22, LILRA3, and IGHG1/IGHG2,
which explain 8.07% of CSU heritability at the estimated
disease prevalence point of 0.5%-1% in the general popu-
lation. The first three are associated with CSU autoimmune
phenotypes.?’ These alterations underlie macrophage acti-
vation in the pathogenesis of CSU.%?’

The TDGF1 gene increases the phagocytic activity
of macrophages and stimulates the production of pro-
inflammatory and anti-inflammatory cytokines through the
NF-Kb pathway.?’?2 The transcription factor c-Maf deter-
mines the production of IL-10 by type 2 phenotype
macrophages (M2 macrophages), helping to perpetuate
inflammation mediated by Th2 lymphocytes, which maintain
the inflammatory process and contribute to the chronicity of
urticaria.’®?' The HLA-G gene identified among the alleles of
SNPs related to CSU encodes HLA-G, an HLA class | molecule
that induces immunotolerance by suppressing the functions
of NK cells, CD4+ and CD8+ T cells, and dendritic cells.
Therefore, elevated levels of soluble HLA-G are observed in
patients with allergic rhinitis and asthma, which correlate
with serum IgE specific to allergens.?®?

Two studies demonstrated an association between CSU
and autoimmune diseases with the CRTH2** and ORAI1
genes.? Other studies indicated a relationship between CSU
and the HLA-DRB1*04,%° HLA-DRB1*01, HLA-B44 and HLA-
DRB*15 alleles,”” TGF-B1,® PTPN22 (a factor that regulates
the production of anti-TPO and anti-TG IgG)?° and IL-2.%°
In particular, the presence of an association between CSU
and the CRTH2 and TGF-B1 genes is related to cases asso-
ciated with allergic/atopic asthma, and with HLA-DRB1*01,
HLA-B44 and HLA-DRB*15 with autoimmune diseases, but not
atopic disease.?’

In a study with knocked-down Human Mast Cell Line-1
(HMC-1) after incubation with thrombin to mimic the patho-
genesis of CSU, Fang et al.?' observed the relevance of the
CCL2 (Chemokine C-C motif ligand-2) and CH25H (Choles-
terol 25-Hydroxylase) genes and the tumor necrosis factor
signaling pathway.

In another GWAS study, two loci associated with CSU
risk were identified: HLA-DQA1 and ITPKB. Inositol 1,4,5-
Triphosphate Kinase B (ITPKB) is part of a family of kinases
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that phosphorylate inositol as a second messenger in the cal-
cium signaling pathway.*? The regulation of inositol-1,4,5 is
involved in neuronal signaling and immune function, includ-
ing mast cell and basophil degranulation, suggesting that
ITPKB may play a role in the loss of tolerance in CSU and
enhance calcium-dependent secretion responses in mast
cells.®?

Based on these models, stimulated primarily by exoge-
nous factors, a small proportion of patients with acute
urticaria, under the influence of endogenous factors (such
as genetic and epigenetic aspects), interact within the phe-
notypic spectrum of CSU, where different HLAs and gene
polymorphisms determine a breakdown in immune toler-
ance, with a predisposition to the disease and an association
with other autoimmune conditions, which together deter-
mine the background of the disease pathogenesis (Fig. 2).

Pathogenesis

The pathogenesis of CSU is centered on the activity of
mast cells, whose degranulation in the skin and subcuta-
neous/submucosal tissues leads to the formation of hives
and angioedema, and its cardinal symptom, pruritus. There-
fore, CSU is considered a mast cell-dependent disease, with
the participation of basophils and other cell elements that
are attracted to the skin, involving various immune mech-
anisms such as autoimmunity, inflammation, coagulation
factors, and activation of mast cell membrane receptors
(Figs. 3 and 4), which cause chronic inflammation.'%3?

Several authors classify CSU as an autoimmune disease,
due to genetic findings and the coexistence of other autoim-
mune diseases. >’

Malmros H.** in 1946 described the first finding of what
is termed an ‘autoreactivity’’ phenomenon in CU patients,
when he injected the own serum (autologous serum) of six
CU patients, as in an intradermal test, and observed the
formation of erythema and hives within 30 minutes of the
injection, suggesting passive transfer of antibodies. Subse-
quently, in 1986, it was demonstrated that seven of 12 tests
of autologous serum from patients with Chronic Idiopathic
Urticaria (CIU) reinjected intradermally, produced erythema
and hives at the injection site.**

In recent decades, considerable discoveries have been
revealed about the mechanisms involved in mast cell acti-
vation, with the description of new activating and inhibiting
receptors expressed on their cell membrane surface.>® Most
mast cell progenitors already express the c-Kit receptor
and FceRI on their membrane, which are essential for the
survival and activity of these cells.*® Different cytokines,
chemokines and adhesion molecules, such as IL-4, IL-5, IL-
6 IL-15, TNF-a, CCL-2 and vascular cell adhesion molecule
(VCAM-1) released into the tissue microenvironment reg-
ulate the expansion, homing and maturation of mast cell
precursors. However, the binding of Stem-Cell Factor (SCF)
to the c-Kit receptor remains the most potent signal of mast
cell differentiation, proliferation, and survival.’? Different
authors have described the presence of 1gG and IgM autoan-
tibodies directed against IgE and/or its membrane receptor
alpha subunit (FceRla),*”“? in addition to basopenia in the
peripheral blood of these patients.
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Subsequent advances led to the understanding of the
existence of two main autoimmune mechanisms that deter-
mine the so-called ‘‘autoreactivity’’ in patients with CSU:
type | autoimmunity (or autoallergic, aaCSU), primar-
ily mediated by IgE specific to self-antigens (endogenous
peptides),*’ with IgE directed against serum thyroperoxi-
dase, and type llb autoimmunity (autoimmune CSU, aiCSU),
mediated by 1gG,* and to a lesser extent also by IgM and
IgA, directed against IgE or the FceRla receptor, expressed
on mast cells and basophils.*?

Both mechanisms (endotypes) suggest the common
principle that CSU is fundamentally an autoimmune
disease, not influenced by exogenous agents/factors.* How-
ever, the observation that autoantibodies are not always
detected in patients with CSU indicates that mecha-
nisms other than autoimmunity, whether immunological
or non-immunological, are involved in the pathogene-
sis, contributing to the understanding of different CSU
phenotypes.*’

Type I/aaUCE is inherent in the existence of IgE anti-
bodies to several currently recognized antigens such as
thyroperoxidase or thyroid peroxidase (TPO), thyroglobu-
lin (TG), tissue factor (TF), eosinophil peroxidase (EPO),
double-stranded DNA (dsDNA), eosinophil cationic pro-
tein (ECP), interleukin-24 (IL-24), and IgE anti-FcsRI.""424
The most common autoantigens are TPO and IL-24, and
IgE-antiTPO and IgE-antilL-24 demonstrate in vitro the acti-
vation of mast cells and/or basophils.*>**% IgE anti-IL-24 is
present in approximately 70% to 80% of patients with CSU,
and its serum concentration in patients with CSU correlates
with disease activity.*

When the patient’s autologous serum (autohemother-
apy) was used to treat CSU, the Autologous Serum Test
(ASST) was negative in 28% and 34% of patients, respectively,
at weeks 9 and 21. However, this did not correlate with
the overall response to treatment, as there was a reduc-
tion of slightly more than 50% in the antihistamine doses
required for CSU treatment compared to the period prior to
autohemotherapy.“® The selective activation of mast cells in
the skin by IgE autoantibodies can be explained by the occur-
rence of certain autoallergens, expressed almost exclusively
in the skin, such as IL-24, and cross-reactivity with certain
proteins, such as TPO (absent in the skin) and EPO (expressed
in the skin).*

Type llIb/ai CSU occurs in the form of 1gG anti-FceRla in
approximately 20%-50% of patients.'"* These autoantibod-
ies activate mast cells and basophils, for example via IgE and
FceRl, but are present in 8% of patients with CSU when strict
criteria are applied, which include the presence of triple
positivity in the following tests: ASST, immunoassay for IgG
autoantibodies, and Basophil Activation Test (BAT).?” Type
IIb autoimmune CSU is characterized by the presence of high
disease activity (elevated UAS7), concomitant with other
autoimmune diseases (such as Hashimoto’s thyroiditis), low
serum levels of total IgE, high levels of IgG anti-thyroid
peroxidase (TPO) antibodies, basopenia (< 10 cells/puL) and
eosinopenia (< 50 cells/uL),” in the peripheral blood and
poor therapeutic response to antihistamines, poor response
or partial response to omalizumab, in addition to a good
therapeutic response to cyclosporine.’ In mechanism Ilb,
the presence of IgG (subtypes IgG1 and IgG3) was demon-
strated in 24% of the patients evaluated, and more than
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spontaneous urticaria: IgE specific to a given allergen, binding to contiguous FceRI receptors on the mast cell membrane, and
intracellular signaling events mediated by Bruton’s tyrosine kinase (BTK). The phenomenon culminates in mast cell degranulation

and synthesis of newly formed mediators.

half of the patients had IgM (60%) or IgA (5%) against the
FceRl receptor (most common), when these antibodies were
tested by the ELISA method and against IgE.*>*° In clinical
practice, it is recommended to evaluate the relationship
between serum levels of anti-thyroid peroxidase 1gG/total
serum IgE, which in these patients can result in values above
15, as an assessment of the existence of aiUCE (type IIb),
since serum levels of total IgE <40 IU/mL are frequently
observed.*®

In fact, many patients with CSU show the coexistence of
auto-IgE and IgG autoantibodies (coexistence of type | and
type llb mechanisms), which indicates an overlap between
these two endotypes.“>*" In Brazil, the authors observe 38%
of patients with type | mechanism endotypes, 51% with
concomitant type | and llb mechanism endotypes, 9% with
IIb endotypes, and 2% of patients who did not meet criteria
for any endotype.>' Thus, overlapping autoreactivity mech-
anisms in CSU types | and llb, with IgG and IgE anti-TPO, can
coexist in the same patient. However, patients with aiUCE
with or without coexisting aaUCE are generally women,
with higher levels of antiperoxidase autoantibodies (both
IgG and IgE anti-TPO), and demonstrate a greater negative
impact on quality of life, while patients with aaUCE without
association with aiUCE are younger individuals.*¢°?> How-
ever, considering different studies, less than 35% of patients
with CSU will not have any autoantibodies (non-autoimmune
endotype).>’>?

In addition to autoantibodies, another factor involved in
the amplification of mast cell degranulation is the activation
of the complement system through the alternative pathway.
This is particularly relevant in the mechanism of type llb
CSU, where after activation of FceRIl on the mast cell mem-
brane by IgG-anti-FceRI, C5a (anaphylatoxin) is generated
and this acts as a ligand for the C5aR receptor expressed
only on cutaneous mast cells, and exacerbates mast cell
degranulation, worsening and amplifying CSU, which makes
the skin the target organ in CSU due to the unique expres-
sion of C5aR, sensitizing it to inflammatory and autoimmune
processes.>¢

Understanding the pathogenesis of CSU has allowed us
to clarify the action of therapeutic agents, such as the
monoclonal antibody omalizumab, directed against human
IgE, sequestering it and suppressing the expression of its
membrane receptors (FceRI) on mast cells and basophils, so
that there is a decrease in the density of antigen to which
the anti-FceRI IgG is directed, with a consequent decrease
in the signaling of mast cell and basophil degranulation.
Consequently, cross-linking between two contiguous FceRl
receptors on the cell membrane, a necessary step for
degranulation, is reduced.> Furthermore, as complement
activation via the alternative pathway, which is caused by
the aggregation of 1gG1 and 1gG3 to the FceRI antigen,
responsible for complement activation, with the use of oma-
lizumab, the expression of FceRl on the cell membrane
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Figure 4 (A) Type | autoimmunity mechanism (autoallergy), with the participation of IgE alloantibodies against circulating
autoantigens. (B) Mechanism IIb (autoimmunity) mediated by the presence of IgG autoantibodies, possibly IgM and IgA, against
the alpha subunit of the high-affinity IgE receptor (FceRla) on mast cells and basophils, or against the patient’s own IgE, either
circulating or bound to FceRI receptors. In both mechanisms, mast cell degranulation and synthesis of newly formed mediators
occur through the activation of specific intracellular and nuclear signaling pathways, which share the activation of Bruton’s tyrosine
kinase (BTK).
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of mast cells was reduced. This reduces the interaction
between IgG-anti-FceRl and the receptor antigen, conse-
quently decreasing the generation of C5a and its binding
to the receptors C5aR on the membrane of cutaneous mast
cells, silencing the signals that potentiate the activation of
these cells, CSU protagonists.>

In addition to the FceRI receptor, mast cells can be
activated by other activating receptors on their surface,
including the Mas-related G protein-coupled receptor X2
(MRGPRX2), the C5Ra receptor, protease activated receptors
(PAR1 and PAR2, which have trypsin, tryptase, thrombin, and
the FVlla/FXa/TF complex as ligands), a molecule homolo-
gous to chemoattraction receptors expressed on Th2 cells
(CRTh2), and cytokine receptors (ST2, for IL-33; IL-4R«x
receptor for IL-4, among others such as IL-5, IL-6, IL-15, IL-
25, thymic stromal lymphopoietin [TSLP], and TNF-a), and
the c-Kit receptor.*®

The diversity of mast cell receptors (FceRl, MRGPRX2,
PAR1 and PAR2, CRTh2, c-Kit [CD117], and receptors for
various cytokines and histamine H1 and H4) makes this
cell capable of being subjected to a stimulus that influ-
ences an underlying response (priming).'" Activation of FceRI
involves several intracytoplasmic signaling proteins, such as
LYN, splenic tyrosine kinase (SYK), and Bruton’s tyrosine
kinase (BTK), which promote subsequent phosphorylation
signals in other proteins and induce mast cell activation
and degranulation.'’ Thus, the first step of FceRI-mediated
signaling is the phosphorylation of the FceRl beta chain
(FceRIB-chain) and gamma chain (FceRIy-chain) by the LYN
protein, followed by the activation of SYK and BTK."" Thus,
cytosolic BTK is the central positive regulator of mast
cell activation and cytokine production in FceRI-mediated
stimuli.”" In addition to its role in mast cell activation, BTK
is required for the B Cell Receptor (BCR) signaling pathway
and subsequent antibody synthesis. "

In addition to the membrane receptors that activate mast
cells, these cells have receptors that inhibit their function,
such as CD200R, CD300a, FcyRllb, and sialic acid-binding
immunoglobulin-like lectin 8 (Siglec 8), which can block
their activation and interaction with other ligands.""

Of growing interest is the MRGPRX2 receptor, a
G-protein-coupled receptor with seven transmembrane
domains, highly expressed in mast cells of patients
with CSU and overregulated in severe forms of the dis-
ease, participating in degranulation mechanisms called
pseudoallergic/neurogenic.? Its activation occurs by sev-
eral mediators, including compound 48/80, eosinophil-
derived mediators (major basic protein, MBP, and EPO),
neuropeptides (such as substance P, vasoactive intestinal
peptide, VIP), innate host defense peptides (catechecidin),
small molecule drugs (nicotine antagonists and neuromus-
cular blocking drugs), opioids, antibiotics (vancomycin,
ciprofloxacin, levofloxacin, and moxifloxacin), and iodi-
nated contrast media, all of which are involved in the
development and exacerbation of CSU. After activation of
MRGPRX2, there is an increase in calcium in the CM cytosol,
mediating Ca2+ channels, Gai, Gaq, extracellular signal
regulated by kinase, PI3K/AKT, and phosphoinositide phos-
pholipase Cy with subsequent degranulation and further
cytokine release.’® Communication between eosinophils
and mast cells, independent of IgE-related mechanisms,
can occur in CSU due to MBP and EPO binding to MRG-

PRX2 receptors, contributing to the maintenance of CSU
lesions. 3¢

Cutaneous mast cells chronically exposed to IL-33
(alarmin) have their FceRI-mediated degranulation attenu-
ated; however, IL-33 can sensitize them to greater acute
reactivity to MRGPRX2 receptor ligands.*¢ IL-33’s half-life is
reduced by the action of proteases and histamine released
during degranulation, which constitutes a negative feedback
loop, controlling its actions.3¢

Inflammation and coagulation in CSU

Some patients with CSU demonstrate features of chronic
inflammation, including increased mast cell numbers,
increased eosinophils, basophils, and other cell elements
infiltrating the dermis, increased cytokine expression,
neovascularization, and increased expression of vascular
adhesion molecules.'? However, several other cell types also
participate in the pathogenesis, which can be inferred from
resistance to several mast cell-targeted medications.*” The
higher number of mast cells in the skin of patients with CSU
is associated with more active urticaria, so that patients
with active CSU also have a higher number of mast cells in
the skin, compared to patients with CSU in remission and
healthy controls.>

Histopathologically, more than 90% of patients with CSU
have a non-necrotizing perivascular cell infiltrate with no
evidence of immunoglobulin or complement deposition,
with a prominent increase in mononuclear cells accom-
panied by a ninefold increase in the number of mast
cells with signs of degranulation. The authors speculated
that CSU would be an ‘‘allergic reaction’’ -type of dis-
ease, even without an identifiable antigen. Furthermore,
the infiltration of mononuclear cells and eosinophils in the
perivascular environment of the dermis would suggest a
molecular immunopathology in CSU similar to late-phase
allergic reactions.®® Also in this study, the authors identi-
fied that the perivascular infiltrate in hives consisted of 47%
T lymphocytes and 22% monocytes.>”

There are different cytokines, cell adhesion molecules,
chemokines and enzymes increased in the blood of patients
with CU (CSU, symptomatic dermographism, cold urticaria,
heat urticaria, cholinergic and delayed pressure urticaria),
compared to healthy controls, such as: TGF-B1, IL-2, IL-4,
IL-5, IL-6, IL-10, IL12p70, IL-13, IL-17, IL-18, IL-18 BP, IL-
21, IL-23, IL-31, INF-y, TNF-a, TNF-B, CCL5/RANTES,
sICAM-1, sVCAM-1  and Transglutaminase-2  (TG2)
activity).>

Serum levels of IL-33 and TSLP were evaluated in 50
patients with CSU and 38 healthy controls. Elevated serum
levels of these alarmins were observed in the patients,
including a correlation between IL-33 levels and UAS7 and
DLQI scores, concluding that IL-33 may be a diagnostic and
prognostic biomarker in CSU.>%%7

In addition to the increased number of mast cells (CCL3+)
in the hives of patients with CSU, a perivascular infil-
trate of CD4+/CCR5+ lymphocytes, monocytes, neutrophils,
eosinophils, basophils, and macrophages (mostly of the M2
phenotype) was observed, contributing to amplifying the
inflammatory state of the disease.?'-3%4%54:55.%8 |n this con-
text, cytokines detected in the skin with hives (lesional skin)
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indicate response patterns. Inflammatory Immune System
type 1 (INFy) and type 2 (IL-4, IL-5); type 2 inflammation
is maintained by the production of alarmins (IL-25, IL-33,
TSLP), which are mediators of the innate immune system,
especially involved in allergic responses. 3¢

Originally, the presence of autoreactive CD4+ T cells in
the blood of patients with CSU, specifically targeting the
FceRia antigen, generated the first evidence of the sequence
of autoimmune events in CSU, as in other autoimmune dis-
eases: its onset is related to the activation of autoreactive
T cells, stimulated by INFy (type 1 inflammatory reaction,
with initial participation of Th1 CD4+ T cells). Autoreactive T
cells (in response to INFy) are detected earlier than autoan-
tibodies in CSU patients, suggesting that both are present
at distinct stages of the CSU course.>*%° In parallel, the IL-
23/IL-17 and TNF-« axis may contribute to the maintenance
of inflammation in CSU.3¢

There is an increase in Th17 cells and IL-17A expres-
sion in both CD4+ T cells and mast cells in the skin of
patients with severe CSU, in hives, and in apparently nor-
mal skin, where these cells are arranged in close proximity,
supporting the involvement of T cells in the pathogene-
sis of CSU.%® This observation led to the hypothesis that
pro-inflammatory cytokines such as IL-17 and microparticles
derived from T lymphocytes can induce mast cell degran-
ulation, in a transient and short-lived manner, which can
resolve spontaneously. Once activated, CD4+ cells and mast
cells are placed close to each other, and a new exacerbation
of urticaria occurs, which is one of the explanations for the
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episodic/transient nature of the appearance of erythema
and hives in CSU.®°

Thus, the cells that infiltrate the skin in CSU migrate
from the blood to the cutaneous compartment in response to
different chemotactic factors, for example eotaxin, MCP3,
RANTES, IL-5, C3a, C5a, TNF, IL-17 and Platelet Activating
Factor (PAF), released by mast cells, activated endothe-
lial cells (by histamine and TNF-«, initially, and also by
thrombin, IL-25, IL-33, VEGF), LTh2, dermal fibroblasts and
other cells."" Cell adhesion molecules, such as P-selectin, E-
selectin, ICAM, VCAM and PECAM, are highly expressed in the
hives (lesional skin) of patients with CSU due to the action of
histamine, tryptase, and other factors."" This explains why
10% to 15% of patients with CSU present with eosinopenia
and basopenia in their peripheral blood, which occurs due
to the migration of these cells from the blood to the skin.
This is associated with CSU activity, the presence of autoan-
tibodies, and a poor therapeutic response to antihistamines
and omalizumab. "

In the early stages of hives formation, 30 minutes
after injection of autologous serum from CSU patients,
neutrophils and eosinophils are observed in the perivascu-
lar area of the dermis (along with T lymphocytes). They
increase in number within two hours and decrease around 48
hours (neutrophils) or later (eosinophils and lymphocytes).'!
Communication between mast cells and eosinophils is rele-
vant in CSU, since both activate each other, with eosinophils
releasing SCF, stimulating mast cells, and these producing
IL-5, PAF, TNF and eotaxin (Fig. 5)."
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Cutaneous activation of the coagulation cascade
and complement

Eosinophils and endothelial cells of the dermal microvas-
culature can express tissue factor (TF) on their surfaces,
resulting from various stimuli, such as histamine, VEGF,
lipopolysaccharide (LPS), TNF, IL-6, IL-33, and IL-1B, pro-
moting coagulation activation.'!

Blood coagulation has two main pathways: extrinsic and
intrinsic. In the pathogenesis of CSU, the extrinsic path-
way triggered by TF is relevant in many patients. Elevated
plasma levels of Prothrombin Fragment 1+2 (PF1+2), Fib-
rin/Fibrinogen Degradation Products (FDP), and D-dimers
rose in the blood in proportion to the activity and severity
of CSU symptoms.®'~%* When small amounts of FVIla bind to
TF on the surface of eosinophils and activated monocytes in
the cellular infiltrate of hives and to activated endothelium
in the dermal microvasculature, the extrinsic coagulation
pathway is activated in the transudate plasma, along with
Phosphatidylserine (PS) and Ca2+, and subsequently acti-
vates factor Xa, which converts prothrombin (Fll) to Flla
(thrombin), which generates fibrin (Fia) from fibrinogen (Fl)
and, as a waste product, PF1+2.%> Plasmin from the fib-
rinolytic pathway of coagulation then degrades fibrin into
PDF and D-dimers.®> Fibrin can stimulate Toll-Like Receptor
4 (TRL4), including on mast cells.®’

Although activation of the coagulation cascade occurs in
CSU, itis notable that it occurs as a local process, with active
fibrinolysis and no risk of thromboembolic events.®>% TF
expression in CSU hives is thus due to activated eosinophils
expressing TF on their cell membranes and due to TF
expressed by dermal endothelial cells in response to the
synergy of two classes of its inducers, Group 1 (LPS, TNF-
a, IL-33, IL-1B, which activate the nuclear factor kappa
B-related signaling pathway, NF-kB) and Group 2 (histamine
and VEGF, which activate the intracellular pathway linked
to phospholipase C).%> TF expression in endothelial cells can
be suppressed by adenosine (a metabolite of ATP).%°

As subsequent events, there is both activation of
PAR1,2,3,4 receptors by activated factors of the extrinsic
coagulation pathway [FVlla activates PAR,, FXa activates
PAR; ; 3 and prothrombin (lla or Flla) activates PAR 3 4] which
act on different target cells such as mast cells (where
PAR; is intensely expressed in urticaria lesions), stimulat-
ing the production and release of inflammatory mediators,
mitogenesis and in the vascular endothelium promoting
capillary hyperpermeability, proliferation, chemotaxis and
cell differentiation.®® Activated coagulation factors of the
extrinsic pathway (FXa, Flla and plasmin) also act by trig-
gering the alternative complement pathway, converting C3
into the C3b+C3a complex, which, acting on C5, generates
C5a and C5b, which act as anaphylatoxins, with C3a and
C5a binding to their receptors (C3aR and C5aR) on mast
cells and basophils and amplifying the stimulation of these
cells.®

Intestinal microbiota and chronic urticaria

CSU occurs with intestinal dysbiosis, and its relevance
in the pathogenesis of the disease has been highlighted,
presumably by promoting signals that reduce the activa-

tion threshold of mast cells (such as IL-33 and bacterial
lipopolysaccharides (LPS)) or stimulate inhibitory signals
(short-chain fatty acids (SCFAs) such as butyrate and pro-
pionate) in these cells.®’

LPS influence the activation thresholds of mast cells or
promote their priming and are produced by the intesti-
nal microbiota.®” SCFAs promote epithelial barrier integrity
and function by stabilizing Hypoxia-Inducible Factor (HIF),
stimulating the expression of tight junction molecules
[occludin-1, Mucin 2 (MUC-2), and Zonula Occludens-1 (ZO-
1)], and producing antimicrobial peptides. This protects
enterocytes and prevents LPS from reaching the blood-
stream, which can reach the skin and bind to TLR4 on mast
cells, activating them and producing inflammatory media-
tors such as TNF-a and IL-13.¢” SCFAs act by stimulating
IL-10, which has anti-inflammatory properties, and inhibit-
ing mast cell activation after stimulation by IgE, and also
without IgE participation via epigenetic regulation.®”

SCFAs are responsible, in part, for promoting intesti-
nal homeostasis and its immune balance, being produced
and released by Firmicutes, including Clostridium leptum
and Roseburia spp., which regulate the growth and viru-
lence of enteric pathogens, such as Escherichia coli and
Klebsiella, LPS producers.®” SCFAs such as butyrate and
propionate can facilitate the differentiation of regulatory
T lymphocytes (Tregs), which control Th2 (CD4+) LT cells
and their cytokines, including IL-4 and IL-13, which con-
tribute to the pathogenesis of CSU. Increased LPS uptake
and reduced SCFAs contribute to abnormal differentiation of
naive T cells, increasing their differentiation into Th2 and
Th17 T cells, and decreasing the number of Th1 and Treg
cells.%®

High-fiber diets increase blood levels of propionic acid,
blocking allergic inflammation via G-protein-coupled recep-
tors (GPCR41), while butyrate and propionate inhibit
IgE-dependent and non-dependent mast cell activation.®’
On the other hand, the Enterobacteriaceae family (genera
Megamonas, Dialister, and Megasphaera) recovered from
patients with CU is one of the pro-inflammatory members of
the intestinal microbiota of these patients, with a reduction
in bacteria from the Firmicutes and Bacteriodetes strains
that constitute 90% of the beneficial bacteria in the intes-
tine being observed.®® Thus, intestinal dysbiosis is linked to
CSU, as well as to other skin diseases such as psoriasis, atopic
dermatitis, and acne.

Adult patients with CSU in endemic areas have more
protozoa, showing a higher risk of seropositivity for toxocari-
asis and sensitization to Anisakis simplex, both Ascarididae
helminths, compared to healthy controls. In children with
CSU, infection by Blastocystis hominis is important.®® In
addition to helminths, protozoa such as Blastocystis hominis
and Giardia lamblia have the ability to produce high levels
of specific IgE antibodies against host antigens, which can
result in degranulation of mast cells in the human host.®
Furthermore, helminths disrupt the body’s protective bar-
riers, fostering a Th2 immune response and tissue repair,
inhibiting Th1 differentiation, and encouraging the devel-
opment of more Th2 cells. B cells support Th1 responses by
producing IgG1 and IgG3, which can form immune complexes
(CICs) with parasite antigens, activating anaphylatoxins (C3a
and C5a) that act on mast cells, contributing to urticaria.
These data demonstrate that the composition and alter-
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Table 4

Biomarkers related to increased activity/severity of chronic spontaneous urticaria (CSU).”4"77

Clinical aspects

Hematological and/or serological aspects

e Older age at disease onset

o Female sex

e Presence of angioedema

e Poor response to antihistamines
o Positive autologous serum test

e Hypersensitivity to nonsteroidal anti-inflammatory drugs (NSAIDs)

e Long-lasting CSU

e Low eosinophil count (<0.05 x 109/L)

e Low basophil count (<0.01 x 109/L)

e Low serum vitamin D levels

e Elevated CD2023c expression on basophils
e Elevated eotaxin levels

e Elevated VEGF levels

e Elevated MMP-9 levels

e Elevated IL-6 levels

e Elevated IL-18 levels

e Elevated IL-33 levels

e Elevated C-reactive protein (CRP)

e Elevated D-dimers (in half of patients with
severe disease)

o Elevated antithyroid antibodies
(anti-TPO > 34 KkU/L)

e Elevated mean platelet volume

e Elevated erythrocyte sedimentation rate
(ESR)

e Positive basophil activation test (BAT)

e Elevated serum adenosine levels

e Elevated transglutaminase 2 activity

ations of the intestinal microbiome and parasites can have
significant impacts on the pathogenesis of CSU.

Pathogenesis of pruritus

Pruritus is the cardinal symptom of CSU. Although signs of
excoriation are uncommon among patients with the disease,
the pleasure of scratching the skin is extremely high among
them, and much greater when compared to other pruritic
dermatological diseases.®’

Histamine released during mast cell degranulation and
by basophils plays a prominent role in the pathogenesis of
urticaria and its pruritus.’® Sensory nerve endings in the der-
mis have histaminergic pathways (H1 and H4 receptors), to
which histamine binds and determines the perception of
pruritus. However, with chronic disease, the Th2 immune
pathway, supported by increased cytokines IL-4 and IL-5,
activates mast cells, reducing their threshold for degran-
ulation through the production of IgE and its binding to the
FceRl receptor.’® Furthermore, both IL-31 and IL-33 are type
2 inflammatory cytokines and are crucial in the formation
of hives and the induction of pruritus, since they bind to
receptors in the non-histaminergic sensory pathways of the
cutaneous nerves.’® Finally, proteases such as tryptase act
on pruritogenic receptors in cutaneous sensory fibers (PAR1
and PAR2), serotonin (5-HT), in addition to the cytokines IL4,
IL-13, and TSLP released by activated mast cells in CSU. Cir-
culating basophils in the peripheral blood of patients with
CSU synthesize IL-31 in response to IgE-dependent stimuli,
as well as to IL-31 stimulation itself, which, in an autocrine
manner, feeds back the release of IL-4 and IL-13.7° These
cytokines also have receptors on sensory neural terminals
in the non-histaminergic pathways. Therefore, pruritus in
CSU is not solely histaminergic, as demonstrated by the

ineffectiveness of second-generation H1 antihistamines in
controlling it even at quadruple doses in a significant portion
of patients, since the non-histaminergic pathway of pruritus
is significantly important.”’

Biomarkers of Disease Activity and
Therapeutic Response

’y

Biomarkers, or ‘‘biological markers,’”’ are objective and
quantifiable characteristics of biological processes that
refer to a broad subcategory of medical signs. These are
objective indications of a medical condition, or a biologi-
cal process, pathogenesis, or pharmacological response to a
given therapeutic intervention, observed in patients. These
findings can be accurately measured and are reproducible.””

Regarding CSU, there are no biomarkers related to diag-
nosis, except for clinical definition criteria.”®>’4 Biomarkers
in CSU can be divided into: (i) Clinical and serological
biomarkers related to disease activity/clinical severity; (ii)
Clinical and serological biomarkers of response to treat-
ment. Such markers in CSU continue to be studied by
several researchers, particularly cytokines/chemokines and
substances expressed in the blood of patients’”> (Table 4).

Regarding the therapeutic response, there are different
markers that express a better or worse response’® to the
main therapeutic agents proposed in the CSU treatment
scale, by the International Consensus on Urticaria in 20227*:
(i) Antihistamines [poor therapeutic response in patients
with elevated UAS7 and concomitant CSU with induced CU,
positivity of ASST and/or BAT (Basophil Activation Test),
elevated CRP and/or ESR, and/or elevated serum D-dimer
levels]; (i) Omalizumab (late or poor response in the pres-
ence of signs of autoimmunity, such as positivity on ASST and
BAT or ANA; adequate response in the absence of basophil-
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activating IgG autoantibodies, high expression of FceRI on
basophils, and elevated serum total IgE levels; markers
of omalizumab effectiveness are represented by increased
basophil counts during treatment, decreased D-dimer and C-
reactive protein levels, and reduced serum IL-31 levels); (iii)
Cyclosporine: good response to treatment in the presence of
signs of autoimmunity, such as positivity on BAT and/or ASST
associated with low serum total IgE levels (<30-43 IU/mL)’¢;
elevated d-dimer values correlate with a poor response to
cyclosporine).”?

Stress and urticaria

CSU has a significant negative impact on quality of life
(QolL), with approximately 40% of patients having a DLQI > 10
(severe or very severe impairment in QoL), resulting in con-
siderable expenditures for the healthcare system (US$907
to US$2,084 annually per patient, especially due to the
monetary costs of treatment).’®”” In addition to the symp-
tom burden that CU imposes on the patient and society,
causing disturbances in sleep quality and productivity at
work and school, the disease and its unpredictable course
increase healthcare expenses for medications, outpatient
and emergency room visits, hospitalizations, and laboratory
tests, which are consequently associated with emotional
imbalance, including mental conditions such as anxiety,
depression, and stress, which can contribute to the persis-
tence of the disease.””’®

Any physical (e.g., illness, trauma, dehydration) or
psychological (e.g., intense emotional stress) stimulus
that imbalances homeostasis results in a systemic stress
response.”’ The brain is a receptor for stress stimuli and
promoter of stress responses, transmitting stimuli to the
periphery, such as the skin, through different mediators,
either through a rapid and transient response mediated by
the Sympathetic-Adrenomedullary (SAM) system or through
a slow and transient/persistent response mediated by the
Hypothalamic-Pituitary-Adrenal (HPA) axis.”’

The acute stress response affects the immune system by
increasing the secretion of IL-6, TNF-«, and IL-18, mobilizing
neutrophils through skeletal-muscle-derived neutrophil-
attracting chemokines (CXCL-1) out of the bone marrow and
temporarily directing these cells, lymphocytes, and mono-
cytes from peripheral organs to the bone marrow through
CXCR-4.77

Chronic stress can cause changes in innate and adaptive
immunity through the actions of neuroendocrine mediators
of the SAM and HPA axes.”” Stress causes the release of
corticotropin-releasing hormone (CRH) by the hypothala-
mus, which activates the secretion of adrenocorticotropin
(ACTH) by the anterior pituitary gland, which stimulates the
adrenal cortex to release corticosteroids.”” As a negative
feedback, elevated serum cortisol inhibits the secretion of
CRH and ACTH.”’ Chronic stress increases Th2 cell responses
and reduces NK cell activity, also causing dysregulation
of the HPA axis, leading to hypocortisolism and sustained
hyperactivity of the sympathetic nervous system.”” Hypocor-
tisolism is significantly associated with elevated levels of
high-sensitivity CRP and IL-18, demonstrating the contribu-
tion of a vicious cycle of inflammation and hypocortisolism
to the pathogenesis of CU.””

Furthermore, psychological stress can trigger the release
of substance P by nerve endings in the skin, which acti-
vates the MRGPRX2 receptors on the mast cell membrane or
Neurokinin-1 Receptors (NK1R), and together with the neu-
ral release of CGRP, constitute the link between stress and
neurogenic inflammation, causing a bidirectional communi-
cation between mast cells and peripheral sensory neural
endings. This is facilitated by the anatomical location of
mast cells abundantly close to nerve endings, blood and
lymphatic vessels, in the microvascular unit of the dermis,
allowing a rapid response to environmental changes and
participation in cutaneous inflammation.”” The increased
expression of Corticotropin-releasing Hormone Receptor 1
(CRH-R1) in CU lesions also suggests a close connection
between the skin and the HPA axis.

Some studies indicate that stressful events (loss of family
members, financial difficulties, family conflicts, and work-
related issues) precede CU exacerbations in a significant
proportion of patients.”””’® However, in light of current
knowledge, it is important to exercise caution when inter-
preting the relationship between psychological stress and
CSU.76’77

Comorbidities

CSU determines different areas of comorbidities, including
sleep disorders (36.7%), depression (48.1%), anxiety (30.6%),
mood disorders (29.4%), suicidal ideation (18.8%), and other
psychiatric disorders (in 33% of patients), associated autoim-
mune diseases, atopic diseases, cardiovascular disorders,
and, less frequently, an association with malignancies.”®
Overall, approximately 30% of patients with CSU have at
least one autoimmune disorder, while 2% may have one
or more autoimmune diseases, with Hashimoto’s thyroidi-
tis and vitiligo constituting the most common coexisting
diseases.”® Thyroid disease occurs in approximately 50% of
patients with CSU, with a 5-7-fold increased risk of positive
anti-TPO antibodies compared to controls. Other autoim-
mune diseases have a higher prevalence, depending on the
population studied: pernicious anemia (>5%), vitiligo (>3%),
insulin-dependent diabetes mellitus, rheumatoid arthritis,
and celiac disease (>1% of patients, respectively).”” Approx-
imately 80% of patients with CSU develop some autoimmune
disease within ten years of their CSU diagnosis.”’

Among children (<12 years) with CSU, ASST positivity,
thyroid biological abnormalities, and the presence of antin-
uclear antibodies (ANA) were observed in 36.8%, 10.4%, and
6.4%, respectively, in addition to low serum vitamin D levels
(69.1%) and psychiatric disorders (70.4%).%°

Among adults with CSU, atopic comorbidities have been
observed, including asthma (19.6%), allergic rhinitis (16.5%),
atopic dermatitis (6.3%), and food allergy (8.2%), in data
from the Scandinavian arm of the AWARE study.?' This pat-
tern is similar to that observed in children with CSU, where
atopic comorbidities were highly prevalent: atopic dermati-
tis (17.2%), allergic rhinitis (16%), asthma (13.2%), and food
allergy (3.2%).%

Regarding malignancies, CU was associated with cancer
in 0.007% of the population. It is resistant to H1 antihis-
tamines, disappears after chemotherapy or tumor removal,
can recur in tumor recurrence, and presents two to eight
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months before the diagnosis of malignancy.”” The most com-
mon malignancies are internal carcinomas (24% of which are
papillary thyroid carcinomas), hematological malignancies,
including non-Hodgkin’s lymphoma, and stomach and liver
cancer. However, it should be noted that although these
cases are reported in the literature associated with CSU,
the overall rates of cancer among patients with the disease
are relatively low, so the international urticaria guidelines
do not recommend screening for malignancies as a potential
cause of the disease.’”*7’

With the inflammatory skin condition and in persistent
cases of CSU, an association is observed with metabolic
syndrome, increased abdominal circumference, hyperlipi-
demia, hypertension, and cardiovascular disease.”” These
conditions may be related to chronic inflammation and ele-
vated TNF-a levels in these patients with CSU.”°

Urticaria and urticarial manifestations

CSU should be primarily differentiated from induced forms
of chronic urticaria, such as pressure urticaria, symptomatic
dermographism, cholinergic, solar, aquagenic, vibratory,
and cold urticaria. These urticarias arise after exposure to
an identifiable, usually external, triggering factor, unlike
CSU; however, CSU can coexist with induced CU in approxi-
mately 30%-40% of patients, who may have more than one
induced CU associated with CSU.%

Patients are advised to photograph their lesions approxi-
mately 48 hours before their appointment, as this can aid in
visualizing the lesions and provide information about clini-
cal characteristics, such as topography, shape, and size. This
may indicate certain induced CU, persistent lesions, or resid-
ual brownish or purpuric hyperchromic lesions that suggest
differential diagnoses such as urticarial vasculitis (UV).%*

UV is the main differential diagnosis for CSU, and CSU
and normocomplementemic UV can coexist in rare cases. UV
should be suspected if at least one of the following charac-
teristics occurs: hives lasting more than 24 hours in the same
location, post-inflammatory purpura/hyperpigmentation,
vesicles/blisters, residual desquamation, and associated
systemic symptoms (arthralgia, fever, lymphadenopathy,
etc.).®> On histopathology, the presence of leukocytoclasia
and fibrin deposits constitutes the minimum criteria for the
diagnosis of UV, and the presence of red blood cell extrava-
sation is not exclusive.® There is still debate as to whether
CSU and normocomplementemic UV may constitute part of
the same disease spectrum.®

Skin biopsy of the lesion is indicated in all cases where
urticaria or angioedema are not characteristic, with typi-
cal symptoms and signs of urticaria/angioedema observed
in CSU.74%

Situations have been proposed where skin biopsy is
indicated in unusual situations in patients with CSU:
absence of pruritus, presence of pain or burning prevailing
over the pruritus symptom, presence of general symp-
toms (fever, arthralgia, lymphadenopathy, hepatomegaly,
or splenomegaly), presence of a violaceous halo, pur-
pura or residual hyperpigmentation, or laboratory findings
with substantially elevated erythrocyte sedimentation rate
and C-reactive protein values, alterations in protein
electrophoresis (monoclonal gammopathy, in particular),
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exaggerated elevation of ferritin, and consumption of com-
plement factors (C3, C4, CH50; hypocomplementemia). The
authors also propose that the lack of response to appropriate
treatment as recommended by the international urticaria
guidelines would also constitute a warning sign for a skin
biopsy. 8687

An interesting semiotic resource for visualizing purpura in
urticarial lesions is diascopy (with a glass slide or transpar-
ent plastic ruler), where compression fades the erythema
of vasodilation and allows petechiae to persist, and der-
moscopy, as demonstrated by Suh et al.,% which can reveal
linear vessels more commonly in CSU (86%), while the inci-
dence of red-purplish dots or globules (90%) was more
evident in the early stages of UV.

Other differential diagnoses for CSU include drug reac-
tions, atypical bullous pemphigoid (urticarial), urticarial
dermatitis, neutrophilic urticarial dermatosis (NUD/NUSI),
autoinflammatory diseases with monogenic urticarial
lesions, Schnitzler syndrome, and Adult-Onset Still’s
Disease (AOSD) (Table 5).8¢87

Therapeutic Basis and Perspectives

The goal of CSU treatment is to achieve complete disease
control, with the absence of symptoms and signs of the dis-
ease, as reflected by the application and collection of PROMs
(Patient Report Outcome Measure: UCT, Urticaria Control
Test, in a four-question format, and the seven-day Urticaria
Activity Score, UAS7), with the goal of achieving a UCT =16
and UAS7=0 in patients, in addition to a DLQI equal to
zero, if possible. The achievement of these less subjective
parameters demonstrates that the therapeutic intervention
restored normality to the patient’s life, aiming to inter-
rupt the natural course of the disease, treating it until it
disappears definitively.”*””

In this therapeutic journey, various factors can trigger
CSU exacerbations throughout treatment, even with com-
pletely asymptomatic periods, such as those reported in the
Chronic Urticaria Registry (CURE)®: stress (13.9%), exposure
to NSAIDs (6.7%), infections (5.5%; especially viral infections
of the upper respiratory tract, including COVID-19 and its
vaccines),’®"°? and, rarely, foods such as milk, fish, seafood,
nuts, peanuts, spices, fruits, chocolate, and alcohol.””#

The current international guidelines on urticaria provide
a systemic treatment algorithm for CSU, which includes the
use of daily second-generation antihistamines (anti-H1sg);
Omalizumab (a humanized monoclonal anti-IgE 1gG anti-
body) is prescribed monthly, and cyclosporine is prescribed
daily, sometimes for long periods of years.”*””

Old medications used to treat CSU before the advent
of omalizumab, such as colchicine, dapsone, methotrex-
ate, montelukast, hydroxychloroquine, H2-blocking antihis-
tamines, and doxepin, have little scientific evidence due to
the lack of randomized, double-blind, placebo-controlled
studies with relevant case studies. Therefore, they are
not included in the recommendations of the 2022 interna-
tional urticaria guideline.”* However, in patients who do not
respond to the measures recommended in the consensus,
these medications can be used exceptionally.®?

At least 25% to 50% of patients with CSU, even using
quadruple doses of H1sg antihistamines, continue to have



Table 5 Characteristics of chronic spontaneous urticaria and its main differential diagnoses.

CSuU AlS Schnitzler NUD/NUSI uv ub Drug AIBD Wells AOSD
Laboratory None Elevated Leukocytosis, Leukocytosis, May have None Uncommon, Eosinophilia, Eosinophilia Leukocytosis with
alterations relevant CRP, ESR, neu- neu- complement relevant possibly D-Dimer, may occur. neutrophilia,
leukocyto- trophilia, trophilia, consump- eosinophilia. and anemia, very
sis, elevated elevated tion (JC3 elevated high ferritin
neu- CRP/ESR, CRP and ESR  and/or total serum levels, elevated
trophilia, IgM or IgA 1C4). In IgE in ceruloplasmin,
lymphope- monoclonal case of bullous elevated ESR and
nia in some  gammopa- hypocom- pemphigoid. CRP during
cases, thy. Normal ple- IgA disease activity,
elevated or elevated mentemia, antitransg- as well as
serum serum it may lutaminase elevated AST and
protein complement present with antibodies ALT and LDH, in
amyloid cytopenias, in addition to
ANA+; in dermatitis polyclonal
addition to herpeti- gammopathy.
glomeru- formis.
lonephritis
and COPD.
Systemic Uncommon  Fever, Arthralgia, Fever, In the Usually Uncommon, Uncommon  Rare. Lymphadenopathy,
manifestations arthralgias, osteosclero- myalgiaand hypocom- absent or except in sore throat,
arthritis, sis in the fatigue, less ple- uncommon serum pretibial pain,
general femur and frequently mentemic sickness visceromegaly,
malaise, vis- tibia, then chest or form with evening fever.
ceromegaly  humerus, abdominal arthritis, urticarial
radius, ulna  pain. uveitis, manifesta-
and fibula, myalgias, tions,
lym- serositis. arthralgia,
phadenopa- fever, and
thy, possibly myalgia.
vis-
ceromegaly
Angioedema 40-60% of Very rare Rare Absent May be Absent Uncommon, Absent. Rare. Absent in
patients present except in general.
serum
sickness
Residual No It may occur Possible Absent May be Fine, light Rare. It may occur It may occur It may occur
hyperpigmenta- eventually present desquama-
tion/desquamation along with tion may

purpura occur.
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Table 5

(Continued)

CSuU AlS Schnitzler NUD/NUSI uv ub Drug AIBD Wells AOSD

Associated Intense No or Pruritus is Absent or Burning Intense Pruritus Intense Burning Minimal or

symptoms pruritus minimal almost minimal sensation pruritus pruritus sensation absent pruritus.
pruritus. absent, or pruritus. and pain and
Burning absent. prevail over pruritus.
sensation pruritus.
may occur.
Distribution of Bilateral Bilateral, Asymmetrical, Asymmetrical, Asymmetrical Bilateral, Bilateral Generally Trunk and Face, trunk and
lesions and usually sym-  especially trunk and and all skin. somewhat and sym- symmetri- limbs. limbs.
asymmetric, metrical, in  trunk and limbs in symmetri- metrical, cal, varying
inany area  the trunk limbs. particular. cal, possibly in with the
and especially in large folds bullous
extremities. the trunk autoimmune
and disease in
proximal question.
limbs.

Types of lesions Hives Nearly flat Urticated Macular Urticarial Pink, ery- Urticarial Urticarial Hives with Urticarial lesions,
and/or hives to plaques and erythema lesions that  thematous lesions lesions, an arcuate slightly raised
angioedema. infiltrated nearly flat and/or persist for hives, sometimes possibly or annular and persistent

plaque urticarial palpable more than slightly associated vesicles appearance. linear lesions,
lesions. lesions. rash that 24 hours in elevated, with and/or Occasional resembling
resolves the same some with eczematous  erosions. edematous-  dermographism.
without location. signs of mild eruptions. vesicular,
sequelae Purpura and lichenifica- papular
and may be  hyperpig- tion. lesions, and
urticarial in  mentation Excoriations infiltrated
nature. may be are plaques.
observed. common.
Duration of Minutes or 12 hours or ~ >24 hours in <24 hours Two days to  >24 hours >24 hours Several days >24 hours >24 hours.
lesions up to 24 a few days the same weeks in the and or weeks in  and
hours place. same place  sometimes the same sometimes
several days places. several days
in the same in the same
place. place.
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Table 5  (Continued)

CSuU AlS Schnitzler NUD/NUSI uv ub Drug AIBD Wells AOSD
Histopathology Nonspecific. ~ There may There may Neutrophilic  Angiocentric Mild Variable, In lesions Discreet Perivascular lym-
Edema with  be be infiltration infiltrate spongiosis, with that are edema in phomononuclear
Perivascular neutrophilic neutrophilic in the inter-  with or perivascular  spongiosis, macroscopi- the dermis infiltrate with
infiltrate of ~ perivascular perivascular stitium, without infiltrate of ~ parakerato- cally free of  with neutrophils and
lymphocytes infiltrate infiltrate between interstitial lymphocytes sis, vacuolar vesicles or abundant fewer
and and and the collagen spread. and degenera- blisters in eosinophils  eosinophils.
polymor- neutrophilic  neutrophilic fibers, Leukocyto- eosinophils, tion of the bullous and “‘flame  Neutrophilic
phonuclear  epider- epider- sometimes clasis and which may basal layer pemphigoid, or blaze’’ epidermotropism
cells. No motropism motropism with a transmural be in the in the there may figures, may be present.
epidermal (epidermis,  ‘single- polymor- superficial epidermis, be which are
changes. hair file’’ phonuclear  and middle  ker- eosinophilic  not pathog-
follicles, appearance; cell dermis, is atinocyte spongiosis nomonic of
and eccrine  without infiltrate. often apoptosis, and the disease.
glands) leukocyto- Fibrin mistaken for perivascular eosinophils
clasis or deposits in a drug inflamma- in the
vasculitis. the blood reaction tory superficial
No edema, vessel, red infiltrate of  dermis; in
and blood cell lympho- dermatitis
neutrophilic  extravasa- cytes, herpeti-
epider- tion, and eosinophils  formis,
motropism foci of and/or there may
may be thrombosis. neutrophils.  be
present. neutrophils
in the
papillary
dermis.

CSU, Chronic Spontaneous Urticaria; AIS, Autoinflammatory Syndromes (monogenic ones include cryopyrinopathies related to NLRP3 mutations such as CINCA/NOMID, Mickle-Wells
Syndrome, familial cold urticaria autoinflammatory syndrome, NLRP-12 mutations, possibly hyper-lgD syndrome and familial Mediterranean fever); NUD, Neutrophilic Urticated Dermatosis;
NUSI, Neutrophilic Urticaria with Systemic Symptoms; UV, Urticarial Vasculitis; UD, Urticated Dermatitis; Drug, urticated drug reactions; AIBD, Autoimmune Bullous Diseases with Atypical
Presentation (especially bullous pemphigoid and dermatitis herpetiformis); AOSD; Adult-Onset Still’s Disease; COBPD, Chronic Obstructive Bronchopulmonary Disease; ANA, Antinuclear
Factor; CRP, C-Reactive Protein; ESR, Erythrocyte Sedimentation Rate.
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their disease without complete control, notably patients
who have severe disease, concomitant CSU, and induced
CU, together with elevated levels of d-dimers and serum
CRP.%-%7 Although H1sg antihistamines constitute the first
line of treatment for CSU, a 2016 systematic review found
that standard doses (from the ‘‘on-label’’ package insert)
controlled 38.3% of patients, and 63.2% of patients required
doses increased up to 4x the standard dose.’* There is evi-
dence of effectiveness and, especially, safety in the use of
up to four doses of H1s inhibitors as bilastine, cetirizine,
levocetirizine, ebastine, fexofenadine, loratadine, deslo-
ratadine, mizolastine, and rupatadine’; approximately 32%
of patients who did not respond to H1s inhibitors are
also partial responders or non-responders to omalizumab,
reflecting the heterogeneity of CSU pathogenesis among dif-
ferent patients.?*~%

H1sg inhibitors act on histamine receptors as inverse
agonists, rendering them inactive when bound to them,
reversing histamine-induced vasodilation and increased cap-
illary permeability, reducing the edema that constitutes
urticaria/angioedema.’® Furthermore, blocking the action
of histamine on receptors in blood vessels and sensory nerve
endings indirectly reduces allergic inflammation by decreas-
ing the accumulation of inflammatory cells that migrate
to the skin and suppress the immune response to antigens
through its action on NFkB, as well as on calcium chan-
nels, endothelial cells, dendritic cells, and lymphocytes,
also preventing the recruitment of eosinophils, basophils,
neutrophils, and other immune cells from the blood to the
skin.%

It should be noted that first-generation H1 antihistamines
(H1fg - chlorpheniramine, diphenhydramine, hydroxyzine,
promethazine, clemastine, doxepin, and cyproheptadine)
were banned from the treatment of CSU due to their
lower selectivity for H1 receptors, while also having affinity
for muscarinic, serotonergic, and alpha-adrenergic recep-
tors and cardiac potassium channels. These can cause side
effects such as constipation, dry mouth, blurred vision, and
can be potentially fatal. H1pg antihistamines are lipophilic
drugs that cross the blood-cerebrospinal fluid barrier and,
acting on the central nervous system, cause psychomotor
changes, drowsiness, a comatose state, and decreased sleep
quality (altering the REM sleep phase). These effects include
side effects the day after nighttime use, decreased school
and work performance, and an increased risk of drowsiness
when driving.%

Due to their reduced passage through the blood-
cerebrospinal fluid barrier, H1sg inhibitors are indicated for
the treatment of CSU. However, elderly patients (>65 years)
may be particularly susceptible to some H1sg inhibitors, such
as cetirizine and loratadine, when the label-recommended
doses are exceeded.'"74%

Omalizumab is indicated in addition to H1sg inhibitors
when CSU is not controlled, as a second-line treatment,
initially at the label-recommended doses of 300 mg subcu-
taneously every four weeks for at least six months.”* Its use
is safe in pregnant women and is FDA category B in respond-
ing patients. A meta-analysis included randomized studies
on the treatment of CSU/CIU, among patients older than 12
years of age, published between January 1, 2000, and July
31, 2021, recovering 854 articles, of which 14 met the inclu-
sion criteria, comprising 577 participants using a placebo
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and H1 antihistamine and 1,209 participants with an active
medication and an H1 antihistamine.®” It was observed that
the effectiveness of omalizumab was dose-dependent, so
that patients who are partial responders (to the on-label
doses of 300 mg every four weeks) may benefit from increas-
ing doses (450 mg or 600 mg every four weeks) or decreasing
the interval to every two or three weeks between doses,
which may be due to (i) the presence of higher serum lev-
els of total IgE in these patients, since the most relevant
pharmacological effect of omalizumab is to suppress the
expression of IgE receptors. This action is due to the neutral-
ization of free IgE in the blood, reducing it to almost zero,
(i) or the greater body weight of these patients.?”

Compared to the immunosuppressants analyzed in
this meta-analysis (including cyclosporine, methotrexate,
azathioprine, and hydroxychloroquine), omalizumab was
generally associated with greater reductions in DLQI and
UAS7 values, while also demonstrating a lower incidence
of adverse events.”” Cyclosporine, in turn, was effective in
many patients and can be used in omalizumab-refractory
patients or in clinical settings where economic conditions
do not allow access to omalizumab. However, it has greater
adverse effects when compared to omalizumab.?” Another
meta-analysis involving 67 real-life studies with CSU patients
treated with omalizumab demonstrated complete and par-
tial response rates of 72% and 18%, respectively, with an
average adverse event rate of 4%, such as headache, fatigue,
and injection-site reactions.”®

In patients with a complete response to omal-
izumab, anti-H1sg and omalizumab may be tapered every
three months, discontinued after 6 to 12 months to
determine if CSU remission has occurred.”” Alterna-
tive approaches to partial responses with omalizumab
include using it in combination with immunosuppres-
sive/immunomodulatory medications such as cyclosporine,
dapsone, and colchicine, although the evidence for this use
is very limited, or completely replacing it with cyclosporine,
the third-line medication in the international urticaria
guidelines. '’

Cyclosporine is a T-cell immunosuppressive agent
(inhibiting the production of IL-2, IL-3, IL-4, and TNF-a),
which also inhibits the release of mediators from mast cells
and basophils, and has been used for over three decades
in the treatment of CU.""% Kulthanan et al.”” conducted a
meta-analysis on the efficacy of cyclosporine in the treat-
ment of CSU, involving 909 patients receiving doses between
1 and 5 mg/kg/day, having obtained a response rate to treat-
ment after four weeks, at low doses (2-5mg/kg/day) of
54% of patients, at eight weeks in 66% of them and at 12
weeks in 73% of patients, with patients presenting one or
more adverse events with low doses (2-4 mg/kg/day) in 23%
of them and 57% of those receiving moderate doses (4-
5mg/kg/day). Adverse events with the use of cyclosporine
were dose-dependent, but the main ones were arterial
hypertension and elevated serum creatinine in 6.2% with the
use of low doses and 10.3% with moderate doses.” Other
events included gastrointestinal symptoms (nausea, vomit-
ing, abdominal pain), headache, hirsutism, infections, and
paresthesia, observed in 13.9% of patients with low doses
and 46.2% of those with moderate doses, with studies with
these doses conducted in less than 24 weeks and less than
16 weeks of cyclosporine use, respectively.”” It should be
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noted that prolonged use of cyclosporine, even at very low
doses (< 2 mg/kg/day), has been shown over five to ten years
to be associated with abnormal glomerular filtration rates
and a higher incidence of infections and malignancies among
patients.”’

Within the current therapeutic approach proposed by
the international urticaria guide published in 2022,7* there
are, therefore, four medications with consensus regarding
their effectiveness®: (i) Second-generation antihistamines,
which target promoting inverse agonism of H1 receptors and
blocking the undesirable effects of histamine; (ii) Omal-
izumab, which targets IgE sequestration and thus allows the
suppression of its receptors on mast cells and basophils, dis-
sociating the IgE bound to these cells in its receptor (FceRI)
and blocking the activation of these cells; (iii) Cyclosporine,
which generally inhibits T-cell activation and the release
of histamine from mast cells and basophils, and (iv) Glu-
cocorticoids, whose continuous use is contraindicated due
to their adverse effects. However, they are useful in exac-
erbations of CSU when used in 7-day cycles per month,
as they do not act directly on mast cells, but inhibit
the recruitment of eosinophils from the bone marrow to
the peripheral blood and tissues, in addition to blocking
the influx of all blood cells into the interstitium of the
dermis.>?

New knowledge about the pathogenesis of CSU has led to
the discovery of molecules (biological or small molecules)
that can act not only on mast cells and basophils, but
also on the predominantly Th2 inflammatory cell infiltrate,
which depends on alarmins (TSLP, IL-33, IL-25) produced by
epithelial and endothelial cells, which lead Innate Immune
Lymphoid Cells type 2 (ILC2) to stimulate, with IL-13 and
IL-5, the activation of LTh2, as well as on prostaglandin
D2 receptors (CRTH2) that activate lymphocytes, mast cells
and basophils.>® Receptors that stimulate the activation,
differentiation, and survival of mast cells, such as c-Kit
(CD117), are targeted by monoclonal antibodies such as
barzolvolimab, blocking the action of its ligand, Stem Cell
Factor (SCF). Other receptors that silence the mast cell
and basophilic response, such as Siglec-8 (Sialic acid-binding
immunoglobulin-like lectin-8) and Siglec-6, have been tar-
geted by drugs with agonist function (anti-Siglec) to inhibit
the function of these cells.>*

There is a window of opportunity to act on this cascade
of immune and inflammatory events, which also, to a lesser
extent, involves LTh17 (for now, there are case reports with
the use of secukinumab, an anti-IL-17, and tildrakizumab, an
anti-IL-23).%0.19" QOther biological medications undergoing
phase Il and Il clinical trials, anti-IgEs, anti-TSLP, anti-IL-5
will soon have results published, in addition to dupilumab, %
which is awaiting registration by regulatory agencies such
as the EMA (European Union) and FDA (USA) for the treat-
ment of CSU, but are already approved in Japan, the United
Arab Emirates and Brazil for the treatment of the disease.
Small molecules for oral use, such as Bruton’s tyrosine kinase
inhibitors (an intracellular pathway that activates degranu-
lation and cytokine synthesis in mast cells and basophils, as
well as a pathway that stimulates antibody synthesis in B
cells), such as remibrutinib, fenibrutinib, and risalbrutinib,
have been studied in phase Il and Il studies with promising
results.>

Interleukin/cytokine receptor inhibitors or
blockers

1) Dupilumab

Recent advances in understanding TH2 inflammation in
CSU have opened new therapeutic horizons. Dupilumab is
a human 1IgG4 monoclonal antibody that binds to IL-4Ra.
This antibody inhibits IL-4 and IL-13-induced IL-4R signal-
ing, reducing TH2 inflammation and potentially inhibiting
IgE production in IL-4-treated B cells.'®'% In a study
that analyzed biopsies from patients with Chronic Spon-
taneous Urticaria (CSU), IL-4+ and IL-5+ cells were found
in the lesional skin, with significant elevations compared
to controls (patients without CSU). Furthermore, a marked
increase in the number of IL-33+, IL-25+, and TSLP+ cells
was observed in the dermis of lesional skin, compared to
both non-lesional skin and the control group.®” The increased
expression of Th2-initiating cytokines in the lesional skin
of patients with CSU suggests that innate pathways may
play a role in the mechanism of hives formation.>” Since
Th2-initiating cytokines play a role in mast cell activation,
inflammation, and vascular leakage, these findings may also
have therapeutic implications for the use of dupilumab, for
example.®’

LIBERTY-CSU CUPID was a phase 3, multicenter, random-
ized, placebo-controlled, double-blind, 24-week trial.'®
This trial included two independent studies, CUPID A
and CUPID B, with different populations and inadequate
response to different prior therapies of the same dura-
tion. Study CUPID A included patients who had never used
omalizumab, and CUPID B included patients intolerant to
omalizumab or with an incomplete response.’® In CUPID
A, the combination of dupilumab with second-generation
antihistamines provided significant and clinically relevant
improvements at week 24, including pruritus, urticaria,
and urticaria activity, compared to antihistamines alone.'®
In CUPID B, patients were defined as incomplete respon-
ders after three months of treatment with omalizumab,
and in this group, there was a statistically significant
improvement in pruritus and urticaria assessments after the
use of dupilumab.'®'% |n December 2024, dupilumab was
approved by ANVISA in Brazil for the treatment of CSU unre-
sponsive to antihistamines in adolescents over 12 years of
age and adults.

2) Anti-IL-5

In CSU, IL-5 is responsible for attracting eosinophils
to the skin, in addition to promoting their survival and
proliferation.'” One study demonstrated that patients
with CSU have higher serum levels of IL-5 receptors than
controls.'® Another study detected higher concentrations
of eosinophils in both lesional and non-lesional skin of indi-
viduals with CSU compared to controls.'”

There are some case reports in which mepolizumab, an
anti-IL5 monoclonal antibody, was successfully used for the
treatment of CSU."'% An open-label, exploratory, phase 1
study is currently being conducted to evaluate mepolizumab
for the treatment of CSU.™"
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Benralizumab, an IL-5 receptor inhibitor (anti-IL-5Ra),
underwent a phase 1 study with promising results in CSU.""?
However, these results were not corroborated in the ran-
domized, placebo-controlled clinical trial. Therefore, its
development program for CSU was discontinued."

3) Anti-IL-17 - Secukinumab and Anti-IL-23 - Tildrakizumab

In a study of patients with CU, the levels of circulat-
ing inflammatory cytokines such as IL-6, TNF-a, and IL-12
were evaluated.''* These were found at elevated levels in
patients with chronic urticaria, in association with increased
secretion of IL-2 and IL-17 after T-cell stimulation.®®""* In
another study, serum levels of IL-17, TNF-«, and IL-23 were
evaluated in patients with CSU, in relation to the values
of the urticaria activity scale, positive autoserum test in
patients, and prick test results."”® The concentration of
these cytokines was significantly higher in patients with CSU
compared to controls in all of these studies.®% "1

In a recent study, patients with severe CSU resistant to
conventional treatment were treated off-label with anti-IL-
17A (secukinumab - 150 mg weekly for four weeks and then
every two weeks).""® The improvement in disease activity
(UAS7) was 55% at 30 days and 82% at three months. Discon-
tinuation of treatment after six to eight months resulted in
CSU relapse, indicating that anti-IL-17 would be necessary
for a longer period.'"®

A case series reported the use of tildrakizumab, an anti-
IL-23 agent, in three patients with high disease activity
refractory to treatment with quadrupled doses of second-
generation H1 antihistamines and omalizumab."’” These
patients received three doses of tildrakizumab 100 mg (at
weeks 0, 4, and 12, the dose and interval used as licensed
for psoriasis) as an off-label treatment, while maintaining
antihistamines at quadruple doses. The treatment was well
tolerated and led to significant improvements in disease
activity and control in all patients after 12 weeks, with
reductions in UAS7 and UCT scores and improvements in
quality of life.""” One patient achieved remission, another
maintained adequate control with antihistamines, and one
relapsed after stopping the drug.'"”

4) Anti-thymic stromal lymphopoietin (TSLP): Tezepelumab

Thymic stromal lymphopoietin (TSLP) is an epithelial-
derived cytokine (alarmin) produced in response to
environmental and pro-inflammatory stimuli. It is associated
with the regulation of type 2 immunity, acting on dendritic
cells, T and B cells, and innate immune lymphoid cells
(ILC2)."° TSLP expression is higher in the airways of patients
with asthma, and its levels correlate with the expression of
Th2 cytokines and chemokines and disease severity.'% '8

Tezepelumab (AMG 157/MEDI9929) is a human IgG1 mon-
oclonal antibody undergoing investigation that binds to
TSLP, preventing its interaction with the TSLP receptor
complex.'® In a phase 2b study registered in Clinical Trials
(INCEPTION study) with a 32-week observation period, com-
paring the effect of Tezepelumab (210 mg every four weeks
or 420mg every two weeks) versus omalizumab (300 mg
every four weeks) or placebo, in patients refractory to
optimized treatment with quadrupled doses of H1 anti-
histamines, a sustained treatment effect was observed in

the Tezepelumab arms, not achieved with omalizumab or
placebo."® Improvements in UAS7 values with the drug
occurred with continued reductions in IL-5 and IL-13, regard-
less of changes in IgE levels."" In patients who never used
anti-IgE, Tezepelumab treatment led to reductions in CSU
activity and biomarkers after treatment discontinuation,
suggesting a sustained effect of TSLP blocking after treat-
ment cessation.'%""?

Bruton’s Tyrosine Kinase Inhibitors (BTK Inhibitors)
1) Remibrutinib

Remibrutinib (LOU064), an oral, covalent (stable-
binding) BTK inhibitor, exhibits high selectivity and potency
for this intracellular signaling pathway molecule in mast
cells, basophils, and B cells. The high selectivity and tol-
erability of remibrutinib are likely due to its ability to bind
to an inactive conformation of BTK.'?°

In a phase | study, remibrutinib was also effective in
inhibiting basophil activation.'?" In a phase 2b clinical trial,
the efficacy and safety of oral remibrutinib at various doses
were demonstrated in patients with CSU inadequately con-
trolled with second-generation antihistamines.'?? All doses
of remibrutinib (10 mg/day, 35mg/day, 100 mg/day, 10 mg
twice daily, 25 mg twice daily, and 100 mg twice daily) signi-
ficantly improved the signs and symptoms of CSU compared
to placebo, with rapid clinical improvement observed in
the first week (improvement of pruritus and hives) and
maintained until week 12."?? Greater overall efficacy was
observed with remibrutinib 25 mg twice daily compared with
placebo.'”

Prior treatment with anti-IgE therapy did not affect the
change in UAS7 score from baseline to week 12, as no rele-
vant difference was observed between anti-IgE-experienced
and naive patients in either the remibrutinib (any dose)
or placebo arms.'”? Remibrutinib demonstrated a favor-
able safety profile at all tested doses.’”” Most Adverse
Events (AEs) were mild or moderate, and the proportion of
patients with at least one AE was similar across remibrutinib
doses, indicating no dose-dependent pattern.'?? Similarly,
the extension study of remibrutinib, observing patients who
had UAS7 > 16 in the previous 16-week study, remained in
this study with remibrutinib at a dose of 100 mg twice daily
for 52 weeks, in order to evaluate adverse events, the three
most common of which were infections (30.9%) in the skin
and subcutaneous tissue (26.8%) and gastrointestinal disor-
ders (16.5%). UAS7 =0 was achieved by 28.2% at week 4 and
55.8% at week 52, and UAS7 <6 by 52.5% at week 4 and
68.0% at week 52, demonstrating the efficacy and safety of
this medication.'?

2) Fenebrutinib

Fenebrutinib is an oral, highly selective, and reversible
BTK inhibitor that blocks IgE-mediated histamine release
from mast cells in vitro. In a phase 1 study, fenebruti-
nib inhibited IgE-mediated basophil activation in healthy
volunteers. Thus, BTK inhibition by fenebrutinib may also
interrupt the production of autoantibodies that activate
FceRlin CSU. A phase 2b, multicenter, randomized, double-
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blind, placebo-controlled study involving 134 participants in
57 days of treatment, distributed in a pilot cohort (cohort
1, dose of 200 mg, twice a day) and a variable-dose cohort
(cohort 2, subdivided into doses of 50 mg daily, 150 mg daily
and 200 mg twice a day), observed the efficacy and safety
of fenebrutinib, compared to placebo, in adult patients with
CSU for more than six months, symptomatic despite treat-
ment with H1 antihistamines at an optimized dose (up to
four times the approved dose in the package insert).'”* The
rapid onset of efficacy suggests that the main mechanism of
action of the drug in CSU is inhibition of the FceRI signal via
inhibition of BTK in mast cells and basophils.'?> Fenebrutinib
controlled CSU in patients with type Ilb autoimmunity at all
tested doses. %4125

However, at lower doses, patients with type IIb autoim-
munity experienced greater benefit than patients without
type llb-associated markers.'” Patients with type lIb
autoimmunity may be more sensitive to BTK inhibition,
while patients with type | autoallergy may derive additional
clinical benefit from higher levels of pathway inhibition
to achieve maximal efficacy.’” The primary endpoint of
achieving a UAS7 <7 was achieved with the 200 mg twice
daily and 150 mg daily doses, but not with the 50 mg daily
dose of fenebrutinibe. Asymptomatic and reversible grade
2 and 3 transaminase elevations occurred with the 150 mg
daily and 200 mg twice daily doses (two participants in each
group).'?

MGPRX2 Receptor Inhibitor

In addition to the high-affinity IgE receptor (FceRl),
mast cells express numerous G-protein-coupled receptors
(GPCRs), which can be activated by neuropeptides, major
basic protein (MBP), and eosinophil peroxidase (EPO), among
others, culminating in mast cell degranulation.'”® Mas-
related G-protein-coupled receptor X2 (MRGPRX2) is a GPCR
expressed with some selectivity by mast cells and can be
present both in the plasma membrane and intracellularly.'?
MRGPRX2 expression is increased in the skin of individuals
with CSU when compared with healthy controls.'”” Fujisawa
et al. ' also observed eosinophil infiltration in the lesional
skin in seven out of nine individuals with CSU. The authors
also demonstrated that proteins originating from eosinophils
(MBP and EP) are capable of inducing histamine release; this
effect is inhibited in cells in which MRGPRX2 is silenced.'?’
An oral MRGPRX2 inhibitor (EP262) is currently recruiting for
a phase 2 clinical trial for CSU, a study called CALM-CSU."?

Tyrosine kinase receptor (KIT) inhibitors (c-KIT
ligand inhibitors)

KITs (CD117) are transmembrane receptors for Stem Cell
Factor (SCF) and are present on progenitor cell lines.'”® In
the case of mast cells, even mature cells continue to express
KIT at high levels.'” When activated by SCF, KIT promotes
cell survival, migration, and the secretion of several inflam-
matory mediators.'” In mast cells, KIT activation by SCF
induces degranulation.'?’

Barzolvolimab is a humanized monoclonal antibody that
binds to the KIT extracellular domain on mast cells, prevent-
ing SCF binding and subsequent mast cell activation.”*° In a

randomized phase 2 clinical trial for the treatment of CSU,
barzolvolimab demonstrated a significant improvement in
the UAS7 score compared to the placebo group, over a 12-
week follow-up.”*" No major adverse effects were observed
in this same study."" In Chronic inducible urticaria (CIndU),
specifically symptomatic dermographism and cold urticaria,
there was complete resolution of the condition in 95% of
patients after a single infusion of barzolvolimab, over a
12-week follow-up.'*? Furthermore, there was a significant
reduction in the number of mast cells in the patients’ skin,
as well as a reduction in tryptase levels and an increase in
soluble SCF after treatment.'*? Barzolvolimab is currently
being investigated in phase 3 clinical trials for CSU and is
considered a promising treatment for CSU (EMBARQ-CSU2
study). '3

Briquilimab is another anti-KIT monoclonal antibody that
is being evaluated for the treatment of CSU, but is still
recruiting participants.'3*

Anti-Siglecs Medications

Siglecs, short for sialic-acid-binding immunoglobulin-like
lectins, are a family of receptors expressed on mast cells,
eosinophils, and basophils.’*®> They have an inhibitory func-
tion, acting as immune system checkpoints.'* Siglec-6 and
-8 have been explored as therapeutic targets in aller-
gic diseases.'*® Siglec-8 induces eosinophil apoptosis and
inhibits mast cell activation; siglec-6 appears to promote
even more potent inhibitory signals in mast cells.'3*13¢

Lirentelimab (AK002), an anti-Siglec-8 monoclonal anti-
body, has been evaluated for the treatment of CSU. Despite
showing promising results in an initial proof-of-concept
study, the subsequent phase 2 clinical trial did not meet
the primary endpoint and was terminated early by the
manufacturer.”*” A humanized 1gG1 anti-Siglec-6 monoclonal
antibody (AK006) is currently being investigated in clinical
trials for the treatment of CSU."3¢

Conclusions

Urticaria, and CSU in particular, is a disease with
rapidly expanding knowledge regarding its pathophysiologi-
cal aspects, which are the basis for the development of new
drugs for its management.

Many genetic aspects that may predispose individuals
to the disease, the exogenous factors that play a variable
and individual role, the recognition of specific endotypes
(autoallergic and autoimmune), the central role of mast
cell degranulation, the important role of different cells and
mediators, comprising diverse mechanisms in the pathogen-
esis, and biomarkers have been established; however, there
are still gaps to be addressed.

Studies on new drugs for the treatment of CSU reflect
the multiplicity of pathogenic pathways. Once clinical tri-
als demonstrate efficacy and safety, as has already been the
case with omalizumab and others, regimens with immuno-
biologicals and/or small molecules will likely be considered
alternatives to current treatments, especially in cases of
resistance to conventional management.

The fight for a better quality of life for patients with CSU
is constant, and science is on our side, reminding us that
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promising therapies must be accompanied by concerns about
accessibility, correct indication, and clinical monitoring.
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Abstract  Phenol, or carbolic acid, is an organic compound with caustic and antiseptic proper-
ties widely used in dermatology. Since its introduction as an antiseptic in the 19™ century, its use
has expanded to various areas of medicine, including the treatment of dermatological condi-
tions such as vitiligo, warts, guttate leukoderma, hidradenitis suppurativa, angiosarcoma, acne
scars, alopecia areata, onychocryptosis, and actinic keratoses. In deep peels, phenol stands
out for its effectiveness in skin rejuvenation, promoting intense and sustained neocollagenesis,
with unparalleled results. Its ability to alter dermal structure makes it an essential therapeu-
tic tool in various dermatological approaches. However, its use requires extreme caution due
to its rapid cutaneous absorption and unique toxicokinetic profile. The substance can induce
serious complications, such as cardiac arrhythmias, renal failure, neurotoxicity, and multiple
organ failure, especially when applied to large areas or with inadequate techniques and formu-
lations. Historical and contemporary studies report cases of fatal poisoning due to cutaneous
exposure to phenol, highlighting the need for strict precautions in its use. To minimize these
risks, it is essential that procedures be performed by highly trained physicians, with constant
monitoring and controlled application, to ensure safety and maximize the therapeutic benefits
of this substance, whose efficacy is widely recognized.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

Phenol, or carbolic acid, is an organic compound derived
from benzene, known for its caustic and antiseptic prop-

Note: In Brazil, the use of phenol in aesthetic procedures is tem-
porarily prohibited by Resolution RE No. 2,384 of June 25, 2024,

published by the National Health Surveillance Agency (Anvisa), fol-

lowing the report of a death resulting from a phenol peel performed

by a layperson. The case was the subject of detailed forensic analy-

sis, recently published: (Marcon CR et al. J Am Acad Dermatol. 2025;

https://doi.org/10.1016/j.jaad.2025.05.1461). The revocation of

the ban is currently under review by the regulatory agency.
E-mail: carolrmarcon@hotmail.com

https://doi.org/10.1016/j.abd.2025.501200

erties. Discovered in 1834 by Friedrich Ferdinand Runge
through its isolation from coal tar, its clinical use began to
gain prominence in the 19%" century, when British surgeon
Joseph Lister introduced it as an antiseptic in 1865. Based
on Louis Pasteur’s discoveries about the germ theory of dis-
ease, Lister applied phenol to clean wounds and surgical

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Figure 1
of the periocular region.

instruments, revolutionizing medical practice by substan-
tially reducing postoperative infection rates.’

Since its introduction into medicine, phenol has
established itself as a versatile therapeutic agent with wide-
ranging applications, especially in dermatology. In deep
peels, it stands out for its effectiveness in skin rejuvena-
tion and the treatment of acne scars,>* offering significant
clinical results (Figs. 1 and 2). Furthermore, phenol has ther-
apeutic indications in a variety of dermatological conditions,
including vitiligo,* guttate leukoderma,® common warts,®
melasma,’ actinic cheilitis,® actinic keratoses, and Bowen’s
disease.” With the advancement of medical practices, its
use has expanded to other areas, such as in the treatment
of onychocryptosis, where it acts as a sclerotizing agent,
promoting the selective destruction of the nail matrix,'® in
the management of pilonidal cysts'' and minor dermato-
logical surgical procedures.'? Phenol has also demonstrated
efficacy in inflammatory and proliferative conditions, such
as hidradenitis suppurativa' and keloids.* The extent of its
applications, combined with consistent therapeutic results,
makes phenol a valuable resource in dermatology, meeting
a diversity of clinical demands with high efficacy.

Despite the remarkable results achieved with phenol,
both in aesthetic treatments and in other areas of der-
matology, its use carries significant risks. Phenol systemic
toxicity can lead to serious complications, such as cardiac
arrhythmias and renal failure.’>-"” Therefore, it is impera-
tive that procedures involving this substance be performed
exclusively by trained physicians and in controlled environ-
ments.

The objective of this review is to explore the main indi-
cations for phenol in dermatology, critically analyzing its
therapeutic applications, efficacy, and potential risks. Fur-
thermore, it seeks to emphasize the importance of a careful
and safe approach to the use of this substance, highlighting
the need for technical training and rigorous monitoring to
ensure clinical efficacy and patient safety.

59-year-old patient, before (A and B) and after (C and D) 6 months of phenol-croton 35%/1.2% peeling for rejuvenation

Mechanism of Action, Toxicokinetics, and
Metabolism

Mechanism of Action

Phenol is a flammable and highly corrosive organic acid
that is readily absorbed and widely distributed through all
routes of exposure, including inhalation, cutaneous, and
oral exposure. The substance has hydrophilic and lipophilic
properties, which facilitate its penetration through cell
membranes. Phenols denature and precipitate cell proteins,
resulting in coagulation necrosis.'”

On the skin, the substance has an immediate caus-
tic effect, promoting the denaturation and coagulation of
epidermal keratin proteins and the superficial layers of
the dermis, clinically translated as rapid, uniform whiten-
ing (Fig. 3). Its caustic effect results in deep dermal
remodeling, stimulating the production of collagen and
elastin. This mechanism is widely explored in aesthetic
procedures, such as facial rejuvenation, due to its abil-
ity to promote structural skin renewal with long-lasting
results.'®

Absorption and Toxicokinetics

Phenol absorption into the bloodstream after cutaneous
application is intense and rapid, with urinary recovery of
70% within 30 minutes and 85%-95% within 24 hours.'”"
Even small amounts can reach significant serum levels, mak-
ing strict dose control and the use of targeted application
techniques essential.®

Studies indicate that cutaneous absorption is little influ-
enced by the concentration of the applied solution but
depends largely on the area of exposed skin.? In 1971,
Piotrowski studied solutions containing phenol at concen-
trations of 5, 10, and 25 mg/m? and found that, regardless
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Figure 2

50-year-old patient, before and after one year: A and B (right hemiface); C and D (left hemiface); E and F (frontal face);

G and H (right hemiface smiling), phenol-croton peeling 35%/1.6% for the treatment of acne scars and photoaging.

of concentration, the compound is rapidly absorbed through
both the skin and the lungs.?'

Metabolism and Elimination

When applied to the skin, phenol is rapidly absorbed due to
its lipophilic nature and low molecular weight, penetrating
the stratum corneum and reaching the systemic circulation.
Once absorbed, it undergoes hepatic detoxification, where
approximately 75% is metabolized primarily by glucuronida-
tion, sulfonation, and oxidation via CYP2E1. Elimination
occurs predominantly through the kidneys, being excreted
in the urine mainly in the form of glucuronides and sul-
fates. Approximately 25% of the phenol undergoes further
metabolism, being converted to carbon dioxide (CO;) and
water, while a small fraction may be excreted unchanged
in the urine. Furthermore, in the first few minutes after
absorption, some of the phenol may be eliminated through
the lungs, which may be associated with the characteristic
odor exhaled by patients. A smaller fraction of the phenol
is eliminated in the feces, resulting from the biliary excre-
tion of metabolites, although this pathway plays a secondary
role in the total elimination of the compound. The half-life

of phenol varies depending on the dose and route of expo-
sure, but its efficient renal elimination generally prevents
accumulation in healthy individuals. Therefore, adequate
hydration and stimulating diuresis are interesting strategies
to optimize its elimination. Furthermore, because respira-
tory, urinary, and biliary excretion occur relatively quickly,
it is essential to maintain adequate intervals between suc-
cessive applications in cosmetic units, ensuring complete
elimination before further exposure.'®?°

Dermatological Applications of Phenol
Vitiligo

Studies report the use of 88% phenol for depigmentation of
residual skin in advanced cases of vitiligo.*?> When applied
topically in high concentrations, the substance has melan-
otoxic action, causing chemical necrosis of melanocytes.
This toxic action on melanocytes compromises melanin
synthesis in the treated areas, leading to permanent depig-
mentation and color uniformity. This effect is particularly
useful in patients with generalized vitiligo, in whom repig-
mentation is unfeasible or unsatisfactory.*
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Figure 3

Uniform frosting that sets in quickly after applying phenol to the skin, resulting from the denaturation and coagulation

of the proteins in the epidermal keratin and the superficial layers of the dermis.

A study published in the Anais Brasileiros de Derma-
tologia in 2005 reported the case of a 62-year-old patient
with generalized vitiligo and residual normal-colored areas
on the neck who was treated with 88% phenol. After two
applications, 45 days apart, the pigmented areas were com-
pletely eliminated, with no signs of repigmentation after 18
months.??

Guttate Hypomelanosis

A study by Ravikiran et al.” evaluated the use of 88% phe-
nol in the treatment of idiopathic guttate hypomelanosis.
The compound promoted controlled chemical necrosis in
the hypopigmented areas, triggering a local regenerative
response that led to progressive repigmentation of the
lesions. Twenty patients with 139 macules were treated with
two monthly applications of 88% phenol. After three months,
64% of the macules showed repigmentation, with 45% show-
ing greater than 75% improvement.

Vulgar Wart

A study compared the efficacy of cryotherapy with liquid
nitrogen to 80% phenol in the treatment of hand warts. Sixty
patients were randomly divided into two groups and treated

weekly for up to six weeks. At the end, 70% of the patients
treated with cryotherapy and 82.6% of those treated with
phenol achieved complete healing, with no statistically sig-
nificant difference between the methods.°

Another study compared the efficacy of curettage and
electrocoagulation with the application of 80% phenol in the
treatment of warts. The treatments were performed simul-
taneously on different lesions of the same patient, in 17
patients. After six weeks, the cure rate was significantly
higher in the curettage and electrocoagulation group (100%)
compared to the phenol group (65%). The study concluded
that curettage and electrocoagulation were more effective,
but the application of phenol may be a less invasive alter-
native for pain-sensitive patients.?*

Hidradenitis Suppurativa

A study evaluated the use of crystallized phenol in the treat-
ment of sacral hidradenitis suppurativa (HS). Twenty-five
patients were treated with phenol, with a mean follow-up of
36.8 months. The oozing openings were dilated with forceps
after local anesthesia, the hairs were removed, and phenol
was applied. The cure rate was achieved in 60% of cases,
with recurrence in 40%, most of which resolved with reap-
plications. The treatment showed a significant reduction in
Hurley severity scores and Physician’s Global Assessment of
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HS after therapy, with no reported side effects. Crystallized
phenol has proven to be an effective, minimally invasive
option with little impact on patients’ daily lives."

A recently published pilot study (2024) evaluated the
efficacy and safety of phenolization in the treatment of
hidradenitis suppurativa (HS). After local anesthesia and
individualization of the fistulas, 88% phenol was applied
(three passes with a soaked cotton swab) to 22 fistulas in 12
patients, resulting in significant improvement in more than
half of the cases after one month, with healing within two
weeks. The technique proved particularly useful in anatomi-
cal areas that are difficult to manage surgically and in small,
non-draining fistulas. Tolerance was good, with mild and
transient side effects.?

Pilonidal Cyst

Phenol has been used in the treatment of pilonidal cysts
due to its sclerotizing and antimicrobial properties. The
application aims to destroy the cyst epithelium, promoting
obliteration of the tract and reducing disease recurrence.
Numerous studies indicate that the use of phenol, in crys-
tallized or 80% liquid form, is an effective alternative for
the treatment of pilonidal cysts.?

Dogru et al.” evaluated the impact of crystallized phe-
nol on the outpatient treatment of pilonidal disease in 41
patients. The substance was applied 107 times, with most
patients (70%) requiring two to three applications. The aver-
age recovery time was 42.7 days, with a 95% success rate,
and only two recurrences were observed after five and eight
months.

A literature review on the use of phenol as a mini-
mally invasive method for the treatment of pilonidal disease
revealed a mean time to return to work of 2.3 days and
a healing time of 20 days. The overall success rate was
87%, with a mean follow-up of two years. The most com-
mon complications were abscess and cellulitis, with a mean
incidence of 8.9%.2¢

A meta-analysis published (2024) compared phenoliza-
tion with surgical excision in the treatment of pilonidal
cysts. The analysis included 14 studies, including five ran-
domized controlled trials and nine non-randomized trials.
Phenol treatment showed fewer complications, shorter sur-
gical time (mean 22.76 minutes), faster return to daily
activities (mean 10.11 days), and shorter healing time (mean
17.11 days) compared to surgical treatment.?’

Mucocele

Sacchidanand et al."? evaluated the use of 88% phenol in the
treatment of mucous cysts. Four patients were treated with
intralesional phenol injection, without the need for local
anesthesia. After application, ulceration of the lesions was
observed, followed by complete healing within two weeks.
The absence of intraoperative or postoperative bleeding,
minimal surgical defects, and discreet healing offered an
advantage to phenol over surgery.'?

Premalignant Lesions and Cutaneous Neoplasms

A prospective study evaluated the efficacy and prognos-
tic relevance of 100% phenol peels in patients with actinic

keratoses (AK) and Bowen’s disease (BD) using clinical,
histological, and immunohistochemical criteria. Forty-six
patients (32 with AK and 14 with BD), aged 31 to 91 years,
were included. Applications were performed monthly for up
to eight sessions, and patients were monitored for at least
one year after treatment. There was a complete response in
84.8% of cases. Success rates correlated with factors such as
tumor thickness and expression of molecular markers (PCNA
and cyclin A).°

A recent study (2024) compared the efficacy of phenol-
croton peeling (Hetter 35%/1.6%) versus imiquimod 5% in the
treatment of actinic cheilitis. Thirty-six patients were ran-
domized into two groups: one received imiquimod 5% three
times a week for 30 days, and the other received a single
phenol-croton peeling session. At 56 days, 94% of patients
treated with phenol-croton showed complete clearing of the
lesions, compared to none in the imiquimod group (p < 0.01).
Histological and clinical improvements were more signifi-
cant in the phenol-croton group. Despite more intense initial
adverse effects, the peeling proved to be superior in efficacy
and recovery.?

A study by Kaminaka et al.?® evaluated the use of 100%
phenol in the treatment of cutaneous angiosarcoma (AS)
in three cases. After treatment, biopsies revealed severe
degeneration of the tumor and endothelial cells in the
dermis, with positive staining using the TUNEL (Termi-
nal Deoxynucleotidyl Transferase dUTP Nick-End Labeling)
method, a technique that detects DNA fragmentation
associated with apoptosis. Phenol peeling demonstrated
advantages such as simplicity, speed, low cost, manageable
pain, and sustained efficacy, suggesting its use as a comple-
mentary therapy for AS.

Alopecia Areata

Studies have explored the use of phenol as a therapeu-
tic option for alopecia areata. The proposed mechanism
of action involves stimulating hair follicles through growth
factors and cytokines released in response to necrosis and
inflammation. Furthermore, it is suggested that phenol may
act directly on the germinal centers of follicles, promoting
hair growth.??3

A study evaluated the efficacy of 88% phenol in 50
patients with stable alopecia areata, applying it every three
weeks. Approximately 78% of patients showed a good to
excellent response. There was a significant improvement
in hair texture and pigmentation within nine weeks, with
a progressive increase in hair density.?’

A report by Kar and Singh®® described a 13-year-old
patient with diffuse alopecia areata involving more than 50%
of the scalp who was treated with five biweekly sessions
of 88% phenol and four biweekly pulses of intravenous dex-
amethasone. The phenol induced controlled inflammation
and hair regeneration, while the dexamethasone modulated
immunity. After 4 months, there was significant terminal hair
growth, with no recurrence within 6 months.3°

Keloid

Mseddi et al." investigated the use of 40% phenol in the
treatment of keloids in 25 patients. The mean age of parti-
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cipants was 37.7 years, with a predominance of phototype
IV (64%) and lesions located on the trunk (48%). After an
average of 14.2 sessions, a 75.5% reduction in lesion size
was observed, with 72% of patients reporting satisfaction
with the treatment and 81% adhering to the protocol. There
were no recurrences during the average follow-up of 12.8
months. The authors highlighted that the induction of con-
trolled tissue necrosis promoted scar remodeling, improving
skin texture and color.'

Dark Circles

Platsidaki et al.®" evaluated the combination of 10% phenol
and 20% trichloroacetic acid in the treatment of dark cir-
cles in 31 women. The peeling was applied with a cotton
swab in three layers to the upper and lower eyelids until
a homogeneous frosting endpoint was reached. The treat-
ment showed significant improvement, especially in younger
patients. The authors suggested that the combination of
the two substances offers complementary mechanisms of
action, providing effective cosmetic benefits without the
potential adverse effects associated with the use of higher
concentrations of each compound alone.*'

A retrospective study analyzed the efficacy and safety
of deep chemical peels in the treatment of constitu-
tional dark circles. Fifty-five procedures were performed
on 52 patients, mostly women (92%), with a mean age of
46 years and Fitzpatrick phototypes llI-IV (89%). In most
cases, a phenol formula (60%-65%) combined with cro-
ton oil (0.6-0.7%) was used. The results showed that 89%
of patients experienced clinical improvement greater than
50%, with an average duration of benefits of 24 months. Fur-
thermore, 69% maintained satisfactory results until the last
follow-up. Complications were rare, with only 4% of cases
presenting persistent erythema, without the development
of scars.*?

Melasma

A recent (2024) retrospective cohort study’ compared phe-
nol peeling with moderate concentrations of Croton Oil (CO;
0.7-0.9%) versus higher concentrations (1.1-1.6%) in the
treatment of recalcitrant melasma. Both groups showed sig-
nificant improvement in mMASI after treatment and high
scores on the Global Aesthetic Improvement Scale. How-
ever, the reduction was more pronounced in the group with
CO < 1% compared to the group with CO > 1%. Remis-
sion was maintained for more than a year in 85% of cases,
with no relevant differences between concentrations. The
sustained improvement in melasma was attributed to the
long-lasting treatment of elastosis, considered an impor-
tant etiopathogenic substrate of melasma (Fig. 4). However,
additional studies with larger sample sizes and longer follow-
up are needed to confirm the stability of these results across
different phototypes and clinical conditions.

Onychocryptosis

Originally developed in 1945 by Boll,** phenolization is one
of the best-documented techniques in the medical literature

for the treatment of onychocryptosis. Hundreds of stud-
ies, including extensive case series, demonstrate its safety
and efficacy. Phenol acts as a sclerotizing agent, selectively
destroying the nail matrix. Its benefits include a low recur-
rence rate, its antiseptic and analgesic properties, and the
low risk of infection associated with the procedure.

A study published in 2024 analyzed the recurrence rate
after partial matricectomy with 88% phenol, using a contact
time of 45 seconds. A total of 1,460 surgeries were per-
formed, with 802 patients followed for a six-month period.
The recurrence rate was 0.75% at three months and 1.87%
at six months.°

A retrospective study by Andreassi et al.** analyzed 948
phenol cauterizations in 764 patients. There was no signif-
icant morbidity, and the procedure was well tolerated by
all patients. The overall recurrence rate was 4.3% after
18 months. All recurrences were successfully treated with
repeat application of the substance.

Other studies®** corroborate these low recurrence
rates, indicating consistency in the results. Furthermore,
Cochrane reviews’*® and a recently published meta-
analysis by Vinay et al. (2022)* confirmed the efficacy and
safety of phenolization, with minimal side effects.

Acne Scars

The efficacy of phenol in the treatment of acne scars, with
particularly notable benefits in deeper scars resistant to
other procedures (Fig. 5), has been demonstrated in several
studies. Mackee and Karp* pioneered the use of phenol
for acne scars, documenting its effectiveness in softening
atrophic scars, a finding that supported the use of phenol
decades later. Leheta et al.*" conducted a randomized
clinical trial comparing a 60% phenol peel with croton
(Skintech Inc., Spain) to Percutaneous Collagen Induction
(PCI) combined with 20% Trichloroacetic Acid (TCA) treat-
ment for post-acne atrophic scars. Twenty-four patients
were divided into two groups, with Group 1 receiving one
session of phenol peel and Group 2 four sessions of PCl with
TCA. Both treatments resulted in significant improvement
in scars, with the phenol peel showing slightly superior
results, with an average improvement of 75.12% in Group 1
and 69.43% in Group 2.

Recent studies by Rullan and Rullan (2024)%>“? explored
the use of phenol in CROSS procedures (a technique of apply-
ing acids to individual scars) and in ring paint for boxcar and
polymorphic scars. They observed that localized application
of 89% phenol was effective, providing satisfactory results
in improving scar texture and depth.

Photoaging

Several studies have analyzed the efficacy of phenol peels
in the rejuvenation of photoaged skin, especially in com-
bination with croton oil>*** (Fig. 6). Butler et al.*® and
Giese et al.“® showed that these peels significantly improve
skin quality by stimulating the remodeling of elastic tis-
sue. Hetter” investigated phenol and croton oil formulas at
various concentrations, highlighting the safety and efficacy
of the procedure. Han et al.“® confirmed the rejuvenating
effects in animal studies, while Kligman et al."® performed
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Figure 4
phenol-croton peeling 35%/1.2%.

histopathological analysis on skin biopsies from patients who
had undergone peeling up to 20 years earlier, revealing the
long-lasting effects of the procedure.

A recent study by Cardoso et al. (2022)* evaluated 30
women with Glogau IlI-IV photoaging, showing that 87%
achieved significant rejuvenation (Glogau I-Il) three months
after the peeling with 35% phenol and 1.2% croton oil.

63-year-old patient with refractory melasma, before and after 6 months: A and B (frontal face); C and D (left hemiface),

Another split-face study, conducted by Neitzke et al.** com-
pared the hemifaces of 48 patients. After six months, 79%
showed rejuvenation of two or more points on an eight-point
photonumeric scale, with a median improvement of three
points (p < 0.0001). Another split-face study, which com-
pared the classic Baker-Gordon peel (2.1% croton oil/50%
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Figure 5

38-year-old patient with acne scars unresponsive to previous treatments (dermabrasion/CO2 laser), before and after 1

year: A and B (left hemiface); C and D (right hemiface), phenol-croton peeling 35%/1.2%.

Figure 6

Rejuvenation of the periocular region with phenol-croton peeling 35%/1.2% in a 58-year-old patient. Before (A and B)

and after (C and D) 6 months: A and C (right hemiface); B and D (left hemiface).

phenol) and a modified Hetter formula (0.7% croton oil/33%
phenol), showed similar efficacy, but with fewer side effects
in the Hetter formula.*

Other dermatological indications

Other therapeutic proposals include the treatment of
oral leukoplakia, in which topical application of phenol
prevented progression to malignancy,”® the treatment of
hyperhidrosis, in which phenol is used for sympathectomy by
chemical neurolysis,”" or as an alternative to the treatment
of pyogenic granuloma.®?

A literature review demonstrated that, outside the
aesthetic context of deep peels, the use of phenol in
other dermatological indications did not produce signifi-

cant systemic adverse events. Reported complications were
predominantly local, such as persistent erythema, burn-
ing sensation, scarring, and dyschromia. Phenol treatment
has emerged as a simple, accessible, safe, and effective
approach, with applications in a variety of dermatological
conditions. Its use in small quantities reduces the risk of
excessive systemic absorption and potential serious adverse
effects, reinforcing its viability in well-conducted clinical
practices.

Phenol-Croton Peel

Before its formal adoption by physicians for cosmetic
purposes, phenol-croton peeling was used empirically by
laypeople in the early 20t century. In the United States, aes-
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Figure 7

theticians applied phenol solutions to remove wrinkles and
facial blemishes, believing in its potential to ‘‘rejuvenate’’
the skin. However, this unregulated and unsupervised use
often resulted in serious complications, infections, and per-
manent scarring.”?

This scenario persisted for several decades, and the
excellent but inconsistent results, in addition to the severe
risks, caught the attention of physicians, who became inter-
ested in studying and controlling the use of the substance.
Dr. Thomas Baker was one of the pioneers in formalizing the
use of the substance in the aesthetic context. Along with
his collaborator Howard Gordon, Baker dedicated himself
to transforming the empirical use of phenol into a safe and
scientifically based technique. The pair developed rigorous
protocols to control peel depth and reduce complications,
which resulted in the establishment of phenol peels as a
medical procedure. The first scientific publication detailing
the use of a combination of phenol and croton oil for cos-
metic purposes appeared in 1961, laying the foundation for
the understanding and refinement of the technique.>

Day-by-day evolution (A-H), PO 1 to 8, from left to right horizontally, of the post-phenol-croton peel. Edema, intense
neutrophilic inflammation, and removal of the outermost layers of the skin, replaced by rejuvenated and supple skin. Combined
with phenol, croton oil enhances the penetration of the compound and acts synergistically on the production of collagen and elastin,
providing more effective results. Post-procedure erythema may persist for up to 6 months.

Baker published his first formula with 47.5% phenol com-
bined with 1.2% croton oil, adjusting it the following year
to 2.1% croton oil.>*% In the 2000s, Hetter introduced vari-
ations on Baker’s original formula, proving that the main
agent in deepening the peel was croton oil and proposing
fixing the phenol concentration at 35% and reducing and
titrating the croton oil concentrations, ranging from 0.4%
to 1.6%, in order to control the intensity of the peel and
improve the safety profile of the procedure.*’

Croton oil, extracted from the seeds of Croton tiglium, is
rich in phorbol esters, which have intense pro-inflammatory
activity, triggered by the activation of protein kinase C,
which generates regenerative responses in the skin, stimu-
lating neocollagenesis. The initial inflammatory response is
triggered by the irritant activity of croton oil but is sustained
and intensified by the pharmacological action of the plant’s
secondary metabolites (Fig. 7). These compounds, such as
phorbol 12-myristate 13-acetate, induce the formation of
a subcoagulative neutrophil band, assumed to be NETosis
(programmed neutrophil cell death with release of extra-
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cellular DNA structures - Neutrophil Extracellular Traps).
Phorbol esters also stimulate the secretion of cytokines by
inflammatory cells in the dermis, promoting an increase in
TGF-B (transforming growth factor beta) and, consequently,
collagen production.>>° In combination with phenol, croton
oil enhances the penetration of the compound, in addi-
tion to acting synergistically on the production of collagen
and elastin, providing more effective results.”® Studies have
shown that the combination of phenol with croton oil in the
treatment of perioral wrinkles promoted an increase in the
expression of SIRT-6 and SIRT-7 sirtuins, responsible for reg-
ulating collagen synthesis and protecting the skin against
photodamage.** Studies in animal models have shown a sig-
nificant increase in type Il collagen within 21 days after the
procedure.’®

Phenol-croton deep chemical peels are widely recognized
as a leading technique in skin rejuvenation, offering long-
lasting results unmatched by other methods. Robust studies
support its efficacy, establishing it as an evidence-based rec-
ommendation for the treatment of photoaging. However,
along with the evidence of effectiveness, concerns have
arisen about the potential systemic risks associated with
the procedure. Unlike other phenol applications, which have
demonstrated safety under appropriate medical supervision,
phenol-croton peeling is widely documented in the litera-
ture for its toxicity and potential risks.>’~

Systemic Risks and Evidence on Phenol
Toxicity

Overview of Systemic Toxicity

Records of phenol toxicity have been reported in the liter-
ature since the 19t century. Numerous publications have
highlighted the fatal potential of phenol formulations,
whether through accidental or therapeutic exposure, via
cutaneous, intravenous, oral, or inhalation routes. From the
1940s-61 to the present day, the authors have found publica-
tions that address the two antagonistic characteristics of the
substance: the excellent effects of cutaneous applications
and the serious risks resulting from systemic absorption and
toxicity.

Early reports in animal models, such as those by Deich-
mann et al.% point to the serious toxic effects of phenol
when absorbed in large quantities, including everything
from cardiac alterations to multiple organ failure. Histo-
rical reports, such as that by Lucas and Lane® described
cases of coma after dermal absorption of phenol. In 1922,
Turtle and Dolan® reported a fatal case in which a bot-
tle containing phenol broke in a young man’s pocket on his
train ride home. Another case published by Miller in 1942
reported an 18-year-old man with ringworm whose house-
keeper applied a mixture of phenol and camphor to his
shoulders and trunk, resulting in death within 15 minutes.
In 2016, Giri et al.,*” published a report of four cases of
acute phenol poisoning in children in India. The cases high-
lighted the multiple routes of absorption of the substance,
as well as its complications in multiple organs. The sever-
ity of poisoning was more correlated with dermal exposure
than with oral ingestion. The authors concluded that dermal
exposure can rapidly progress to multiple organ failure, and

that severity appeared to vary according to the degree of
dermal exposure and the time interval to intervention.
Cases of dermal exposure to phenol resulting in lethargy
and coma, nausea and vomiting, hypotension, cardiac
arrhythmias, seizures, intravascular hemolysis, pulmonary
edema, tracheal and bronchial inflammation, acidosis,
methemoglobinemia, renal dysfunction, and coma have
been reported. The reason for the predilection of some
organs over others in different patients is unclear.'> -7

Systemic Risks

Central Nervous System. Neurological toxicity from phenol
ranges from mild symptoms, such as lethargy, to seizures and
coma. Phenol can exert a central narcotic effect, affecting
the spinal cord and higher brain centers, producing rapid
loss of consciousness and profound collapse.”’

Griffiths’? reported a fatal case involving a 23-year-old
man accidentally exposed to phenol, who died minutes after
dermal contact, highlighting the risk of severe neurologi-
cal toxicity. A 1900 publication by Abrahams’® described the
case of a 7-day-old baby who was touched in the right groin
by a nursemaid with phenol on her fingers. The child died 10
hours later, developing convulsions and a coma.
Cardiovascular System. Phenol can exert direct toxic-
ity on the myocardium, causing cardiac arrhythmias, and
on blood vessels, causing hypotension.®®’4 Studies in rats
have shown decreased myocardial contraction and electri-
cal activity after systemic exposure to the compound.” The
most common symptoms of phenol cardiotoxicity are tachy-
cardia, bradycardia, bigeminy, and premature contractions,
which can progress to ventricular tachycardia and atrial
fibrillation.>®7¢

Sex, age, previous cardiac history, and blood phenol
levels were not accurate predictors of susceptibility to car-
diac arrhythmia during phenol peeling.”®”” Several authors
agree®®®1.7478,79 that absorption and cardiac toxicity are
primarily influenced by the extent of skin exposed at a
given time—and not by the concentration of the phe-
nol solution—and recommend cardiac monitoring, slow and
spaced applications, and forced diuresis as safety measures.
However, some studies have shown that cardiac alterations
were observed even with slow applications.'®

A study by Truppman and Ellenby’® investigated the fac-
tors associated with the development of cardiac arrhythmias
during facial phenol peels, focusing on variables such as pro-
cedure duration, size of the treated area, and formulation
used. The study demonstrated that peels performed in less
than 30 minutes, with 50% or more of the facial area treated,
were highly correlated with the occurrence of arrhythmias.
The saponified versus non-saponified formulation did not
significantly influence the incidence of arrhythmic events,
suggesting that the response is more dependent on the rate
of phenol absorption than on individual characteristics or
the formulation.”®

Gross’’ reported that 30% of 54 patients treated briefly
with phenol peels developed some form of cardiac arrhyth-
mia. Gross further noted that there were no predictable
results regarding serum phenol levels and the occurrence
of cardiac arrhythmia. However, there appeared to be sug-
gestive evidence that segmented facial peeling, at intervals
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that allowed for metabolism and excretion of absorbed phe-
nol, would reduce the risk.”’

Beeson®® evaluated 43 consecutive patients who under-
went deep peels with phenolic formulations. Ten developed
cardiac arrhythmias, including premature ventricular con-
tractions, bigeminy, paroxysmal atrial tachycardia, and
ventricular tachycardia, highlighting the need for moni-
toring to identify and manage these potentially serious
complications.®°

A retrospective study evaluated 181 patients undergoing
phenol peels. Patients were monitored multiparametri-
cally throughout the procedure, received potent analgesics,
conscious sedation, and intravenous hydration, and the
room was adequately ventilated. Cardiac arrhythmia was
recorded in 6.6% of patients, being more prevalent in those
with diabetes mellitus, hypertension, and depression.>”

Kadunc and Vanti'® investigated the systemic toxicity of
phenol in facial peels, analyzing 60 women monitored via
Holter monitoring and urinary gas chromatography (UGC),
in addition to assessments of renal and hepatic function.
The study revealed rapid elimination of phenol, with a half-
life of 6 to 8 hours, and no significant changes in renal or
hepatic function after 30 days. However, four patients expe-
rienced sustained ventricular tachycardia, highlighting the
risk of cardiac complications. The authors concluded that,
although phenol is effective, its use requires strict precau-
tions and continuous monitoring to ensure patient safety.

A recent study by Rullan et al. (2024)%? evaluated the
safety of phenol facial peels in 196 patients undergoing
multiparametric monitoring during the procedure. Of the
participants, ten (5%) experienced benign and transient
arrhythmias: four had premature atrial contractions, two
had premature ventricular contractions (one of whom also
developed supraventricular tachycardia), and one had sinus
tachycardia. One patient with initial sinus bradycardia expe-
rienced a temporary reduction in oxygen saturation, and
three patients developed hypertension during the proce-
dure. The results highlight the importance of intraoperative
monitoring to mitigate cardiac and systemic risks associated
with phenol use.®?

Li et al.®" reported a fatal case of phenol toxicity
in a 21-year-old man after attempting tattoo removal
using an idiosyncratic method of subcutaneous injection
of a ‘‘tattoo-eliminating solution’’ containing phenol at an
unknown concentration. The session lasted three hours,
after which he suddenly collapsed and died within min-
utes. There were no signs of underlying organic disease that
could have contributed to the death. Toxicology revealed
the presence of phenol in cardiac blood and liver tissue.
Internal examination revealed pulmonary congestion and
edema. Death was attributed to acute phenol-induced car-
diotoxicity.

Urinary Tract. The mechanism by which phenol induces
kidney damage is not clearly understood. Damage to renal
tubular epithelial cells by free radical phenol interme-
diates, the inability of epithelial cells to form sufficient
reduced glutathione to clear these intermediates, damage
to the glomeruli by excretion of unconjugated phenol, renal
ischemia, cast formation due to hemoglobin precipitation,
extensive rhabdomyolysis, and/or hemoglobinuria due to
intravascular hemolysis have all been proposed as possi-
ble mechanisms.'> %8283 Seak et al.,?” Foxall et al.®* and
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Cohen et al.,?® have documented cases of renal failure in
individuals with dermal exposure to phenol.

Respiratory System. Inhalation of phenol vapors can cause
damage to the upper and lower respiratory tract. In more
severe cases, inhalation of high concentrations can lead
to glottis edema and acute pulmonary edema, serious and
potentially fatal conditions. These effects are attributed to
the corrosive nature of phenol, which damages the epithelial
tissue of the airways and can induce an intense inflammatory
response. '%:%

Although pulmonary toxicity through inhalation is most
frequently discussed, dermal absorption of high concentra-
tions can also cause respiratory impairment. The systemic
distribution of phenol and its inflammatory action in tar-
get tissues, such as the lungs, is primarily responsible for
these complications.'®?"#* Reports have documented cases
of dermal and oral exposure to phenol associated with acute
pulmonary edema and tracheobronchial inflammation. %%
Studies by Fu et al.?® and Gupta et al.®” described fibrosing
alveolitis and Acute Respiratory Distress Syndrome (ARDS)
after phenol exposure, reinforcing the severity of pulmonary
impairment, particularly in the absence of adequate venti-
latory support.

Liver. Phenol can induce acute hepatotoxicity due to
the accumulation of toxic metabolites in the liver, which
generate oxidative stress and mitochondrial dysfunction,
leading to cell necrosis. Manifestations such as elevated liver
enzymes, jaundice, and, in severe cases, liver failure may
occur, requiring cautious use in therapeutic settings.®’
Hematopoietic System. Cases of methemoglobinemia and
intravascular hemolysis due to phenol exposure, in which
oxygen transport was compromised, resulting in hypoxia
and acidosis, have been described.®®® These are serious
conditions that require immediate identification and inter-
vention.

What is the safe dose of phenol for dermatological use?.
Although the literature lacks precise data on safe doses
for cutaneous absorption of phenol, several studies demon-
strate that its toxicity is considerable at the concentrations
and volumes commonly used in dermatological procedures
such as phenol-croton peels. The toxicological literature
offers a range for the Median Lethal Dose (LD50) of phe-
nol in humans, which ranges from 50 to 500 mg/kg of body
weight, resulting in an estimated dose of 3.5 to 35 g for a
70 kg person.'?:84

In validated preparations for deep peels, such as the Het-
ter formula, 10 mL contains approximately 3.5 g of phenol,
while the Baker formula contains approximately 4.9 g of phe-
nol in 10 mL, and an 88% phenol solution contains 8.8 g in
10 mL. Considering that 70% of topically applied phenol can
be absorbed within 30 minutes, the authors would have an
absorbed amount approaching lethal doses: 2.45 g, 3.4 g,
and 6.6 g, in 10 mL, respectively.'®

The presence of ingredients such as croton oil and other
additives common in irregularly marketed ready-to-use for-
mulas, such as olive oil, cresol, sodium salicylate, camphor,
glycerin, and soaps, among others, can potentially increase
phenol’s skin penetration, exacerbating the risk of systemic
toxicity. The total volume of phenol, application methods,
and dressing types are not standardized, posing an addi-
tional risk, especially when the procedure is performed by
non-medical professionals.
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Safety in Phenol Procedures. Safe handling of phenol
requires rigorous protocols, including multiparameter mon-
itoring, adequate room ventilation, and targeted application
techniques. Recent studies, such as that by Rullan et al.
(2024),%? indicate that complications are rare in settings
with continuous monitoring and careful application. Other
studies, such as that of Landau,’® demonstrate that factors
such as pauses between applications and intravenous hydra-
tion are crucial to minimizing the risk of adverse events,
especially in patients with comorbidities.

Toxicity is closely related to the excretion rate, area
of application, and duration of application of the phenol
solution.”?8° Various organs in the body, including the heart,
apparently can tolerate very low levels of phenol in the
blood for short periods of time. It therefore seems essen-
tial to prevent phenol from being absorbed into the blood
faster than natural processes can remove it.'®7%7°

Recommendations for the Safe Use of Phenol
in Dermatology

Pre-Procedure Evaluation

Rigorous and Holistic Screening
A complete medical evaluation of the patient prior to
the procedure, including clinical and laboratory evaluations
(renal and liver function, complete blood count, and com-
plete metabolic profile), electrocardiography (24-h Holter
monitoring), as well as analysis of current medications and
skin diagnosis, is essential to minimize risks and ensure good
results.>®°%7

Patients with a history of QT interval prolongation or use
of medications that interfere with this interval are poten-
tially more predisposed to more serious cardiac events.>’-¢?

Recommended Maximum Body Surface Area and Safety
Criteria by Treated Area

The risk of systemic toxicity from phenol is directly related
to the amount of skin surface area treated in a given time
period. It is recommended to limit the procedure to a
maximum of 5% of the Body Surface Area (BSA), which corre-
sponds approximately to the face and anterior neck (Fig. 8).
In cases where the treated BSA exceeds 1.5%, multipara-
metric monitoring of the patient is essential throughout
the procedure. Furthermore, safety pauses must be strictly
enforced, and intravenous hydration must be instituted.®-"'
Therefore, a practical categorization of dermatological indi-
cations is proposed according to the exposed area (Fig. 8).

1 Procedures with application to up to 0.5% of the BSA:

These include the treatment of conditions such as muco-
celes, warts, guttate leukoderma, localized alopecia areata,
onychocryptosis, small pilonidal cysts, and isolated scars.

In this context, systemic absorption is minimal, and there
is no need for continuous monitoring or intravenous access.
The following are sufficient: Oral hydration; Pain control
with topical and/or oral analgesia; Clinical attention to
alertness.

2 Procedures with application between 0.75% and 1.5% of
BSA:

It covers medium-sized areas such as the upper third of
the face, perioral region, or periorbital region, with feath-
ering for the cheeks. These procedures require additional
care: Intermittent monitoring and peripheral venous access;
Intravenous hydration (optional); Safety breaks of 10 to 15
minutes after every 0.5% BSA; Strict control of the time and
area treated; Continuous clinical attention.

3 Procedures with application to >1.5% of BSA (maximum
5%):

It includes facial peels (such as phenol-croton) in full-
face or Zorro mask applications (Fig. 8) and extensive
dermatoses. In these cases, mandatory safety measures
include: Continuous multiparametric monitoring (ECG, BP,
HR, Sp02); Mandatory intravenous hydration; Safety breaks
of 10 to 15 minutes per 0.5% ASC; Strict control of analgesia
with regional blocks or potent oral analgesics (avoid deep
sedation); Immediate interruption of the procedure: at any
sign of organic toxicity; Well-ventilated environment.

The BSA classification offers an objective model for clini-
cal decision-making, reinforcing the safety of phenol proce-
dures and allowing their responsible use according to risk.”

Analgesia and Sedation

To minimize the risk of arrhythmias and allow monitoring for
signs of intoxication, oral analgesia (avoiding medications
that prolong the QT interval) and potent topical analgesia
or regional blockade are recommended, rather than deep
sedation. Sedation can mask important symptoms, such as
changes in speech and alertness, that indicate intoxication.
It is recommended that the procedure be stopped immedi-
ately if there is any evidence of organ toxicity.>”-?"-%2

Safety Breaks

Breaks of 10-15 minutes should be instituted after each
0.5% of BSA treated, allowing partial elimination of phe-
nol between sessions and the return of the QTc interval to
baseline.?”,6%:%0

Continuous Cardiac Monitoring

Multiparametric monitoring (ECG/BP, HR, and O, saturation)
should be performed for early detection of arrhythmias or
other adverse cardiac events whenever the treated area is
greater than 1.5% of BSA or the procedure time is longer
than 30 minutes.>®?"%?

Intravenous Hydration

Intravenous hydration before and during the procedure helps
minimize renal toxicity and facilitates the excretion of
phenol through the urinary system, reducing its systemic
concentration. This support can be provided in an outpa-
tient setting, provided the office is adequately equipped

12
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Estimation of Body Surface Area (BSA)

No need for monitoring
or IV access

Oral hydration

Monitor vital signs

Watch for signs of
intoxication (speech /
alertness status)

Entire palmar
region - 0.8%

Palmar region
without
fingers - 0.5%

Figure 8

Optional monitoring and
IV access

Pulse oximeter is
recommended

Strong hydration

Breaks every 10 minutes
with vital signs monitoring

Monitor speech and

0.75 - 1% BSA >1.5% BSA

Continuous
multiparametric monitoring

IV hydration (500ml
per 1.5% every 30 min)

Pain control

Cross: chemical
reconstruction of
scars

AKs: actinic

alertness keratoses

Division of the face into 5 cosmetic units for segmented and spaced application of the phenol-croton peel, ensuring

procedure safety. Each unit represents 0.5%-1.5% of the Body Surface Area (BSA). The entire face plus the anterior neck represents
5% of the BSA. The perioral region with cheek feathering represents 1% of the BSA, and the periocular region (‘‘Zorro Mask’’)
represents 1.5% of the BSA. In procedures with BSA greater than 1.5%, the patient must be monitored multiparametrically, safety
breaks must be strictly enforced, and intravenous hydration must be instituted. Photos: Valua Vitaly. Editing and illustration: Ednei

Ramos.

and complies with current health regulations for intravenous
fluid administration and emergency support. It is recom-
mended to administer 500 mL of Ringer’s Lactate before the
procedure begins, adding 500 mL for each 1.5% of treated
BSA, or 30 minutes into the procedure.’®®" Intravenous
hydration with Ringer’s Lactate is preferred in procedures
involving phenol due to its balanced composition, which
contributes to electrolyte and acid-base stability during
the procedure. Unlike saline solution, which contains only
sodium and chloride in high concentrations, Ringer’s Lac-
tate contains additional electrolytes such as potassium and
calcium—important for cardiac stability—and lactate, which
is metabolized to bicarbonate, helping to prevent metabolic
acidosis often associated with systemic phenol absorption.
Furthermore, it has a lower risk of hypernatremia and hyper-
chloremic acidosis. Although there are no specific studies
directly comparing these solutions to phenol peels, the
choice of Ringer’s Lactate reflects a well-established and
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physiologically sound clinical practice for maintaining home-
ostasis in situations of increased metabolic stress.”?

Environmental Control and Staff Protection

It is essential that the room be well-ventilated to dissipate
phenol vapors, reducing the risk of toxic inhalation. Mea-
sures such as keeping windows open, keeping fans and/or
air conditioning on, and positioning a portable fan near the
patient’s nostrils to divert vapors from the airway are highly
recommended.*

Personal protective equipment is mandatory for all pro-
fessionals involved, including a waterproof apron, thick
nitrile gloves, an N95 mask, and protective eyewear.*

All materials used in the procedure must be dis-
posed of in rigid containers for hazardous waste, ensuring
safe collection and minimizing the risks of environmental
exposure.”®
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Figure 9
Felipe Ribeiro.

Formulations, Quality Control, and Safe
Preparation

It is essential that the physician performing deep peels
with phenol-croton oil prepare the formulation immedi-
ately before use, following scientifically validated formulas,
such as those proposed by Hetter or Baker, with a known,
standardized, and reproducible composition.'># However,
it is important to emphasize that the active ingredients
are purchased from compounding pharmacies, whose qual-
ity certification, traceability, and compliance with current
health regulations must be rigorously verified.

The current indiscriminate marketing of phenol and
Croton tiglium oil, including online and to non-medical
professionals, poses a serious health risk. Phenol must
have a pharmaceutical-grade purity certification seal and
be diluted in absolute alcohol (100%) in a controlled
manner.” Croton oil, in turn, has high phytochemical vari-
ability between different batches and suppliers. Studies
using liquid chromatography, mass spectrometry, and HPTLC
(High-Performance Thin Layer Chromatography) have shown
that many commercial products do not contain the same pro-
file of phorbol esters, compounds directly responsible for the
depth of action and the inflammatory pattern of peels.® %7

Furthermore, stability analyses have shown that the oil
composition changes with storage, resulting in the degra-
dation of fatty acids and the possible loss of expected
clinical action.”® Therefore, choosing reliable suppliers with
up-to-date analytical reports and rigorous purity control is
essential.

The formulation should be prepared in a screw-top glass
bottle, mixed continuously to prevent separation of compo-
nents, and applied immediately after preparation. For staff
protection, appropriate PPE is required, including a water-
proof apron, thick nitrile gloves, goggles, and an N95 mask.
Handling should be done in a well-ventilated environment
to minimize the risk of inhalation of toxic vapors.®°

Hypertrophic scars after phenol-croton peeling in the eyelid region (A and B) and preauricular region (C). Photo: Dr.

Regarding the emulsifier, scientific literature recom-
mends the preferred use of Novisol®, due to its safety,
compatibility with phenol, and role in emulsion stability, as
demonstrated in stability studies of the Hetter formula.?®'%

Finally, to reduce the risk of systemic toxicity, it is rec-
ommended that the total volume of phenol used in a single
session does not exceed 10 mL, regardless of the concentra-
tion used. %

Emergency Interventions

The presence of cardiopulmonary resuscitation equipment is
mandatory for the management of serious adverse events,
such as Acute Respiratory Distress Syndrome (ARDS) or
cardiopulmonary arrest. Furthermore, it is essential that
physicians performing phenol procedures be highly qualified
and have up-to-date training in Advanced Cardiac Life Sup-
port (ACLS), ensuring adequate response capacity to critical
complications.”684%0

Cutaneous Risks

In addition to the recognized systemic risks of phenol, the
use of this agent in dermatology is also associated with
significant local complications. These include infections,
permanent scarring (Fig. 9), pigmentary changes, ocular
damage, and impaired healing, particularly in patients with
frontal fibrosing alopecia (FFA).°>'%" (Fig. 10).

FFA compromises skin regeneration due to the loss of fol-
licular stem cells, which play a fundamental role in healing.
Recent studies, such as that by Landau et al. (2024),'" high-
light that patients with AFF have a significantly higher risk
of scarring complications, making phenol-croton peeling a
contraindication in these cases. These findings support the
need for phenol procedures to be performed exclusively by
trained physicians capable of assessing and managing indi-
vidual risks. A detailed analysis of local complications would
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Figure 10  Abnormal healing one month after phenol-croton
35%/1.2% peeling in a patient with frontal fibrosing alopecia.
Photo: Dr. Felipe Ribeiro.

warrant a separate article, given its relevance and complex-
ity.

Conclusions

The use of phenol in dermatology, widely used in procedures
such as chemical peels and onychocryptosis treatment,
offers effective and unparalleled results. However, its use
requires extreme caution due to the risk of systemic tox-
icity, such as cardiac arrhythmias and organ failure. This
reinforces the need for rigorous protocols, especially when
applying to larger areas such as the face, including cardiac
monitoring, intravenous hydration, safety pauses, and seg-
mented application, always in a controlled environment and
under the supervision of specialist physicians.

Careful patient selection is essential to minimize local
complications, such as impaired healing in specific condi-
tions, such as FFA. Therefore, not only prior risk assessment
but also expertise in conducting the procedure are of funda-
mental importance, making phenol procedures suitable only
for physicians.

Additional studies are needed to determine safe doses
and explore the long-term systemic effects of phenol, as
well as reinforce the need for strict regulation and pub-
lic awareness to ensure the safe, ethical, and responsible
use of this substance. The lack of standardization in ready-
made formulas and the widespread use by non-physicians
pose serious risks to public safety.
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Abstract
KEYWORDS Background: Artificial intelligence (Al) is increasingly gaining ground in dermatology, with stud-
Artificial intelligence; ies reporting accuracy equal to or greater than dermatologists for the diagnosis of skin lesions
Dermatology; from clinical and dermoscopic images.! Al has been developed and improved constantly for
Convolutional neural dermatology, however, the focus has been much more on neoplastic diseases, due to their high
ngtworks; : prevalence and high morbidity.
Hldraden.ms Objectives: Describe the possible applications of Al in inflammatory dermatoses.
SUPRW?UVE‘; Methods: Articles published between 2013 and 2023 in Medline and Lilacs were retrieved after
Psoriasis applying the inclusion and exclusion criteria 19 articles were selected. From each selected
article, the necessary information was extracted and with this data, the present review was
written.

Results: The first studies on Al in dermatology focused on the diagnosis of neoplasms, especially
melanoma, due to the ease of standardization of images, obtaining accuracy equivalent to that
of a dermatologist in clinical and dermoscopic lesions. Actually, there are many studies on
artificial intelligence in inflammatory dermatosis, such as psoriasis, helping to calculate the
PASI, hidradenitis suppurativa, and atopic dematitis.

Study limitations: The limitation of the study is that it is a literature review and because it is
an innovative topic with a limited number of studies published in the literature.

Conclusions: Considerable of what is published in the literature is in computer science journals,
but it is possible to perceive that there is an important interest in the area and that artificial
intelligence will advance to assist dermatologists.

© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Introduction

Artificial intelligence (Al) is increasingly gaining ground in
dermatology, with studies reporting accuracy equal to or
greater than dermatologists for diagnosing skin lesions from
clinical and dermoscopic images. However, there is cur-
rently no clinical validation in the real world, being mainly
used in research protocols." In the current scenario, Al
has three main applications in dermatology: telemedicine,
including triage for referral to dermatologists; screening
and clinical evaluation applications prior to consultations;
and dermatopathology, in order to accelerate diagnosis and
assist the pathologist.?>

Studies on the application of convolutional neural net-
works in dermoscopy for classification algorithms have
demonstrated superior performance in the early detection
of melanocytic lesions, particularly melanoma. For this pur-
pose, a dataset of 100 dermoscopic images was analyzed,
with participants divided into three groups. The first two
groups consisted of dermatologists skilled in dermoscopic
techniques: Group 1 had access to images only, while Group
2 had access to both images and clinical data. Group 3
employed Al algorithms developed by the authors. Diagnos-
tic specificity reached 82.5% in the Al group, compared to
71.3% and 75.7% in Groups 1 and 2, respectively.>*

Al has been developed and improved constantly for der-
matology. However, it focuses mostly on neoplastic diseases,
due to their high prevalence and high morbidity. Inflamma-
tory skin diseases, such as psoriasis, are in initial steps, with
applications for triage of lesions, with a sensitivity of up
to 20% and specificity of 62% only with Al.>* This review
article presents possible applications of Al in inflammatory
dermatoses.

Methods

A narrative review of articles published between 2013
and 2023 in Medline and Lilacs search platforms
was conducted using the following keywords: ‘‘Al’’;
“‘psoriasis’’; ‘‘hidradenitis suppurativa’’; ‘‘atopic der-
matitis’’; ‘‘dermatology’’, associated with the boolean
operators “‘and’’ and “‘or’’.

Inclusion criteria for articles: articles in Portuguese or
English; published between 2013 and 2022; prospective or
retrospective observational studies; systematic and non-
systematic literature reviews; cohort studies; clinical trials;
addressing the theme ‘Al and dermatology’’.

Exclusion criteria: case reports, case series, editorials,
expert opinion, reviews, studies without complete original
texts with online access, articles not written in English or
Portuguese, and articles that, after selection in the inclusion
and exclusion criteria, presented themes not related to Al
and dermatology.

In the initial search with keywords described above and
Boolean terms, 52 articles were found on the MEDLINE plat-
form and 8 on the LILACS platform. After applying the
inclusion and exclusion criteria, 43 articles were found.
After applying the criteria 19 articles were selected. It is

worth mentioning that application of these criteria was car-
ried out independently by the authors of this dissertation,
including only those which was consensus for inclusion.

From each selected article, the main data on Al were
selected and included in the present review.

Al and psoriasis

Psoriasis is an inflammatory disease that affects 125 million
people worldwide. Its evaluation can be performed using
the Psoriasis Area and Severity Index (PASI), a validated tool
most used in patients with plaque psoriasis. PASI is essen-
tial so that the dermatologist has a numerical parameter of
the patient’s evolution, especially in the era of advances in
immunobiologicals.*

It is observed that PASI presents significant intra- and
inter-rater variation, which is calculated in up to 33% of
cases, mainly in university centers where the same derma-
tologist does not evaluate the patient. Al can help both in
the diagnosis and calculation of PASI, as well as in the appli-
cation of personalized protocols and prediction of clinical
evolution.*¢

The first Al program for psoriasis was developed in 2014
to predict the risk of psoriasis in two genetic databases with
99% accuracy. Afterward, Deep Learning programs began to
be developed to calculate the PASI, aiming to facilitate and
standardize the assessment. Programs are developed based
on the opinions of specialists in the area, and image banks
are used for training. From this, the Al calculates the score
from image analysis, and this result is compared with expert
opinion. So far, few published studies have focused on part
of the PASI score and not on the final value.’

The first evaluation was carried out by Shrivastava et al.
from the analysis of each pixel of the photos of the body
segments, being classified as a skin or area of the lesion,
with an accuracy of 99%. However, it used only 670 images
for training, which may have generated an unreliable result.
Other studies accurately calculated the PASI subcategories,
ranging from 93.8% to 48.8%. There is one that only evalu-
ated erythema and desquamation, with accuracies of 78.9%
and 88.7% respectively.®®

A recent 2022 publication used 705 trunk photos for
Convolutional Neural Network (CNN- an example is demon-
strated in Fig. 1) training called Single-Shot PASI. Afterward,
the test was validated with 10 images, that were selected
as tests sets and were excluded from the training sets. The
study also compared the difference in PASI before and after
the aid of the Al (the specialist calculated the PASI and then
saw the PASI of the Al, being able to redo it), showing that
the Al helps a more homogeneous classification among the
evaluators. However, it is highlighted that, ideally, training
should be performed with more than 10,000 images for deep
learning models, but it is possible to perform with less.’

Three recent papers obtained positive results with pro-
gramming for calculating the complete PASI: Huang et al.
used 1962 patients for training and 405 to validate the test.
The model was compared with the evaluation of 43 experi-
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Figure 1

enced dermatologists. Finally, the model was incorporated
into an application in which patients could take a picture of
themselves to include the PASI in the medical record.

Another important work was carried out with Schaap
et al., training the CNN with 576 images of the back, 614
of the arms, and 541 of the legs, using the classification of
specialists as a basis and then compared with the evaluation
of only the image of the trunk with 5 physicians with PASI
experience. The Al had a similar performance, with a better
assessment of the body surface area, reaching an accuracy of
79.4%. However, the comparison of total PASI was not evalu-
ated, and comparisons of more severe scores were excluded
due to a lack of sufficient images for training."'

Finally, Fink et al. obtained a concordance of 0.86 in
evaluating 120 patients, comparing Al and experienced
physicians. The agreement remained high when the eval-
uation was repeated, which did not occur with physicians. A
previous study at the institution showed a difference of 27%
in the calculation of PASI. When repeating the same patient
after 4-weeks, there was a variation of up to 33%. Photos
were captured using FotoFinder with 4 predefined poses,
standardizing the method."?

As previously mentioned, an important limitation of Deep
Learning is that a large number of images are required for
training and reliable validation of the method. In addition,
most of the published studies were carried out with the same
ethnic group, which makes them little applicable world-
wide so far. There is also a limitation in evaluating curved
areas, such as elbows and knees, typically affected by
psoriasis.

Al and atopic dermatitis

Atopic dermatitis is the most common chronic inflammatory
skin disease in the world, with an essential impact on the
quality of life of patients, productivity at work, and health
systems, with an approximate worldwide prevalence of 15%
to 28%, being of multifactorial origin and complex patho-
physiology. Dermatology already benefits from Al in several
areas, which has proved to be fundamental as an adjuvant

Multilayer perceptron basic architecture.

method for diagnosis, classification of severity, and person-
alization of care, as well as an adjuvant for defining therapy
in dermatoses, including, albeit incipient, in atopic dermati-
tis. However, few publications in the area demonstrate a
potential for development and research today.®

A study carried out by Guimaraes and collaborators in
2021 proposed an Al algorithm for CNN-based analysis of
tomographic images of patients with atopic dermatitis (AD).
In atopic dermatitis, it is possible to identify changes such as
cellular irregularity, intracellular changes, perinuclear accu-
mulation of mitochondria, and various metabolic changes.
Despite the low sample size, this study demonstrated high
sensitivity and specificity for diagnosing AD according to the
imaging characteristics, thus providing a new method with
increased diagnostic accuracy.'>'*

Due to the multifactorial origin of atopic dermatitis and
the correlation of genetic mutations and alterations in the
intestinal microbiome as predisposing factors for the devel-
opment of AD, Jiang et al. published a study in 2022 in
which they described machine learning to predict the risk of
developing AD. AD and the phenotypic profile according to
these factors. This controlled study captured 161 patients
and evaluated 35 genes and 50 microbial characteristics,
and with limitations of the study, they published an algo-
rithm capable of accurately differentiating based only on
transcriptome and microbiome data from healthy individuals
affected by AD."

Atopic dermatitis currently has consolidated scores in the
literature, such as the SCORAD (*'SCORing Atopic Dermatitis)
and EASI (Eczema Area and Severity Index). However, numer-
ous variables depend on examiners in SCORAD, presenting
different classifications in the same patients when applied
by different experienced dermatologists. A study carried out
by Medela and collaborators created an Al algorithm capable
of classifying and calculating the SCORAD through the inter-
pretation of patient images in a fast, objective, and fully
automated way. This new model would have an impact both
in clinical practice by optimizing the time for calculating
the SCORAD, subjectivity in the scores, and allowing classi-
fication in virtual consultations, as well as in clinical trials,
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to the point that it would reduce the SCORAD classification
biases by the examiners.'®

Some studies sought to develop CNN to automate the
EASI classification, developing Al capable of measuring the
degree of erythema, papules, excoriation, and lichenifica-
tion by capturing images of patients. A study carried out
in 2021 by Bang and collaborators captured 8000 clinical
images of atopic dermatitis without photo quality criteria,
inserted them into four different CNN platforms to allow
automated EASI calculation, and demonstrated classifica-
tion rates very similar to those attributed by the professional
dermatologist demonstrating the effectiveness of Al and the
possibility of its clinical applicability.'”

Finally, it is noted that the role of Al is still incipient in
atopic dermatitis; however, published algorithms and pro-
totypes, ranging from methods for diagnosis, classification
and, consequently, influence on the therapeutic definition,
have shown a promising space for both clinical practice daily,
as in clinical trials and other scientific studies.' '

Al and hidradenitis suppurativa

Hidradenitis suppurativa (HS) is a chronic inflammatory skin
condition that causes nodules, abscesses, and fistulas in the
armpits, groin, and other areas of skin folds. HS is a debili-
tating disease that can significantly affect patients’ quality
of life, with cumulative impacts throughout an individual’s
lifetime."®

Al is a technology that can be used to improve the diagno-
sis, treatment, and prognosis of HS, as well as new diagnostic
methods (use of medical images to identify HS lesions),
develop new treatments (immunotherapy and gene therapy)
or even in the proper screening of patients, as in a work that
used a chatbot and patients imputed their symptoms, later
being evaluated for a more accurate diagnosis.'® "’

Al can also be used to improve the prognosis of HS, pre-
dict the risk of complications, and develop rehabilitation
programs for patients with HS. To standardize the classifi-
cation of this disease, a Spanish group tested the Al in the
evaluation and application of the International Hidradenitis

How can Al improve the skin cancer diagnosis? - Naevus on the left leg of a 50 year-old patient (UNICAMP archive).

Suppurativa Severity Score System (IHS4), a disease sever-
ity score used both in practice and in clinical studies, which
may mean, in addition to a better classification of the dis-
ease, to better predict prognosis and which best treatment
should be instituted at the best stage of the disease. The
work even shows that the Al model used had comparable
results with the clinical evaluation of experts, according to
the consensus and standards already studied in the litera-
ture, exemplifying an Al performance model applicable to
the routine of dermatologists who treat HS.?°

Al and other dermatosis

The first studies on Al in dermatology focused on diagnos-
ing neoplasms, especially melanoma, due to the ease of
standardization of images, obtaining accuracy equivalent to
dermatologists. As a justification, it can be used in telecon-
sultation to improve patient access to specialized care.

About half of skin-related visits are with non-
dermatologists, who lack specialized training. When
comparing the Al diagnosis with the primary care doctor,
the Al performed better. In 2016, the first program diag-
nosed melanoma using 170 images of melanoma and 170 of
nevi with a sensitivity and specificity of approximately 0.8.
It was only in 2017, with the use of CNN, that it was possible
to perform the differential diagnosis between melanoma
and benign nevus and epithelial tumors and seborrheic
keratosis. In studies, CNN’s performance is comparable to
that of an experienced dermatologist, or even better®#*
With the use of IA, it is possible to accelerate the diagnosis
of skin cancer by a general physician, after training in the
use of dermoscopy, so that the referral can be as quick as
severity demands (Fig. 2).

The use of Al in histopathology is also possible; there
is good performance reported in the diagnoses of BCC,
prostate, and breast neoplasms as well. It is possible to
increase accuracy up to 78%, mainly if molecular analysis
is used for training. The method analyzes each pixel of the
image as malignant or not in a binary way. A significant
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Table 1 Summary of the main advances in Al in dermatology.

Subtheme

Authors

Key Data

Al and Psoriasis

Al and Atopic
Dermatitis

Al and Hidradenitis
Suppurativa

Shrivastava S, et al.
Huang J, et al.
Schaap T, et al.

Fink C, et al.

Guimaraes TA, et al.

Jiang Q, et al.

Medela A, et al.
Bang Y, et al.

Hernandez I, et al.

Wiala A, et al.

Crovella S, et al.

Al analysis of body segment photos for psoriasis with 99% accuracy.
Study used 670 images for training.

Deep learning model for PASI calculation using 1962 patients for
training and 405 for validation. Accuracy achieved.

CNN trained with 576 images of the back, 614 of the arms, and 541 of
the legs, achieving 79.4% accuracy in body surface area assessment.
Al concordance of 0.86 in PASI evaluation of 120 patients. High
agreement with experienced physicians. Excluded curved body areas
and areas covered by hair.

Al algorithm for CNN-based analysis of multiphoton tomography
images for atopic dermatitis. High sensitivity and specificity for
diagnosis.

Machine learning to predict risk of developing atopic dermatitis
based on 35 genes and 50 microbial characteristics. Accurate
differentiation of AD.

Al algorithm for automated SCORAD classification from patient
images. Optimizes calculation time and reduces subjectivity.
Automated EASI calculation using CNN with 8000 clinical images
Classification rates similar to professional dermatologists.

AIHS4 uses Legit.Health-IHS4net based on YOLOV5 architecture.
Assesses HS severity with performance comparable to expert
physicians. Reduces inter-observer variability.

Uses CNNs for HS severity classification. Dataset includes 7675
images. Overall prediction accuracy of 78% and IHS4 classification
accuracy of 72%. U-NET algorithm localizes lesions with 88.1%-pixel
accuracy.

Integrates Al for early HS diagnosis using machine learning and deep

learning algorithms for image analysis. Recognizes subtle patterns
and addresses challenges like data privacy.

Al and Other Dermatoses Young AT, et al.

Review of Al applications in dermatology, including telemedicine

screening, and dermatopathology. Highlights CNNs’ performance in
diagnosing melanocytic lesions and Al’s role in PASI calculations HS
management, and onychomycosis diagnosis.

CNN, Convolutional Neural Network; AT, Atopic Dermatitis; EASI, Eczema Area and Severity Index; HS, Hidradenitis Suppurativa; Al,
Artificial Intelligence; PASI, Psoriasis Area and Severity Index; SCORAD, SCORing Atopic Dermatitis.

advantage would be access to diagnosis in places with no
dermatopathologist.’-?

It is essential to highlight that most of the models were
created in Europe and East Asia, with essential limitations
for use in other populations as well. Another critical factor
is that the dermatologist analyzes other factors to consider
malignancy in diagnosing melanoma, while Al cannot, lead-
ing to more false positives. The use of Al also requires
standardization of photos with quality and good lighting,
something difficult to obtain on a large scale. In addition,
there is no study with real-world experience or with rarer
lesions such as amelanotic melanoma. The dermatologist
diagnoses more than 2000 skin diseases, while the algorithm
was trained for up to 757 diseases, with binary classification
as malignant vs. benign. It does not perform well when used
to distinguish diagnoses.’

Conclusion

The integration of Al in dermatology will occur as research
advances. With the perspective to enhance the accuracy of

diagnosis and follow up besides the availability of specialist
diagnosis for skin cancer and inflammatory skin diseases, Al
can help to speed patient access to treatment, especially
in places where dermatologist is not easily available. The
need of a large dataset for algorithm training is still the
major difficulty for validation however, good evidence with
high accuracy has been shown. Another important highlight
is that most algorithms are trained with white and Asian
skin, limiting the application for mixed-race populations,
like Brazil. Future research will be crucial to overcoming
these barriers and realizing the full potential of Al in der-
matology (Table 1).

Editor
Silvio Alencar Marques.
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Epidemiological profile and
main allergens identified in
cases of allergic contact
cheilitis™

Dear Editor,

Allergic contact cheilitis (ACC) is an inflammatory reaction
on the lips resulting from a type 4 hypersensitivity reaction.’
They may occur alone or in association with perioral eczema,
stomatitis, contact dermatitis, atopic dermatitis, and other
diseases.”? The main etiologies described include: musical
instruments, hygiene products (such as toothpaste and lip
balm), cosmetics (applied to the face or other areas), topical
medications, dental materials or food allergens.?

Patients from outpatient clinics of a public and a pri-
vate service with suspected ACC, with exclusive involvement
of the lips, treated between January 2018 and August
2024, were selected. The allergens used in the tests were
those present in the Brazilian standard batteries (FDA Aller-
genic/RJ/Brazil), hair series and Latin American series
(IPI Asac-SP/Brazil, consisting of the substances present
in the standard series plus propyl gallate, disperse blue,
dialkyl thiourea, methylisothiazolinone (M), hydrocorti-
sone butyrate, fragrance mix 2, cocamidopropyl betaine,
Methyldibromo glutaronitrile (WADBGN), IPPD, sesquiterpene
lactone mix, propolis, budesonide, hydrocortisone acetate,
lyral, toluenesulfonamide-formaldehyde resin, Diazolidinyl
urea, and imidazolidinyl urea) in addition to allergens
selected from the literature that are common for allergic
contact dermatitis (ACD) in this location (compounding phar-
macy). The readings were performed at 48 and 96 hours,
according to previously established criteria.

A total of 736 patch tests were performed in the pub-
lic service and 250 in the private sector during the analyzed
period, totaling 986 tests. Of these, those with lesions exclu-
sively on the lips were selected. Thus, there were 8 cases
(1%) in the public service and 13 (5.2%) in the private sector,
totaling 21 cases (2.1%). The patients’ ages ranged from 18
to 78 years, with a mean of 35 years. There was a higher

* Study conducted at the Dermatology Clinic, Irmandade da Santa
Casa de Misericordia de Sao Paulo, Sao Paulo, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501170

Table 1 Distribution of positive substances in patch tests
in cases of Allergic Contact Dermatitis (ACD) of the lips.

Substance Number of Percentage (%)
reactions

Fragrance mix 1 9 14.60%
Galates 5 8.20%
MDBGN 4 6.60%
Fragrance mix 2 3 4.80%
CAPB 3 4.80%
Sodium palladate 3 4.80%
Propolis 3 4.80%
Carba mix 2 3.30%
p-tertiary-butylphenol 2 3.30%
Cinnamaldehyde 2 3.30%
Lanoline 1 1.50%
Balsam of Peru 1 1.50%
Parabens 1 1.50%
Diazolidinyl urea 1 1.50%
Shellac 1 1.50%
Lyral 1 1.50%
Sesquiterpene lactone mix 1 1.50%
Eugenol 1 1.50%
Dimethicone 1 1.50%
Hydrocortisone 1 1.50%
Benzyl alcohol 1 1.50%
Chloroxylenol 1 1.50%
Formaldehyde 1 1.50%
Benzophenone 3 1 1.50%
BHT 1 1.50%
Propylene glycol 1 1.50%
MI 1 1.50%
Benzyl cinnamate 1 1.50%
Citronellol 1 1.50%
Total 62 100%

*Some patients had more than one positive test.
CAPB, Cocamidopropyl betaine; MDBGN, Methyldibromo gluta-
ronitrile; BHT, Butylhidroxytoluiene; MI, Methylisothiazolinone.

frequency of female patients (76%). The average time from
disease onset to patch testing was 12 months. The most
frequent substance in the tests was Fragrance Mix 1 (FM1
14.6%), as shown in Table 1.
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Figure 1

Patient with Allergic Contact Cheilitis (ACC) on the lip with sensitivity to CAPB (Cocamidopropyl betaine). Left: patient

at the first consultation. Right: patient after stopping contact with CAPB.

A total of 21 suspected cases of ACC were evaluated, with
lesions exclusively on the lips (2.1%) among those submitted
to patch tests, showing a low frequency of the dermatosis
in this location, in agreement with results in the litera-
ture, which show a frequency of 1% to 3.4%." The patients’
mean age of 35 years, ranging from 18 to 78 years, was
similar to that of some studies, which showed ages rang-
ing between 41 and 47 years. The group consisted mostly
of women (16/76%), a finding consistent with other stud-
ies, possibly due to the greater use of cosmetics by this
population.*> The most common allergens observed were
fragrances, respectively FM1 (9/14.6%) and FM2 (3/4.8%),
present in toothpastes, topical medications, lip cosmetics
and perfumes. Their relevance for cases of cheilitis in the
literature ranged from 5.4% to 38%, consistent with the find-
ings in this study.®” Balsam of Peru, also considered a marker
of fragrance allergy, was positive in one case (1.5%), which
was associated with positivity to citronellal (1.5%). CAPB
(Cocamidopropyl betaine), positive in three cases (4.8%;
Figs. 1 and 2), isa common lip allergen classified as a surfac-
tant, often diluted in peppermint oil, a common ingredient
in toothpastes.® Gallates are antioxidants present in cosmet-
ics, topical medications, and foods, and is also commonly
used in lipsticks; they were positive in five cases (8.2%) in
this study, a lower prevalence than the 36% found in the
study by Loidi-Pascual et al.* MDBGN is a preservative used in
liquid soaps, shampoos, moisturizers, vaginal gels, makeup
remover wipes, glues, adhesives, sanitary pads and topical
medications; it was positive in 6.6% of cases and was related
in the present patients to the use of lip balms.>’ Propo-
lis is an uncommon allergen for the lips and is generally
present as a contaminant in beeswax, a common component
in balms and lipsticks, having been observed in one case
(1.5%); however, the study by Nyman et al. showed a 19%
frequency among 95 patients with suspected contact cheili-
tis, CD of the face and perioral region.® Some preservatives,

Figure 2 Patch test on the back with positivity to CAPB
(Cocamidopropyl betaine) for the patient with allergic contact
cheilitis (ACC) on the lip.

such as parabens, diazolidinyl urea and BHT (butylhidroxy-
toluiene), are mainly used in topical medications and are
considered the second most common group of allergens in
cosmetics after fragrances, with prevalence rates of up to
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32%.” Among the evaluated cases, they were positive in
one case each (1.5%). Shellac is a natural resin from an
insect (Laccifer lacca), used in the food, pharmaceutical
and cosmetic industries for its emollient and film-forming
properties and found in hair sprays, lotions, shampoos, eye-
liners, mascara, nail polish, lipsticks and fragrances; it was
positive in one case (1.5%) and was related to lipstick use.?
Finally, benzophenone-3 is a component of sunscreens, also
present in other cosmetics with the function of protecting
the product against deterioration due to ultraviolet radia-
tion action; among the study patients, it was positive in one
case (1.5%), related to the use of lip gloss.

Even though the literature describes metals (e.g.,
nickel sulfate and potassium bichromate) and drugs (e.g.,
neomycin) as allergens frequently implicated in contact
cheilitis, these findings were not evidenced in the present
study, probably because of the small sample size.’

Although the patch tests in this study were not performed
with the products used by the patients, as recommended in
some studies, a detailed anamnesis was performed to ensure
that the allergens to which the patients were exposed were
included in the battery of applied tests.’ Although patients
are instructed to bring the suspected products on the day
of the test, there is low adherence to the procedure, often
with claims of forgetting or not having the product at the
time of the exam.

Although the group studied a small number of patients,
the study demonstrates the importance of patch tests in
cases of cheilitis, to establish the diagnosis of allergic
contact dermatitis, as well as the most prevalent causative
agents.’

Editor

Luciana P. Fernandes Abbade.
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Expression of the aryl
hydrocarbon receptor (AhR) in
facial melasma skin compared
to healthy perilesional skin™

Dear Editor,

Melasma is a chronic, acquired hypermelanosis, most preva-
lent in adult women with intermediate skin types (lll to V),
especially in intertropical countries such as the Middle East,
India, and Latin America.'"?

In the last decade, its prevalence has increased in Brazil .
A study that evaluated the volume of searches on the Google
platform demonstrated a 54.4% global increase in interest in
the topic since 2000; there is an association with the coun-
try’s sunlight exposure, oral contraceptive use, and carbon
dioxide emissions.*

The aryl hydrocarbon receptor (AhR) is a cytoplasmic
protein that, when activated, undergoes nuclear transloca-
tion and acts as a regulatory transcription factor for the
response to environmental stimuli and maintenance of cell
homeostasis. It is expressed in various skin cell types, includ-
ing keratinocytes, melanocytes, fibroblasts, sweat ducts,
and hair follicles, participating in processes such as cell
proliferation, differentiation, apoptosis, inflammation, and
pigmentation.®®

AhR can be activated by polychlorinated biphenyls,
dioxins, or other polycyclic aromatic hydrocarbons (PAHS)
present in environmental pollution, as well as endogenous
metabolites induced by ultraviolet radiation. Activated AhR
upregulates enzymes involved in the clearance of xenobi-
otics (such as CYP1A1, CYP1A2, CYP1B1, and UGT1A6). The
activity of these enzymes results in the production of reac-
tive oxygen species (ROS), inducing p38, which increases the
activity of MITF (Microphthalmia-Associated Transcription
Factor), regulating tyrosinase expression in melanocytes.>’

Air pollution plays an important role in extrinsic aging.
Synergistically with sun exposure and genetic factors, it may
be a risk factor for the onset and maintenance of melasma
pigmentation, due to the cutaneous penetration of PAHs and

* Study conducted at the Faculty of Medicine, Universidade Estad-
ual Paulista, Botucatu, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501181

activation of AhR.? Since, to date, no study has evaluated
the role of AhR in melasma, an investigation was conducted
to compare its differential activation in melasma and adja-
cent healthy skin.

After approval by the ethics committee of the Botucatu
School of Medicine - Unesp (n. 6,590,628), 20 adult women
with facial melasma who had not been treated for more
than 30 days underwent two skin biopsies (3 mm): one from
the skin with facial melasma and the other from clinically
healthy, adjacent skin, up to 2 cm from the lesion border.

After being paraffin embedded, the 40 specimens
were stained with hematoxylin & eosin and submitted to
immunohistochemistry (DAB) for Ki67 (clone MIB1, Dako,
M7240, Glostrup, Denmark - 1/50) and for AhR (clone
EPR7119(N)(2), ab190797, Abcam, Cambridge, MA - 1/100).
All immunohistochemical reactions were performed man-
ually, validated in the tissues indicated by the antibody
package inserts, and titrated to the lowest concentration
to avoid background staining (Supplementary Material).

The main outcome was the number of stained epider-
mal nuclei per x400 field, analyzed blindly regarding the
topography (melasma or healthy skin). The entire epider-
mal sample was evaluated and counted for all participants.
The staining of pilosebaceous units was also evaluated.
The thickness of viable epidermis was assessed using three
measurements in interfollicular areas. The epidermal prolif-
eration rate was calculated using the HSCORE score of Ki67
nuclear staining. The HSCORE is a semiquantitative method
for evaluating the immunohistochemical expression of pro-
teins in the cell nucleus. It weights the percentage of stained
cells and the intensity of staining (0 = absent, 1 = weak, 2 =
moderate, 3 = strong).’

The variables were compared between topographies
using a linear mixed-effects model, and significance was
defined as p < 0.05. The sample size was based on the expec-
tation of a difference between topographies of more than
10% of expression among the sampled skins (alpha 0.05 and
beta 0.2).

The clinical and demographic data of the sample are
shown in Table 1, and none of the participants were smok-
ers. Immunohistochemical staining (Figs. 1 and 2) revealed
higher nuclear AhR expression in the melasma epider-
mis compared with the adjacent healthy skin (1.3 vs. 1.1
nuclei/field; p = 0.03). There was no cytoplasmic AhR stain-
ing in the epidermis. In the pilosebaceous units, both nuclear

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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 Main clinical and demographic information of

female participants (n = 20 women).

Variables Values
Age (years), mean (SD) 44.9 (9.2)
Phototype, n (%)
Il 8 (40%)
11 5 (25%)
IV-V 7 (35%)
Pregnancy history, n (%)
Never 3 (15%)
1-2 11 (55%)
3 or more 6 (30%)
Use of oral contraceptives, n (%) 1 (5%)
Daily sun exposure, n (%) 7 (35%)
Family history of melasma, n (%) 15 (75%)
Age of onset of melasma, mean (SD) 33.3 (10.8)
mMASI, mean (SD) 4.0 (2.4)
mMASI, Modified Melasma Area and Severity Index.
A B
1.5+ 40
P=0.03 8
8% E
_E-g 1.2+ 3
33 — 2 304
w
23 0.0 5
T -
%) ‘—8 E 20
8 5 0.6 8
=59 7]
' O T 104
& 3 o34 .
z 2 0.3 5
4
0.0- 0-

1
Melasma Adjacent

Figure 1 Comparative graphs of AhR nuclear expression

melasma and adjacent healthy skin (n = 20).

1
Melasma Adjacent

and cytoplasmic staining were observed (Fig. 3), being more
frequent in melasma than in the adjacent healthy skin (70%
vs. 30%; p = 0.03). There was staining in the eccrine sweat
gland ducts, in both topographies (p > 0.9).

The epidermis with melasma (Figs. 1 and 2) showed thin-
ner epithelial thickness (187 vs. 207 pm; p < 0.01), but
a higher proliferation rate (HSCORE 36 vs. 27; p = 0.02).
There was no correlation between HSCORE, mMASI, epider-
mal thickness, and epithelial AhR expression (p > 0.3).

The higher expression of AhR in the epidermis and pilose-
baceous units in melasma may indicate the involvement of
environmental stimuli (especially pollution) in its pathogen-
esis and contribute to the higher prevalence of melasma in
urban centers. Furthermore, ultraviolet light, particularly
UVB, and exposure to visible light generate formylindole-
(3,2-b)-carbazole, a high-affinity ligand and endogenous
transcriptional activator of AhR, reinforcing the synergistic
action of solar radiation on atmospheric pollutants.'

Microparticulate pollutants penetrate the skin through
intracellular, intercellular pathways, and through hair
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in the epidermis (A), Ki67 score (B) and epithelial thickness (C) with

Figure 2 Epidermal nuclear expression of AhR (x1000): A. Melasma. B. Adjacent skin. Epidermal nuclear expression of Ki67

(x400): C. Melasma. D. Adjacent skin.
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Figure 3
sweat gland ducts (x400).

follicles and sweat glands. In melasma, there is impair-
ment of the skin barrier and a reduction in epithelial
thickness compared to the adjacent skin, which may
favor the permeation of pollutants.” ROS generated by
AhR activation contributes to oxidative damage to the
epidermis and upper dermis. This inflammatory microenvi-
ronment accelerates collagen degradation and the secretion
of inflammatory mediators that can induce persistent
melanogenesis.?>’

AhR activation can mediate melanogenesis via the canon-
ical or non-canonical pathway. In the canonical pathway,
upon activation, AhR translocates to the nucleus, where
it interacts with its heterodimerization partner ARNT (Aryl
Hydrocarbon Receptor Nuclear Translocator), forming a
complex that binds to specific DNA response elements, such
as the xenobiotic response element. This results in the
transcription of genes such as CYP1A1 and B1, which influ-
ence melanin synthesis. The non-canonical pathway involves
direct or indirect interactions of AhR with signaling proteins,
independently of ARNT, including activation of intracellu-
lar kinases and pathways such as MAPK (Mitogen-Activated
Protein Kinase). These pathways can promote the expres-
sion of pro-melanogenic factors, such as MITF, which induce
melanin synthesis.”"®'" However, such melanogenic path-
ways have been demonstrated in cell cultures and murine
models, and the present experiment was based on immuno-
histochemistry of paraffin-embedded tissue from dermatosis
pigmentosa.

In addition to melanocytic hypertrophy, melasma shows
structural alterations of the entire epidermis, upper dermis,
and barrier function. Increased cell replication rates with
thinner epithelial thickness may reflect the intense cell tran-
sit induced by growth and inflammatory factors in the upper
dermis, which is structurally compromised in the disease.

AhR expression in the pilosebaceous follicle (x200). A. Melasma. B. Adjacent skin. C. AhR expression in the eccrine

A similar phenomenon occurs in the atrophic epithelium of
photoaging.>'?

The main limitations of this study are the modest sample
size, slight differential staining, the inclusion of women only,
and the lack of a functional study of the pathways activated
by AhR. Furthermore, the use of manual immunohistochem-
istry with an experimental antibody can be considered a
limitation. Further studies should explore the effect of
AhR blockade on the suppression of melanogenesis and skin
aging, as well as investigate possible melanogenic stimuli
originating from the sebaceous glands in melasma.'?

In conclusion, greater expression of AhR was observed in
the epidermis and pilosebaceous units of melasma skin com-
pared to adjacent skin, suggesting a role in its pathogenesis.
The melasma epidermis also showed smaller thickness and
a higher replication rate.
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Revisiting a century of
dermatology: an analysis of the
themes in the articles of Anais
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Dear Editor,

Anais Brasileiros de Dermatologia (ABD) constitute the
main scientific journal of the Brazilian Society of Dermatol-
ogy (SBD, Sociedade Brasileira de Dermatologia). Published
since 1925, they play a fundamental role in disseminating
knowledge in the field, contributing to professionals’ train-
ing and updating, in addition to providing a platform for
the dissemination of original research, reviews, and relevant
clinical cases.'

The ABD is indexed in the main international databases,
making it the most influential dermatology journal in Latin
America, and the only one indexed in the ISI-Web of Science
database, which calculates journal impact factors.?

Over a century of its publication, the ABD has accumu-
lated more than six thousand articles authored by more
than ten thousand researchers. These studies have tracked
changes in clinical practice, the emergence of new diseases,
and technological innovations, consolidating the journal as
an essential reference for dermatologists and researchers.?
At the same time, the ABD underwent adjustments to its edi-
torial policy to adapt to the demands of a modern, dynamic
journal with international reach and high scientific rigor.*>

Analysis of the titles of articles published in the ABD
over time allows us to understand changes in dermatologi-
cal practice and reflect epidemiological and social trends, as
well as scientific advances of each period. This study aimed
to conduct qualitative bibliometric research on the topics
addressed in articles published by the ABD between 1925
and 2025.

The titles of articles published in the ABD between
1925 and April 1, 2025, were extracted from the website

http://www.anaisdedermatologia.com.br/edicoes-anteriores.

* Study conducted at the Department of Infectology, Dermatology,
Imaging Diagnosis and Radiotherapy, Faculty of Medicina, Universi-
dade Estadual Paulista, Botucatu, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501197

The articles were grouped into four periods: 1925-1950,
1951-1975, 1976-2000, and 2001-2025. The titles were
normalized for grammatical uniqueness, and spelling
variations (such as "syphilis” and “sifilis") and related terms
(such as "leprosy,” "hanseniase," and "hansénico") were
manually identified. Generic words (such as "patient,”
"dermatosis,” and “treatment”), prepositions, articles,
conjunctions, and adverbs were excluded using ChatGPT
4.0%®, which was also used to translate the titles available
exclusively in English. The term groups were processed by
WordArt (http://www.wordart.com/create) to generate
word clouds with the most frequent terms (up to 100),
which were identified in more than 1% of the titles.®

The frequencies of the 20 most frequently identified dis-
eases in the titles were compared across the four periods
using residual analysis corrected by the Holm-Bonferroni
procedure.’ Significance was defined as p < 0.05.

The distribution of the 150 most frequent themes
in each period is represented in the word clouds in
Fig. 1. In the first period (1925-1950), infectious diseases
such as treponematoses (syphilis, yaws, and pinta), lym-
phogranuloma venereum, leprosy, paracoccidioidomycosis,
and leishmaniasis stood out. Arsenotherapy was used to
treat treponematoses and leishmaniasis. Pemphigus foli-
aceus was the most important inflammatory disease.

In the second period, infectious diseases continued
to predominate, including leprosy, syphilis, leishmania-
sis, paracoccidioidomycosis, chromomycosis, sporotrichosis,
lobomycosis, and superficial mycoses. The introduction of
penicillin changed the treatment of treponematoses, while
corticosteroids and sulfones began to be used for inflam-
matory diseases and leprosy. Diseases such as eczema and
psoriasis became more commonly cited.

In the third period, infectious diseases such as leprosy,
leishmaniasis, and paracoccidioidomycosis still predomi-
nated. Psoriasis gained prominence, as did melanoma,
carcinomas, and scabies. The HIV epidemic at the end of
the last century stands out.

In the last period, psoriasis and neoplasms gained
prominence over infectious diseases. Articles appeared on
dermatoscopy, micrographic surgery, alopecia areata, and
immunobiologicals. Articles involving COVID-19 in the last
five years stand out.

Table 1 depicts the frequencies of the 20 diseases most
frequently mentioned in article titles over time, highlighting

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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
de Dermatologia (1925-2025).

Frequency of the 20 most commonly identified groups of dermatoses among the titles of articles in the Anais Brasileiros

Disease 1925 to 1950 1951 to 1975 1975 to 2000 2001 to 2025°
(n=250) (n=468) (n=1.444) (n=3.867)

Acne 1 (0.4%) 2 (0.4%) 18 (1.2%) 60 (1.6%)

Alopecia areata 0(-) 0(-) 6 (0.4%)

Atopic dermatitis 0(-) 3 (0.6%) 7 (0.5%)

Basal cell carcinoma 0(-) 3 (0.6%) 15 (1.0%)

Scabies 2 (0.8%)

Sporotrichosis 1 (0.4%) 11 (0.8%) 27 (0.7%)

Leprosy 64 (4.4%)

Herpes simplex 6 (0.4%) 11 (0.3%)

Leishmaniasis 8 (3.2%) 15 (3.2%)

Lupus erythematosus 14 (1.0%) 42 (1.1%)

Melanoma

Superficial Mycosis
Paracoccidioidomycosis
Bullous pemphigoid
Pemphigus foliaceus

Psoriasis 38 (2.6%)
Syphilis

Urticaria 1 (0.2%) 3 (0.2%)
Vitiligo 1 (0.4%) 3 (0.6%) 9 (0.6%)
Zoster 0(-) 2 (0.4%)

6 (0.4%)
22 (1.5%)

@ Data up to 04/01/2025; Cells in GREEN: lowest frequency (p <0.05); Cells in RED: highest frequency (p <0.05).

the significant increase in the number of publications in the
last period and the variation in the frequency of references
to these diseases over time.

In the last century, Brazil underwent an epidemiological
transition marked by a reduction in infectious diseases as
well as an increase in chronic non-communicable diseases

and neoplasms, driven by population aging and lifestyle
changes. This process occurred in parallel with social and
cultural transformations, such as accelerated urbanization,
improved sanitation, and advances in medical science.?
Penicillin arrived in Brazil in the 1950s, which may explain
the reduction in publications on treponematoses from the
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third period onward. Similarly, multidrug therapy for leprosy
was instituted in 1986, drastically reducing its morbidity and
prevalence, reflecting lower numbers of publications in the
last period.

Immunobiologicals, which revolutionized psoriasis, have
been available in Brazil since the first decade of the millen-
nium, which may explain the recent increase in publications
on the disease. The same can be said for modern treat-
ments for atopic dermatitis, urticaria, vitiligo, and alopecia
areata.

The progressively greater longevity of the population and
the development of Brazilian dermatological surgery over
the last 50 years may be reasons for the progressive increase
in the frequency of publications in oncology and bullous
pemphigoid.

Between the 1960s and 1980s, cases of sporotrichosis
emerged in the Southeast region, mainly among farmers and
vegetable handlers, sparking the interest of dermatologists.
The increasing urbanization of the Brazilian population,
associated with the availability of effective outpatient
treatments, may explain the recent reduction in publica-
tions on paracoccidioidomycosis, pemphigus foliaceus, and
leishmaniasis.

The reduced prominence of infectious diseases, despite
the greater focus on inflammatory dermatoses and neo-
plasms, reflects not only changes in disease epidemiology
but also research funding priorities.®® Over time, the fre-
quency of these topics in medical journals illustrates the
dynamic nature of medicine, where public health demands
and pharmaceutical advances drive scientific discourse. '

Finally, ABD publications have accompanied global health
crises, such as syphilis, AIDS, and the COVID-19 pandemic.
Similarly, they have reflected the evolution of therapies for
venereal diseases, leishmaniasis, leprosy, psoriasis, atopic
dermatitis, and alopecia areata.

This study has limitations related to the individual anal-
ysis of terms without assessing their semantic relationships,
variations in medical terminology, and editorial rules over
time. Future studies should be conducted based on the anal-
ysis of full texts, considering their impact, citations, and
types of publication, for a more detailed understanding of
the variations in editorial practices in Brazilian dermatology.

In conclusion, given the scenario of constant scientific
evolution, understanding the trends in academic produc-
tion allows not only revisiting the trajectory of Brazilian
dermatology but also identifying knowledge gaps and direct-
ing future research to meet the emerging demands of the
specialty.
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Sporotrichosis in Amazon: m
series of 46 cases with emphasis
on zoonotic transmission™

Dear Editor,

Sporotrichosis is a chronic, granulomatous, subcutaneous
fungal infection caused by fungi of the genus Sporothrix."?
Transmission occurs mainly through direct contact with
contaminated soil or organic matter®>“ and through interac-
tion with infected animals, especially cats." Sporotrichosis
can manifest cutaneously or extracutaneously, mainly in
immunocompromised patients.®

This is a descriptive and observational study carried out
at the Dermatology Service of Universidade do Estado do

Para, a reference in secondary care for dermatological dis-
eases in the North region, between April 2022 and June 2024,
related to 46 patients with sporotrichosis. The research
was approved by the Research Ethics Committee of the
University (Opinion n. 5.647.696/2022). The present study
followed the CARE checklist for case reports and series. Data
collection was performed through medical records, includ-
ing demographic information, clinical characteristics, and
treatment details.

Of the 46 patients, there was a predominance of females
(71.7%), probably due to the fact that women are usually the
main caregivers of animals, increasing the risk of contami-
nation. Age ranged from 6 to 85 years, with a mean of 41.3
years (Fig. 1). All participants were considered immunocom-
petent at the time of diagnosis.

Distribution of age groups among patients
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Distribution of age groups among patients diagnosed with sporotrichosis between April 2022 and June 2024 at a reference

* Study conducted at the Dermatology Outpatient Clinic Prof. Miguel Saraty de Oliveira, Centro de Ciéncias Bioldgicas e da Salde I
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Figure 2
chosis.

Patient with the lymphocutaneous form of sporotri-

Regarding epidemiology, 15.2% (n=7) reported previous
contact with soil or decomposing organic matter, while
95.5% (n=44) reported contact with cats. Of these, 76%
(n=35) indicated recent scratches or bites, and 36.9%
(n=17) mentioned contact with cat secretions.

Histopathological examination was performed on 78.2%
of the samples (n=36), with reports suggestive or diagnostic
of sporotrichosis. In 62.5% of the cases (n=28), a culture was
performed and confirmed in 32.6% (n=15).

The skin lesions ranged from nodules to ulcers, with pre-
dominance in the extremities. In 28.3% of the cases (n=13),
concomitant involvement of lymphatic chains was observed.
The localized cutaneous form was the most frequent one
(69.5%), followed by the lymphocutaneous (28.3%; Fig. 2)
and the severe/disseminated form (2.2%).

The evaluation of the animals showed that 63.6% of the
felines (n=28) had received a clinical veterinary diagno-
sis, and/or with the aid of direct mycological examination,
of sporotrichosis. Information on clinical outcomes was
obtained for 16 animals: 5 (31.2%) were euthanized due to
the severity of the condition, 6 (37.5%) received success-
ful treatment with itraconazole, and 5 (31.3%) died without
veterinary intervention.

The medication prescribed in 93.5% of human cases
(n=43) was itraconazole, with doses ranging between
100 mg and 200 mg daily. In 4.5% of cases, potassium iodide
(KI) was used due to the patients’ age (children, with
doses between 1.4 and 2.1g/day). Treatment lasted up to
six months in 46% of patients, resulting in complete heal-
ing of the lesions. Adverse effects of itraconazole were
reported by only three patients (6.9%) - myalgia, ver-
tigo, requiring replacement by Terbinafine, with satisfactory
response.

Regarding prognosis, 79% of cases (n =36) showed healing
of the lesions. Eight patients did not return for follow-
up, and two are still being followed. In general, healing
occurred between two and four months after the start of
treatment. Outpatient discharge was recorded in 94.1% of
cases, with complete healing and no recurrence or treat-
ment failures.

Figure 3
chosis.

Patient with the fixed cutaneous form of sporotri-

Clinically, the most common form observed was the fixed
or localized cutaneous form (Fig. 3), with predominant
lesions being ulcers, nodules, and erythematous-infiltrated
plaques. This difference in relation to other studies® can
be attributed to the higher number of immunocompetent
patients in this study and early access to medical care. The
diagnostic methods most often used in the present study
were culture of the material and histopathological analysis,
with culture on Sabouraud Dextrose Agar being considered
the gold standard.” Moreover, 12 of the 27 cases showed a
negative culture, despite presenting suggestive histopathol-
ogy. It is worth noting that some patients were already
undergoing treatment at the time of diagnosis, which may
have influenced the culture results.

The results of this study (Table 1) highlighted the variety
of clinical presentations and characteristics of the lesions,
the good efficacy of the treatment used, the relatively short
healing time (less than six months for 46% of patients), and
the cure outcome. The positive therapeutic response to itra-
conazole in all cases reinforces the drug efficacy,® already
well established in national protocols.

Since the 1990s, interaction with infected felines has
been widely associated with the increased incidence of cases
in Brazil,>’ accounting for 95.5% of the reported causes of
infection.'® This finding is corroborated by the data from the
present study, which identified this route of transmission in
44 patients (95.5%).

Transmission occurs mainly through scratches, bites or
contact with respiratory secretions from infected cats,*’
affecting especially veterinarians, owners, or animal res-
cue activists. Sanitary measures, veterinary control, and
keeping felines in safe environments, without access to the
street, are essential to reduce transmission between felines
and humans.

The limitations of this research include the sample being
restricted to a single center and the lack of prolonged
follow-up of some patients. The need for accurate diagnostic
methods and awareness of the disease is essential to prevent
morbidity and sequelae. The lack of mandatory reporting in
some states,” such as Para, and the lack of knowledge of
the disease among physicians contribute to underreporting,
impacting public control policies.
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Table 1 Clinical-epidemiological data of patients diagnosed with sporotrichosis between April 2022 and June 2024 from a
reference center in the Northern Region of Brazil.
Clinical-epidemiological data Total (%)
Male 13 27,3%
e Female 33 71,7%
Origin Met,ropolitan Region of Belém 2 4,3%
Belém 44 95,7%
Feline exposure 1 il )
No 2 4,5%
Scratch, bite or contact with/secretions 37 84%
Diagnostic confirmation in the feline 28 63,6%
Feline under treatment 6 21,4%
Localized cutaneous 32 69,5%
Clinical form Lymphocutaneous 13 28,3%
Severe/disseminated 1 2,2%
L Itraconazole 43 93,5%
Medication Potassium lodide 3 4,5%
s ) < 3 months 10 22%
tHreezlE;g:?:tTe after starting the < 6 months 21 46%
> 6 months 5 11%

a 8 patients lost to follow-up/2 patients still being followed.
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Use of biologics in
pediatric-onset hidradenitis
suppurativa: a case series”

Dear Editor,

Recent literature reveals a bimodal distribution of
Hidradenitis Suppurativa (HS), with the first peak occurring
in late adolescence and the second in the fourth decade
of life. Most publications focus on adulthood, with limited
research addressing pediatric HS,"? particularly concerning
the use of biological agents in this population.?™

Aiming to add further data to this topic, we performed a
retrospective analysis of patients diagnosed with HS under
the age of 18 at a Portuguese tertiary university hospi-
tal, selecting those who initiated their first biologic before
adulthood.

Twelve patients were included in the analysis (8 female,
67%), with a median age at diagnosis of 16 years (range
10-17 years). The median time from symptom onset to diag-
nosis was 27 months (IQR 14-34.3-months), and the median
follow-up duration was 6-years (IQR 3-8.8-years). At diag-
nosis, 67% (n=8) were classified as Hurley Stage lll, 25%
(n=3) as Stage Il, and 8% (n=1) as Stage |. Additional clin-
ical characteristics and previous therapies are available in
Table 1. Regarding biologic therapy, adalimumab was admin-
istered to all 12 patients, ustekinumab to 4 patients (33%),
and infliximab and secukinumab, each to 3 patients (25%).
A mean of 2 biologics were administered per patient (range
1-4). The median age for starting biologic therapy was 16.5
years, with therapy initiated before age 18 in all adali-
mumab patients (ages 11 to 17), in 2 out of 4 ustekinumab
patients (both aged 17), and in 2 out of 3 infliximab patients
(aged 13 and 17). Secukinumab therapy was initiated dur-
ing adulthood. Adalimumab (n=12) had primary failure (no
response at week 16) in 17% of cases (2 patients), secondary
failure in 50% (6 patients, median duration 24 months), and
maintained efficacy in 33% (4 patients, median follow-up
36 months). Ustekinumab (n=4) exhibited primary failure
in 1 patient, with maintained efficacy in the remaining 3
(with a median follow-up of 23-months). Infliximab (n=3)

* Study conducted at the University of Porto, Porto, Portugal.

https://doi.org/10.1016/j.abd.2025.501188

Table 1 Clinical characteristics and previous therapies of
the pediatric-onset hidradenitis suppurativa patients treated
with biologics (n=12).

Clinical data n (%)
Comorbidities

Overweight/obesity 10 (83%)
Severe acne 5 (42%)
Pilonidal sinus 4 (33%)
Affected locations

Inguinal 12 (100%)
Axillary 10 (83%)
Perineal 7 (58%)
Intermammary 4 (33%)

Previous Treatments

Oral antibiotics 12 (100%)

Contraceptive Pill (Female patients, n=8) 5 (63%)
Oral retinoids 5 (42%)
Dapsone 3 (25%)

showed secondary failure in all 3 cases (median duration
of 18 months), and secukinumab (n=3) exhibited primary
failure in 1 patient, with maintained efficacy in the remain-
ing 2 (with a median follow-up of 12 months). Complete
results are shown in Table 2. Dose intensification of adal-
imumab, from 40 mg to 80 mg/weekly, was attempted in 5
patients, without therapeutic benefit. Overall, 42% (n=5) of
patients on biologics achieved controlled disease - defined
as improvement from severe to mild in the Hidradenitis
Suppurativa Severity Score System (IHS4), while 33% (n=4)
achieved partial control - IHS4 improvement from severe to
moderate, and 25% (n=3) had uncontrolled disease (no IH54
improvement). While on biologic, 83% of patients underwent
HS surgery (n=10), with the same percentage requiring oral
antibiotics (n=10), 33% requiring oral corticosteroids (n=4),
and 25% oral retinoids (n=3). None of the patients sub-
mitted to surgery discontinued biologic therapy before the
intervention, and all reported local improvement in their
condition following the procedure. Finally, we matched our
cohort with 16 pediatric-onset HS patients from our cen-
ter who did not require biologic therapy, for comparison
of baseline clinical characteristics. These groups displayed
no significant differences regarding sex, age, and age at
diagnosis. Patients in the biologic group displayed higher

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.1016/j.abd.2025.501188
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2025.501188&domain=pdf
https://doi.org/10.1016/j.abd.2025.501188
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 - RESEARCH

Table 2 Biologic therapies and treatment outcomes in the 12 pediatric-onset hidradenitis suppurativa patients.

Biologic Agent n (%) Age Range at

Initiated before Median

Primary failure, Secondary Maintained

Start (years) 18 (n) duration n (%) failure, n (%) Efficacy, n (%)
(months)
Adalimumab 12 11-17 12 24 2 (17%) 6 (50%) 4 (33%)
(100)
Ustekinumab 4 (33) 17-24 2 21 1 (25%) - 3 (75%)
Infliximab 3(25) 13-23 2 18 - 3 (100%) -
Secukinumab 3 (25) 18-26 0 6 1 (33%) - 2 (67%)

Hurley scores at diagnosis (p <0.001), more perineal involve-
ment (p =0.03), and higher probability of undergoing surgery
(p=0.005).

The use of biologics in pediatric-onset HS remains under-
reported. A recent systematic review of medical treatments
in pediatric HS included 33 patients treated with biologics,*
with 12 derived from a single study,® and the remainder
from case reports or small case series. Clinical improve-
ment was reported in 94% of patients receiving biologic
therapy, a higher response rate than observed in our cohort.
This discrepancy may partially reflect shorter follow-up
durations and potential positive publication bias in pub-
lished case reports. In our cohort, a noteworthy need for
additional therapies was also observed among patients on
biologics, including oral antibiotics, corticosteroids, and
retinoids. Despite this, our findings reinforce the efficacy
and significant role of biologics, namely adalimumab, in this
population, although no benefit was noted with dose esca-
lation. Ustekinumab, though off-label, also appears to be a
valid therapeutic option for adolescents. Surgery is increas-
ingly recognized as a complementary therapeutic approach
alongside medical therapy, enabling further management of
HS lesions following initial improvement achieved with bio-
logics, with positive results in our patients. Nevertheless,
our data additionally reveal a striking prevalence of over-
weight/obesity in this pediatric population, which should
be addressed, and a significant diagnostic delay, with a
median of 27-months from symptom onset to diagnosis, and
most patients already displaying severe disease at this time.
This highlights the need for earlier recognition, facilitating
timely access to these therapies, with the goal of avoiding
disease progression and reducing cumulative damage.

Research data availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Appearance of basal cell )
carcinoma on untreated
capillary malformation™

Dear Editor,

Capillary malformations are congenital abnormalities in the
morphogenesis of capillary vessels in the skin, consisting of
a network of dilated blood vessels in the superficial dermis
beneath a normal epidermis. They are present in 0.1%-0.3%
of infants and represent the most common congenital vascu-
lar malformation.’ The development of basal cell carcinoma
(BCC) within a capillary malformation is a rare finding, and
its etiology remains unclear.”

We present the case of a 62-year-old female patient
with a history of a left frontal nevus flammeus following
the V1 trigeminal dermatome since birth, with no prior
evaluation or treatment. She reported a seven-year his-
tory of an asymptomatic, progressively enlarging lesion
in the left frontal region, accompanied by the develop-
ment of nodules and tumors. On physical examination, an
erythematous-violaceous plaque with superficial nodules,
some hyperkeratotic and tending to coalesce, was observed
(Fig. 1). The lesion had a soft consistency and followed
the distribution of the V1 trigeminal branch. Dermoscopy
revealed an erythematous base with ectatic red vessels,
presenting as linear structures with a horizontal orientation
and rounded, globular structures with a vertical orientation.
Additionally, some nests and blue-gray globules were noted
(Fig. 2). Doppler ultrasound identified a low-flow vascular
malformation with poorly defined borders in the supraciliary
and left frontal region, extending to the junction with the
scalp. An incisional biopsy, guided by dermoscopic demarca-
tion, revealed superficial hyperkeratosis, an infundibulum
with cystic dilation, and irregular nests of basaloid cells
infiltrating into the deep reticular dermis, consistent with
pigmented nodular basal cell carcinoma (Fig. 3). A Limberg
flap was selected to provide broader coverage without tis-

* Study conducted at the Clinica Alemana, Universidad del Desar-
rollo, Santiago, Chile.

https://doi.org/10.1016/j.abd.2025.501190

Figure 1  Erythematous-violaceous plaque with superficial
nodules, some hyperkeratotic, with a tendency to coalesce,
soft consistency, following the distribution of the V1 trigeminal
branch.

sue tension and to facilitate closure of the secondary defect
(Fig. 4).

Previous therapy, particularly radiotherapy, has been pro-
posed as a contributing factor to the development of BCCs
within capillary malformations. Although this treatment
approach is now obsolete for these lesions, its association
with BCC has been reported in up to 75% of cases.”® The
first description of BCC arising in a capillary malformation
was made by Scott in 1948, and to date, approximately 27
cases have been reported,® of which only six occurred in
untreated capillary malformations.?® It has been suggested
that the production of an oncogenic factor by the underlying
static vessels may render the epidermis more susceptible to
ultraviolet or ionizing radiation.’

In conclusion, we report a case of BCC arising within
an untreated facial capillary malformation, an association
that has been rarely documented and poses a diagnostic
challenge. Dermoscopy plays a crucial role in highlighting
vascular and pigmented features suggestive of basal cell

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Figure 2 Dermoscopy image displays an erythematous base
with ectatic red vessels, linear with a horizontal orientation
and rounded, globular with a vertical orientation. Associated
with some nests and blue-gray globules, rosettes, fibrosis, and
areas resembling seborrheic keratosis.

carcinoma, particularly in this context. However, further
studies are needed to determine the presence of local fac-
tors that may contribute to the development of these tumors
within a capillary malformation.
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are seen. (C) Hematoxylin & eosin, x200: High power shows
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scant cytoplasm, forming a peripheral palisading.
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Figure 4

Limberg flap was chosen to achieve greater coverage without tissue tension and to facilitate the closure of the secondary

defect. (A) Primary defect. (B) Closure planning. (C) Immediate postoperative period. (D) Postoperative day 21.
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Composite
hemangioendothelioma: report
of a rare neoplasm™

Dear Editor,

Hemangioendothelioma is the term used to name a group of
heterogeneous vascular neoplasms that show an intermedi-
ate behavior between hemangiomas, which are completely
benign, and angiosarcomas, which are malignant."™ It
includes the epithelioid, fusiform, retiform, kaposiform,
polymorphic lymph nodal and composite variants.’ Most are
low-grade vascular neoplasms, being locally aggressive, with
a high tendency for local recurrence and low metastatic
potential.® Composite hemangioendothelioma (CHE) differs
from others by disclosing, in histopathology, the combina-
tion of different vascular proliferation patterns, both benign
and malignant, in the same lesion."*

The present report describes a case of CHE, a rarely
reported neoplasm.

The project was approved by the Research Ethics Com-
mittee, under number 59637316.6.0000.5515.

A 70-year-old female patient reported the appearance of
a tumor in the left inframammary region one year after the
excision of a clinically diagnosed hemangioma in the same
location, which was growing. She reported that approxi-
mately two months before the lesion started to grow more
rapidly, bleed, and become extremely painful. She had sys-
temic arterial hypertension, had no other morbidities, and
had no other significant personal or family history. Dermato-
logical examination revealed the presence of an ulcerated
tumor measuring 10cm, with raised, violaceous edges, a
friable and bleeding surface, and a necrotic background,
located in the left inframammary region (Fig. 1). There
were no palpable regional lymph nodes, and the rest of the
physical examination was unremarkable. Routine laboratory
tests were normal. Computed tomography scans of the chest
and abdomen showed only an ulcerated lesion in the skin
and subcutaneous tissue in the left inframammary region,
with intense venous contrast uptake. The histopathologi-

* Study conducted at the Universidade do Oeste Paulista, Presi-
dente Prudente, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501166

Fig. 1  Ulcerated, bleeding tumor with raised, violaceous
edges, necrotic background covered by fibrin and purulent
secretion, well-defined, located in the left inframammary
region. Adjacent skin is normal.

cal examination of the lesion biopsy was compatible with
CHE (Fig. 2). The immunohistochemistry was positive for
anti-CD31 and anti-CD34 antibodies, common endothelial
markers, and anti-factor VIII and anti-Ki67 (10% positiv-
ity), which demonstrate the tumor intermediate malignant
potential. The lesion was excised with wide safety margins
but recurred two years later, and the patient underwent
a new surgical excision. However, due to the involvement
of the sternum, costal arches, and pericardium, palliative
chemotherapy with paclitaxel was started, but the patient
died within six months.

In 2000, Nayler et al.’ reported eight cases of a neoplasm
with a variable vascular pattern, showing vascular combina-
tions of benign and malignant neoplasms, naming it CHE,>
which was included in the 2002 WHO classification of tumors
of soft tissue and bone.?

CHE is an extremely rare neoplasm with borderline
behavior that differs from other hemangioendotheliomas
due to its typical histopathological characteristics.'™ Its
incidence varies by age, with cases reported in children and
the elderly,” with a mean age of 39 years, and a predilec-
tion for the female sex (2.7:1).> The lesions are clinically
indistinguishable from other vascular neoplasms and may
manifest as nodules, plaques, or ulcerations, most of which
are located at the cutaneous level, mainly in the distal por-
tion of the upper and lower extremities,’™* with reports
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Fig. 2 (A) Dilated vascular channels with a cavernous appear-
ance, resembling a common hemangioma in the superficial
portion of the biopsy. Magnification of x40. (B) Observe ves-
sels lined by endothelial cells whose nuclei are often protruding
(hobnail), resembling a retiform hemangioendothelioma. Mag-
nification of x200. (C) Small vascular spaces surrounded by cells
with scant cytoplasm and round and fusiform, hyperchromatic
and irregular nuclei, suggestive of kaposiform hemangioen-
dothelioma. Magnification of x400. In (A), (B) and (C):
Hematoxylin & eosin, Scale bar: 100 um.

of extracutaneous locations.®"® Cutaneous locations on the
trunk, as in the case described here, are not common.

It is classified as a low-grade malignant neoplasm, rarely
evolving with metastases, which occur mainly in the lymph
nodes.”

Histopathological examination demonstrates an associ-
ation of benign vascular patterns, such as hemangioma,
and malignant ones, such as angiosarcoma, within the same
lesion, and the proportion of each component varies." The
histopathological diagnosis requires the presence of at least
two variants of hemangioendothelioma.® The predominant
components, in most cases, are retiform hemangioendothe-
lioma, epithelioid hemangioendothelioma and spindle cell
hemangioma.’* More rarely, areas of angiosarcoma are also
present.

In the present case, the patient reported that the CHE
appeared one year after the excision of a hemangioma
diagnosed only clinically in the same location, but the
histopathological examination was not performed, which
leads to the question of whether the lesion was not already
a CHE, since the emergence of CHE in a previous scar
of another vascular malformation, as well as the malig-
nant transformation of an hemangioma, are extremely rare
events.*

It is not known what the best therapeutic approach is;
there are reports of chemotherapy, interferon alpha, radio-
therapy, and excision of the lesion with wide margins.?

The authors emphasize the difficulty in diagnosing CHE
since the lesion is clinically indistinguishable from other
malignant vascular neoplasms and is rare, in addition to
requiring the participation of an experienced pathologist.
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Derm dotting technique to
detect micro-invasive
component in lentigo maligna
and subsequent margin control
with a modified staged excision
technique™

Dear Editor,

Detecting microinvasion in lentigo maligna (LM) is crucial
for accurate staging and management. Various techniques
have been proposed to mark areas of interest for histological
analysis, but their use in LM is limited. Reflectance confocal
microscopy (RCM) may aid in this process, though identify-
ing microinvasive atypical melanocytes remains challenging.
We describe a practical approach using the derm-dotting
(DD) method to assess microinvasion while simultaneously
controlling peripheral margins during surgery.

A 72-year-old male presented with a 2.5 cm polychromic
macule on the nasal dorsum, showing progressive growth and
color changes over the past year. An incisional biopsy con-
firmed LM, and he was referred for a complete peripheral
margin assessment. Dermoscopy revealed two well-defined
hyperpigmented eccentric areas with angulated lines, rhom-
boid structures, asymmetric follicular pigmentation, and
dark blotches, interrupted by a central light brown zone with
a pseudonetwork pattern. After discussion in our melanoma
committee, we opted for a modified staged excision tech-
nique (MSET) as a ‘‘slow Mohs’’ procedure to assess 100% of
the peripheral margins, instead of using paraffin-embedded
radial sections. Before the debulking of the central por-
tion of the melanoma, we decided to perform an in vivo
DD technique. We selectively marked (with red nail polish)
the dermoscopic areas of irregular dark blotches and pig-
mented follicular openings to ensure they were processed
and examined under a microscope (Fig. 1B). We debulked
the tumor and sent it for paraffin-embedded sections for
prognostic assessment. For margin evaluation, we excised
four peripheral 5mm skin quadrants beyond the dermo-
scopic perimeter, marking each with a suture at the distal

* Study conducted at the Clinica Alemana, Santiago de Chile.

https://doi.org/10.1016/j.abd.2025.501191

border, oriented clockwise (Fig. 1C). Additional sutures were
placed for reference in case further excision was needed.
Histology revealed invasive LM with a 0.42 mm Breslow thick-
ness, no ulceration, and two positive margins (1 and 2)
(Fig. 1D). The involved margins were immediately enlarged,
all proving tumor-free. The defect was repaired with a full-
thickness graft.

Conventional skin biopsy processing may miss key areas
between serial sections. Dermoscopic marking techniques
enhance histopathological analysis by highlighting these
regions."? For this purpose, punches, sutures, or nail pol-
ish have been suggested. The latter has the advantage that
it is not altered during the processing of the specimen nor
does it affect the histological evaluation. On the other hand,
non-invasive techniques such as RCM or optical coherence
tomography can be used for this purpose, however, their
high cost and low availability make their use difficult.

Haspeslagh et al. using ex vivo DD in 8,584 biopsies,
showed that the diagnosis of affected margins in non-
melanoma skin cancer significantly increased with the use
of this technique. So did the diagnosis of the degree of dys-
plasia in melanocytic nevi and the presence of ulceration in
melanoma.?

The DD technique was originally described with in vivo
dermoscopic marking, but there are also reports using the
ex vivo modality.”* For marking purposes in vivo DD has
the advantage that certain structures, especially those of
vascular origin, are not altered.

To our knowledge, to date, there have been no reports
of the specific use of DD in LM to detect microinvasive foci.
Peruilh-Bagolini et al. described irregular blotches and angu-
lated lines as significant dermoscopic predictors of invasive
LM.> Like that reported case, we usually use these findings
to indicate the use of DD and find a positive correlation with
the microinvasive foci.

DD can also allow us to make other diagnostic and
therapeutic decisions since detecting microinvasive foci
would allow us to rule out non-surgical treatments such as
imiquimod. In addition, detecting invasive foci allows us to
make decisions such as performing a sentinel lymph node.

In this case, we did not expand the peripheral or deep
margins after identifying microinvasive foci, as these atyp-
ical cells were confined to the debulking center, with only
in situ involvement at the periphery. The benefits of margin
enlargement in microinvasive LM remain unproven, requir-
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Fig. 1

(A) Pre-operative clinical image of the dorsum nasi LM. (B) In vivo derm dotting image showing suspicious areas for invasive

components on dermoscopy marked with red nail polish. (C) Tumor debulking of the central LM and four perimeter quadrants of
5mm guided by dermoscopy. (D) Histopathology: Extensive involvement of melanoma in situ and a microinvasive focus of 0.42 mm
Breslow (Hematoxylin & eosin, 10x, paraffin-embedded permanent sections).

ing further longitudinal studies. However, given the thorough
histological assessment provided by MSET, its use appears
reasonable, particularly for extensive facial lesions.

We present a simple, cost-effective dermoscopy-guided
technique to mark areas of interest for histological analysis,
aiding in the detection of invasive components. Simul-
taneously, MSET allowed for complete peripheral margin
assessment, optimizing surgical time.
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Kaposi’s sarcoma overlying
Mpox scars - Case report™

Dear Editor,

Kaposi’s Sarcoma (KS) is an angiomatous tumor caused by
infection with Human HerpesVirus-8 (HHV-8), often seen
in immunocompromised patients, particularly those with
HIV/AIDS." Similarly associated with HIV, there is Mpox,
a viral zoonosis with a smallpox resemblance but milder
symptoms. It gained global attention during the post-COVID-
19 return to normalcy and was declared a Public Health
Emergency of International Concern by the World Health
Organization in August 2024.? Mpox typically manifests as
a flu-like prodrome followed by a smallpox-like rash, pri-
marily after close interpersonal contact.® While KS and
Mpox have distinct etiologies and clinical presentations,
they share a connection through their unique manifes-
tations in individuals infected with HIV. Currently, there
are no published reports describing coexistence, over-
lap, or interaction between these conditions. We aim to
present and discuss a case of KS arising over previous Mpox
lesions.

A 22-year-old male patient presented with fever, asthe-
nia, headache, cough, and odynophagia, followed by over
300 umbilicated pustules and crusts on the genital, peri-
anal, and limb regions (Fig. 1A). Mpox was confirmed via PCR
from lesion surfaces, and the patient was concurrently diag-
nosed with HIV. He required hospitalization and treatment
with Tecovirimat 600 mg every 12 hours for 14 days. Dur-
ing hospitalization, erythematous-violaceous plaques were
observed on the right upper limb, which the patient reported
had existed for more than a year (Fig. 1B). Histopathol-
ogy confirmed the suspicion of KS, configuring AIDS. Around
30 days later, as Mpox lesions progressed into the crust-
ing phase, violaceous plaques appeared on the left thigh
over previously healed pustules, progressively enlarging and
developing an angiomatous morphology (Fig. 2). A skin
biopsy was performed (Fig. 3), with histopathology show-

* Study conducted at the Department of Dermatology, Hospital
Universitario Onofre Lopes, Universidade Federal do Rio Grande do
Norte, Natal, RN, Brazil.

https://doi.org/10.1016/j.abd.2025.501186

ing irregular vascular structures with slit-like spaces and
proliferation of endothelial cells, along with spindle-shaped
cells with nuclei exhibiting both elongated and vesicular pat-
terns. Immunohistochemical analysis demonstrated HHV-8
positivity, along with CD34 and ERG, confirming the diagnosis
of Kaposi’s Sarcoma. The patient began chemotherapy with
doxorubicin, achieving slight reduction and improvement in
violaceous coloration after one year, though residual large
anetodermic nodules persisted (Fig. 4). Imaging revealed
extension into the quadriceps muscles and iliac/femoral vas-
cular bundles.

There is a well-known inverse relationship between CD4
count and the risk of KS development." Immunocompro-
mised individuals, like those with HIV/AIDS, are also at high
risk for severe Mpox infection and its sequelae, as seen here
with over 300 lesions, qualifying the patient for Tecoviri-
mat treatment.® The development of atypical lesions over
the topography of previous Mpox highlights the possible
occurrence of phenomena more commonly described in
other dermatological conditions. For instance, the Koebner
isomorphic response refers to the development of lesions
from a pre-existing condition at sites of skin injury, while
the Wolf isotopic response describes the occurrence of
a new and unrelated disease at the site of a previously
resolved disease.*> A review of over 500 KS patients iden-
tified only three cases of the Wolf isotopic phenomenon,
all occurring after blistering diseases. None were described
after Mpox or other infectious diseases.® Additionally, there
are no reports of a Koebner isomorphic response involving
Mpox.

In the reported case, KS presented precisely in the
configuration of the Mpox lesions, suggesting an isotopic
response. However, the patient had pre-existing KS on his
arm which appeared before Mpox, complicating classifi-
cation. Although it is not possible to definitively classify
whether the condition represents an isotopic or isomor-
phic phenomenon, its occurrence can be explained by the
old concept of locus minoris resistentiae, which describes
the susceptibility of a vulnerable or immunocompromised
area of the skin to develop lesions.> The Wolf isotopic phe-
nomenon itself has been questioned as a distinct entity by
authors such as Happle and Kluger,” who propose that a
site previously affected by a dermatosis remains inherently
vulnerable. This perspective suggests that all such cases

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Figure 1 Admission findings of a 22-year-old patient hospitalized for Mpox with a recent HIV diagnosis. Mpox lesions on the
patient’s thigh (A) and Kaposi sarcoma lesions present prior to Mpox (B).

could potentially represent examples of the Koebner phe-
nomenon.

This report introduces a novel presentation, bridging and
revisiting concepts typically applied to other dermatoses. It

7 "?@g’ ) %

a'ed B

Figure 2 Evolution of lesions from the crusting phase of Mpox (A) into an angiomatous pattern (B), configuring Kaposi sarcoma
overlying Mpox scars.

highlights the need to expand diagnostic hypotheses, par-
ticularly in light of the increasing prevalence of Mpox cases,
and emphasizes early recognition and treatment of this
condition.
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Figure 3  Histopathological findings. A. Hematoxylin & eosin, x 100, showing irregular slit-like vascular spaces lined by endothelial

cells and spindle cell proliferation. B. (Immunohistochemical, x100), positive for Human Herpesvirus type-8 (HHV-8), C. CD34, and
D. ETS-Related Gene (ERG).

R =

Figure 4  Kaposi sarcoma lesions before (A) and after (B) chemotherapy.
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Multinucleated cell
angiohistiocytoma:
independent entity or variant
of dermatofibroma? Rosettes
and shiny white lines as new
dermoscopic findings™

Dear Editor,

Multinucleated Cell Angiohistiocytoma (MCA) is an unusual
benign vascular and fibro-histiocytic proliferation, predom-
inantly affecting women aged 40 to 70 years." Clinically, it
presents as asymptomatic violaceous or brownish papules,
either solitary or clustered, primarily located on the dor-
sal hands and extremities, although generalized forms have
also been described."? These lesions may resemble annular
granuloma, sarcoidosis, Kaposi sarcoma, lichen planus, or
dermatofibroma.’

Traditionally, MCA has been described as a vascular cuta-
neous tumor. Although its pathogenesis remains unclear,
recent observations suggest it may instead represent a fibro-
histiocytic process or a chronic inflammatory condition with
fibrohistiocytic and vascular hyperplasia.”® Controversial
hypotheses propose MCA as a particular variant of der-
matofibroma, while others argue that it is a distinct entity
with unique clinical, histological, and immunohistochemi-
cal characteristics.>* The influence of female hormones on
its pathogenesis has also been suggested, supported by the
identification of estrogen receptor alpha in interstitial and
multinucleated cells, which may explain its higher preva-
lence in women.®

Histologically, MCA is characterized by a proliferation of
capillaries and venules in the superficial and mid-dermis,
accompanied by prominent endothelial cells. Thickened
collagen fibers parallel to the epidermis and frequent acan-
thosis of the epidermis are also observed. The most striking
finding, although not pathognomonic, is the presence of
multinucleated giant cells, typically positive for vimentin
and factor Xllla, with variable positivity for CD68. These

* Study conducted at the Department of Dermatology, Complejo
Hospitalario Universitario A Corufa, A Coruna, Spain.

https://doi.org/10.1016/j.abd.2025.501183

cells are also found in other fibrohistiocytic prolifera-
tions, including dermatofibromas, angiofibromas, and nasal
fibrous papules, with secondary vascular proliferation. This
supports the hypothesis of MCA being a fibro-histiocytic
process.'

Few studies have addressed the dermoscopy of MCA.
Valerén-Almazan et al. were the first to describe its dermo-
scopic features, identifying three main structural patterns:
diffuse reddish areas (corresponding to dilated vessels),
whitish spots (associated with collagen thickening), and fine
reticulated peripheral areas (likely representing melanin
in epidermal ridges).® Despite the increasing number of
reported cases, we found no additional dermoscopic descrip-
tions of MCA in the literature.

We present four histologically confirmed cases of MCA
with dermoscopic descriptions, summarized in Table 1.
Three patients were female, and the age range was 60
to 65 years. Histological examination revealed character-
istic features of MCA, including multinucleated giant cells,
thickened collagen fibers parallel to the epidermis, and pro-
liferation of thickened capillaries and small venules in the
superficial and mid-dermis (Fig. 1). Immunohistochemistry
was not performed in our cases, as the histological images
and the clinicopathological correlation were consistent
with the diagnosis of multinucleated cell angiohistiocy-
toma. All cases presented clinically similar lesions: small
flat violaceous or brownish papules located on the dor-
sal hands (Fig. 2). The dermoscopic structures observed
included rosettes, shiny white lines, pink, whitish, and
homogeneous brown areas, homogeneous brown periphery,
vascular dots, and whitish reticulated patterns (Fig. 3).
All these structures, except for rosettes and shiny white
lines, were previously described by Zeballos et al. for
dermatofibromas.” Under polarized light dermoscopy, three
cases showed rosettes and three cases exhibited shiny white
lines (two cases had both structures), findings not previously
described in MCA.

Rosettes are a type of shiny white structure visi-
ble only under polarized light dermoscopy, characterized
by four bright white dots arranged like a four-leaf
clover.®? Unlike shiny lines and areas, likely caused
by fibrotic dermal changes, the exact histopathologi-
cal correlation of rosettes remains unknown. Smaller
rosettes (0.1-0.2 mm) are believed to result primarily from
polarizing keratin material at the infundibular level in

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Table 1 Summary of clinical and dermoscopic characteristics.

Case A (Figs. 2A, Case B (Figs. 2B, Case C (Figs. 2C, Case D (Figs. 2D, 3D)

3A) 3B) 3C)
Sex Female Female Female Male
Age (years) 65 65 60 61
Location Dorsal left hand Dorsal left hand Dorsum of both Dorsal right hand

hands

Evolution (years) 3 3 5 7
Dermoscopic Rosettes (—) + + =
structures (Fig. 3) Shiny white lines + - +

(=)

Whitish + + - -

reticulated

pattern (x)

Vascular dots (>) + -

Pink diffuse areas +

Whitish diffuse + -

areas

Brown diffuse + + + -

areas

Homogeneous & & G =

brown periphery
*)

Fig. 1  Histological images.

(A) Low magnification view showing proliferation of thickened capillaries and small venules within a collagenous fibrotic stroma
in the superficial and mid dermis (Hematoxylin & eosin, x100). (B) Higher magnification picture showing the multinucleate cells
(yellow arrows) (Hematoxylin & eosin, x400).
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Fig. 2 Clinical images.

Small flat violaceous or brownish papules clustered on the dorsal aspect of the hands.

appendageal openings, while larger rosettes (0.3-0.5mm)
may be due to concentric perifollicular fibrosis. His-
torically, rosettes were considered common in actinic
keratoses and squamous cell carcinoma. However, they have
been observed in multiple non-keratinocytes and inflam-
matory lesions, including dermatofibromas, though very
infrequently.®°®

Shiny white lines can appear orthogonal, parallel,
centrifugal, or more disorganized and are primarily
caused by the polarization of thickened hyaline fibrous
bundles. They have been frequently described in der-
matofibromas and scars, as well as in other lesions such

as melanoma, Spitz nevus, basal cell carcinoma, and
porokeratosis. '°

We present new dermoscopic findings for MCA, highlight-
ing the importance of this tool in characterizing the entity.
Although rosettes and other dermoscopic structures are not
specific to any condition, their presence can assist in the dif-
ferential diagnosis of other conditions that clinically mimic
MCA, such as Kaposi sarcoma, lichen planus, sarcoidosis,
annular granuloma, or viral warts.® We observed significant
dermoscopic similarities between MCA and dermatofibroma,
supporting the hypothesis that MCA may indeed represent a
histiocytic-origin entity.
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Fig. 3 Dermoscopic images.

Observed structures include homogeneous brown periphery (*), vascular dots (>), rosettes (—), shiny white lines (=), and whitish
reticulated pattern (x). Pink, brown, and/or whitish diffuse areas were observed in all cases, with some lesions showing a homo-
geneous brown periphery (*). Regular vascular dots (>) were seen in all cases. Panels A and B highlighted multiple rosettes with a
consistent distribution and orientation, whereas panel C revealed a single rosette at the lesion’s center (—). Panels A and B also
showed multiple shiny white lines diffusely distributed, with some localized at the lesion’s center in panel B (=). Whitish reticulated

areas (x) were also observed in panels A and B.
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Necrotizing fasciitis caused by
Stenotrophomonas maltophilia
on the neck of a previously
healthy child”

Dear Editor,

Necrotizing fasciitis (NF) is a rare and potentially life-
threatening soft tissue infection that spreads along the
fascial planes, resulting in necrosis of the fascia and sub-
cutaneous tissue.! In adults, involvement of the head and
neck structures is uncommon, with the lower extremities
and trunk being the most prevalent locations. However, in
children, the prevalence of lesions occurring in the head and
neck is increased, reported to be 15% to 20%.” We describe
a case of a child who developed an extensive necrotic ulcer
on the neck due to NF caused by Stenotrophomonas mal-
tophilia.

A previously healthy two-year-old girl was admitted to
the intensive care unit with fever, cough, and dyspnea for
15 days. She was diagnosed with acute respiratory fail-
ure, leading to orotracheal intubation. Five days later,
she presented with swelling in the bilateral submandibular,
submental, retroauricular, and occipital areas. Empiri-
cal broad-spectrum antibiotics (vancomycin + meropenem)
were prescribed. Despite the antibiotic therapy, the lesions
progressed, and the patient had a septic shock, prompt-
ing the patient’s transfer to a high-complexity hospital for
further diagnostic evaluation. On her initial dermatologi-
cal examination, she presented an extensive necrotic ulcer
on the neck (Figs. 1A and B). A computed tomography scan
(CT) revealed diffuse thickening and densification in the soft
tissues of the neck (Fig. 1C). A punch biopsy and histopatho-
logical examination revealed coagulative necrosis in the
epidermis, dermis, and hypodermis. In the fascia, there was
a dense neutrophilic infiltrate with areas of necrosis (Fig. 2).
Blood, tracheal, and skin cultures were obtained, all of
which were positive for Stenotrophomonas maltophilia sen-
sitive to levofloxacin and sulfamethoxazole/trimethoprim.

* Study conducted at the Faculdade de Medicina da Universidade
de Sao Paulo, Sao Paulo, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501179

The clinicopathological findings led to the diagnosis of
necrotizing fasciitis.

Based on the antibiogram results, adjustments to the
antibiotic regimen were made with the incorporation of
levofloxacin, and debridement was performed. Following
clinical improvement, grafting was realized. The patient
progressed without complications, eventually being dis-
charged from the hospital without any lasting sequelae
(Fig. 3).

The initial clinical presentation of NF is nonspecific, and
the disease can be misdiagnosed as cellulitis, erysipelas, or
abscess formation.”? NF often initiates as a red, hot, and
painful wound. As the disease advances, intense local pain
transitions to numbness or analgesia.” Progression of the
pathological process involves necrosis of the subcutaneous
and fascia, leading to arterial thrombosis, wet gangrene,
and ultimately ischemic necrosis of the skin."* Inflammatory
factors lead to fever, tachycardia, and eventually, septic
shock."?

In the pediatric population, NF exhibits distinctive fea-
tures compared to adults. Although necrotizing fasciitis is
often fatal in adults, its fatality rate seems to be lower
in children.” Unlike adult patients, where it is common
in immunosuppressed and diabetic patients, children com-
monly affected are those previously healthy ones.® Initiating
features include minor and major trauma, surgical wounds,
and varicella lesions.? Also, unlike in adults, NF is usually a
monomicrobial infection in children, most commonly owing
to Streptococcus pyogenes, and is rarely polymicrobial.*

Stenotrophomonas maltophilia is a gram-negative aer-
obic bacillus that causes multi-drug-resistant opportunistic
infections in hospitalized patients.® These infections usu-
ally have high morbidity and mortality rates. The organism
can form biofilms on various surfaces. Although the respi-
ratory system is most commonly affected, S. maltophilia
has also been reported to cause skin, soft tissue, and bil-
iary tract infections, endophthalmitis, and meningitis.® Risk
factors include broad-spectrum antimicrobial therapy, pro-
longed stay in the intensive care unit, prolonged mechanical
ventilation, immunosuppression, and the use of intravascu-
lar devices.®

The lack of distinctive lesions in the early stages of
necrotizing fasciitis presents a significant diagnostic chal-
lenge, resulting in treatment delays. In our case, the delayed
diagnosis led to septic shock and extensive tissue necrosis,
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Figure 1  Extensive necrotic ulcer on the neck (A) right and anterior view (B) left view (C) CT scan showing thickening and
densification of the myoadipose cervical planes and fascial enhancement (arrows).
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Figure 2 (A) Biopsy showing an intense inflammatory infiltrate in the fascia (Hematoxylin & eosin, x20). (B) Epidermis with

coagulative necrosis (Hematoxylin & eosin, x20). (C) In the fascia, intense neutrophilic infiltrate, necrosis (Hematoxylin & eosin,
x20), and (D) thickening of vessels (Hematoxylin & eosin, x20).
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Figure 3

indicative of advanced disease. When NF is suspected, it is
imperative to obtain a contrast imaging exam (computed
tomography or preferably magnetic resonance) to assess
inflammatory changes, edema, fluid collection or abscesses,
fascial enhancement, and gas formation."?

Early and extensive surgical debridement is the mainstay
of treatment. Immediate reconstruction is not recom-
mended and should be delayed until the infection has been
contained.'"® Cultures obtained from the tissue can guide
long-term antibiotic therapy.
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Paradoxical lichenoid reaction L]
during dupilumab treatment-

Case report and literature

review”

Dear Editor,

Paradoxical reactions (PRs) are defined as the onset of new
or the exacerbation of existing immune-mediated disorders
following the initiation of targeted biologic therapies.'?
Dupilumab, an IL-4Ra inhibitor, is effective for atopic
dermatitis (AD) but may trigger PRs. While paradoxical psori-
asiform or head and neck dermatitis are common, lichenoid
reactions remain rare.” We present a case of dupilumab-
induced paradoxical lichenoid reaction with erythroderma
and review existing literature to identify clinical patterns.

A 64-year-old male with refractory AD developed ery-
throderma 4 months after initiating dupilumab therapy.
He reported improved pruritus and lesions after the first
dose of dupilumab (600 mg). However, he began develop-
ing pruritic scaly erythematous patches since the second
dose of dupilumab (300 mg every other week), which grad-
ually progressed to erythroderma and hyperpigmentation.
Physical examination revealed diffuse erythema, scaling,
and symmetrical violaceous papules on the dorsal hands
(Fig. 1A-C). Histopathology demonstrated lichenoid der-
matitis, featuring parakeratosis, necrotic keratinocytes, and
a band-like dermal infiltrate of lymphocytes and histio-
cytes (Fig. 2A-C). Immunohistochemistry (IHC) confirmed
the presence of T-cell (Fig. 3A-B; CD4 and CD8; CD4/CD8
ratio of 3:2) and histiocytic proliferation (Fig. 3C; CD68).
IHC staining also confirmed the expression of CD3, CD5,
and CD7, while showing negativity for CD20, perforin, and
granzyme B. Few cells were positive for Langerin. Dupilumab
was discontinued after the fifth dose. Treatment with oral
methylprednisolone, upadacitinib, antihistamines, and top-
ical steroids led to erythema resolution within 3-weeks,
though hyperpigmentation persisted. At 3-month follow-up,
no disease flares occurred, and pruritus remained con-
trolled. Concomitant medications (betastin, cetirizine) had

* Study conducted at the First Affiliated Hospital, Fujian Medical
University, Fuzhou, Fujian, China.

https://doi.org/10.1016/j.abd.2025.501192

Fig. 1
eralized erythema, hyperpigmentation and scaling over the
entire body. (C) Symmetrical flat-topped violaceous papules
were observed on the dorsal hands.

(A-B) The patient presented to our hospital with gen-

been used long-term without prior adverse effects, sup-
porting dupilumab as the likely trigger. This case highlights
dupilumab-induced lichenoid reaction manifesting as ery-
throderma, necessitating histopathological confirmation for
timely intervention.

Areview of seven reported cases of dupilumab-associated
lichenoid reactions was conducted (Table 1).>”7 Patients
predominantly affected were female (71.4%, 5/7) with
a mean age of 45.3 years, all diagnosed with AD. The

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Fig. 2 (A-C) Histopathology revealed epidermal parakerato-
sis, acanthosis, scattered necrotic keratinocytes and basilar
vacuolar change. A band-like infiltrate of lymphocytes, histio-
cytes, melanophages, eosinophils, and neutrophils was present
at the dermoepidermal junction. (A, Hematoxylin & eosin x10;
B, Hematoxylin & eosin x20; C, Hematoxylin & eosin x40).

median latency from dupilumab initiation to lichenoid reac-
tions was 29.7 weeks. Clinically, 85.7% (6/7) presented
with lichen planus (LP) like violaceous papules or plaques,
while 28.6% (2/7) developed erythroderma. Lesions pri-
marily involved the hands and extremities (85.7%) and
trunk (57.1%), with oral mucosa involvement in 28.6%.
Histopathology categorized lichenoid reactions into three
subtypes: classic LP-type (33%), lichenoid drug eruption
(LDE)-type (33%), and lichenoid granulomatous reaction
(LGR)-type (33%), the latter characterized by granuloma-
tous inflammation with eosinophils and histiocytes. The
histopathological findings in this case are consistent with
LDE-type, characterized by lichenoid interface dermatitis
accompanied by parakeratosis and a mixed infiltration of
lymphocytes, histiocytes, and eosinophils. Management uni-
versally included dupilumab discontinuation (85.7%), with
systemic therapies such as glucocorticoids (57.1%), JAK
inhibitors (28.6%), and cyclosporine or methotrexate (14.3%)
employed. Resolution occurred within a median of 15.8
weeks post-treatment. Notably, two cases exhibited persis-

Fig. 3

Immunohistochemical staining demonstrated that the
lymphocytes stained positive for CD4 (A, x10) and CD8 (B, x10),
with a CD4/CD8 ratio of approximately 3:2. The histiocytes
stained positive for CD68 (C, x10).

tent post-inflammatory hyperpigmentation.” These findings
underscore the variability in dupilumab-induced lichenoid
reactions, emphasizing the need for early recognition via
biopsy and tailored immunomodulatory strategies.

This case highlights dupilumab-induced lichenoid reac-
tion presenting as erythroderma. This patient was initially
misdiagnosed as an exacerbation of AD, leading to the con-
tinued administration of dupilumab, which further worsened
the patient’s symptoms. However, subsequent histologi-
cal examination confirmed the diagnosis of paradoxical
lichenoid reaction, enabling the appropriate treatment
and subsequent disease remission. Histopathology and
immunohistochemistry revealed CD8" T-cell infiltration and
histiocytic proliferation, aligning with a delayed hypersen-
sitivity reaction.® The absence of perforin and granzyme-B
suggests alternative pathways beyond cytotoxic T-cell
activity, possibly involving Th1/Th2 imbalance. The down-
regulation of the Th2 response characteristic of AD could
promote a Th1 response by increasing Th1 cell activity and
IFN-y production due to IL-4 antagonism.?

These findings emphasize the need for heightened
vigilance regarding paradoxical reactions during biologic



Table 1

Cases of lichenoid reactions associated with dupilumab therapy.

Author (year) Age/ Sex Primary Latent Clinical Distribution Histopa- Diagnosis Treatment for Resolution  Treatment
disease  period manifestations patterns thology lichenoid reaction time response
Tae-Eun et al. (2021) 3 44, M AD 4 months Localized Dorsum of LP type Lichenoid Cessation of 3 months Partial response
flat-topped both hands reaction dupilumab and after
erythematous cyclosporin dupilumab
to violaceous cessation
papules and
plaques
Laura et al. (2022) “ AD 11 months  Flat-topped Wrists, LP type Drug- Cessation of 4 months Marked
violaceous fingers, induced dupilumab and after improvement with
papules abdominal lichen systematic dupilumab  hyperpigmentation
wall, upper planus glucorticosteroids cessation
thighs,
lower legs
and oral
mucosa
Mark et al. (2022) ° AD 14 months Erythematous  Chest and LDE type Lichenoid Cessation of NA Na
plaques with abdomen reaction dupilumab and
scale upadacitinib
Luca et al. (2022) ¢ AD More than a Papular, Upper and NA Lichen ruber Continuation of 4 months Complete
year polygonal, lower planus dupilumab, after resolution with
confluent, very extremities systematic treatment residual
itchy lesions glucorticosteroids lichenification and
and topical Xerosis

glucorticosteroids

761106:(S)001 :GZ0T eldojojewaq ap solidjiselq steuy



Table 1 (Continued)

Author (year) Age/ Sex Primary Latent Clinical Distribution  Histopat- Diagnosis Treatment for Resolution Treatment
disease  period manifestations patterns hology lichenoid reaction time response
Zahraet al. (2023) 7 72, F AD 1) 15 1) Erosive 1) Oral LGR type Lichenoid 1) Continuation of 6 months Complete
months; 2)  lichenoid mucosa; 2) granuloma-  dupilumab, after clearance
24 months;  mucositis; 2) Widespread; tous drug systematic dupilumab
3) 28 Violaceous, 3) reaction glucorticosteroids  cessation
months indurated Widespread, and alitretinoin;
plaques; 3) including 2) Continuation of
Erythroderma  hands dupilumab,
systematic
glucorticosteroids
and topical
glucorticosteroids;
3) Acitretin with
no improvement,
methotrexate, and
cessation of
dupilumab
51, F AD 15 months Erythematous = PredominantlyLGR type Lichenoid Cessation of A period of Complete clearance
and indurated  hands granuloma-  dupilumab and months
plaques with tous drug methotrexate after
lichenification reaction dupilumab
and fissuring cessation
Present case 64, M AD 2 weeks Pruritic scaly Widespread LDE type Lichenoid Cessation of 11 weeks Complete
erythematous  and dorsum reaction dupilumab, after resolution with
plaques of both systematic dupilumab  hyperpigmentation
progressing to  hands glucorticosteroids, cessation
erythroderma; antihistamines,
and violaceous topical steroids
papules and upadacitinib

F, Female; M, Male; AD, Atopic Dermatitis; LP, Lichen Planus; LDE, Lichenoid Drug Eruption; LGR, Lichenoid Granulomatous reaction; NA, Not Available.
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therapies. In addition, AD is associated with higher risks of
Cutaneous T-Cell Lymphoma (CTCL), which could also mimic
eczematous skin lesions or erythroderma, requiring skin
biopsy for accurate diagnosis.’ Clinically, violaceous plaques
or sudden erythroderma in dupilumab-treated patients war-
rant immediate biopsy to differentiate other conditions,
including lichenoid reaction and CTCL from AD exacerba-
tion. Continued dupilumab administration in misdiagnosed
cases risks worsening symptoms, as observed here. Discon-
tinuation of dupilumab, combined with systemic steroids or
JAK inhibitors (e.g., upadacitinib), achieved rapid remission
in this and prior cases, though post-inflammatory hyperpig-
mentation may persist. While JAK inhibitors show promise
in managing PRs, further research is required to elucidate
precise molecular mechanisms and optimize therapeutic
strategies. '”
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Penile erosions: an atypical
initial manifestation of
pemphigus vulgaris™

Dear Editor,

Pemphigus represents a group of rare intraepidermal bullous
autoimmune diseases.' Pemphigus vulgaris (PV) is the most
common subtype of pemphigus and is characterized by the
presence of autoantibodies directed against epithelial adhe-
sion proteins, Desmogleins (Dsg) 1 and 3, resulting in a loss
of cell adhesion between keratinocytes.’™* Penile involve-
ment in PV is rarely documented, particularly as the initial
manifestation of the disease."?> We report an atypical case
of PV with onset in the penis and without involvement of
other mucous membranes during the course of the disease.

A 52-year-old man presented with a 4-month history of
painful penile erosions involving the glans and inner foreskin
(Fig. 1). He had previously been diagnosed with candidia-
sis, balanoposthitis, and impetigo and was treated for those
conditions without improvement. At the time of presenta-
tion to our department, the dermatosis had evolved with
the appearance of lesions in other locations, namely flac-
cid blisters, erosions and adherent crusts in the inguinal
region, trunk and scalp (Fig. 2) leading to the diagnostic
hypothesis of PV. Histological examination of lesional skin
was suggestive of PV (Fig. 3) and direct immunofluores-
cence in perilesional skin revealed intercellular deposits of
IgG and C3 in the lower epidermis. Serum levels (detected
by ELISA) of anti-Dsg-1 and anti-Dsg-3 IgG autoantibodies
were >200 U/mL (normal <20) and 149,2 U/mL (normal
<20), respectively, confirming the diagnosis. The patient was
treated with oral prednisolone 100 mg/day (1 mg/kg body
weight/day) along with azathioprine 150 mg/day. Due to the
elevation of the liver enzyme levels, azathioprine was dis-
continued, and rituximab was started (two infusions of 1g
two weeks apart and an infusion of 1g after 6-months as
maintenance therapy). This resulted in a favorable clini-
cal response with normalization of anti-Dsg 1 and 3 values,
accompanied by a progressive reduction in prednisone dose

* Study conducted at the Dermatology and Venereology Depart-
ment, Hospital Garcia de Orta EPE, Almada, Portugal.

https://doi.org/10.1016/j.abd.2025.501189

Fig. 1  Penile erosions involving the glans and inner foreskin.

over 6-months. The penile lesions took the longest time to
heal and after 24-months of follow-up, the patient remains
relapse-free.

Although PV often manifests in the oral mucosa, involve-
ment of other mucous membranes is less common and there
are few cases reports in the literature of the penis being
affected.” In the present case, the initial presentation con-
sisted of painful erosions on the penis. While subsequent
involvement of other areas of the tegument was observed,
the disease did not affect other mucous membranes. A study
analyzing 12 patients with penile pemphigus® found that 11
had oral involvement, 2 had esophageal involvement, and
one patient each had involvement of the larynx, epiglot-
tis, and conjunctiva. This highlights how uncommon is the
involvement of the penis without the involvement of other
mucous membranes.

In female patients, genital involvement is more frequent
and is significantly associated with nasal involvement and

0365-0596/Published by Elsevier Espana, S.L.U. on behalf of Sociedade Brasileira de Dermatologia. This is an open access article under the
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Fig. 2
trunk.

Flaccid blisters, erosions and adherent crusts in the

Fig. 3

Suprabasal intraepidermal cleft with acantholytic
cells, consistent with pemphigus vulgaris. Haematoxylin and
eosin, original magnification 100x.

genital symptoms.®’ Usually occurs when other sites are
extensively affected.” Involvement of the cervix, vagina and
vulva has been described either concomitantly with other
affected sites or when other involved sites were already in
remission.”

In our patient the distinctive location in the genital
region initially prompted the formulation of alternative
diagnoses, resulting in the administration of unwar-
ranted therapeutic interventions, a postponement in the
diagnosis and a deterioration in the condition. Other dif-
ferential diagnoses should include herpes simplex and
drug-induced eruptions, both of which can present with
similar erosion lesions. In addition, herpes infection has
been associated with PV and may complicate therapeutic
management.®

Clinicians should consider immunobullous diseases, such
as bullous pemphigoid, mucous membrane pemphigoid, and
PV as a cause for chronic mucosal lesions at genital sites. The
presence of genital lesions may be associated with treat-

ment resistance.” Although rare, PV should be part of the
differential diagnosis of painful erosions on the penis and,
if in doubt, biopsies should be taken.

Editor

Ana Maria Roselino.
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Posterior reversible
encephalopathy syndrome in a
patient treated with
ustekinumab™

Dear Editor,

Ustekinumab, a monoclonal antibody targeting the p40 sub-
unit of Interleukin (IL)-12 and IL-23, is a safe and effective
treatment for psoriasis.’ Although most patients do not
experience serious adverse effects, some neurological con-
ditions have been reported.?”®

This report describes a case of posterior reversible
encephalopathy syndrome (PRES) caused by ustekinumab.

The study was approved by the Research Ethics Commit-
tee, number 78147224.3.0000.5515, and the patient signed
the informed consent form.

A 47-year-old male patient with psoriasis vulgaris for 20
years presented with erythematous-scaly plaques covering
28% of his body surface area, with a Psoriasis Area and Sever-
ity Index (PASI) of 24.4. He had a history of alcoholism, grade
Il hepatic steatosis, and controlled arterial hypertension.
He developed disease progression, previous intolerance to
methotrexate, and no response to acitretin.

It was decided to initiate ustekinumab, 90mg (dose
adjusted to weight >100kg), at weeks 0 and four, sub-
cutaneously, and maintenance every 12 weeks. After the
second dose (week six), the patient suddenly developed
mental confusion. He was hospitalized, ustekinumab was
suspended due to suspicion as the causative agent, and he
was treated with risperidone, antihypertensives, promet-
hazine, and lactulose. On the third day, he developed
headache and tetraparesis.

A magnetic resonance imaging (MRI) of the brain revealed
bilateral foci of hyperintensity in the periventricular and
subcortical white matter of the frontal and parietal lobes
on fluid-attenuated inversion recovery (FLAIR) and diffusion-
weighted sequence (DWI) images, and foci of hypointensity
in the reconstruction of the apparent diffusion coefficient

* Study conducted at the Department of Dermatology, Hospital
Regional de Presidente Prudente, Universidade do Oeste Paulista,
Presidente Prudente, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501177

(ADC) maps, characterizing restricted mobility of water
molecules, and consistent with true restriction caused by
ischemic foci (Fig. 1). The findings were consistent with
the PRES diagnosis. Laboratory investigations ruled out
infections and metabolic or inflammatory diseases, such as
autoimmune ones, and it was impossible to rule out the
occurrence of an epiphenomenon.

The neurological symptoms were reversed with support-
ive measures and he was discharged from the hospital on
the 10™ day with oral memantine hydrochloride.

An MRI of the brain three months later showed the same
hyperintense foci on FLAIR, with no changes in the DWI
sequences and ADC map, corresponding to small areas of
gliosis (scars).

One year later, the patient had a PASI of zero, with no
neurological deficits.

Immunobiologicals represent an advance in the treat-
ment of psoriasis and have been increasingly used.' Serious
side effects have been reported, mainly with anti-TNF-a.
Ustekinumab, although safe, can also cause severe reac-
tions, including neurological complications, such as PRES
(Table 1),'-% this being the first case documented in Brazil
and the seventh in the world. The development of PRES can
occur soon after induction,*® as in this case, or after years
of using ustekinumab.??3>

PRES is an uncommon, often reversible, severe neuro-
logical disorder with acute symptoms including headache,
visual changes, paresis, nausea, altered consciousness, and
seizures.”?

It seems to result from loss of cerebral vascular autoreg-
ulation or endothelial dysfunction, most commonly associ-
ated with malignant hypertension, eclampsia, and immuno-
suppressive agents such as corticosteroids, mycophenolate,
cyclosporine, cyclophosphamide, and methotrexate.®® The
name is imprecise, as it is not an alteration exclusive to the
posterior brain regions and does not always lead to complete
reversion.®®

The MRI ensures the diagnosis and predicts prognosis,
assessing whether or not the lesions are reversible. The
classic findings are bilateral diffuse or focal symmetri-
cal hyperintense signal on FLAIR images, predominantly in
the white matter, involving the posterior regions, mainly
the occipital and parietal lobes. Atypical images, including
involvement of the frontal lobe, basal ganglia, temporo-

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Figure 1

Magnetic resonance imaging of the brain. (a) FLAIR (fluid-attenuated inversion recovery) showing small foci of hyperin-

tense signal in the periventricular and subcortical white matter of the bilateral frontal and parietal lobes. (b) DWI (diffusion-weighted
imaging) showing hyperintense signal from the punctate foci seen on FLAIR (fluid-attenuated inversion recovery), suggesting cyto-
toxic edema. (c) ADC (apparent diffusion coefficient) MAP confirms the diffusion findings, showing restricted diffusion.

Table 1
in the literature.

Characteristics of cases of Posterior Reversible Encephalopathy Syndrome (PRES) associated with ustekinumab reported

Authors/Year Age/Sex Dose Time of Indication Clinical Radiological
treatment from evolution: evolution:
symptom onset Persistent Persistent

neurological radiological
deficit images

Gratton et al., 20117 65/Female 45mg every 12 2 1/2 years Psoriasis No No

weeks

Dickson, Menter, 2017°  58/Male 90 mg every 6 years Psoriasis and No No

eight weeks psoriatic
arthritis

Mishra, Seril, 2018* 18/Female 340mg single 12 days Crohn’s Disease No No

induction dose following
induction

Mishra, Seril, 2018* 54/Male 390mg single 6 days Crohn’s Disease No No

induction dose following
induction

Jordan, Kinnucan, 2022° 64/Female 90 mg every 2 1/2 years Crohn’s Disease Difficulty Yes (one month

eight weeks walking later)

Sarto et al., 2022° 48/Male 390 mg 30 days after  Crohn’s Disease No Yes (18 months

followed by the second later)
90mg at week dose
eight
Este estudo 47/Male 90 mg at weeks 14 days after  Psoriasis No Yes (three
0 and four the second months later)
dose

occipital junction, and cerebellum, do not rule out the
diagnosis.”

Most cases lead to neurotoxicity related to vasogenic
edema, with no restriction on DWI sequence, and are
reversible. However, approximately 11% to 26% of cases of
infarction or tissue injury with cytotoxic edema, which is

seen as restricted diffusion, evolving with sequelae 7 are
described as in this patient, who evolved with permanent
imaging lesions, perhaps due to a delayed diagnosis.?™*
There is no consensus on PRES treatment, but it is
directed at the precipitating cause, in addition to manage-
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ment with antiepileptics. Symptoms usually resolve in one
or two weeks.’

Despite the safety of ustekinumab and other drugs
increasingly used in dermatological practice, the present
case emphasizes their association with the occurrence of
potentially serious neurological events. Early recognition
and adequate management would prevent or reduce pos-
sible neurological sequelae and fatal outcomes.
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Dear Editor,

Malignant Peripheral Nerve Sheath Tumor (MPNST) is an
extremely rare tumor (1/100,000) that represents up to 10%
of sarcomas, divided into those related to Neurofibromatosis
type 1 (NF1), which corresponds to 50% of cases, and spo-
radic ones.”? The most widely accepted hypothesis today
is that NF1-related MPNST arises from a neurofibroma that

undergoes multiple genetic and phenotypic alterations until
transforming into a malignant lesion. It presents diagnostic
criteria that are not yet consolidated in the literature due
to its variable morphological, immunohistochemical (IHC),
and genetic pattern, which is not yet fully elucidated.??
Thus, this case demonstrates an evolution of NF1-related
MPNST, the diagnostic difficulties, as well as the role of the
dermatologist in the final diagnosis of the neoplasm.

A 43-year-old white male patient, a waiter with no known
comorbidities, complained of a progressively growing mass
on his right thigh for three months, with intense local pain
associated with the externalization of the tumor 30 days
before (Fig. 1). Dermatological examination revealed a vio-
laceous tumor mass measuring approximately 23 cm with
areas of hemorrhage, necrosis, and a fistulous tract with
fetid serosanguineous drainage.

Figure 1

* Study conducted at the Departments of Dermatology, Oncology

and Pathology, Hospital Regional de Presidente Prudente, Universi-
dade do Oeste Paulista, Presidente Prudente, SP, Brazil.

https://doi.org/10.1016/j.abd.2025.501199

Tumor mass respectively: (A) on the day of admission and (B) recurrence 68 days after surgery.
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Figure 2

(A) Pre-surgery MRI of the thigh showing an expansile mass in the region of the extensor muscles measuring approxi-

mately 23.3 by 12.8 x 13.0cm, with a volume of approximately 2000 mL, with a heterogeneous liquid content, areas suggestive of
hemorrhage, and peripheral contrast uptake. (B and C) Contrast-enhanced chest computed tomography performed 68 days after
complete excision of the lesion showed several pulmonary nodules with a neoplastic appearance.

Patient was hospitalized for diagnostic elucidation, chest
and abdominal CT scans were performed, which were nor-
mal. MRI of the right thigh demonstrated a large, septate,
heterogeneous expansile mass located in the region of the
extensor muscles with peripheral contrast enhancement
(Fig. 2).

Right rip disarticulation and inguinal lymphadenec-
tomy were performed uneventfully. The pathology and IHC
results (Fig. 3) were consistent with poorly differentiated
sarcoma, with a spindle cell pattern, high cellularity, mod-
erate atypia, fibrillar and edematous stroma, a mitotic
index of 8 per 2mm, diffusely positive CD34, diffusely
positive monoclonal H3K27me3, Sox10-, S100-, Desmin-,
and Myogenin-, suggesting a possible diagnosis of MPNST,
especially if there are clinical signs of NF1-type genetic
comorbidity.

The patient returned with regrowth of the tumor lesion
68 days after surgery (Fig. 1). Upon re-admission, he was
evaluated by the Dermatology team, and revealed multi-
ple café-au-lait macules, multiple cutaneous neurofibromas,
axillary freckles, and Lisch nodules in both irises. Diagnosis
was confirmed by the National Institutes of Health criteria
for NF1 (Fig. 4), which, together with the anatomopathologi-
cal pattern and IHC, confirmed the diagnosis of MPNST.? New
staging exams were performed, which demonstrated recur-
rence of the local tumor associated with iliac lymph node
involvement and pulmonary metastasis, recurrent stage IV
T4 N1 M1 (Fig. 2). Palliative chemotherapy with ifosfamide
and doxorubicin was initiated; the patient remains under
multidisciplinary follow-up.

The diagnosis of MPNST remains a challenge, given
its clinical behavior similar to that of other sarcomas.
Anatomopathological examination is nonspecific and aims
to exclude other tumor diagnoses, with heterogeneous
microscopy findings of a high mitotic index, nuclear atypia,
necrosis, and hemorrhage being common. On IHC, S-100 is
positive in 50%-60% of cases; however, its negative expres-
sion indicates a higher mortality and risk of metastasis*>;
SOX10 is present in 70% of cases; however, when the
expression is negative, it also impacts a worse prognosis®;
CD34 is weakly positive in high-grade sarcomas’; com-
plete loss of H3K27me3 expression occurs in 30%-90%, with
positivity being more common in those related to NF1.8
Negative expression of desmin and myogenin is important
for the diagnostic exclusion of ‘‘Triton’’-type MPNST and
rhabdomyosarcoma.’

No defining markers for the disease have yet been dis-
covered. The above case was a major challenge due to the
late discovery of NF1, which was only made after tumor
recurrence.

When compared with other reports in the literature,
this case stands out on IHC, presenting an atypical set of
findings, previously outside the patterns reported in MPNST
related to NF1.'9 Negative for $100 and SOX10, weakly pos-
itive CD34, and positive H3K27me3 are extremely rare and,
as previously mentioned, indicative of a worse prognosis,
which may explain the extremely aggressive behavior of the
reported MPNST, which recurred with metastatic lesions 68
days after surgery. The survival rate for neurofibromatosis-
related MPNST is estimated at 21% over the next five years,?
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Figure 3 (A and B) Excisional fragment of a right hip disarticulation product stained with hematoxylin and eosin, x100 and x400,
respectively, demonstrating proliferation of spindle cells with high cellularity, mitotic index of 8 per 2mm?, moderate atypia,
forming fascicles with variable, narrow elongations, in fibrillar and edematous stroma. (C) Immunohistochemistry of the specimen
weakly positive for CD34. (D) Immunohistochemistry of the specimen negative for S100.

possibly lower in this metastatic patient with an atypical and reports, so that the disease becomes more widely known
even more aggressive IHC pattern. among healthcare professionals, especially dermatologists

The rarity of this case, as well as its diagnostic diffi- who conduct ongoing follow-up of patients with NF1, those
culty and severity, demonstrates the importance of such primarily affected by the tumor.
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Figure 4
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Refractory myelodysplasia cutis
in a patient with progression to
acute myeloid leukaemia™

Dear Editor,

In 1964, Dr Robert D Sweet reported eight patients with
acute febrile neutrophilic dermatosis, later named Sweet
Syndrome (SS). Histopathologically, the lesions were cha-
racterized by a dermal inflammatory infiltrate rich in
neutrophils.” Subsequently, it was observed that up to
20% of patients with SS were associated with malignancy,
especially hematological malignancies and specifically of
myeloid lineage (acute myeloid leukaemia and Myelodys-
plastic Dyndrome [MDS]).? In 2005, Requena et al. first
reported that some cases of SS did not have neutrophils with
normal reactive characteristics but were immature. These
mononuclear cells looked more like histiocytes and immuno-
histochemically expressed Myeloperoxidase (MPO), CD33,
CD163, CD68, an immunophenotype consistent with myeloid
precursors, and myelomonocytic cells. This histological vari-
ant of SS was termed Histiocytoid Sweet Syndrome (HSS)
and was subsequently shown to be more common in SS asso-
ciated with hematological processes than in idiopathic or
reactive SS.> More recent findings in the last decade have
attempted to further investigate neutrophilic dermatoses
associated with MDS. Based on the studies of the group of
Vignon-Pennamen et al., the term Myelodysplasia Cutis (MC)
has been proposed to refer to myeloid dermatoses in the
spectrum between SS and leukemia cutis in patients with
MDS. Specifically, the precise definition of MC would rep-
resent patients with MDS, lesions compatible with SS, with
a dermal infiltrate composed of immature, non-blastogenic
myeloid cells, and their clonality is exactly the same as that
associated with myelodysplastic cells in the bone marrow.
Thus, MC in the skin would be the expression of a clonal
process in the bone marrow, with identical mutations to
the bone marrow.* This concept would explain why MC is
generally corticosteroid dependent, with usually increas-

* Study conducted at the Department of Dermatology, Hospital
Universitario y Politécnico La Fe, Comunidad Valenciana, Valencia,
Spain.

https://doi.org/10.1016/j.abd.2025.501185

ing doses (unlike common SS, which generally responds
well to corticosteroids). In fact, the most effective treat-
ments reported for MC are those commonly used for MDS,
such as demethylating agents (especially azacitidine and
decitabine) and, ultimately and as a curative treatment,
allogeneic Hematopoietic Stem Cell Transplantation (allo-
HSCT).4?

We present a 68-year-old male patient with a history of
high-risk MDS (mutations in DMT3A, EZH2 and TP53) who
was recently diagnosed and treated of MC in our derma-
tology department. This patient initially presented (Fig. 1)
with lesions compatible (and histologically confirmed) with
panniculitis, specifically neutrophilic lobular panniculitis.
After an initial response to prednisone, when the dose was
reduced to <10mg/day, the patient continued to develop
new nodules and ulcers resembling pyoderma gangrenosum,
especially in areas of trauma (canals, biopsies, etc.) (Fig. 2),
demonstrating a prominent pathergy phenomenon. In view
of these lesions, a diagnosis of MC was proposed and treat-
ment with weekly subcutaneous azacitidine 75mg/m? was
started in collaboration with the hematology department.
Histopathological findings (Fig. 3) revealed that the dermal
infiltrate was rich in cells of histiocytic habitus, and immuno-
histochemistry showed that the cells combined myeloid and
monocytic immunophenotypes, with expression of both MPO
and CD163 and negativity for CD3, PAX5, CD79a, CD34,
CD43, CD56 or CD117. No histopathological or immunohis-
tochemical findings compatible with leukemia cutis were
found in the samples examined, which was also inconsis-
tent with the response to corticosteroids. Genetic testing
of skin and bone marrow for the UBA1 gene was requested
and the diagnosis of VEXAS (Vacuoles, E1 enzyme, X-linked,
Autoinflammatory, Somatic) syndrome was excluded. These
findings and the patient’s evolution confirmed the diagnosis
of MC. Despite an initial response to azacitidine, the patient
continued to develop new lesions. In an attempt to reduce
these neutrophilic lesions, treatment with cyclosporine
and anakinra was started successively on a compassion-
ate basis, both without response. Due to the patient’s age
and comorbidities, allo-HSCT was declined. Three months
after diagnosis, the patient progressed systemically to acute
myeloid leukemia and died of the disease despite multiple
cycles of chemotherapy.

The purpose of this article is to draw the attention
of the scientific community to the existence of MC. Par-

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Fig. 1  Clinical appearance of the initial skin lesions.

Subcutaneous nodules on both lower limbs and left hemiabdomen (in the area of heparin administration, demonstrating a phe-
nomenon of pathergy). Histopathology of the leg lesions showed neutrophilic lobular panniculitis.

Fig. 2 New skin lesions secondary to pathergy.

(A) Erythematous violaceous plaque on the left shoulder around vaccine application. (B) Subcutaneous nodule on the medial aspect
of the right arm in the area of support. (C) Ulcer resembling pyoderma gangrenosum on the inner side of the left arm in the
peripheral route. Histopathology of the left shoulder lesion showed histiocytoid sweet syndrome.

ticularly striking in MC is the marked phenomenon of
pathergy (hence the need to avoid invasive procedures),
the frequent corticodependence (its treatment is that of
MDS and not, as usual, that of neutrophilic dermatoses),
and the need to rule out the presence of VEXAS syn-
drome, given its known and reported association. This is
a recently described autoinflammatory disorder caused by
somatic mutations in the UBA1 gene. It is characterized

by systemic inflammation, skin lesions (characteristically
erythematous oedematous plaques with the appearance of
neutrophilic dermatoses), and hematological abnormalities.
VEXAS is strongly associated with MDS, with many patients
presenting with cytopenia’s and dysplastic bone mar-
row changes, linking the inflammatory and hematological
components through defective ubiquitination and protein
homeostasis.*>
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Fig. 3
40x; panel D MPO 40x).

Mieloperoxida

Histopathology of a shoulder lesion (panel A Haematoxylin-Eosin 40x; panel B Haematoxylin-Eosin 200x; panel C CD68

A dermal infiltrate was rich in atypical cells of histiocytic habitus, arranged in clusters and infiltrating collagen bundles (panel A-B).
Immunohistochemistry showed that the cells combined myeloid and monocytic immunophenotypes, with expression of both CD68
(panel C) and MPO (panel D). Lymphoid markers (CD3, CD79a, CD63 and PAX5) were negative. CD34, CD56, CD117 and CD138 were

also negative.

Authors’ contributions

Miguel Mansilla-Polo: Managed clinical treatment and pro-
cedures, and wrote the initial version of the article.
Daniel Martin-Torregrosa: Supervised the work.

Research data availability

Does not apply.

Editor

Hiram Larangeira de Almeida Jr.

Financial support

No specific funding was received from any bodies in the pub-
lic, commercial, or not-for-profit sectors to carry out the
work described in this article.

Conflicts of interest

None declared.

References

1. Sweet RD. An acute febrile neutrophilic dermatosis. Br J Derma-
tol. 1964;76:349-56.

2. Zheng S, Li S, Tang S, Pan Y, Ding Y, Qiao J, et al. Insights into the
characteristics of sweet syndrome in patients with and without
hematologic malignancy. Front Med (Lausanne). 2020;7:20.

3. Requena L, Kutzner H, Palmedo G, Pascual M, Fernandez-Herrera
J, Fraga J, et al. Histiocytoid sweet syndrome: a dermal infil-
tration of immature neutrophilic granulocytes. Arch Dermatol.
2005;141:834-42.

4. Vignon-Pennamen MD, Battistella M. From histiocytoid sweet
syndrome to Myelodysplasia Cutis: history and perspectives. Der-
matol Clin. 2024;42:209-17.

5. Whittington CP, Ross CW, Ramirez JA, Lowe L, Brown N, Hristov
AC. Myelodysplasia Cutis. Arch Pathol Lab Med. 2024;148:385-9.

Miguel Mansilla-Polo (2 b+ Daniel Martin-Torregrosa (& 2>
@ Department of Dermatology, Hospital Universitario y
Politécnico La Fe, Comunidad Valenciana, Valencia, Spain
b Department of Dermatology, Instituto de Investigacion
Sanitaria (lIS) La Fe, Comunidad Valenciana, Valencia,
Spain

*Corresponding author.

E-mail: miguel yecla96@hotmail.com (M. Mansilla-Polo).

Received 29 December 2024; accepted 26 February 2025
Available online 13 August 2025


http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00127-8/sbref0025
https://orcid.org/0000-0001-6730-6723
https://orcid.org/0009-0008-7918-4733
mailto:miguel_yecla96@hotmail.com

Anais Brasileiros de Dermatologia 2025;100(5):501195

® memxn ®

SOCIEDADE BRASILEIRA
DE DERMATOLOGIA

www.anaisdedermatologia.org.br

% Anais Brasileiros de
Dermatologia

LETTER - DERMATOPATHOLOGY

-

Check
updates

Double invasion: an
unprecedented case of
metastases from two distinct
primary sites coexisting in a
single cutaneous lesion™

Dear Editor,

This case reports a unique presentation, in which a single
cutaneous tumor was formed by metastases from two inde-
pendent neoplasms from different sites. The patient was an
80-year-old man with two tumor lesions on the scalp, with a
three-month duration (Fig. 1). He had a history of smoking
and renal clear cell carcinoma, diagnosed 16 months ear-
lier, treated with radical nephrectomy and retroperitoneal
lymphadenectomy with no evidence of lymph node metas-
tasis. He reported significant weight loss but denied other
systemic symptoms.

The lesions were surgically excised en bloc, with clo-
sure using a full-thickness skin graft. Histopathological
examination revealed two dermal lesions with cells with
clear cytoplasm, pleomorphic nuclei, prominent vascula-
ture, and geographic necrosis. Immunohistochemistry for
CD10 and PAX-8 confirmed metastatic renal clear cell carci-
noma (RCC). Beneath the largest lesion, there was a dermal
proliferation of atypical cells forming glandular structures,
with pleomorphism, mitotic activity, and intraluminal necro-
sis. Immunohistochemical staining was positive for CK20,
CDX2, and SATB2, consistent with metastatic colorectal ade-
nocarcinoma (Figs. 2 and 3).

Colonoscopy revealed an infiltrative lesion in the distal
rectum, confirmed by biopsy as colorectal adenocarcinoma.
CT staging revealed lung and liver metastases. One month
after surgery, despite clear margins, three new metastatic
implants appeared at the edge of the graft (Fig. 4). The
patient was referred to oncology for palliative treatment.

Cutaneous metastases generally appear after the diagno-
sis of the primary tumor, but in up to one-third of cases, they
can be the first manifestation of cancer. In 79% of patients,

* Study conducted at the Hospital Universitario Professor Poly-
doro Ernani de Sao Thiago, Universidade Federal de Santa Catarina,
Florianopolis, SC, Brazil.

https://doi.org/10.1016/j.abd.2025.501195

they are associated with concomitant visceral metastases.’
The incidence of cutaneous metastases ranges from 0.7%
to 9% of patients with malignancies. The most common
tumors vary between the sexes: in men, lung (24%-28.6%),
gastrointestinal tract (14.2%-19%), melanoma (13%-18.2%),
and head and neck squamous cell carcinoma (9.1%-12%); in
women, breast (69%), colorectal (9%), melanoma (5%), and
ovarian cancer (4%).”

Renal cell carcinoma represents 2%-3% of solid neoplasms
in adults, with the skin being the third most common site
of metastasis, after lymph nodes and lung (6%-11%).> Clin-
ically, it presents as reddish or purplish, pulsatile nodules
located on the extremities, face, scalp, or scars, and may
simulate angiomas and pyogenic granulomas.®“ Immunohis-
tochemically, it is positive for PAX8, keratin, EMA, RCC-Ma,
CD10, vimentin, and S100, and negative for CK7, CK20,
inhibin, Melan-A, calretinin, and TTF-1.%°

Colorectal adenocarcinoma is the gastrointestinal tumor
most prone to cutaneous metastases (4% of cases).® They
generally arise after the diagnosis of the primary tumor,
manifesting as nodules in the abdomen, pelvis, or umbilical
region, including the classic Sister Mary Joseph nodule.>’
More rarely, they occur on the face or in scars. Immuno-
histochemically, they are positive for SATB2, CK20, CDX2,
mucin, and CEA, and negative for CK7.%%

The coexistence of metastases from two distinct primary
sites in a single skin lesion, as observed in this case, can be
explained by metastatic progression models. According to
the clonal expansion and rare variant hypotheses, genetic
and epigenetic alterations confer selective advantages to
tumor cells, enabling angiogenesis, immune evasion, and
tissue invasion. These advantages depend on the inter-
action between tumor cells and tissue microenvironment,
mediated by molecules such as integrins, angiogenic growth
factors, and cell adhesion proteins.”

In this case, the scalp, being a highly vascularized
region, may have offered a favorable environment for tumor
development. Furthermore, the initial renal cell carcinoma
metastasis may have caused local changes, such as vascular
stasis, creating a favorable microenvironment that facili-
tated the subsequent implantation of metastatic colorectal
adenocarcinoma cells.

Alternatively, the simultaneous presence of both neo-
plasms may be the result of a contingency process, in
which immunosenescence and microenvironmental alter-

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Fig. 1 Scalp tumor lesions: Both were well-adhered, firm, friable, and painless. The larger lesion was formed by contiguous
metastases of renal cell carcinoma and intestinal adenocarcinoma; the smaller lesion was formed solely by renal cell carcinoma
cells.

Fig. 2 Histopathology of the largest lesion on the scalp. (A) Neoplasm formed by clear cells with an area of geographic necrosis.
(B) Clear cells with pleomorphic nuclei permeated by prominent vascularization. (C) Under the clear cell carcinoma, neoplasm
with a tubular pattern. (D) Area of angiolymphatic embolization between the two neoplasms. (E-F) Adenocarcinoma with nuclear
pleomorphism and atypical mitotic activity.

ations favor the independent but concomitant occurrence prehensive examination of the excised lesions to identify

of these metastases. distinct cell patterns and guide the immunohistochemical
This case highlights the importance of a detailed investigation. Future studies are needed to expand our
diagnostic evaluation by a dermatopathologist, with a com- understanding of the mechanisms of interaction between
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Fig. 3  Different immunohistochemical expression profile between the two neoplasms, with positivity for CD10 and PAX8 in the
clear cell carcinoma, and for SATB2 and CK20 in the adenocarcinoma.

Fig. 4  (A) Preoperative planning of excised lesions. (B) Intraoperative view showing en bloc resection of lesions. (C) Immediate
postoperative result with wound closure using full-thickness skin graft. (D-F) Late postoperative evolution, showing the emergence
of new metastatic implants at the graft edge.
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malignant cells and the cutaneous microenvironment, as
well as their clinical implications.
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The relevance of m
clinical-pathological correlation

in the diagnosis of cutaneous
Rosai-Dorfman disease™

Dear Editor,

This report describes the case of an 82-year-old woman who
sought dermatological evaluation due to two progressively
enlarging lesions on her upper back for three months. She
reported no symptoms such as fever, sweating, or weight
loss. Physical examination revealed two violaceous papular
plaques on her upper back, surrounded by similar-looking
papules. Dermoscopy revealed a pink background with white
structures and telangiectasias (Fig. 1). No adenomegaly was
observed on palpation of the main lymph node chains. Com-
plete blood count, biochemical parameters, chest CT scan,
and abdominal ultrasound were normal. Histopathological
examination revealed a dermal lesion with lymphohisti-

ocytic infiltrate and emperipolesis—i.e., phagocytosis of
lymphocytes, plasma cells, and intact red blood cells by
histiocytes with ample cytoplasm and conspicuous nucleoli
(Fig. 2). Immunohistochemistry was positive in the histio-
cytes for the markers CD68 (clone PG-M1), Cyclin D1 (clone
EP12), and S100 (clone 4C4.9), and negative for CD1a (clone
010) (Fig. 3). Therefore, considering the clinical, labora-
tory, and histopathological findings together, the diagnosis
of cutaneous Rosai-Dorfman Disease (CRDD) was achieved.

CRDD is a rare condition caused by non-Langerhans cells,
described as a distinct clinicopathological entity’ and clas-
sified in Group C of histiocytoses.? This exclusive skin
disease accounts for approximately 3% of all extranodal
cases.’ Although some studies have attempted to establish
a relationship between the disease and viral infections and
autoimmune diseases, the etiology remains unknown."#?>

It primarily affects Caucasian and Asian women, with a
mean age of 45 years."?*° The clinical presentation can
vary between papular lesions, plaques, nodules, and asymp-
tomatic, erythematous-brownish tumors of varying sizes.'™

Figure 1

Clinical and dermoscopic photographs of the lesions. (A) Two violaceous papular plaques on the upper back, with

surrounding papules of the same color. (B) White structures and telangiectasias with a pink background on dermoscopy.

* Study conducted at the Dermatology Outpatient Clinic, Autar-
quia Municipal de Saude de Apucarana, Apucarana, PR, Brazil.
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Figure 2

Histopathology of a lesion on the back, stained with Hematoxylin & eosin. (A) Well-defined dermal lymphohistiocytic

proliferation without epidermal involvement (Hematoxylin & eosin, x40). (B) Numerous histiocytes with broad amphophilic cyto-
plasm interspersed with small lymphocytes (Hematoxylin & eosin, x100). (C) Presence of emperipolesis demonstrated by the red

arrows (Hematoxylin & eosin, x400).

The most commonly affected sites are the trunk, head, and
neck.’?

Histopathology shows dermal lesions and extension into
the subcutaneous tissue, with the presence of clusters of
histiocytes and emperipolesis, in a mixed inflammatory
background with lymphocytes and plasma cells.* Immuno-

histochemistry is of great importance, especially to exclude
differential diagnoses such as Langerhans Cell Histiocytosis.?
The main criteria are positivity for S100 and CD68 and
negativity for CD1a in histiocytic cells in CRDD.* However,
positivity for Cyclin D1 may also be present,®’ as seen in the
present case.
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Figure 3

Immunohistochemical analysis. (A) CD68 positive (x40 magnification); (B) S100 positive (x40 magnification); (C) Cyclin

D1 positive (x40 magnification); (D) CD1a negative (x 10 magnification).

Rosai Dorfman-disease is a benign disease with approx-
imately 50% of cases resolving spontaneously.” When
exclusively cutaneous involvement occurs, the prognosis
becomes even more favorable, as it has a low risk of systemic
involvement.® Treatment can include surgical excision, sys-
temic corticosteroids, immunomodulators, chemotherapy,
or radiotherapy.” The patient in the present case under-
went total excision of the lesions and semiannual follow-up,
having already completed two years of clinical follow-up
with no recurrences, new lesions, or signs of systemic dis-
ease.
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Phaeohyphomycosis caused by
Cladosporium cladosporioides:
importance of molecular
identification in challenging
cases”

Dear Editor,

The genus Cladosporium includes dematiaceous fungi that
are widely distributed and frequently contaminate the envi-
ronment, present in plants and soil, although some species,
such as C. cladosporioides, C. herbarum, C. oxysporum, and
C. sphaerospermum, are pathogenic, causing superficial and
deep skin infections.’?

The most typical lesions present as nodules, plaques, sup-
purative ulcers, or crusted, ecthyma-like lesions located in
areas of trauma or skin involvement.>* Misdiagnoses are
common due to overlapping presentations with bacterial
abscesses, eczema, or other fungal infections.”* This case
describes a patient with a fungal infection of late etio-
logical diagnosis, an insidious course, and a severe clinical
outcome.

A 75-year-old male patient was seen in the emergency
room with asthenia and skin ulcers. He reported reddish
and painful nodules for eight months, mainly on his limbs,
which developed into ulcers, some resolving spontaneously,
with worsening over the last twenty days. He had previ-
ously been seen in an outpatient clinic, where two biopsies
were performed from different sites, with inconclusive
anatomopathological findings, and was treated with the
hypothesis of a skin and soft tissue infection unresponsive
to antibiotic therapy.

He was undergoing regular treatment for hypertension,
type 2 diabetes mellitus, hyperthyroidism with goiter, and
rheumatoid arthritis. He had been taking leflunomide and
methotrexate for six years.

On examination, he was in fair general condition, hypoac-
tive, and had an enlarged anterior cervical region (goiter).
He had a skin lesion on his right thigh and left arm (Fig. 1), as

* Study conducted at the Hospital Universitario, Universidade Fed-
eral de Sao Carlos, Sao Carlos, Sao Paulo, Brazil.

https://doi.org/10.1016/j.abd.2025.501196

well as dozens of painful erythematous-violaceous nodules
up to 1cm in diameter on his limbs.

The patient was admitted for investigation, and a biopsy
was performed on a recent lesion, consistent with erythema
nodosum, as the previous lesions did not show satisfac-
tory histopathological findings. The examination revealed a
perivascular lymphohistiocytic inflammatory infiltrate in the
dermis and a lymphocytic infiltrate with septal neutrophils
in the hypodermis, with a positive fungal test, suggesting
Histoplasma.

Itraconazole 800 mg/day was initiated, and after thirty
days, a continuous daily dose of 400 mg/day. The patient
showed significant improvement in systemic symptoms and
was discharged. After twelve months of regular outpatient
follow-up, the patient showed complete healing of the
ulcers (Fig. 2), a reduction in the number of lesions, but with
recurrence of the erythema nodosum inflammation (Fig. 3).
Considering a partial response to treatment, it was decided
to perform a new biopsy and perform a polymerase chain
reaction (PCR) for fungi and genetic sequencing of the mate-
rial.

The  obtained sequence was  analyzed in
the  BLASTn  genomic  database  (GenBank-NCBI;
https://blast.ncbi.nlm.nih.gov/Blast.cgi/) with molec-
ular identification of the Cladosporium cladosporioides
complex. Maximum identity or similarity was 99.7% to 100%
(Fig. 4).

After identifying the dematiaceous fungus, it was decided
to maintain treatment with itraconazole and perform surgi-
cal resections.

While on treatment, after 24 months, the patient still had
recurrent lesions. A change to amphotericin B was sched-
uled, but the patient was lost to follow-up. He returned
to the emergency room complaining of cough and inter-
mittent fever for three weeks. He developed severe acute
respiratory failure, requiring orotracheal intubation and
mechanical ventilation. A chest computed tomography scan
revealed signs of atypical pneumonia, although a fungal eti-
ology could not be ruled out. The patient progressed to
septic shock and death within a few hours.

In the case described herein, the patient’s age, comor-
bidities, and chronic medication use made him more
susceptible to infection. Some cases occur in immunocom-
petent individuals,® but severity depends on the immune
status.® Severe disease is more common in immunocompro-

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Fig. 1 (A) Shallow ulcer in the right thigh region with necrosis of graft tissue. (B) Ulcer in the proximal lower region of the left
arm.

Fig. 2 Ulcer scar on the inner right thigh after 12 months. (B) Ulcer scar on the proximal lower region of the left arm after 12
months.
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Fig. 3 (A) Erythema nodosum in the palmar region. (B) Erythema nodosum in the cubital fossa region of the right arm.
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PCR result / seminested with ITS3-F and ITS4-R primers

Nucleotide sequence analysis - Sample 274/23

Sequence chromatograms (FinchTV)

Visualization of PCR product by 2.5% agarose gel electrophoresis

Assembly and editing in Sequencher™ (forward and reverse seqs, 02 reads)

Sample 274/23
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C(+) = Positive control, Candida tropicalis DNA (sample 259/22- fresh tissue)
274/23 = Skin biopsy sample DNA

C(-) = Negative control (sterile water)

Expected amplicon size: ~250-350 bp

Note: *Histoplasmosis-specific PCR was negative in this sample.
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Consensus sequence_274/23
GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGTATTCCGG
GGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTAT

TGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCT

Result:
- Sample 274/23 showed a positive result in PCR / seminested for
fungi (panfungal PCR).

Fig. 4
the database.

mised individuals (e.g., diabetes, steroid use).® These fungi
invade the skin through previous lesions, produce proteolytic
enzymes, and resist phagocytic action, making them highly
infectious to the skin, although they can rarely spread to
other organs.”>?

Itraconazole is the systemic antifungal agent of choice,
administered for three to six months, with effective
treatment and lesion regression in cases reported in the
literature.”*’ Alternative treatments include voricona-
zole, amphotericin B, and fluconazole, the first two being
used/indicated in refractory cases.’

The diagnosis was challenging and, as observed in this
case, delayed diagnosis can lead to disease progression
and unfavorable outcomes, especially with severe systemic
manifestations.* Molecular identification can differentiate
C. cladosporioides from other dematiaceous fungi,® and is
an ally in the resolution of complex and protracted cases.
Although still little used, it has potential for growth in der-
matology.

Research data availability
Does not apply.

Editor

Silvio Alencar Marques.

GTCCCCTAAGCGTTGTGGAAACTATTCGCTAAAGGGTGTTCGGGAGGCTA
CGCCGTAAAACAACCCCATTTCTAAGGTTGACCTCGGATCAGGTAGGGAT
ACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

(A) PCR result for fungi. (B) Analysis of the sample’s nucleotide sequences and comparison with the consensus sequence in
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Omalizumab for cholinergic
pruritus in a renal transplant
and hemodialysis patient™

Dear Editor,

Cholinergic Pruritus (CholP) is a rare condition characte-
rized by generalized itching, tingling, or burning sensations
without any skin lesions, triggered by increased body core
temperature, and reversible after cooling. CholP is often
resistant to antihistamines H1 (anti-H1), and the choice of
medication is even more limited in patients with severe sys-
temic disease. The efficacy and safety of omalizumab in
anti-H1-refractory chronic spontaneous urticaria have been
widely recognized, and it has also been successfully used in
the treatment of Cholinergic Urticaria (CholU),"? but there
is little information regarding to this drug for the treat-
ment of patients with concomitant immunosuppression and
hemodialysis. Herein, we describe a case of omalizumab use
as a treatment for CholP in a renal transplant and hemodial-
ysis patient.

A 45-year-old male presented to our department, with
complaints of generalized itching and tingling for more than
2-months. The unpleasant sensation triggered by increased
body heat (e.g., hot baths, emotionally charged and tak-
ing spicy food) and relieved by cooling. It occurred several
times a day and lasted for a few to 10 min each time but
without any lesions. He has been taking oral tacrolimus
and mycophenolate mofetil for 12-years after renal trans-
plantation and hemodialysis 3 times a week was initiated
more than 1-year ago. Since dialysis, he perspired less.
Laboratory tests showed normal eosinophils, Immunoglob-
ulin E (IgE), anti-Thyroperoxidase Antibody (anti-TPO Ab),
and anti-Thyroglobulin Antibody (anti-Tg Ab). According
to the patient’s clinical manifestation, CholP, Chronic
Kidney Disease-associated Pruritus (CKD-aP) and Acquired
Idiopathic Generalized Anhidrosis (AIGA) were considered.
However, patients with CKD-aP usually have persistent itch-
ing, which is severe at night as compared to daytime. Various

* Study conducted at the Sichuan Provincial People’s Hospital,
School of Medicine, University of Electronic Science and Technology
of China, Chengdu, China.

https://doi.org/10.1016/j.abd.2025.501167

Table 1 The clinical scores at baseline and 12-24 weeks
after omalizumab treatment.

Time Clinical scores
points

itch NRS UcT DLQI
Baseline 8 1 12
Week 12 0-1 16
Week 24 4 12 6

NRS, Numeric Rating Scale; UCT, Urticaria Control Test; DLQI,
Dermatology Life Quality Index.

factors such as showering, dialysis, heat, pressure, and cold
can exacerbate itching, rather than just being induced by
increased body core temperature.® AIGA is characterized by
anhidrosis/hypohidrosis without any apparent causes and is
often troubled by tingling dermal pain upon sweating but not
itching.” Therefore, the final diagnosis is CholP. Considering
the physical condition of the patients, we did not perform
exercise challenge tests.

He was given cetirizine 10 mg qd, which provided partial
relief in the first 2 weeks, but the effect gradually declined.
Then, loratadine 10 mg daily was prescribed but was dis-
continued because of palpitation. Omalizumab (300 mg/4
weeks) in combination with cetirizine 10mg qd was used
with overall consideration of his underlying disease and drug
accessibility and affordability. At the baseline, he had an
itch Numeric Rating Scale (NRS) of 8/10, an Urticaria Control
Test (UCT) score of 1/16, and a Dermatology Life Qual-
ity Index (DLQI) score of 12/30. Fortunately, the patient
reported an obvious resolution after 4 weeks of treatment.
He reached complete remission at 12 weeks (itch NRS of
0-1/10, UCT score of 16/16, DLQI score of 2/30). How-
ever, at 24 weeks, there was some recurrence of symptoms,
but still showed significant improvement from baseline (itch
NRS of 4/10, UCT score of 12/16, DLQI score of 6/30).
Table 1 shows the clinical scores at different time points.
The patient did not report any adverse effects and there was
no change in his immunosuppressive drugs and hemodialysis
regimen.

CholP is a rare variant of Cholinergic Urticaria (CholU)
without any lesions.® The main treatment remains anti-H1,
but it is usually less effective.® Omalizumab, a recombi-
nant humanized monoclonal antibody that inhibits IgE, has
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been approved for the treatment of chronic spontaneous
urticaria. In recent years, there have been few reports of
omalizumab for the treatment of CholP,®’ and reports in
patients with combined renal transplantation and hemodial-
ysis are lacking. Omalizumab has a relatively good safety
profile, with rare serious adverse reaction such as anaphy-
lactic shock. Since omalizumab is removed primarily by the
reticuloendothelial system, it is less likely to affect renal
function.

This CholP patient, with a history of renal transplan-
tation and undergoing hemodialysis, had a good response
and tolerance to omalizumab. Omalizumab did not have
a notable impact on his renal function and relative medi-
cations. This case confirms the efficacy of omalizumab in
CholP and seems to support that omalizumab treatment can
be practiced in renal transplant and hemodialysis patients
without apparent interference with the efficacy and safety
of the drug. This may provide some reference for the
use of omalizumab in patients with concomitant transplant
status and/or hemodialysis. However, a longer follow-up
period, as well as larger studies are needed to validate find-
ings.
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Paradoxical morphea-like m
reaction after initiation of o
dupilumab for nodular prurigo™

Dear Editor,

Localized morphea, or localized scleroderma, is an

autoimmune connective tissue disorder characterized by
inflammation and sclerosis of the skin and sometimes deeper
tissues. The pathophysiology is not fully understood, likely
multifactorial, involving interactions among genetic factors,
infections, medications, and immune pathway alterations
that promote fibrosis.'

A 68-year-old male with a history of epithelioid heman-
gioma in the proximal right ulna presented with pruritic,
excoriated erythematous-violaceous papules and plaques
(Fig. 1). Histopathology revealed focal epidermal erosion
accompanied by marked epidermal hyperplasia, hyper-
granulosis, and spongiosis, along with a perivascular and
interstitial lymphocytic infiltrate in the superficial dermis;
findings consistent with nodular prurigo (Fig. 2). Treatment
with dupilumab was initiated with an initial dose of 600 mg,
followed by 300 mg administered every two weeks. After
six months of treatment, painful skin lesions appeared on
the right elbow and trunk. Physical examination revealed an
indurated, shiny brownish plaque extending from the mid-
arm to the distal third of the forearm on the right upper
limb, as well as several oval plaques on both flanks of the
trunk (Fig. 3). The patient’s blood count was normal, without
eosinophilia, and autoimmunity and serology studies showed
no abnormalities.

Histopathology of the trunk lesion showed dermal
changes, including edema, vascular ectasia, and progressive
sclerosis extending into the subcutaneous tissue (Fig. 4).
Additionally, a predominantly lymphohistiocytic inflamma-
tory infiltrate was observed, along with perivascular and
interstitial involvement. Immunohistochemical staining for
CD34 revealed the loss of dermal dendritic cells (Fig. 2).

* Study conducted at the Dermatology Department and Depart-
ment of Pathological Anatomy, Hospital Clinico Universitario Lozano
Blesa, Zaragoza, Spain.

https://doi.org/10.1016/j.abd.2025.501193

Fig. 1
and plaques on the pretibial regions.

Excoriated bilateral erythematous-violaceous papules

Dupilumab was discontinued, and treatment with weekly
methotrexate (15mg), oral prednisone (tapering regimen),
and topical clobetasol (once daily) was initiated, resulting
in progressive improvement of the lesions.

Morphea is a multifactorial connective tissue disorder. It
is thought to involve two stages of pathophysiology: an early
inflammatory stage mediated by the Th1 and Th17 axes, fol-
lowed by a fibrotic stage mediated by the Th2 axis." The
Th2 response has been implicated in the development of
fibrotic disorders by promoting fibroblast proliferation and
collagen production, suggesting that blocking the IL-4/IL-13
axis might prevent fibrosis. Dupilumab, a monoclonal anti-
body targeting the « subunit of the Interleukin-4 Receptor
(IL-4Rat), blocks IL-4 and IL-13 signaling and has been pro-
posed as a potential treatment for localized scleroderma.?

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, 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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Fig. 2 At low power view, histopathology shows an epider-
mis with acanthosis and focal excoriation (Hematoxylin & eosin,
x20).

Although only four cases of dupilumab-associated morphea
and localized sclerosis have been reported in the literature
to date (Table 1), numerous cases of psoriasiform dermatitis
mediated by the Th1 and Th17 pathways have been reported
following initiation of dupilumab therapy.”*=> In our case,
this may be attributed to the inhibition of IL-4, which can
promote overproduction of the IL-432 variant. This IL-4 vari-

b e

Fig. 4

Fig. 3 Morphea plaques. (A and B) Oval erythematous-
violaceous plaques on the left and right flanks.

ant increases levels of IFN-y and TNF-«, activating the Th1
pathway and inflammation, ultimately facilitating collagen
deposition in the extracellular matrix.*

CD34+ dermal dendritic cells are usually distributed
throughout the reticular dermis and are thought to play roles
in wound healing and maintaining dermal architecture.® The
loss of CD34 expression helped distinguish morphea from
other dermatoses with lymphohistiocytic infiltrates in the
dermis and is a phenomenon seen in disorders involving col-
lagen degeneration, such as morphea.”-® CD34 expression in
the dermis is inversely proportional to the extent of mor-
phea; thus, in a case like ours, where CD34 expression was

(A) Preserved epidermis and the presence of a perivascular inflammatory infiltrate in the dermis (Hematoxylin & eosin,

x20). (B-C) Eccrine glands without adipose stroma, along with dense collagen. The perivascular infiltrate consists predominantly
of lymphohistiocytic elements with occasional plasma cells. This infiltrate is also observed in the interstitium at this magnification
(Hematoxylin & eosin, x200 and x400). (D) IHC: CD34 staining shows a loss of dermal dendritic cells normally present in healthy

skin.



Anais Brasileiros de Dermatologia 2025;100(5):501193

Table 1 Demographic and clinical characteristics of morphea cases following initiation of dupilumab.
Patient Age Sex Underlying condition Latency period Clinical presentation Treatment
1 10 years Female Atopic dermatitis 34 weeks after A plaque on the ankle Discontinuation of dupilumab.
initiation and foot Initiation of methotrexate and
oral prednisone
2 14 years Male Atopic dermatitis 5 months after A linear plaque on Discontinuation of dupilumab.
initiation the scalp Initiation of topical
corticosteroids; after failure,
methotrexate and intravenous
methylprednisolone
3 20 years Female Atopic dermatitis 8 months after Multiple plaques on  Discontinuation of dupilumab.
initiation the upper and lower Initiation of mycophenolate
extremities mofetil
4 67 years  Female Asthma and chronic 5 days after Multiple lesions on Continued dupilumab.
rhinitis initiation the trunk Resolution one week after the

second injection

lost, there is a higher likelihood of deep tissue involve-
ment. This overlap between deep morphea and eosinophilic
fasciitis has been noted.® Given the absence of dermal
eosinophils and a normal blood count, a diagnosis of mor-
phea was established. Methotrexate and corticosteroids
were chosen for treatment due to their efficacy in both
nodular prurigo and morphea.

In conclusion, we present a case of generalized morphea
following the initiation of dupilumab for nodular prurigo.
Blocking IL-4 and IL-13 represents a potential target for
treating sclerotic disorders; however, this blockade may dis-
rupt healing mechanisms, favoring collagen deposition, and
increase scar tissue through dysregulation of Th1/Th2 sig-
naling pathways.
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disease with secukinumab™

Dear Editor,

In 1956, Drs. lan Bruce Sneddon and Darrell Wilkinson
first described subcorneal pustular dermatosis (SPD), later
named Sneddon-Wilkinson disease (SWD) in their honor. They
described an unusual chronic blistering eruption that could
not be classified as dermatitis herpetiformis or pemphigus.’
Whether it is a separate entity, or a variant of general-
ized annular pustular psoriasis (GAPS) remains controversial.
Clinically, it is more common in middle-aged women and is
characterized by flares of pustular lesions, often with an
annular pattern and predominantly involving the flexures.
These lesions usually progress to erosions, crusts or scales,
and residual hyperpigmentation. Histopathologically, SWD is
characterized by the presence of subcorneal neutrophilic
pustules with negative direct and indirect immunofluores-
cence tests. It is most commonly associated with monoclonal
gammopathies, predominantly IgA. Dapsone is the treat-
ment of choice. However, relapses in a chronic course are
frequent.? In this article, we present a case of SWD with
a satisfactory response to secukinumab, a monoclonal anti-
body that selectively inhibits Interleukin (IL) 17A.

A 62-year-old man presented with skin lesions of
two years’ duration. He had previously been treated
with topical and systemic corticosteroids, systemic anti-
histamines, and doxycycline without improvement. On
examination (Figs. 1 and 2), there were generalized
multiple flaccid pustules on an erythematous base, erod-
ing into crusted lesions predominantly in the axillary
and inguinal folds. There were no other mucocutaneous
lesions and no other systemic symptoms. Histopathology
(Fig. 3) showed multiple subcorneal neutrophilic pustules
and a mixed perivascular and interstitial infiltrate in the
superficial dermis. Direct Immunofluorescence (DIF) was
negative. Indirect Immunofluorescence (lIF) was negative
for antibodies against epidermal intercellular substances

* Study conducted at the Hospital Universitario y Politécnico La
Fe, Valencia, Spain.

https://doi.org/10.1016/j.abd.2025.501178

Figure 1  Clinical presentation of inguinal lesions before
initiation of secukinumab. Erythematous papules and plaques
with overlying peripheral pustules.

and basement membrane antigens. Immunoblotting con-
firmed these results and was also negative for antibodies
against desmocollin 1 and 3. Genetic testing to exclude
IL-36 receptor antagonist deficiency (DITRA syndrome) was
also negative. Blood and urine analysis and electrophore-
sis with immunofixation revealed IgA kappa gammopathy of
uncertain significance. Treatment was started consecutively
with dapsone, methotrexate, and acitretin, with therapeu-
tic failure with all three agents. Finally, treatment with
secukinumab at a dose of 300 mg/week for 4 weeks fol-
lowed by 300 mg/4 weeks of maintenance was chosen, with
a complete response achieved after 2 months of treatment
and maintained after 18 months of treatment (Fig. 4). No

0365-0596/© 2025 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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Figure 2 Dermoscopic presentation of the lesions. Pustule
with a slightly erythematous base.
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Figure 3 Histopathological presentation of the lesions
(Haematoxylin & eosin 100x). Moderate perivascular and
interstitial inflammatory infiltrate in the dermis, predominantly
polymorphonuclear, and in the epidermis minimal spongiosis,
parakeratosis and clusters of polymorphonuclear leukocytes
forming subcorneal microabscesses. There were no bacterial
colonies, acantholysis, papillary atrophy, suprapapillary atrophy
or confluent parakeratosis.

adverse effects were reported, and the patient remained
haematologically stable.

SWD can be challenging both diagnostically and ther-
apeutically. For some authors, it represents a variant of
GAPS, while for others it is a separate entity based on
its characteristic predilection for folds, non-involvement
of nails, palms, soles, and hair, and histological find-
ings with less psoriasiform hyperplasia, fewer tortuous
telangiectasias in the dermal papilla and less mitotic fig-
ures. However, it must be distinguished from SPD-type IgA
pemphigus, which is clinically and histologically identical,
although DIF studies show IgA immunoreactivity to desmo-
collin 1, a desmosomal component of keratinocytes, at
the subcorneal level. The presence of anti-desmocollin 1

Figure 4 Clinical presentation of the inguinal lesions after
18 months of secukinumab treatment. Complete resolution of
the lesions.

IgA antibodies is also demonstrated in SPD-type IgA, by
using Enzyme-Linked Immunosorbent Assay (ELISA), IIF, or
immunoblotting. It must also be distinguished from DITRA
syndrome, a rare autoinflammatory disorder caused by
mutations in the IL36RN gene, which also causes gen-
eralized pustular psoriatic lesions. The classic treatment
in SWD, which generally produces a good response, is
dapsone.” However, sometimes other treatments must be
used because of treatment failure or side effects. In recent
years, favorable results have been reported after treatment
with anti-TNF agents (adalimumab, etanercept, inflix-
imab), IL-23 inhibitors (guselkumab), phosphodiesterase-4
inhibitors (apremilast, roflumilast) and, more recently,
secukinumab.~> We postulate that the response to this drug
in our patient with SWD is explained by the role of IL-
17A in neutrophil chemotaxis and the demonstrated efficacy
of anti-IL-17 agents in pustular psoriasis, an entity closely
related to SWD.’ In conclusion, we present a case of refrac-
tory SWD with a satisfactory response to secukinumab. IL-17
inhibitors may be promising therapeutic agents for the treat-
ment of patients with recalcitrant SWD.
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Successful treatment of »n
refractory eosinophilic annular
erythema with tofacitinib™

Dear Editor,

Eosinophilic Annular Erythema (EAE) is a rare eosinophilic
dermatosis characterized by annular erythematous plaques
with varying degrees of pruritus. Treatment options for EAE
are often limited and the disease is often refractory with a
recurrent course. Highlighting the potential of tofacitinib in
the treatment of EAE, we report a case of refractory EAE
that was effectively treated with tofacitinib.

A 34-year-old female was admitted to our department
with pruritic annular plaques on the trunk and proximal

extremities. The patient had no history of food or drug
allergies or other chronic diseases. Physical examination
revealed scattered dark red annular plaques with raised
borders on the neck, anterior chest, waist, and abdomen
(Fig. 1A-D). Oral hydroxychloroquine and antihistamines
were given for two weeks with no response. Laboratory
tests revealed an elevated eosinophil count (0.78 x 10°/L),
while no abnormalities were observed in liver enzymes,
renal function, urinalysis, total serum IgE levels, antin-
uclear, anti-DNA, and HIV tests. A skin biopsy showed
a superficial perivascular infiltration composed predomi-
nantly of eosinophils. There was no evidence of vasculitis,
flames figures, dermal mucin, or vacuolar changes. Direct
immunofluorescence was negative. Given the clinical pre-
sentation and the lack of flame figures, Wells syndrome
was excluded. The diagnosis of EAE was made on the basis

Fig. 1

Clinical image of the patient treated with tofacitinib. (A-D) The patient presented with scattered dark red annular plaques

with raised borders on the truck before treatment. (B-E) Remission of clinical manifestations after treatment with tofacitinib in a
week. (C-F) The lesions were completely cleared without any recurrence in a 4-month-follow up.

* Study conducted at the Department of Dermatology, the First
Affiliated Hospital of Chongqing Medical University.
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Fig. 2
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(A) Histopathology showed a superficial perivascular infiltration (Hematoxylin & eosin, x100). (B) A high-power field showed

perivascular infiltration composed predominantly of eosinophils (Hematoxylin & eosin, x400).

of the above findings. Monotherapy with tofacitinib 5 mg
twice daily was started. After one week of treatment,
the patient showed remarkable improvement. The annu-
lar erythema became lighter in color, blurred in outline
and the raised margins disappeared (Fig. 1B-E). She was
treated for a further two weeks. At a follow-up visit four
months after treatment, we observed that the lesions were
almost completely cleared without recurrence (Fig. 1C-F).
The histopathological characteristics are shown in Fig. 2
(Fig. 2A-B). In a follow-up phone call after 8 months, the
patient was completely cured and there was no relapse.

EAE is a rare self-limited eosinophilic dermatosis with
a relapsing and remitting course. It can affect individ-
uals of all ages, though it is more commonly seen in
young adults. While the exact incidence remains unclear,
EAE has been associated with drug reactions, allergic
responses, and underlying systemic conditions, such as sys-
temic lupus erythematosus and eosinophilic gastroenteritis.
An interesting case report highlights a potential associa-
tion between EAE and Primary Biliary Cholangitis (PBC), a
systemic disease that has not been previously reported in
the literature." The differential diagnosis of EAE includes
Wells syndrome, rheumatoid erythema annulare, erythema
annulare centrifugum, and other eosinophilia-associated
skin diseases, and some authors consider it to be a sub-
type of Wells syndrome.? Wells’ syndrome and EAE are two
eosinophil-associated dermatoses that share some similar-
ities in clinical presentation and histopathology, but there
are important differences. Wells’ syndrome presents as ery-
thematous, edematous plaques that resemble cellulitis, and
the lesions may be accompanied by pruritus or pain. The
dermis is heavily infiltrated with eosinophils, with charac-
teristic ‘‘flame figure’’, while lesions of EAE are circular or
arcuate erythematous plaques with raised margins and fad-
ing in the center, and the lesions are usually asymptomatic or
mildly pruritic, with eosinophilic infiltration of the dermis,
but without the *‘flame figure’’.

Due to the rarity of EAE, there is no standard treatment
for the disease. Currently, first-line therapies are gluco-

corticoids, antihistamines, chloroquine, and hydroxychloro-
quine. Alternative treatment options include ciclosporin,
mepolizumab, dapsone, narrowband UVB, doxycycline, and
benralizumab (Table 1).> However, the treatment of EAE
remains a challenge due to the high relapse rate and unsat-
isfactory therapeutic efficacy.

EAE has not been clearly elucidated, but hypersensitiv-
ity reactions to unidentified antigens have been proposed,
while aberrant tissue-resident eosinophils may participate
in the disease. Tofacitinib selectively inhibits JAK1 and JAK3
to modulate immune cell activity and reduce inflammation.
It inhibits the activation of T cells and B cells through the
JAK-STAT pathway. It can suppress the production of sev-
eral inflammation-related cytokines such as IL-4, IL-5 and
IL-13, which play critical roles in proliferation, activation,
and recruitment of eosinophils.*° Recent studies suggested
that inhibiting JAK-STAT signaling, especially JAK1 signal-
ing, can both suppress Th2 differentiation and eosinophil
activation.” As the JAK-STAT pathway mediates important
cellular processes such as immune response and inflam-
mation, tofacitinib can be used as a targeted therapy by
blocking these pathogenic pathways.®

To conclude, to the best of our knowledge, we first
reported a case of refractory EAE successfully treated with
tofacitinib. Our observation supported that JAK inhibitors
may be a promising therapy option and shed a bright light on
the treatment of EAE. However, further studies are needed
to provide more evidence and confirm the findings.

Research data availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Editor

Hiram Larangeira de Almeida Jr.
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Table 1 Alternative treatment options for EAE and the outcome.

Treatment Treatment Reported Outcomes Administration Potential Side Effects
Mechanisms
Ciclosporin Calcineurin inhibitor, Effective in reducing Oral Hypertension,
suppresses T-cell inflammation and improving nephrotoxicity
activation symptoms in some cases
Upadacitinib JAK1 inhibitor, Reduced disease activity Oral Headache, upper
reduces immune cell and inflammation; limited respiratory infections
activation data in EAE
Mepolizumab IL-5 inhibitor, reduces  Decreased eosinophil Subcutaneous, Headache,
eosinophil counts infiltration and monthly nasopharyngitis
inflammation; limited
evidence for EAE
Dapsone Anti-inflammatory, Improvement in skin Oral Hemolysis,
antimicrobial symptoms in EAE; limited methemoglobinemia
properties data on systemic
improvement
Narrowband UVB UV radiation, reduces  Effective for skin lesions in Topical Skin irritation, erythema
skin inflammation EAE; minimal evidence for
systemic benefit
Doxycycline Antibiotic with Possible benefits for chronic  Oral Gastrointestinal upset,
anti-inflammatory inflammation; limited photosensitivity
effects evidence in EAE
Benralizumab IL-5 receptor Significant eosinophil Subcutaneous, Headache, upper

antagonist, reduces
eosinophil counts

reduction; potential benefit
in EAE-related inflammation

every 4 weeks

respiratory tract
infections
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