Revista Espanola de Patologia 58 (2025) 100793

ologia

Spanish journalof Pathology
- s o

REVISTA ESPANOLA DE

SEAP-IAP Patologia

scri 2024

www.elsevier.es/patologia

ORIGINAL
Maximizing diagnostic precision: Evaluating the m
combined Yokohama and BI-RADS scoring system for £

breast lesions

Sana Ahuja?, Aanchal Bhayana®, Sufian Zaheer?*

a Department of Pathology, Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi, India
b Department of Radiology, Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi, India

Received 7 June 2024; accepted 9 July 2024

KEYWORDS Abstract

Breast cancer; Background: The diagnosis of breast cancer necessitates a multifaceted approach integrating
Fine needle cytopathological and radiological assessments. The International Academy of Cytology (IAC)
aspiration biopsy; Yokohama system and Breast Imaging Reporting and Data System (BI-RADS) are fundamental
IAC Yokohama; frameworks in this context. This study aims to evaluate the diagnostic potential of a combined
BI-RADS; Yokohama-BI-RADS scoring system for breast lesions.

Diagnostic accuracy Materials and methods: A retrospective analysis was conducted on fine needle aspirates from

January to June 2023. The cases were classified using the IAC Yokohama system and sono-
mammography BI-RADS score. Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and diagnostic accuracy were calculated using histopathological diag-
noses as the reference standard. Optimal cut-off scores for the combined scoring system were
determined.

Results: Among 52 patients, cytological diagnoses encompassed non-diagnostic, benign, atyp-
ical, suspicious of malignancy, and malignant categories. BI-RADS scores ranged from 1 to 5.
The combined Yokohama-BI-RADS score exhibited superior diagnostic accuracy (AUC: 0.986)
compared to individual systems.

Conclusion: The combined Yokohama-BI-RADS scoring system represents a promising advance-
ment in breast lesion evaluation, providing enhanced diagnostic precision by integrating
cytopathological and radiological data. This approach has the potential to optimize clinical
decision-making and contribute to improved patient outcomes in breast cancer management.
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PALABRAS CLAVE
Cancer de mama;
Biopsia por aspiracion
con aguja fina;

IAC Yokohama;
BI-RADS;

Precision diagndstica

Maximizacion de la precision diagnéstica: evaluacion del sistema de puntuacién
combinado de Yokohama y BI-RADS para lesiones mamarias

Resumen

Antecedentes: El diagndstico del cancer de mama requiere un enfoque multifacético que
integre evaluaciones citopatologicas y radiologicas. El sistema Yokohama de la Academia Inter-
nacional de Citologia (IAC) y el Sistema de informes y registro de datos de estudios por imagenes
de la mama (BI-RADS) son marcos fundamentales en este ambito. Este estudio tiene como obje-
tivo evaluar el potencial diagndstico de un sistema de puntuacion combinado Yokohama-BI-RADS
para lesiones mamarias.

Materiales y métodos: Se realizod un analisis retrospectivo de aspiraciones con aguja fina real-
izadas entre enero y junio de 2023. Los casos se clasificaron mediante el sistema IAC Yokohama
y la puntuacion BI-RADS de ecografia de mama. La sensibilidad, la especificidad, el valor pre-
dictivo positivo (VPP), el valor predictivo negativo (VPN) y la precision diagndstica se calcularon
utilizando como estandar de referencia los diagnosticos histopatoldgicos. Se determinaron las
puntuaciones de corte optimas para el sistema de puntuacion combinado.

Resultados: En un estudio en 52 pacientes, los diagnosticos citolégicos abarcaron categorias no
diagnosticas, benignas, atipicas, sospechosas de malignidad y malignas. Las puntuaciones de
BI-RADS variaron de 1 a 5. La puntuacion combinada de Yokohama-BI-RADS mostré una mayor
precision diagnostica (AUC: 0,986) en comparacion con los sistemas individuales.

Conclusion: El sistema de puntuacion combinado Yokohama-BI-RADS constituye un avance
prometedor en la evaluacion de las lesiones mamarias, al proporcionar una mayor precision
diagnostica mediante la integracion de datos citopatologicos y radioldgicos. Este enfoque tiene
el potencial de mejorar la toma de decisiones clinicas y contribuir a mejorar los resultados de
los pacientes en el tratamiento del cancer de mama.

© 2024 Sociedad Espanola de Anatomia Patologica. Publicado por Elsevier Espaia, S.L.U. Se
reservan todos los derechos, incluidos los de mineria de texto y datos, entrenamiento de IA 'y

tecnologias similares.

Introduction

Within the realm of breast cancer diagnosis, the integration
of cytopathological insights and radiological assessments
forms the foundation of precision medicine. The Interna-
tional Academy of Cytology (IAC) Yokohama system and the
Breast Imaging Reporting and Data System (BI-RADS) stand
out as pillars of cytological and radiological diagnostic cat-
egories, respectively.’?

The IAC Yokohama system, introduced by the Interna-
tional Academy of Cytology in 2016, was developed to have
a uniform reporting system with enhanced reproducibil-
ity and improved communication between pathologists
and clinicians. This system meticulously evaluates cellular
architecture, nuclear characteristics, and stromal features,
offering clinicians a detailed understanding of tumour
behaviour and prognostic implications.’

In parallel, BI-RADS offers a standardized framework for
interpreting mammographic findings, facilitating consistent
radiological reporting and management recommendations.
Developed by the American College of Radiology, BI-RADS
categorizes breast lesions based on their radiographic fea-
tures, calcifications, architectural distortions, and other
imaging parameters, providing crucial guidance for clinical
decision-making.?

Individually, both the IAC Yokohama grading system and
BI-RADS have demonstrated efficacy in guiding diagnostic

and therapeutic strategies for breast lesions. The present
study aims to evaluate whether a combined scoring sys-
tem - integrating the cytopathological insights of the IAC
Yokohama system with the radiological findings of BI-RADS
- provides a more comprehensive and refined approach to
breast lesion evaluation than either system alone.

Materials and methods

This was a retrospective study in which all the breast fine
needle aspirates from January 2023 to June 2023 were
retrieved. Informed consent was obtained from all patients
before the FNABs. At least two passes were performed for
each breast lump. The final reports were based on smears
stained with May-Griinwald-Giemsa and Papanicolaou stains.

All cases were categorized according to the IAC Yokohama
reporting system into five categories’:

Non-diagnostic

Benign

Atypical

Suspicious of malignancy
Malignant

They were given a score of 1-5 based on the category
of the Yokohama system with 1 being non-diagnostic and 5
being malignant.
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The clinical details and BI-RADS scores from sono-
mammography were extracted from electronic health
records and radiological reports. Histopathological diag-
noses, obtained through biopsy or surgical excision, served
as the gold standard for reference.

Based on BI-RADS, the breast lesions were categorized

as’:

BI-RADS 0 - Need additional investigations
BI-RADS 1 - Negative

BI-RADS 2 - Benign

BI-RADS 3 - Probably benign

BI-RADS 4 - Suspicious

BI-RADS 5 - Highly suggestive of malignancy
BI-RADS 6 - Known biopsy-proven

For statistical analysis, non-diagnostic cases under the
IAC Yokohama system and BI-RADS categories 0, 1 and 6 were
excluded. Using histological diagnosis as the gold standard,
the sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy were calcu-
lated.

Sensitivity = True positive/(True positive + False negative)

Specificity = True negative/(True negative +False posi-
tive)

PPV =True positive/(True positive + False positive)

NPV = True negative/(True negative + False negative)

Diagnostic accuracy = (True positive + True negative)/All
analysed cases

The above ratios were calculated separately for the Yoko-
hama system and BI-RADS for the following groups:

e Group A (for Yokohama) - only the ‘*malignant’’ category
was regarded as a positive report.

e Group A (for BI-RADS) - only the ‘*BI-RADS 5’ category
was regarded as a positive report.

e Group B (for Yokohama) - all cases in the ‘‘malighant’’
and ‘‘suspicious of malignancy’’ category were regarded
as positive for malignancy.

e Group B (for BI-RADS) - all cases in the ‘‘BI-RADS 5’
and ‘*BI-RADS 4’’ category were regarded as positive for
malignancy.

Furthermore, the cases were assigned a combined score
based on the IAC Yokohama and BI-RADS scoring (adding the
total score of Yokohama and BI-RADS). The performance of
this combined score was also analysed. An area under the
curve (AUC) analysis was conducted to compare the diag-
nostic performance of the IAC Yokohama system, BI-RADS,
and the combined Yokohama-BI-RADS score.

Results

A total of 52 patients underwent breast fine needle aspi-
ration biopsy in the above period, with a mean age of
39.6 + 13.6 years. Based on the IAC Yokohama system, there
were 2 non-diagnostic, 30 benign, 3 atypical, 5 suspicious of
malignancy and 12 malignant cases. According to BI-RADS,
the cases were classified as 2 BI-RADS 1, 11 BI-RADS 2, 14
BI-RADS 3, 13 BI-RADS 4 and 12 BI-RADS 5 cases. Table 1
depicts the cytological diagnosis, Yokohama category, BI-

RADS score, combined score and final histopathological
diagnosis of all the cases.

The sensitivity, specificity, PPV, NPV and diagnostic accu-
racy of IAC Yokohama system and BI-RADS were similar when
only malignant cases or BI-RADS 5 were considered positive,
with values of 63.16%, 100%, 100%, 81.58% and 86%, respec-
tively. However, when both malignant and suspicious cases
(or BI-RADS 4 and 5) were considered positive, the IAC Yoko-
hama system exhibited higher specificity, PPV and diagnostic
accuracy, while BI-RADS exhibited higher sensitivity and NPV
(Tables 2 and 3).

The combined BI-RADS and Yokohama system (Table 4)
exhibited higher specificity and PPV than either the Yoko-
hama or BI-RADS systems alone, when both malighant and
suspicious cases (or BI-RADS 4 and 5) were considered posi-
tive. Diagnostic accuracy, however, was comparable to that
of the cytological classification system.

However, when we constructed a receiver operating char-
acteristic (ROC) curve, the combined score displayed an area
under the curve of 0.986, surpassing both the IAC Yokohama
system (0.935) and BI-RADS (0.941) (Fig. 1). This suggests an
enhanced capability of the combined score in distinguishing
between benign and malignant breast lesions. Using the ROC
curve, we identified optimal cut-off scores for the Yokohama
system, BI-RADS, and the combined score, ensuring maxi-
mal specificity and sensitivity in differentiating benign from
malignant lesions. The determined cut-off score was 4 for
the IAC Yokohama system and BI-RADS, while it was set at 7
for the combined Yokohama-BI-RADS system.

Discussion

Breast cancer diagnosis requires a multifaceted approach
that combines cytopathological and radiological assess-
ments to ensure accuracy and inform treatment decisions.
This study aimed to evaluate the diagnostic performance
of the combined Yokohama and BI-RADS scoring system for
breast lesions, offering insights into its potential clinical
utility and areas for further investigation.

The findings of this study underscore the importance of
integrating complementary diagnostic modalities in breast
lesion evaluation. Both the IAC Yokohama system and BI-
RADS have proven to be valuable tools in cytological and
radiological assessments, respectively. Individually, these
systems have demonstrated efficacy in guiding clinical
management decisions.”? However, their combined use
presents an opportunity to leverage the strengths of each
approach while mitigating their respective limitations.

The superior diagnostic performance of the combined
Yokohama-BI-RADS scoring system, as evidenced by the
higher area under the curve (AUC) compared to either
system alone, highlights the potential synergistic effect
of integrating cytopathological and radiological data. The
higher specificity, positive predictive value (PPV), and diag-
nostic accuracy observed with the combined score suggest
an improved ability to correctly identify malignant breast
lesions, reducing false-positive diagnoses and unnecessary
interventions.

Interestingly, while the IAC Yokohama system exhibited
higher specificity, PPV, and diagnostic accuracy, BI-RADS
demonstrated higher sensitivity and negative predictive
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Table 1 The cytological diagnosis, BI-RADS category and final histopathological diagnosis of all the cases.
S. No. Age/gender Cytological diagnosis Yokohama BI-RADS Combined Histopathological
category score diagnosis
1. 30/F Fibroadenoma 2 2 4 Fibroadenoma
2. 60/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
3. 19/F Fibroadenoma 2 3 5 Fibroadenoma
4, 27/F Fibroadenoma 2 2 4 Fibroadenoma
5. 61/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
6. 50/F Fibroadenoma 2 5 7 Invasive ductal
carcinoma
7. 46/F Suspicious for malignancy 4 4 8 Atypical ductal
hyperplasia
8. 53/F Invasive carcinoma 5 4 9 Invasive ductal
carcinoma
9. 60/F Suspicious for malignancy 4 5 9 Invasive ductal
carcinoma
10. 29/F Benign proliferative breast 2 4 6 Fibroadenoma with usual
disease ductal hyperplasia
11. 55/F Benign proliferative breast 3 3 6 Fibroadenoma with usual
disease with atypia ductal hyperplasia
12. 30/F Granulomatous mastitis 2 2 4 Granulomatous mastitis
13. 33/F Benign breast disease 2 4 6 Suspicious of malignancy
14. 18/F Fibroadenoma 2 3 5 Fibroadenoma
15. 29/F Abscess 2 4 6 Abscess
16. 45/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
17. 36/F Fibroadenoma 2 2 4 Fibroadenoma
18. 29/F Granulomatous mastitis 2 3 5 Tubercular mastitis
19. 45/F Fibroadenoma with cystic 2 4 6 Fibroadenoma
change
20. 32/F Phyllodes 2 3 5 Benign phyllodes
21. 36/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
22. 42/F Phyllodes malignant 4 3 7 Malignant phyllodes
23. 26/F Fibroadenoma 2 2 4 Fibroadenoma
24. 27/F Galactocele 2 3 5 Lactational adenoma
25. 60/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
26. 31/F Fibroadenoma 2 2 4 Fibroadenoma
27. 62/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
28. 21/F Fibroadenoma 2 3 5 Fibroadenoma
29. 29/F Fibroadenoma 2 2 4 Fibroadenoma
30. 65/F Invasive carcinoma 5 4 9 Invasive ductal
carcinoma
31. 50/F Fibroadenoma with cystic 2 2 4 Fibroadenoma
change
32. 46/F Suspicious for malignancy 4 4 8 Invasive ductal
carcinoma
33. 58/F Invasive carcinoma 5 4 9 Invasive ductal
carcinoma
34. 60/F Suspicious for malignancy 4 5 9 Invasive ductal
carcinoma
35. 29/F Benign proliferative breast 2 3 5 Fibroadenoma with usual

disease

ductal hyperplasia



Revista Espanola de Patologia 58 (2025) 100793

Table 1 (Continued)
S. No. Age/gender Cytological diagnosis Yokohama BI-RADS Combined Histopathological
category score diagnosis
36. 55/F Benign proliferative breast 3 3 6 Fibroadenoma with usual
disease with atypia ductal hyperplasia
37. 35/F Granulomatous mastitis 2 2 4 Granulomatous mastitis
38. 29/F Benign breast disease 2 4 6 Fibrocystic disease
39. 18/F Fibroadenoma with cystic 2 3 5 Fibroadenoma
change
40. 31/F Abscess 2 3 5 Abscess
41. 45/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
42. 36/F Fibroadenoma 2 2 4 Fibroadenoma
43. 29/F Granulomatous lesion 2 4 6 Granulomatous mastitis
44, 45/F Fibroadenoma with cystic 2 4 6 Fibroadenoma
change
45, 30/F Phyllodes 2 3 5 Benign phyllodes
46. 36/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
47. 44/F Phyllodes borderline 3 4 7 Malignant phyllodes
48. 26/F Fibroadenoma 2 2 4 Fibroadenoma
49. 28/F Lactational adenoma 2 3 5 Lactational adenoma
50. 62/F Invasive carcinoma 5 5 10 Invasive ductal
carcinoma
Table 2 Performance analysis of IAC Yokohama system.
Taking malignant as positive Taking malignant and suspicious of
malignancy as positive
Sensitivity 63.16% (38.36-83.71%) 84.21% (60.42-96.62%)
Specificity 100% (88.78-100%) 96.77% (83.30-99.92%)

Positive predictive value
Negative predictive value
Diagnostic accuracy

100% (73.54-100%)
81.58% (71.08-88.86%)
86% (73.26-94.18%)

94.12% (69.73-99.11%)
90.91% (77.94-96.59%)
92% (80.77-97.78%)

Table 3  Performance analysis of the BI-RADS system.
Taking malignant as positive Taking malignant and suspicious of
malighancy as positive
Sensitivity 63.16% (38.36-83.71%) 94.74% (73.97-99.87%)
Specificity 100% (88.78-100%) 77.42% (58.90-90.41%)

Positive predictive value
Negative predictive value
Diagnostic accuracy

100% (73.54-100%)
81.58% (71.08-88.86%)
86% (73.26-94.18%)

72% (57.05-83.27%)
96% (77.92-99.39%)
84% (70.89-92.83%)

value (NPV). This divergence underscores the comple-
mentary nature of the two systems and emphasizes the
importance of a comprehensive approach to breast lesion
evaluation. Clinicians must weigh the trade-offs between
sensitivity and specificity based on the clinical context and
patient preferences.

Previous studies have compared the sensitivity and speci-
ficity of BI-RADS and FNAB separately, highlighting their
individual strengths. Navya et al. found a BI-RADS sensitivity
of 88% and specificity of 87.5%, while FNAB demonstrated

100% sensitivity and specificity.> Similarly, Pandia et al.
reported BI-RADS sensitivity and specificity of 88.57% and
82.46%, respectively, with FNAB achieving 100% in both
metrics.” Umat et al. and Rahman et al. also reported high
sensitivity and specificity for FNAB.>° However, this is the
first study to evaluate a combined BI-RADS-Yokohama score.
Table 5 provides a comparison of the performance analysis
reported in previous studies for BI-RADS and FNAB.

The identification of optimal cut-off scores for the com-
bined Yokohama-BI-RADS system further enhances its clinical
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Table 4 Performance analysis of combined Yokohama and BI-RADS score.

Taking malignant as positive Taking malignant and suspicious of
malignancy as positive
Sensitivity 44.44% (21.53-69.24%) 77.78% (52.36-93.59%)
Specificity 100% (89.11-100%) 100% (89.11-100%)
Positive predictive value 100% (66.06-100%) 100% (76.84-100%)
Negative predictive value 76.19% (67.92-82.87%) 88.89% (77.12-95%)
Diagnostic accuracy 80% (66.28-89.97%) 92% (80.77-97.78%)

10 Source of the
Curve
———| Reference
“| Yokohama
08 —| BI-RADS
Combined Yokohama
BI-RADS
.? 06
2
oo
7]
1
3
04 Y
02
oof¥

0.0 02 04 06 08 1.0
1 - Specificity

Figure 1 AUC curve to compare the diagnostic performance of the IAC Yokohama system, BI-RADS, and the combined Yokohama-
BI-RADS score.

Table 5 Performance analysis parameters for BI-RADS and FNAB of previously reported studies.

Author BI-RADS FNAB
Sensitivity Specificity PPV NPV Diagnostic Sensitivity Specificity PPV NPV Diagnostic
accuracy accuracy
Navya et al.? 88% 87.5% 80% 93% 88% 100% 100% 100% 100% 100%

Pandia et al.* 88.57% 82.46% 75.61% 92.16% 84.78% 100% 100% 100% 100% 100%
Umat et al.’ 91% - - - - 98% - - - -
Rahman et al.® 82.76% 90.36% 75% 93.7% 88.39% 97.2% 99.46% 97.2% 99.4% 99.9%
Present study 94.74% 77.42% 72% 96% 84% 84.21% 96.77% 94.12% 90.91% 92%
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applicability, providing clear thresholds for distinguishing
between benign and malignant lesions with maximal sen-
sitivity and specificity. These cut-off scores offer valuable
guidance for clinicians in decision-making and risk stratifi-
cation.

An essential aspect to consider is the performance of fine
needle aspiration biopsy (FNAB). Despite the growing pref-
erence for trucut biopsies in many places, FNAB remains
a valuable diagnostic tool, particularly in settings where
trucut biopsy is not feasible. FNAB is minimally invasive,
cost-effective, and requires fewer resources, making it an
ideal choice in resource-limited settings. Several studies
have highlighted the utility of FNAB in accurately diagnos-
ing breast lesions, especially when more invasive biopsy
techniques are not possible.”” This approach is crucial
for maintaining diagnostic capabilities in diverse health-
care environments and ensuring broader access to effective
breast cancer diagnosis.

Despite the promising findings, several limitations war-
rant consideration. The retrospective nature of the study
and the relatively small sample size may limit the gen-
eralizability of the results. Additionally, the reliance on
histopathological diagnoses as the gold standard introduces
inherent biases and potential discrepancies between cyto-
logical and histological interpretations.

Future research endeavours should focus on the prospec-
tive validation of the combined Yokohama-BI-RADS scoring
system in larger, diverse patient cohorts to confirm its
robustness and generalizability. Longitudinal studies assess-
ing its impact on clinical outcomes - such as treatment
decisions, patient morbidity, and survival rates - would pro-
vide valuable insights into its real-world effectiveness.

In conclusion, the combined Yokohama-BI-RADS scor-
ing system represents a promising advancement in breast
lesion evaluation, providing enhanced diagnostic precision
and supporting informed decision-making. By integrating
cytopathological and radiological data, this approach has
the potential to optimize patient care and improve out-
comes in the management of breast cancer. Continued
research and validation efforts are essential to fully realise
the potential of this combined scoring system in clinical
practice.
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