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Abstract

Background Fine-needle aspiration cytology (FNAC) of the breast is a well-established technique that aids in the
preoperative identification and differentiation between nonneoplastic and neoplastic breast lesions. Breast lesions
can be efficiently categorized into different cytological groups using the International Academy of Cytology (IAC)
Yokohama System. The aim of this study was to classify breast lesions based on the proposed Yokohama system of
reporting breast cytology and identify the need for a unified system of reporting breast lesions.

Materials and methods This retrospective descriptive study was performed in the Department of Pathology,
Government Medical College, Datia, M.P. from January 2019 to June 2023. A total of 762 FNAC slides reported during
this period were retrieved, re-examined and reclassified according to the IAC Yokohama System. Histopathological
diagnoses were also retrieved and correlated with the cytological findings wherever available.

Results In the present study, a total of 762 smears of breast fine needle aspirations were included and categorized
using the IAC Yokohama System. There were 3.8% cases (29/762) in the C1 category (insufficient), 71.6% cases
(545/762) in the C2 category (benign), 6.3% cases (48/762) in the C3 category (atypical), 3.1% cases (24/762) in the C4
category (suspicious for malignancy) and 15.2% (116/762) cases in the C5 category (malignant).

Conclusion FNAC is a reliable diagnostic technique for the evaluation and management of breast lesions prior

to surgery. Implementing the IAC Yokohama System for reporting breast cytopathology enhances the accuracy of
diagnosing breast lesions, reduces missed diagnoses, and offers reliable estimates of risk of malignancy. Adopting
the Yokohama system is a crucial first step in boosting the overall effectiveness of breast cytology reporting among
clinicians and pathologists, which will ultimately lead to improved communication and patient care.
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Introduction

Breast carcinoma is the most common cancer in females
worldwide. As per the Globocan data 2020, in India,
breast carcinoma accounted for 13.5% of all cancer cases
and 10.6% of all deaths with a cumulative risk of 2.81
(Mehrotra and Yadav 2022). The three primary methods
used for diagnosing breast masses are clinical examina-
tion, radiographic imaging, and breast cytopathology
with or without core needle biopsy (CNB). These tech-
niques seek to increase the preoperative detection of
cancer so that the patient can receive early, conclusive,
one-stage surgery or other suitable treatment (Field 2017;
Singh and Wells 2001). When used with ultrasound guid-
ance for both palpable and impalpable lesions, fine needle
aspiration cytology (FNAC) is a rapid, minimally inva-
sive, trustworthy, and economical breast biopsy method
with a long history of success (Field and Zarka 2016;
Dong et al. 2016; Farras Roca et al. 2017). The FNAC
direct smear rates of insufficient samples and anoma-
lous or suspicious samples are decreased by rapid on-site
evaluation (ROSE). Additionally, ROSE enables immedi-
ate triage of lesions depending on the findings of FNA.
The International Academy of Cytology (IAC) Breast
Group was established in 2016 at the Yokohama Interna-
tional Congress of Cytology with the intention of creat-
ing a globally acknowledged and standardized reporting
system that would define best practice guidelines for the
use of FNAC in more consistently and accurately diag-
nosing breast lesions (Field et al. 2017). Five distinct cat-
egories for breast FNAC have been defined by the system
and stratified based on the associated risk of malignancy
(ROM) and provided recommendations for further man-
agement for each category (Field et al. 2017; Ahuja and
Malviya 2021). The categories defined under the Yoko-
hama system include the following:

C1- Insufficient

C2- Benign

C3- Atypical

C4- Suspicious for malignancy

C5- Malignant.

The present study aims to classify breast FNAs accord-
ing to the IAC Yokohama system and evaluate the risk of
malignancy (ROM), sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV) and
diagnostic accuracy of different categories.

Materials and methods

The present study was a retrospective observational
study performed in the Department of Pathology, Gov-
ernment Medical College, Datia, M.P. Ethical clearance
was obtained from the Institutional Ethical Committee.

All ENACs performed for breast lumps between Janu-
ary 2019 and June 2023 were included in the study, which
accounted for a total of 762 patients. Breast lumps in
lactating females or patients presenting with only nip-
ple discharge without breast lumps were excluded from
the study. FNAC of the breast lump was performed
by a trained pathologist after taking written informed
consent of the patient using a 22-23 gauge needle with
20 ml disposable syringe under aseptic conditions. Ultra-
sound-guided FNAC was performed in small or deeper
inaccessible breast lumps, or breast lumps with cys-
tic and necrotic components. The smears prepared on
glass slides were air-dried or fixed in 95% ethyl-alcohol
and stained in Giemsa stain and Pap stain. Slides thus
prepared were examined by three cytopathologists and
reported following the standard criteria in the IAC Yoko-
hama Reporting System for Breast Cytology.

The corresponding histopathological diagnosis, which
was considered the gold standard, was available in 321
cases. The cases with both cytological and histologi-
cal diagnoses were divided into 3 groups, namely group
A, group B and C, for proper statistical analysis. Group
A included the scenario in which only the “malignant”
cases on cytology were considered as positive, group
B included the scenario in which “malignant” and “sus-
picious of malignancy” category on cytology were
regarded as positive, whereas group C presented a sce-
nario in which cases in the “malignant,” “suspicious of
malignancy,” and “atypical” categories on cytology were
regarded as positive as shown in Table 1.

The ROM for each category was calculated as the per-
centage of confirmed malignant cases in each category
to the total number of cases in that category. For each
of the three groups (A, B, C), the sensitivity, specificity,
PPV, NPV and diagnostic accuracy of FNAC for the diag-
nosis of breast lesions were evaluated using the standard
formulae.

The cyto-histological concordance (CHC) was also cal-
culated in the present study to study the concordance and
discordance of the interpretation and to evaluate errors
in the cytological screening. Pairs with an exact agree-
ment were designated as an agreement (Raju et al. 2019).

Results

A total of 762 breast FNAC smears were included in the
study. The age group of patients ranged from 18 years to
74 years, with the majority of cases belonging to the age
group between 25 and 45 years (67.2%). The smears were
categorized under 5 categories from C1 to C5. There
were 3.8% cases (29/762) in the C1 category (insuffi-
cient), 71.6% cases (545/762) in the C2 category (benign),
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Table 1 Categorization of cases for cyto-histological correlation

Group A Group B Group C
Only the “malignant” All cases in the“malignant”  All cases in the
category was regarded  and “suspicious of malignan- “malignant,’
as a positive report cy" category were regarded  “suspicious of
as positive for malignancy malignancy,’
and“atypical”
categories

were regarded
as positive for
malignancy

6.3% cases (48/762) in the C3 category (atypical), 3.1%
cases (24/762) in the C4 category (suspicious for malig-
nancy) and 15.2% (116/762) cases in the C5 category
(malignant).
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Histopathological correlation was performed in 321
cases (42.12%), which were further categorized as benign
and malignant breast lesions. Out of the 321 cases, 70.4%
(226/321) of the cases were benign on histopathological
examination, whereas 29.6% (95/321) were malignant
(Table 2). The most common benign lesion on histopa-
thology was fibroadenoma in 81.4% of cases (184/226),
whereas the most common malignant lesion was infiltrat-
ing breast carcinoma of no special type in 82.1% of cases
(78/95) as shown in Fig. 1.

Risk of malignancy was calculated for each cytological
category, which was maximum for C5 (100%), followed
by C4 (75%), and C3 (19.04%). ROM was only 1.02% in
C2 category whereas it was 16.6% in C1, which could be
explained by the fact that high-grade malignant lesions

Table 2 Distribution of IAC Yokohama System categories with cyto-histological correlation and risk of malignancy

Histological diagnosis Category C1 Category C2 Category C3 Category C4 Category C5 TOTAL
Cytological diagnosis (Insufficient) (Benign) (Atypical) (Suspicious for (Malignant)

malignancy)
Benign 12 194 17 03 00 226
Malignant 02 02 04 09 78 95
Total 14 196 21 12 78 321
Risk of Malignancy (ROM) 16.6% 1.02% 19.04% 75% 100%

Fig. 1 Cytological and histopathological photomicrographs of common breast lesions with cyto-histological concordance: (A) May Grunwald-Giemsa
stained smear shows cohesive clusters of benign ductal epithelial cells with few bipolar nuclei- Category 2 [400x magnification] (B) Hematoxylin and
Eosin stained section- Intracanalicular Fibroadenoma [400x magnification] (C) May Grunwald-Giemsa stained smear shows loose clusters of atypical
ductal epithelial cells with nuclear enlargement and absence of myoepithelial cells- Category 5 [400x magnification] (D) Hematoxylin and Eosin stained

section- Invasive carcinoma breast [400x magnification]
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Table 3 Efficacy of the IAC Yokohama system for reporting
breast cytology
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Table 4 Distribution of breast lesions according to the IAC
Yokohama System in various published studies

Group A Group B Group C
Sensitivity 82.10% 91.5% 95.78%
Specificity 100% 98.67% 90.29%
PPV 100% 96.67% 81.98%
NPV 93% 96.54% 97.9%
Diagnostic accuracy 94.70% 96.57% 86.29%

can present with vast areas of necrosis and hemorrhage
accounting for the unsatisfactory smears. The ROM for
various categories is represented in Table 2.

87.9% of the cases (282/321) showed total concordance
with the cytological and histological diagnosis, whereas
12.1% cases showed disagreement between the cytologi-
cal and histological diagnosis (Table 2).

Statistical analysis was performed in each of the three
groups to estimate the efficacy of the IAC Yokohama sys-
tem. Sensitivity and specificity in group A was 82.10%
and 100% respectively, which was 91.5% and 98.67% in
group B and 95.78% and 90.29% in group C respectively.
The sensitivity increased as the cases of suspicious for
malignancy and atypical breast lesions were also con-
sidered as positive whereas the specificity decreased.
Maximum sensitivity for the diagnosis of malignant
lesions was achieved in Group C; however, the specific-
ity decreased. Similarly, the PPV also increases if only
confirmed cases, i.e. category C5 were included as posi-
tive results, as in group A (100%), followed by group B
(96.67%) and group C (81.98%). Additionally, the diag-
nostic accuracy was maximum in Group B. (Table 3).

Discussion

One of the most commonly performed FNAs worldwide
is breast FNAC and is a highly investigation for both
palpable and impalpable lesions (Wong et al. 2019). The
technique is minimally invasive, rapid, and cost-effective
and can be used efficiently in the outpatient and lim-
ited-resource settings. The Yokohama system provides a
five-tiered system with uniform terminology for better
communication between clinicians and pathologists, bet-
ter reproducibility of reports between different institu-
tions and stratification of patients according to the risk
of malignancy to improve the overall management of the
patients (Smith et al. 2012).

The present study observed high efficacy of FNAC
for the diagnosis of breast lumps even with limited
resources, without the application of expensive and inva-
sive methods. FNAC also proved to be a good test for
rapid onsite evaluation of breast lumps which reduces the
turn-around time for the diagnosis. Also, FNAC can pro-
vide enough material for the application of ancillary tests
such as immunochemical analysis and molecular testing.

Study and Year Insuf- Be- Atypi- Suspicious Ma-
fi- nign  cal for malig- lig-
cient (C2) (C3) nancy (C4) nant
(1) (C5)

Kamatar P etal.2019 5% 71% 1% 2% 21%

Apuroopa M et 36% 58% 17.7% 7.2% 12.8%

al.2020

Shankar Metal.2023 39% 786% 151% 1.1% 14.8%

Guru A et al.2023 4% 69% 6% 8% 13%

Present Study, 2023 3.8% 71.6% 6.3% 3.1% 15.2%

In the present study, 762 breast FNAC smears were
studied, and the results were interpreted based on the
IAC Yokohama system for reporting of breast cytopa-
thology. In the present study, most of the cases fell under
the benign category (C2-71.6%) on cytological examina-
tion and there were 15.2% cases in the malignant cate-
gory (C5). Similar results were obsereved by studies done
by Kamatar P et al. (Kamatar et al. 2019), Apuroopa M
et al. (Apuroopa et al. 2020), Shankar M et al. (Shankar
et al. 2023), and Guru A et al. (Guru et al. 2023). In the
present study there were 6.3% cases in the atypical cat-
egory (C3), which was much lower when compared to the
studies done by Apuroopa M et al. (Apuroopa et al. 2020)
and Shankar M et al. (Shankar et al. 2023). This differ-
ence could be due to observer variability or due to over-
reporting of few cases of benign breast disease as atypical
or technical fault during the processing of the smears
(Table 4).

The risk of malignancy (ROM) for each category in the
present study was 16.6%, 1.02%, 19.04%, 75% and 100% in
categories C1, C2, C3, C4 and C5, respectively. The ROM
was comparable to the studies by Wong S et al. (Wong et
al. 2019), Apuroopa M et al. (Smith et al. 2012) and Ahuja
S et al. (Ahuja and Malviya 2021). However, Agarwal A
et al. (Agarwal et al. 2021) estimated ROM as 60.9% in
category C1, which is discordant with the present study.
This may be due to improper sampling resulting in higher
number of cases falling under the unsatisfactory or non-
diagnostic category (C1). This error can be avoided by
instilling a proper technique of sampling by a trained
personnel or using ultrasound guidance to aid the FNAC
procedure. This result is higher than that in the present
study, which could be due to sampling errors or technical
errors leading to errors in interpretation (Table 5).

Raju K et al. (Raju et al. 2019) conducted a study to esti-
mate the CHC of gynaecological and non-gynaecolog-
ical samples in their institute and the concordance rate
in their study was 86.97% cases, which was 87.9% in the
present study. However, organ-wise discordant cases for
breast in the mentioned study was 28%, which is much
higher than the present study (12.1%), which could be
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Table 5 Risk of malignancy of different categories of the IAC
Yokohama System in various published studies

Studyand ROMfor ROMfor ROMfor ROM for ROM

Year Insuf- Benign Atypical Suspicious for Ma-
ficient (C2) (C3) for malig- lignant
(cn nancy (C4) (C5)

WongSet 2.6% 1.7% 15.7% 84.6% 99.5%

al.2019

Apuroopa 5.1% 1.2% 12.5% 93.6% 100%

M et

al.2020

AhujaSet 5% 1.5% 17.4% 81.8% 100%

al.2021

Agarwal A 60.9% 8.3% 17.2% 77.8% 100%

etal.2021

ShankarM 10% 2.5% 44.4% 100% 100%

etal.2023

Present 16.6% 1.02%  19.04% 75% 100%

Study,

2023

accounted for the very small sample size in comparison
to the present study.

In the present study, the sensitivity in group A was
82.1% when only malignant cases were included in posi-
tive test results, which increased further in group C
(95.7%) when atypical, suspicious, and malignant cases
were considered positive test results. Similar results were
achieved by Wong S et al. (Wong et al. 2019), Mont-
ezuma D et al. (Montezuma et al. 2019) and Ahuja S et
al. (Raju et al. 2019). However, specificity, which is the
ability of a test to identify people who don’t have the dis-
ease, was higher in group A, which included only malig-
nant cases (100%), and decreased further in group C
when atypical and suspicious for malignancy were also
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considered positive results. This decrease in the specific-
ity is observed since some cases diagnosed as atypical or
suspicious on cytology were found to be benign on his-
tology (Table 6; Fig. 2).

The specificity and PPV in the third scenario (group
C) was found to be quite in disagreement with the previ-
ous studies. The present study observed a high specific-
ity (90.2%) in group C when compared with the studies
done by Wong S et al. (Wong et al. 2019) (62.1%), Mon-
tezuma D et al. (Montezuma et al. 2019) (54.8%) and De
Rosa F et al. (Rosa et al. 2020) (56.3%), which may be due
the fact that they reported a higher proportion of cases
in the atypical and suspicious for malignant category on
cytology that turned out to benign on histopathologi-
cal examination. The PPV of the present study (81.9%)
was also discordant with the results of Montezuma D et
al. (Montezuma et al. 2019) (49.2%) and De Rosa F et al.
(Rosa et al. 2020) (30.5%). PPV represents the propor-
tion of true positives amongst the total positive cases on
FNAC. Higher PPV indicates that the proportion of false
positives detected by the screening test is low, which is
true in our study and the studies done by Wong S et al.
(Wong et al. 2019) (71.7%) and Ahuja S et al. (Ahuja and
Malviya 2021) (77%) (Table 6).

The diagnostic accuracy in the present study was maxi-
mum in group B (96.5%) when malignant and suspicious
cases were included in positive results. These results were
comparable to the studies performed by Wong S et al.
(Wong et al. 2019), Montezuma D et al. (Montezuma et
al. 2019), De Rosa F et al. (Rosa et al. 2020) and Ahuja S et
al. (Ahuja and Malviya 2021), as shown in Table 6.

Table 6 Comparison of sensitivity, specificity, PPV, NPV and diagnostic accuracy of the IAC Yokohama system for the diagnosis of

malignant breast lesions in various studies

Groups Wong S et al. Montezuma D etal. De RosaF et Ahuja S et al. (Ahuja Present
(Wong etal. 2019) (Montezumaetal. al.(Rosaetal. and Malviya 2021)  Study,
(n=536) 2019) (n=755) 2020) (n=1616) (n=224) 2023
(n=321)
Group A Sensitivity 754% 68.7% 82.2% 79.2% 82.1%
(Only malignant Specificity 100% 100% 97.8% 100% 100%
category taken as PPV 100% 100% 98.8% 100% 100%
positive) NPV 80.7% 87.7% 71% 90.9% 93%
Diagnostic accuracy 87.9% 90.3% 87% 93.2% 94.7%
Group B Sensitivity 92% 83.3% 93.7% 91.7% 91.5%
(Suspicious of malig-  Specificity 97.8% 99.8% 90.8% 98.7% 98.7%
nancy and malignant  ppy, 97.6% 99.5% 95.8% 97.1% 96.6%
taken as positive) -y, 92.7% 93% 86.6% 96.1% 96.5%
Diagnostic accuracy 95% 94.7% 92.8% 96.4% 96.5%
Group C Sensitivity 98.9% 98.3% 98.9% 97.2% 95.7%
(Atypical, suspi- Specificity 62.1% 54.8% 56.3% 86% 90.2%
cious and malignant  ppy, 71.7% 492% 30.5% 77% 81.9%
Cate,gor? takenas oy 98.3% 98.6% 95.1% 98.5% 97.9%
poSTEvE Diagnostic accuracy 80.2% 68.2% 82.7% 89.6% 86.3%
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Fig. 2 Cytological and histopathological photomicrographs of breast lesion with cyto-histological discordance: (A) May Grunwald-Giemsa stained smear
shows loosely cohesive clusters of ductal epithelial cells showing mild nuclear pleomorphism and atypia- Category 3 [400x magnification] (B) Hema-
toxylin and Eosin stained section- showing benign looking breast lobules along with well-formed granulomas composed of multinucleated giant cells,
lymphovytes and plasma cells- suggestive of Benign breast disease: Granulomatous Mastitis [400x magnification]

Conclusion

Breast FNAC is a reliable test for diagnosing breast
lesions, especially malignant breast lesions. Sensitivity,
specificity, negative predictive value, positive predictive
value, and diagnostic accuracy were all statistically sig-
nificant in this investigation. Utilizing the IAC Yokohama
breast cytology reporting system then aids in standard-
izing reporting across numerous institutes and stratifying
cases according to the risk of malignancy to guide clini-
cians for appropriate follow-up management.
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