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            Abstract

            
               
Introduction: In developing countries for all palpable breast lesions, Fine needle aspiration Biopsy (FNAB) is the most suitable test
                  as FNAB is minimally invasive and cost-effective. 
               

               Materials and Methods: The present study was undertaken to categorise the Breast Fine Needle Aspiration Biopsy (FNAB) samples according to the IAC
                  Yokohama system of reporting and to assess the Risk of malignancy (ROM) for each category as well as to elucidate other quality
                  indicators of the Breast FNAB. 
               

               Results: Among the total 102 cases in which FNAC were performed, 9 were insufficient/ inadequate (8.80%), 11 were benign (10.80%),
                  5 were atypical (4.95%), 3 were suspicious (2.95%) and the rest 74 FNACs were malignant (72.5%). ROM of insufficient/inadequate,
                  benign, atypical, suspicious and malignant ware 37.5%, 0%, 50%, 100% and 100% respectively. Absolute sensitivity (only category
                  V) was 90.1 and complete sensitivity (including category III to V) was 96.3%. Specificity of IAC Yokohama system is 100% when
                  considering category 5 as positive and is 88.9% when considering category 3 to 5 as positive. 
               

               Discussion and Conclusion: The IAC Yokohama Reporting System for breast cytology has high sensitivity, specificity. The ROM in our study done in Indian
                  population ware comparable to the proposed IAC Yokohama system which suggests the IAC Yokohama system has high reproducibility
                  and can be applied in Indian population. Usage of FNAC for the evaluation of breast lumps and categorization based on the
                  Yokohama system helps in ideal management of the patient, reducing the requirement of core needle biopsy.
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               Introduction

            Breast lesions range from benign to malignant with intermediate atypical lesions in between. In developing countries, which
               are medically under-resourced comprises almost 80% of the world’s population, where preoperative imaging, core needle biopsy
               (CNB) and histopathology are not readily available and / or expensive, for all palpable breast lesions, Fine needle aspiration
               Biopsy (FNAB) is the most suitable test.1, 2, 3, 4, 5 In addition, as FNAB is a minimally invasive, cost-effective and valuable tool for diagnosis and management, it has been
               readily accepted by patients and clinicians. 
            

            A group of experts in cytopathology assisted by oncologists, radiologists and surgeons developed the International Academy
               of Cytology (IAC) Yokohama System 6, 7, 8 based on a review of the literature and the expertise of the IAC breast group to have a standardized reporting system, which
               will improve the performance, interpretation and reporting of breast FNAB cytology (FNAC) and clarify communication between
               cytopathologists and clinicians by linking the reporting system with suggested management options. This system correlates
               the FNAC smear findings with both clinical and imaging (mammogram/ultrasonogram) findings to arrive at the final diagnosis.
               Based on the IAC Yokohama system , FNAC from the breast lesions are classified into 5 diagnostic categories: (1) insufficient/
               inadequate material, (2) benign, (3) atypical, (4) suspicious of malignancy, and (5) malignant. 
            

            The data regarding the quality parameters for IAC Yokoyama system is lacking in Indian setup. The present study was undertaken
               to standardise the Breast FNAC reporting in our setup, to discuss the approach in diagnosing challenging cases on FNAC and
               to find out quality parameters and ROM of each category in IAC Yokohama system in Indian population, where FNAC is more often
               used for initial evaluation of breast lesions 
            

         

         
               Materials and Methods

            It was a descriptive, observational study with prospective, consecutive sampling. The study was conducted for a period of
               2 years at the Department of Oncopathology in a tertiary cancer centre in western India.
            

            All patients who underwent breast FNACs for the first time in our institute were included in the study. All the required clinical
               details of the patients were taken from the FNAC request form, electronic case records and patient case files.
            

            FNAC was performed by either under ultrasound guidance or by traditional palpation-based method using 22-25 G needle attached
               to a 5mL/10ml/20mL syringe. Routine May-Grunwald-Giemsa (MGG) stain was performed on air-dried smears. Papanicolaou (Pap)
               stain was carried out on wet-fixed smears. 
            

            Whenever available, the FNAC smears were correlated with subsequent histopathology slides, either biopsy or surgical specimen
               and their immunohistochemistry (IHC).
            

            Both Microsoft Excel and Statistical Package for Social Sciences (SPSS) version 20 software were used for statistical analysis.
               The Risk of Malignancy (ROM) of each category of the IAC Yokohama system were calculated individually. Sensitivity, specificity,
               Positive Predictive Value (PPV), Negative Predictive Value (NPV), False positivity rate, False negativity rate and Accuracy
               were calculated accordingly for both IAC Yokohama system for breast FNACs and BI-RADS categorization of mammography. 
            

         

         
               Results

            A total of 105 consecutive Fine needle aspiration cytology smears (FNAC) from 102 cases were included in the study. Three
               cases had a repeat FNACs
            

            Median age among the cases was 49 years with an age range of 21 to 76 years. Male: female ratio of 1:101 (A single male patient).

            Among the total 102 cases in which FNAC were performed, 9 were insufficient/ inadequate (8.80%), 11 were benign (10.80%),
               5 were atypical (4.95%), 3 were suspicious (2.95%) and the rest 74 FNACs were malignant (72.5%). Out of these, 3 cases were
               lost to follow-up. All the rest of the cases had undergone histopathological examination on which the final diagnosis was
               made. (Figure  9)
            

            
                  Insufficient/ Inadequate (Category 1)

               Among the nine cases which were in category 1, one case was inadequate (1/9) for diagnosis because of extensive drying causing
                  loss of nuclear details, in spite of the smear being cellular. This case on mammogram was BIRADS 3 and turned out to be fibroadenoma
                  on biopsy. Eight other cases were insufficient (8/9) for diagnosis showing only scattered ductal epithelial cell fragments
                  with haemorrhage not fulfilling the adequacy criteria; 4 among these on mammogram had BIRADS 4 among which 3 turned out to
                  be IBC, NST and one borderline phyllodes tumour on subsequent histopathology examination. Among the remaining 4 cases with
                  BIRADS either 2 or 3, two cases turned out to be Fibroadenoma, one papilloma and one case was lost to follow-up
               

            

            
                  Benign (Category 2)

               11 Cases were given as benign from the FNAC smears according to IAC Yokohama system

               Two cases, on smear had features consistent with Fibroadenoma having stromal fragments along with sheets of ductal and myoepithelial
                  cells and background bare bipolar nuclei (Figure  1). Both these cases turned out to be fibroadenoma on biopsy and further excision. 
               

               In four cases, a possibility of mastitis is favoured in view of background inflammatory cells along with histiocytes (Figure  2); all of these cases turned out to be chronic mastitis in final histopathology examination. An interesting finding in all
                  these four cases was that all of the four cases had BIRADS 4 on mammogram.
               

               Another case on FNAC showed many mature squamous cells, sheets of anucleate squames along with mixed inflammatory cells in
                  the background with histiocytic giant cells. This was categorized as benign with possibilities of retroareolar abscess and
                  Infected epidermoid cyst. Excision was done for this case which was consistent with infected epidermoid cyst. 
               

               A single case of Gynecomastia was also seen in a 32-year-old male patient smear of which showed benign ductal along with myoepithelial
                  cell clusters with bare bipolar cells in the background. This was proven in subsequent biopsy. 
               

               Two cases were given as benign proliferative breast disease; One had sheets of apocrine cells in clusters and singly scattered
                  along with few ductal cell clusters with background foamy macrophages in a proteinaceous background (Figure  3). The other case had large benign ductal cells clusters with myoepithelial cells along with background bare nuclei. Both
                  of these cases did not show significant pleomorphism. On histopathological examination, the first case turned out to be benign
                  fibrocystic disease and the other case became usual ductal hyperplasia. 
               

               There was a single case in which the smear showed papillaroid and papillary clusters of ductal cells seen with few myoepithelial
                  cells along with background bare bipolar nuclei (Figure  4). Single scattered cells or pleomorphism was not seen. Considering all these findings on FNAC, it was signed out as benign
                  proliferative breast disease with a possibility of papilloma. This turned out to be Intraductal papilloma.
               

            

            
                  Atypical (Category 3)

               5 Cases were categorised as atypical on FNAC examination.

               Two among these cases with BIRADS of 4 and 5, had singly scattered large cells with moderate pleomorphism in an otherwise
                  scanty cellular smear (Figure  5). Both of these cases turned out to be malignant, breast carcinomas on subsequent histopathology examination.
               

               One of the cases with BIRADS 2 on mammogram had predominantly large monolayered benign ductal with myoepithelial cell clusters;
                  In view of a single small cluster of moderately pleomorphic ductal cells with overlapping, crowding and loss of myoepithelial
                  cells, the FNAC was categorised as atypical. However, this case was lost to follow-up.
               

               One other case with BIRADS 3 on mammogram, showed moderately cellular smear with sheets of many apocrine cells with moderate
                  pleomorphism along with singly scattered atypical apocrine cells. However, in view of inflammation, histiocytes and histiocytic
                  giant cells in the background, this case was categorised as atypical even though cells were showing moderate pleomorphism.
                  This case on subsequent biopsy turned out to be Benign fibrocystic disease related changes.
               

               FNAC smears of one other case with no mammogram evaluation showed background dense inflammation along with many discrete and
                  loosely cohesive ductal cells without myoepithelial cells. As drying artifact was present, pleomorphism and nuclear features
                  were not very well appreciated. This case was also classified as atypical. However, the subsequent biopsy was benign and showed
                  features consistent with mastitis.
               

            

            
                  Suspicious (Category 4)

               There were three cases which were categorised as suspicious for malignancy under the IAC Yokohama system in our study.

               Among them one case had loosely cohesive clusters of ductal cells arranged focally in cribriform pattern with mild pleomorphism
                  along with few singly scattered similar cells with mild pleomorphism (Figure  6). No necrosis was seen. This was given as suspicious for malignancy with possibilities of low-grade DCIS and low-grade breast
                  carcinoma. Subsequent histopathology examination revealed low grade DCIS without invasive component.
               

               One other case which was scantly cellular with few ductal cell clusters and few single cells showing marked pleomorphism in
                  a background showing multiple areas of necrosis. This was given as suspicious of malignancy with possibilities of High-grade
                  DCIS vs Breast carcinoma. This turned out to be IBC, NST. The last case also was paucicellular with predominant haemorrhage
                  with one focus showing many singly lying ductal cells with moderate pleomorphism along with drying artifact. This also was
                  given as suspicious for malignancy with possibility of IBC, NST and Lobular carcinoma. This too turned out to be IBC, NST.
                  All these three cases had a BIRADS of 4a in mammographic examination.
               

            

            
                  Malignant (Category V)

               Totally 74 cases were given as malignant on FNAC smears.

               Among these, 61 cases on FNA smears were moderate to highly cellular, showing many loose clusters of malignant cells with
                  moderate pleomorphism, overlapping, crowding along with many singly scattered similar cells with absence of myoepithelial
                  cells/bare nuclei (Figure  7). Focal patchy areas of necrosis and focal mitosis were noted. Considering all these features, a diagnosis of malignant;
                  breast carcinoma, favouring IBC, NST is given. All these cases turned out to be IBC, NST.
               

               Two of the malignant cases in their smears showed high cellularity, many singly scattered plasmacytoid cells with few intracytoplasmic
                  mucin vacuoles and mild to moderate pleomorphism. In both these cases, a possibility of lobular carcinoma is favoured. 3 other
                  cases had moderate cellularity in the smears showing clusters as well as equal proportion of plasmacytoid single cells with
                  mild to moderate pleomorphism. All these three cases were given as malignant with differential diagnosis of low-grade breast
                  carcinoma and lobular carcinoma (Figure  8). All these five cases turned out to be lobular carcinomas
               

               One case with prominent extracellular mucin in the background along with many cohesive clusters and discrete malignant cells
                  with mild pleomorphism was given as malignant, breast carcinoma, with a possibility of mucinous carcinoma (Figure  8). This finally turned out to be mixed mucinous carcinoma and IBC-NST.
               

               One each case of cribriform carcinoma, mixed carcinoma (cribriform with IBC, NST) (Figure  8), carcinoma with medullary features and carcinoma with apocrine features each showing typical features of prominent cribriform
                  pattern, prominent lymphocytic infiltrate and abundant cytoplasm with prominent nucleoli respectively in their FNAC smears
                  were also seen in our study. In each of these cases, a diagnosis favouring the possibility of the special type carcinoma was
                  given. One case each of primary neuroendocrine carcinoma of breast, and malignant phyllodes tumour were also seen in our study.
               

            

            
                  Risk of malignancy (ROM) of each of these categories

               Excluding the three cases which were lost to follow-up, ROM of insufficient/inadequate, benign, atypical, suspicious and malignant
                  are 37.5%, 0%, 50%, 100% and 100% respectively. (Table  1)
               

            

            
                  Quality indicators for the IAC Yokohama System for Reporting Breast FNAC

               Excluding 3 cases which were lost to follow-up, there were 99 cases for which IAC Yokohama system was used to classify breast
                  FNACs and compared with final histopathology diagnosis. All quality indicators were calculated. (Table  2, Table  3)
               

               Absolute sensitivity (only category 1) was 90.1 and complete sensitivity (including category 3 to 5) was 96.3%. None of the
                  malignant cases were falsely labelled as benign (FNR-0%); However, 3 of the malignant cases were insufficient / inadequate
                  for diagnosis (category 1) (3/81) on FNAC. Specificity of IAC Yokohama system is 100% when considering category 5 as positive
                  and 88.9% when considering category 3 to 5 as positive indicating that IAC Yokohama system in our study has a high specificity
                  with 0% FPR when only category 5 is considered as positive. None of the benign cases fell in suspicious (category 4) or malignant
                  category (category 5). False positivity rate in both Category 4 and category 5 is 0% (FPR-0%). Most of these benign cases
                  were insufficient/inadequate for diagnosis (category 1) (5/18) while two cases were atypical (Category 3) (2/18). Overall
                  accuracy of IAC Yokohama system in our study was 90%.
               

            

            
                  Summary of the results

               Among the total 102 cases in which FNAC were performed, 9 were insufficient/ inadequate (8.80%), 11 were benign (10.80%),
                  5 were atypical (4.95%), 3 were suspicious (2.95%) and the rest 74 FNACs were malignant (72.5%). ROM of insufficient/inadequate,
                  benign, atypical, suspicious and malignant are 37.5%, 0%, 50%, 100% and 100% respectively. Absolute sensitivity (only category
                  V) was 90.1 and complete sensitivity (including category III to V) was 96.3%. Specificity of IAC Yokohama system is 100% when
                  considering category 5 as positive and is 88.9% when considering category 3 to 5 as positive. Both False positivity rate (category
                  5- positive) and False negativity rate (category 2- negative) were 0%. Both Positive predictive value (category 5- positive)
                  and Negative predictive value (category 2- negative) were 100%
               

            

         

         
               Discussion

            The IAC Yokohama system was introduced as a standardized reporting system for breast FNACs. 6, 7, 8, 9 It categorizes breast cytology smears into category 1-insufficient material; category 2-benign; category 3-atypical probably
               benign; category 4-suspicious for malignancy; and category 5-malignant based on FNAB smear findings, correlating with clinical
               and imaging findings
            

            
                  Insufficient/ Inadequate (Category 1)

               The IAC Yokohama system has recommended to categorise an FNAC as insufficient/ inadequate when it does not meet the adequacy
                  criteria of 6-7 epithelial fragments, each with 10-20 well preserved and well spread epithelial cells. The above-mentioned
                  criteria for adequacy is not applied if the lesion is a cyst, abscess, spindle cell lesion, scar tissue or a hyalinised fibroadenoma
                  when correlating with radiology. In these scenarios, if the FNAC findings are consistent with the radiology, even when the
                  smear is not adequate as per the IAC Yokohama system, it can be considered adequate. Another exception is if atypical features
                  like dispersal of single epithelial cells, significant nuclear atypia or necrosis are present in the smear, even without the
                  required number of epithelial fragments, these FNACs should be categorised as atypical (category 3) rather than insufficient/inadequate
                  (category 1). 7, 8 On histopathology follow-up, most common lesions in our study to show category 1 diagnosis were IBC- NST and fibroadenoma.
                  Both inherent quality of the lesion and FNAC technique affect the nature of the material obtained and the final FNAC categorization.
                  FNACs done by a pathologist with Rapid on-site evaluation (ROSE) reduces the rate of inadequate smears
               

            

            
                  Benign (Category 2)

               Our cases had a spectrum of inflammatory lesions, proliferative lesions and fibroadenomas.

               
                     Reactive atypia in inflammatory lesions

                  We had four cases which were on FNAC, consistent with chronic mastitis. In the background of inflammation with histiocytes
                     and histiocytic giant cells, these lesions showed sheets of atypical ductal and apocrine cells. However, points which help
                     to differentiate these reactive atypical cells from malignant lesions are a background of prominent inflammation, clusters
                     of monolayered sheets of epithelial cells with low N:C ratio, uniformity between the cells, nuclei and their chromatin and
                     a more prominent nucleolus. 7, 8 Even on radiology, these lesions mimic carcinoma, (all four cases were BIRADS category 4) which underscores the importance
                     of differentiating these lesions from carcinoma on FNAC to prevent mismanagement.
                  

               

               
                     Reactive apocrine cells

                  One other case in addition to large and small benign epithelial fragments with the typical bimodal population, had sheets
                     of apocrine cells, scattered histiocytes and inflammatory cells in a proteinaceous background. Apocrine cell clusters as seen
                     in our case usually do not have myoepithelial cells and have a little amount of scattered single cells. However overall uniform
                     central nuclei with prominent nucleoli and mild pleomorphism between cells helps the pathologist to differentiate it from
                     carcinoma. 7, 8 This case was reported on FNAC as benign proliferative breast disease. Subsequent biopsy was consistent with benign fibrocystic
                     breast disease.
                  

               

               
                     Papillary and papillaroid clusters

                  Multiple papillaroid and few papillary clusters of epithelial were seen in one case along with benign epithelial fragments
                     showing bimodal population, bare bipolar background nuclei. Presence of bimodal population with myoepithelial cells in the
                     clusters, bare-bipolar nuclei in the background along with absence of single scattered cells, pleomorphism, necrosis helped
                     rule out a carcinoma/ DCIS in this case. 7 However, in view of papillary architecture, a possibility of Intra ductal papilloma was favoured. Final histopathology turned
                     out to be Intraductal papilloma.
                  

               

            

            
                  Atypical (Category 3)

               Among the 5 atypical cases in our study, two cases had singly scattered large cells with moderate pleomorphism in an otherwise
                  scanty cellular smear. Even though both the cases did not meet the adequacy criteria, IAC Yokohama system recommends categorising
                  these lesions even with scant cellularity as atypical (category 3) as they showed atypical features like prominent single
                  cells and cells with nuclear atypia. 7, 8 Both cases were BIRADS 4/5 and they turned out to be malignant, IBC-NST on subsequent histopathology examination.
               

               There were two other cases, one of which showed many apocrine cells in sheets with moderate pleomorphism while other showed
                  few foci of prominent scattered single cells and loose clustering of epithelial cells moderate pleomorphism. Both smears raised
                  the suspicion of malignancy. However, background inflammation was seen in both the smears. Even then, considering moderate
                  pleomorphism of apocrine cells in the first case and prominent dispersed single cells with loose clustering in the second
                  case, both these lesions were categorised as Atypical. However, final histopathology examination revealed the first case to
                  be benign fibrocystic disease related changes while the second case turned out to be chronic mastitis. This highlights that
                  benign inflammatory lesions can show atypical features raising the suspicion of malignancy on FNAC smears. 
               

               IAC Yokohama system recommends caution when background inflammation and apocrine cells are present in the smear as inflammation
                  can cause reactive atypia in the epithelial cells and also benign apocrine cells in sheets don’t have myoepithelial cells
                  and show moderate dispersal of single cells which mimic carcinoma. However, as mentioned by IAC Yokohama system, low overall
                  cellularity, low N:C ratio, with absence of atypical features (marked anisonucleosis, increased nuclear size, coarse chromatin
                  with perinucleolar clearing, large spiculated irregular nucleoli and 3-dimensional (3-D) or cribriform tissue fragments) helps
                  differentiate these changes seen in benign breast disease from apocrine carcinoma. 7, 8

            

            
                  Suspicious (Category 4)

               
                     DCIS vs IBC

                  One case on FNAC smears showed moderate cellularity with clusters and singly scattered malignant cells with mild pleomorphism.
                     Clusters showed focal cribriform architecture with scant myoepithelial cells. No bare bipolar nuclei were seen. No necrosis/mitosis
                     noted. These features can be seen overlappingly in both low-grade DCIS and in low-grade breast carcinoma. However, in view
                     of cells showing only mild pleomorphism, correlating with BIRADS, given as suspicious for malignancy with possibilities of
                     low-grade DCIS and low-grade breast carcinoma as recommended by IAC Yokohama system 7 to prevent false positive diagnosis. This on consecutive histopathology examination was proven to be Low grade DCIS without
                     invasive component.
                  

                  Next case which was given as suspicious for malignancy showed scant- moderate cellularity on the FNAC smear with small clusters
                     and singly scattered malignant cells showing moderate to marked pleomorphism with mitosis and multiple foci of granular necrosis.
                     Based on IAC Yokohama system 7, 8, scanty cellular smear of malignant cells with background necrosis and BIRADS of 4A correlates with High grade DCIS. However,
                     Invasive Breast carcinoma cannot be ruled out. IAC Yokohama system recommends to classify these lesions as suspicious for
                     malignancy to avoid false positivity. Bases on the above findings, possibilities of high-grade DCIS and high-grade breast
                     carcinoma were suggested in this case. On subsequent histopathology, this case turned out to be IBC, NST.
                  

                  
                        
                        Figure 1

                        A case of fibroadenoma: A,B: Large monolayered clusters with bimodal population (10x, Pap); C: Staghorn clusters (20x, Pap); D: Stromal fragments (20x Pap)
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                        Figure 2

                        A case of Chronic mastitis: A,B: Stromal fragments showing dense inflammation (20x, Pap); C: Dense inflammation along with monolayered ductal cells (20x, Pap); D: Ill formed Granuloma (40x, MGG)
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                        Figure 3

                        A case of Benign fibrocystic disease showing A,B: Inflammatory background with monolayered Apocrine cells (10x, Pap); C,D: Monolayered bland looking Apocrine cells (C: 20x, Pap, D: 40x, Pap, Inset: 40x, MGG)
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                        Figure 4

                        A case of Intra ductal papilloma with A: Large monolayered sheet of cells with bimodal population along with smaller papillaroid clusters (10x, Pap) B: Papillaroid clusters with many bare nuclei in background (20x, Pap); C: Ductal cell clusters attached to fibroelastotic stroma with capillary streak (20x, Pap); D: Specimen showing Intraductal papilloma (10x, Hand E)
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                        Figure 5

                        A,B,C: Two cases with singly scattered and occasional clusters of atypical cells showing moderate pleomorphism given as ‘Category
                           3- Atypical’ (A, C 20x, Pap; B: 40x, MGG) D: Subsequent Histopathology examination showing IBC-NST (10x, H and E)
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                        Figure 6

                        A case given as ‘Category 4- Suspicious for malignancy’; A: Large sheet of ductal cells with mild pleomorphism and sparse myoepithelial cells (20x, Pap); B,C: Ductal cell clusters with overlapping, mild pleomorphism and absent myoepithelial cells (Inset- cribriform pattern in clusters)
                           (40x, Pap); D: Subsequent biopsy showing Low grade DCIS (20x, H and E)
                        

                     
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/2f84cfed-d844-47e6-9ab3-d6746d1653cfimage6.png]

                  
                        
                        Figure 7

                        Cases of IBC- NST given as ‘Category 5- Malignant’; A,B: Highly cellular with nests, sheets and singly scattered malignant cells (A, B: 10x, Pap); C,D: cells show moderate pleomorphism with crowded overlapped nuclei (C: 20x, Pap; D: 40x, Pap)
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                        Figure 8

                        A,B: Lobular Carcinoma; A: Singly scattered malignant cells with eccentric nuclei and mild pleomorphism (20x, Pap); B: Cells show intracytoplasmic mucin vacuoles (Arrow) (40x, Pap); C,D: Mixed Mucinous carcinoma with IBC-NST; C: Nests and singly scattered malignant cells with moderate cytoplasm and mild pleomorphism in a mucinous background (10x, Pap);
                           D: Focal intra cytoplasmic mucin seen (40x, Pap); E,F: Invasive Cribriform Carcinoma; E: Cribriform pattern seen (20x, Pap); F: Tubular Pattern (40x, pap).
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                        Figure 9

                        Total distribution of cases and their final diagnosis
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                        Table 1

                        Risk of malignancy (ROM) of each category inthe IAC yokohama system category
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                                  4- Suspicious

                                 
                              
                              	
                                    
                                 
                                  0

                                 
                              
                              	
                                    
                                 
                                  3

                                 
                              
                              	
                                    
                                 
                                  3

                                 
                              
                              	
                                    
                                 
                                  100% (3/3)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  5- Malignant

                                 
                              
                              	
                                    
                                 
                                  0

                                 
                              
                              	
                                    
                                 
                                  73

                                 
                              
                              	
                                    
                                 
                                  73

                                 
                              
                              	
                                    
                                 
                                  100% (73/73)

                                 
                              
                           

                        
                     

                  

                  
                        
                        Table 2

                        Distribution of Cases in the IACyokohama system correlating with final histopathology
                        

                     

                     
                           
                              
                                 	
                                    
                                 
                                  

                                 
                              
                              	
                                    
                                 
                                  Final category

                                 
                              
                              	
                                    
                                 
                                  Total

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Benign

                                 
                              
                              	
                                    
                                 
                                  Malignant

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  FNAC category

                                 
                              
                              	
                                    
                                 
                                  I- Insufficient/ Inadequate

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  27.8% (5)

                                 
                              
                              	
                                    
                                 
                                  3.7% (3)

                                 
                              
                              	
                                    
                                 
                                  8.1% (8)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  II- Benign

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  61.1% (11)

                                 
                              
                              	
                                    
                                 
                                  0.0% (0)

                                 
                              
                              	
                                    
                                 
                                  11% (11.1)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  III- Atypical

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  11.11% (2)

                                 
                              
                              	
                                    
                                 
                                  2.5% (2)

                                 
                              
                              	
                                    
                                 
                                  4.% (4)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  IV- Suspicious

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  0.0% (0)

                                 
                              
                              	
                                    
                                 
                                  3.7% (3)

                                 
                              
                              	
                                    
                                 
                                  3% (3)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  V- Malignant

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  0.0% (0)

                                 
                              
                              	
                                    
                                 
                                  90.1% (73)

                                 
                              
                              	
                                    
                                 
                                  73.7% (73)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Total

                                 
                              
                              	
                                    
                                 
                                  Percentage (No. of cases)

                                 
                              
                              	
                                    
                                 
                                  100.0% (18)

                                 
                              
                              	
                                    
                                 
                                  100.0% (81)

                                 
                              
                              	
                                    
                                 
                                  100.0% (99)

                                 
                              
                           

                        
                     

                  

                  
                        
                        Table 3

                        Quality indicators for the IAC yokohama system for reporting breast FNAC
                        

                     

                     
                           
                              
                                 	
                                    
                                 
                                  1. 

                                 
                              
                              	
                                    
                                 
                                  Absolute sensitivity (category 5, malignant) – 90.1%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  2. 

                                 
                              
                              	
                                    
                                 
                                  Complete sensitivity (categories 3, 4, and 5, atypical, suspicious, and malignant)- 96.3%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  3. 

                                 
                              
                              	
                                    
                                 
                                  Specificity (considering category 5 as positive) – 100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  4. 

                                 
                              
                              	
                                    
                                 
                                  Specificity (considering category 3 to 5 as positive) - 88.9%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  5. 

                                 
                              
                              	
                                    
                                 
                                  Accuracy- 90%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  6. 

                                 
                              
                              	
                                    
                                 
                                  PPV for category 3, atypical -50%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  7. 

                                 
                              
                              	
                                    
                                 
                                  PPV for category 4, suspicious -100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  8. 

                                 
                              
                              	
                                    
                                 
                                  PPV for category 5, malignant -100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  9. 

                                 
                              
                              	
                                    
                                 
                                  NPV for category 2, benign -100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  10. 

                                 
                              
                              	
                                    
                                 
                                  False-negative rate (category 2, benign)- 0%(0/11)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  11. 

                                 
                              
                              	
                                    
                                 
                                  False-positive rate (category 5, malignant)- 0%(0/74%)

                                 
                              
                           

                        
                     

                  

                  
                        
                        Table 4

                        Risk of malignancy (ROM) in each category comparing with other studies

                     

                     
                           
                              
                                 	
                                    
                                 
                                  FNAC category

                                 
                              
                              	
                                    
                                 
                                  Insufficient (%)

                                 
                              
                              	
                                    
                                 
                                  Benign (%)

                                 
                              
                              	
                                    
                                 
                                  Atypical (%)

                                 
                              
                              	
                                    
                                 
                                  Suspicious for malignancy (%)

                                 
                              
                              	
                                    
                                 
                                  Malignant (%)

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Hoda et al 10

                                 
                              
                              	
                                    
                                 
                                  30.3

                                 
                              
                              	
                                    
                                 
                                  4.7

                                 
                              
                              	
                                    
                                 
                                  51.5

                                 
                              
                              	
                                    
                                 
                                  85.4

                                 
                              
                              	
                                    
                                 
                                  98.7

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Kamatar et al 11

                                 
                              
                              	
                                    
                                 
                                  0

                                 
                              
                              	
                                    
                                 
                                  4

                                 
                              
                              	
                                    
                                 
                                  66

                                 
                              
                              	
                                    
                                 
                                  83

                                 
                              
                              	
                                    
                                 
                                  99

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Montezuma et al 12

                                 
                              
                              	
                                    
                                 
                                  4.8

                                 
                              
                              	
                                    
                                 
                                  1.4

                                 
                              
                              	
                                    
                                 
                                  13

                                 
                              
                              	
                                    
                                 
                                  97

                                 
                              
                              	
                                    
                                 
                                  100

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Nargund et al 13

                                 
                              
                              	
                                    
                                 
                                  7.6

                                 
                              
                              	
                                    
                                 
                                  16.26

                                 
                              
                              	
                                    
                                 
                                  65.38

                                 
                              
                              	
                                    
                                 
                                  83.33

                                 
                              
                              	
                                    
                                 
                                  99.18

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Wong et al 14

                                 
                              
                              	
                                    
                                 
                                  2.6

                                 
                              
                              	
                                    
                                 
                                  1.7

                                 
                              
                              	
                                    
                                 
                                  15.7

                                 
                              
                              	
                                    
                                 
                                  84.6

                                 
                              
                              	
                                    
                                 
                                  99.5

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  De Rosa et al 15

                                 
                              
                              	
                                    
                                 
                                  49.6

                                 
                              
                              	
                                    
                                 
                                  4.9

                                 
                              
                              	
                                    
                                 
                                  20.7

                                 
                              
                              	
                                    
                                 
                                  78.7

                                 
                              
                              	
                                    
                                 
                                  98.8

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Dixit et al 16

                                 
                              
                              	
                                    
                                 
                                  33.3%, 

                                 
                              
                              	
                                    
                                 
                                  0.5%, 

                                 
                              
                              	
                                    
                                 
                                  13.3%, 

                                 
                              
                              	
                                    
                                 
                                  83.3%

                                 
                              
                              	
                                    
                                 
                                  100

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Oosthuizen et al 17

                                 
                              
                              	
                                    
                                 
                                  11

                                 
                              
                              	
                                    
                                 
                                  3

                                 
                              
                              	
                                    
                                 
                                  28

                                 
                              
                              	
                                    
                                 
                                  56

                                 
                              
                              	
                                    
                                 
                                  100

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Ahuja et al 18

                                 
                              
                              	
                                    
                                 
                                  5

                                 
                              
                              	
                                    
                                 
                                  1.5

                                 
                              
                              	
                                    
                                 
                                  17.4

                                 
                              
                              	
                                    
                                 
                                  81.8

                                 
                              
                              	
                                    
                                 
                                  100

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Present study

                                 
                              
                              	
                                    
                                 
                                  37.5

                                 
                              
                              	
                                    
                                 
                                  0

                                 
                              
                              	
                                    
                                 
                                  50 

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                              	
                                    
                                 
                                  100

                                 
                              
                           

                        
                     

                  

                  
                        
                        Table 5

                        Quality indicators in each category comparing with other studies
                        

                     

                     
                           
                              
                                 	
                                    
                                 
                                  Quality indicators

                                 
                              
                              	
                                    
                                 
                                  Hoda et al 10

                                 
                              
                              	
                                    
                                 
                                  Montezuma et al 12

                                 
                              
                              	
                                    
                                 
                                  Wong et al 14

                                 
                              
                              	
                                    
                                 
                                  De Rosa et al 15

                                 
                              
                              	
                                    
                                 
                                  Ahuja et al 18

                                 
                              
                              	
                                    
                                 
                                  Dixit et al 16

                                 
                              
                              	
                                    
                                 
                                  Present study

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Sensitivity (Category 3-5 - positive)

                                 
                              
                              	
                                    
                                 
                                  96.3% 

                                 
                              
                              	
                                    
                                 
                                  98.3%

                                 
                              
                              	
                                    
                                 
                                  98.9%

                                 
                              
                              	
                                    
                                 
                                  98.9%

                                 
                              
                              	
                                    
                                 
                                  97.2%

                                 
                              
                              	
                                    
                                 
                                  95%, 

                                 
                              
                              	
                                    
                                 
                                  96.3%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Specificity (Category 3-5 - positive)

                                 
                              
                              	
                                    
                                 
                                  98.8%

                                 
                              
                              	
                                    
                                 
                                  54.8%

                                 
                              
                              	
                                    
                                 
                                  62.1%

                                 
                              
                              	
                                    
                                 
                                  46.3%

                                 
                              
                              	
                                    
                                 
                                  86.0%

                                 
                              
                              	
                                    
                                 
                                  99.5%

                                 
                              
                              	
                                    
                                 
                                  88.9%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  PPV (only category 5 - positive)

                                 
                              
                              	
                                    
                                 
                                  98.7%

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                              	
                                    
                                 
                                  98.8%

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                              	
                                    
                                 
                                  98.27% 

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  NPV (only category 2- negative)

                                 
                              
                              	
                                    
                                 
                                  95.3%

                                 
                              
                              	
                                    
                                 
                                  98.6%

                                 
                              
                              	
                                    
                                 
                                  98.3%

                                 
                              
                              	
                                    
                                 
                                  95.1%

                                 
                              
                              	
                                    
                                 
                                  98.5%

                                 
                              
                              	
                                    
                                 
                                  98.6%

                                 
                              
                              	
                                    
                                 
                                  100%

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Accuracy (Category 3-5 - positive)

                                 
                              
                              	
                                    
                                 
                                  -

                                 
                              
                              	
                                    
                                 
                                  68.2%

                                 
                              
                              	
                                    
                                 
                                  80.2%

                                 
                              
                              	
                                    
                                 
                                  82.7%

                                 
                              
                              	
                                    
                                 
                                  89.6%

                                 
                              
                              	
                                    
                                 
                                  98.5%

                                 
                              
                              	
                                    
                                 
                                  90%

                                 
                              
                           

                        
                     

                  

               

            

            
                  Malignant (Category 5)

               
                     IBC- NST

                  Among the malignant cases, 61 cases showed unequivocal features of malignant, breast carcinoma showing moderate to highly
                     cellular smears with many small loose clusters and singly scattered malignant cells showing moderate to marked pleomorphism
                     with overlapping. Moderate cytoplasm, coarse to opened chromatin and conspicuous to prominent nucleoli were seen. As recommended
                     by IAC Yokohama system 7, correlating with this constellation of FNAB smear findings and a concordant clinical and imaging finding, a diagnosis of
                     malignant, breast carcinoma was given. All of these cases turned out to be Invasive breast carcinoma, NST.
                  

               

               
                     Low grade IBC vs low grade DCIS

                  FNAB smear of the two other cases showed many small loose clusters of malignant cells with cribriforming, single scattered
                     cells with moderate pleomorphism and loss of myoepithelial cells and background bare bipolar nuclei. In both these case, possibility
                     of low-grade IBC- NST was suggested. On final histopathology, one case turned out to be mixed carcinoma (IBC-NST + cribriform
                     carcinoma) and the other, pure invasive cribriform carcinoma. 
                  

                  Even though low-grade DCIS can show cribriform pattern with many single cells showing mild pleomorphism, according to IAC
                     Yokohama system, important differentiating point to distinguish low grade DCIS from low grade invasive carcinoma is while
                     the former has mostly had large epithelial fragments, the later will have small loose overlapping epithelial clusters. Also,
                     presence of a mass lesion strongly supports the diagnosis of invasive carcinoma rather than DCIS as only 2% of mass lesions
                     will be pure DCIS. 7, 8

               

            

            
                  Quality indicators and ROM of various categories of IAC Yokohama system

               In the largest meta-analysis till now on breast lesions done by Hoda et al 19 which included 33,341 breast FNABs from 27 studies, ROM for insufficient material, benign, atypical, suspicious, and malignant
                  were 30.3, 4.7, 51.5, 85.4, and 98.7%, respectively. The complete sensitivity (including category III to V) and specificity
                  were 96.3 and 98.8%, correspondingly. The PPV and NPV were 98.7 and 95.3%, correspondingly. The false negative and false-positive
                  rates were 3.7 and 1.0%, respectively showing high sensitivity and specificity for breast FNACs using IAC Yokohama system
                  with an increasing ROM from category II to category V (benign to malignant).19, 14

               This was similar to our study where ROM of insufficient/inadequate, benign, atypical, suspicious and malignant were 37.5%,
                  0%, 50%, 100% and 100% respectively. Absolute sensitivity (only category V) was 90.1% while complete sensitivity (including
                  category III to V) was 96.3%. Specificity of IAC Yokohama system is 100% when considering category 5 as positive and 88.9%
                  when considering category 3 to 5 as positive indicating that IAC Yokohama system in our study has high specificity. Overall
                  accuracy of IAC Yokohama system for breast lesions in our study was 90%
               

               Proportion of cases in each category in the multiple studies done 10, 13 are insufficient - 3.6-40%, benign- 24 -74%, atypical- 0.6% - 13.7%, suspicious for malignancy- 0.7 - 4.7% and malignant-
                  1.6 -59%. Our study had a lower proportion in benign category (10.8%) and a higher proportion in malignant category (72.5%)
                  as the study was conducted in a referral cancer centre. Ideal inadequate rate recommended by The IAC Yokohama system 7, 8 is less than 5%. An inadequate rate of 5–20% requires a review in FNAB practice. An inadequate rate > 20% suggests a need
                  to alter technique. ROSE reduces inadequacy rate considerably as proven by study done by wong et al (17.1% without ROSE to
                  4.0% with ROSE) and increased the number in the “malignant” category (17.9 to 39.0%). 10

               Risk of malignancy (ROM) in each category in various studies are insufficient – 5 - 49.5%, benign- 0.5- 16.26%, atypical-
                  13 – 66 %, suspicious for malignancy- 56- 97% and malignant- 98.7 – 100%. These were similar to our study where ROM of insufficient/inadequate,
                  benign, atypical, suspicious and malignant were 37.5%, 0%, 50%, 100% and 100% respectively(Table  4). 19, 13

               Sensitivity, specificity, PPV, NPV and accuracy of the IAC Yokohama system in the multiple studies published till date are
                  96.3-98.9%, 46.3- 99.5%, 98.7 -100%, 95.1 -98.6% and 68.2 to 98.5% respectively. 19, 10, 14, 12, 18, 13 Comparing this in our study Sensitivity, specificity, PPV, NPV and accuracy were 96.3%, 88.9%, 100%, 100% and 90% respectively
                  (Table  5). Recent meta-analysis and review done have also shown that the implementation of the system appears to be successful with
                  high level of diagnostic accuracy. 16, 20 They found out that when only “Malignant” interpretations were regarded as cytologically positive, the pooled FPR was lower
                  (0.75%; 95% CI, .39%-1.42%) but it was at the expense of sensitivity (76.61%; 95% CI, 70.05%-82.10%). 16 
               

               Overall, the IAC Yokohama system for breast FNAB has a high sensitivity, relatively high specificity, accuracy and high PPV
                  and NPV. 
               

            

         

         
               Conclusion

            Our study, one of the largest in Indian population done till date to validate The IAC Yokohama Reporting System for breast
               cytology, has found that IAC Yokohama system has high sensitivity, specificity with negligible false positive and false negative
               rate and high positive predictive value and negative predictive value. We have also discussed in detail the diagnostic difficulties
               and approach to Breast FNACs. Challenging cases which require detailed workup include apocrine lesions, inflammatory lesions,
               and IBC vs DCIS. The ROM and other quality indicators of various categories in our study done are comparable to the proposed
               IAC Yokohama system which suggests the IAC Yokohama system has high reproducibility and can be applied in Indian population.
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