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 Background: Fine-needle aspiration biopsy (FNA) is considered a valid diagnostic 

procedure in management of patients with breast lesions. Scoring systems improved 

diagnostic yield in breast FNA, but in some cases had limitations. Objective: This study 
designed with the goal of creating a quantitative scoring system for breast FNA. 

Results: Females with breast masses that were candidates for diagnostic open biopsy 

entered the study. FNA cytology and open biopsy reports compared and scoring system 
and cutoff values created for sum of the diagnostic cytological criteria in diagnosis of 

malignant breast masses. 9 architectural and 7 cytological criteria had taken positive 

score and 2 architectural criteria showed negative score. With comparing different 
sensitivities and specificities in different points of ROC curve, cut off = 12 was the best 

cut off for screening (Sensitivity = 84.6%, Specificity = 80.8%) and cut off = 17 

(Sensitivity = 76.9%, Specificity = 86.6%) or higher was suitable for diagnostic 
purposes. Conclusion: Use of this FNA scoring system due to quantitative nature and 

cut off values can be a great help especially in suspicious cases of FNA cytology. This 

algorithm can be used for digital and automated systems using cytologic criteria for 
FNA cytology of breast too. 
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INTRODUCTION 

 

 Fine-needle aspiration biopsy (FNA) is considered a valid diagnostic procedure in management of patients 

with breast lesions. FNA is now widely applied in diagnosing breast lumps. With the trend in medicine towards 

less invasive methods for diagnosis, pathologists are increasingly challenged to render interpretations on smaller 

and smaller amounts of tissue. It is a standard practice by surgeons worldwide to perform needle evaluation of 

breast masses prior to a major surgical procedure. Its diagnostic role in breast lesions is undoubted and has been 

recommended in the initial screening of the patients with breast lesions. Primarily, the reason is to obtain a 

histopathologic diagnosis, whether the mass is malignant or benign, as well as to support a clinical diagnosis 

that will eventually guide the surgeon on a sound surgical decision making. FNA remains a useful tool, despite 

the apparent shift toward core-needle biopsies in recent years; it is quick, cheaper and less traumatic than core 

biopsy. However, there are circumstances that the result of needle evaluation might not be of help and only 

confuses surgeons on making surgical decisions. The problem sets in when a histopathologic reading are non-

informative and inconclusive. While the technique is excellent in experienced hands, false negatives and false 

positives do occur. Triple test (Using the diagnostic triad: breast-oriented clinical examination, mammography, 

and FNA biopsy) is preferred by many physicians for these reasons. 

 FNA has over eighty percent accuracy and sensitivity in determining breast malignancy [5,4,11,13,2,12]. 

The current situation of most cytopathologists in the assessment of FNA specimens is based on reading and 

interpreting various published criteria combined with personal experience [7]. Several articles have advocated 

the usefulness of various cytologic criteria for screening and diagnosis of malignant breast lesions; however the 

utility of the proposed criteria has not been adequately tested or universally accepted [7,8]. Scoring systems like 

Masood system improved diagnostic yield and can help in selection of cases suitable for biopsy, but in some 

cases added no information [9] or had limitations in separating invasive from Insitu malignancies (Shin and 

Sneige, 1998). Various architectural and cytologic criteria in breast FNA considered in different studies and 
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different diagnostic accuracies shown for them [7,8,6]. Most of these studies used the predefined criteria before 

the starting of study and almost all of them used no quantitative cut off. The importance of these criteria was set 

according to the previously mentioned cytologic and structural definitions of Atypia and malignancy and the 

real importance of them in breast FNA after the study was not completely evaluated. 

 This study designed with the goal of creating a complete quantitative scoring system for breast FNA (or at 

least the way to achieve to it) with regard to real importance of different criteria after the end of study, and 

finding a statistical algorithm for obtaining practical cut offs for separating these scores to malignant and non 

malignant reports. 

 This study carried out under the supervision of research and ethical committees of Semnan University of 

medical sciences. All patients signed the written consent. 

 

Methodology: 

 This study carried out in IR of IRAN, Semnan between years 2011 and 2012. Females with breast masses 

that were candidates for diagnostic open biopsy entered the study. Pregnant or lactating women, patients with 

history of radiotherapy or chemotherapy, patients with breast prosthesis or history of it, cases of mastitis or 

breast abscess, and finally patients with masses in previous biopsy sites excluded from the study. 

 After general anesthesia, FNA specimen obtained by one surgeon by needle gauge 22. After that the open 

biopsy performed and biopsy specimen obtained too. All the FNA specimens fixed by methanol and a random 

number chose for them. These specimens submitted monthly to pathology department without name. Open 

biopsy specimens submitted in formalin and reported by pathology department as routine. 

 Two pathologists reported FNA specimens. If the reports were different, the specimen was reviewed by 

both of them and one common result reported. The reports were filled in a form with all architectural and 

cytologic criteria and final diagnosis. The positive criteria were selected and the final cytologic diagnosis 

reported as: 1-Nondiagnostic (Inadequate or Unsatisfactory), 2-Negative for malignant cells, 3-Atypical cells 

seen, 4-Suspicious for malignancy, or 5-Positive for malignant cells. Architectural criteria used were Cellularity 

(Hypercellularity, Cell arrangement, Small clusters, Large honeycomb sheets, Three-dimensional clusters, 

Thight clusters with nuclear overlapping), Cellular spacing (Regular, Irregular, Less cellular spacing, Loosely 

cohesive cells), and Background (Clean background, Acute inflammation, Chronic inflammation, Bloody, Dirty, 

Necrotic, Bipolar naked nuclei, Isolated cells). Cytologic criteria were Nuclear morphology (Large nuclei, 

Anisonucleosis, Hyperchromatic nuclei, Vesicular nuclei, Chromatin clumping, Prominent nucleoli, Multiple 

nucleoli), and Cellular morphology (Comet cells, Signet ring cells, Vacuolar cytoplasm, Granular cytoplasm, 

Apocrine cells, Ractive ductal cells, Squamous cells). 

 Open biopsy specimens reported by three pathologists as: 1-Nondiagnostic, 2-Benign, 3-Proliferative with 

Atypical Changes (Atypical hyperplasia, Small papillomas with atypia, Phyllodes tumor), 4-Ductal carcinoma, 

Insitu (DC - IS), 5-Ductal carcinoma, Invasive (DC - Invasive), 6-Lobular carcinoma, Insitu (LC - IS), or 7-

Lobular carcinoma, Invasive (LC - Invasive). If it was necessary, the specimen was reviewed by two 

pathologists and proper diagnosis was reported. 

 After the end of study, list of the FNA specimens matched with the open biopsy reports and this final list 

used for analysis.  

 

Statistical methods: 

 Database created by PASW software (Release 18.0.0, ©IBM SPSS Statistics Inc.) and data entered to it, 

descriptive and exploratory analyses done with this software too. Random numbers and diagnostic accuracy 

indexes calculated by EpiInfo software (Version 6.4, WHO & CDC). We used PASW and MedCalc (Version 

8.2.0.0, ©MedCalc Inc.) for calculating scores and cut offs. In all the analytical tests p < 0.05 considered as 

significant. 

 For creating scoring system and calculating cut off values, we used the below algorithm: First diagnostic 

accuracy indexes (including sensitivity and specificity) for each criteria of FNA report in diagnosis of malignant 

("Malignancy - Invasive and Insitu types" in pathology report of biopsy; "Positive for malignancy" in FNA 

report) and positive ("Malignancy - Invasive and Insitu types" and "Atypical changes" in pathology report of 

biopsy; "Atypical cells seen", "Suspicious for malignancy", and "Positive for malignancy" in FNA report) breast 

masses calculated; in this step result of open biopsy of breast mass considered as gold standard. Then 

association between these criteria and gold standard result tested by Chi-square (and if necessary Fisher exact 

test); criteria with significant association ordered descending by sensitivity and scores between +3 and +1 chose 

for them. Criteria with low sensitivity and high specificity take -1 score. Some scores with high sensitivity and 

near significant association (p value between 0.05 and 0.1) take +1 or -1 score too. In the end sum of the scores 

for each specimen calculated and cut off values calculated with ROC curve analysis. 
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Results: 

 Cytology FNA reports and corresponding open biopsy reports are seen in Table 1. Overall diagnostic 

accuracy indexes are seen in Table 2. 

 In Table 3 diagnostic accuracy of different architectural and cytologic criteria use in FNA cytology report 

are seen. Chosen scores for these criteria, as explained in materials and methods, are seen in score column. As 

seen in this table, 9 architectural and 7 cytologic criteria had taken positive score and 2 architectural criteria 

show negative score, so overall 18 positive criteria with +33 score and 2 negative criteria with -2 score are 

selected; the highest score should be +33. 

 After calculating sum of the scores for FNA reports according to the Table 3, mean of the FNA score for 

malignant and non malignant masses (according to Open biopsy report as Gold standard) was 27 ± 9.59 and 

7.92 ± 7.34 respectively that showed significant difference (T-test: p < 0.001). In ROC curve analysis (Figure 

1), area under the curve was 0.939 (95% Confidence interval = 0.813 to 0.989, P < 0.001) that indicates high 

diagnostic accuracy for this FNA score. With comparing different sensitivities and specificities in different 

points of ROC curve (Table 4), cut off = 12 is the best cut off for screening (Sensitivity = 84.6%, Specificity = 

80.8%) and cut off = 17 (Sensitivity = 76.9%, Specificity = 86.6%) or higher is suitable for diagnostic purposes. 

 

Discussion: 

 As seen in Tables 1 and 2, in our study the overall diagnostic accuracy of the FNA for diagnosis malignant 

and positive breast masses, including sensitivity and specificity of the test, are acceptable and comparable with 

other studies [5,4,11,13,2,12,3]. We had 14.28% false negative and no false positive. From four false negative 

cases in FNA, only one case was invasive carcinoma and others were cases with atypical changes or Insitu 

carcinomas. These confirm the value of FNA in approaching to breast masses. The significant association 

between FNA and open biopsy in diagnosing malignant lesions, as seen in table 2, enforces this result too. 

 We used in our study almost all architectural and cytological criteria used in other similar studies [7,8, 9,6]. 

Table 3 shows these criteria, but as anyone can see our approach is somewhat different; we used a mathematical 

and logical approach and used these mathematical criteria as the basis for our logistic decision making. This 

approach is somewhat different from other studies that used predefined criteria with predefined importance for 

decision making about nature of the lesions and then confirmed their diagnostic accuracy. 

 In the end we used a combination of data in Table 4 and Figure 1 (as the ROC curve analysis) to find the 

proper cut offs for diagnosing malignant breast masses by FNA. This is a completely new vision to FNA 

diagnostic accuracy that can be used in this field. 

 
Table 1: FNA cytology and Open biopsy reports in 40 breast masses. 

FNA Biopsy (Gold standard) 

Benign Atypical 

changes 

DC - IS DC - Invasive Mixed DC+LC 

- Invasive 

Sum 

Nondiagnostic 4 (100%) 0 0 0 0 4 (10%) 

Negative for 

malignancy b 

18 (85.7%) 1 (4.8%) 1 (4.8%) 1 (4.8%) 0 21 (52.5%) 

Suspicious for 
malignancy 

4 (80%) 0 0 1 (20%) 0 5 (12.5%) 

Positive for 

malignancy b 

0 0 0 9 (90%) 1 (10%) 10 (25%) 

Sum 26 (65%) 1 (2.5%) 1 (2.5%) 11 (27.5%) 1 (2.5%) 40 (100%) 
a DC: Ductal carcinoma     IS: Insitu     LC: Lobular carcinoma 
b False negative = 14.28% , False positive = 0% 
 

Table 2: Diagnostic accuracy indexes for FNA cytology in screening of malignant and positive breast masses (open biopsy considered as 

Gold standard). 

 Sensitivity% Specificity% PPV% b NPV% b P value a 

Malignant c 83.3 100 100 90 < 0.001 

Positive d 78.6 81.8 73.3 85.7 0.001 
a Chi-square test (if necessary Fisher exact test) for association between FNA and Open biopsy report 
b PPV: Positive predictive value, NPV=Negative predictive value 
c "Malignancy (Invasive and Insitu types)" in pathology report of biopsy 

  "Positive for malignancy" in cytology report of FNA 
d "Malignancy (Invasive and Insitu types)" and "Atypical changes" in pathology report of biopsy 

  "Atypical cells seen", "Suspicious for malignancy", and "Positive for malignancy" in cytology report of FNA 
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Table 3: Diagnostic accuracy of different architectural and cytologic criteria of breast FNA cytology in diagnosis of malignant masses (open 

biopsy considered as Gold standard) 

Criteria Malignant c Score 

P valuea Sensitivity% Specificity% PPV%b NPV%b 

Architectural criteria       

Loosely cohesive clusters < 0.001 100 96.2 92.9 100 +3 

Small clusters 0.016 100 34.6 43.3 100 +3 

Dirty, Necrotic background < 0.001 84.6 80.8 68.8 91.3 +2 

Less cellular spacing 0.002 84.6 62.9 57.9 90 +2 

Bloody background < 0.001 76.9 80.8 66.7 87.5 +2 

Tight clusters (Nuclear overlapping) 0.003 76.9 73.1 58.8 86.4 +2 

Hypercellularity 0.059 84.6 42.6 44 85.7 +1 

Irregular cellular spacing 0.068 76.9 53.8 45.5 82.4 +1 

Isolated cells 0.068 76.9 53.8 45.5 82.4 +1 

Regular cellular spacing 0.044 7.7 61.5 9.1 57.1 -1 

Chronic inflammation 0.071 0 76.9 0 60.6 -1 

Bipolar naked nuclei > 0.1 30.8 46.2 22.2 57.1  

Three dimensional clusters > 0.1 30.8 88.5 57.1 71.9  

Clean background > 0.1 15.4 73.1 22.2 63.3  

Comma shaped clusters > 0.1 0 84.6 0 62.9  

Large honeycomb sheets > 0.1 0 84.6 0 62.9  

Acute inflammation > 0.1 0 80.8 0 61.8  

Cytologic criteria       

Large nuclei < 0.001 84.6 84.6 73.3 91.7 +3 

Anisonucleosis 0.001 84.6 73.1 61.1 90.5 +3 

Vacuolar cytoplasm 0.003 84.6 65.4 55 89.5 +3 

Nuclear, cellular pleomorphism 0.002 76.9 76.9 62.5 87 +2 

Chromatin clumping < 0.001 76.9 100 100 89.7 +2 

Hyperchromatic nuclei < 0.001 76.9 84.6 71.4 88 +2 

Multinucleation 0.001 46.2 100 100 78.8 +1 

Granular cytoplasm > 0.1 46.2 76.9 50 74.1  

Squamous cells > 0.1 0 92.3 0 64.9  

Reactive cells > 0.1 0 84.6 0 62.9  

Vesicular nucleid       

Multiple nucleolid       

Commet cellsd       

Signet ring cellsd       

Apocrine cellsd       
a Chi-square test (if necessary Fisher exact test) 
b PPV: Positive predictive value, NPV: Negative predictive value 
c "Malignancy (Invasive and Insitu types)" in pathology report of biopsy including Ductal and Lubular carcinomas 
d No positive results seen 

 

Table 4: Diagnostic accuracies in different parts of ROC curve of FNA score in screening of malignancy of breast masses (open biopsy 
considered as Gold standard). 

Cutoff (Score) Sensitivity (%) Specificity (%) 

> 3 100 34.6 

> 7 100 53.8 

> 9 84.6 76.9 

> 12 84.6 80.8 

> 14 76.9 84.6 

> 17 76.9 86.6 

> 23 76.9 100 

 

Conclusion: 

 Use of this FNA scoring system due to quantitative nature and cut off values can be a great help especially 

in suspicious cases of FNA cytology. This algorithm can be used for digital and automated systems using 

cytologic criteria for FNA cytology of breast too. 

 We used our results for creating scores and calculating cut off values, so these cut off values may be 

inaccurate. Use of large samples and combining results of different samples in different cultures and societies is 

necessary for calculating accurate cut off values. 
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Fig. 1: ROC curve analysis in evaluating diagnostic accuracy of FNA score in screening of breast masses (open 

biopsy considered as Gold standard). 
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