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INTRODUCTION

Breast carcinoma is the most common malignant tumor, 
and the leading cause of death in women, with more 
than 1,000,000  cases occurring worldwide annually.[1‑3] 
The increasing trend of its incidence in urban population 
of developing world is because of changing to Western 
lifestyles.[4‑8] Fine‑needle aspiration cytology  (FNAC), 
radiological imaging (mammography and ultrasonography), 
and clinical examination (triple assessment), have become 
the standard approach, to the investigation of palpable breast 

Comparative analysis of six cytological grading 
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lumps. FNAC gives the necessary information of various 
breast lesions for surgical management of patients.[9,10]

The information provided by FNAC can be extremely 
useful while establishing the best neoadjuvant therapy for 
patients in cases where surgical removal of tumor is not the 
best option.[11‑13] The National Cancer Institute, Bethesda 
sponsored conference has also recommended that the 
cytology tumor grading should be incorporated in reports 
for prognostication.[14,15]

The present study was conducted over a period of 2.5 years 
prospectively using six cytology grading systems, namely, 
Robinson’s cytological grading, Khan’s grading, Fisher’s 
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modification of Black’s nuclear grading, Hunt’s nuclear 
grading, Mouriquand’s grading, and Taniguchi grading. The 
cytology grade was compared with histology grading by 
modified Scarff‑Bloom‑Richardson’s (SBR’s). The purpose 
of this study was to determine the correlation between 
cytomorphologic and histomorphological features and to 
evaluate the utility of different cytological grading systems 
and to determine which cytology grade corresponds best 
to the histology grade.

MATERIALS AND METHODS

The present study included fifty cases of breast carcinoma. 
Inclusion criteria were all breast carcinomas diagnosed 
on FNAC and confirmed on histology in mastectomy 
specimens. Exclusion criteria were patients having a history 
of preoperative chemotherapy or radiotherapy for breast 
carcinoma.

Fine‑needle aspiration was done with aseptic precautions 
and using FNAC gun. The contents of aspiration were 
smeared on the glass slides. Smears were made, and air‑dried 
smears were stained with Leishman’s stain and alcohol‑fixed 
smears were stained with hematoxylin and eosin stain. 
Detailed cytomorphological features were studied, and 
grading was done using six cytology grading systems.

Adequate representative tissue sections from the 
mastectomy specimens were formalin fixed and paraffin 
processed. 3–5 thick micron sections were cut and stained 
with hematoxylin and eosin. Detailed histological features 
were studied, and breast carcinomas were graded as per 
modified SBR’s grading system.

Concordance value among different cytological features, 
absolute concordance rate, and the linear‑weighted kappa 
value were calculated using the software OpenEpi, CDC, 
Atlanta, Georgia, USA.

RESULTS

Out of fifty cases, the twenty cases were between 
51 and 60  years, followed by ten cases each in age 
group  41–50 and 61–70  years, eight cases belonged to 
age group  31–40, and two cases belonged to the age 

group 21–30 years. The 32 patients had carcinoma in the 
left breast and 18 patients had in the right breast.

Table 1 shows cytology grading by five systems and SBR 
histology grading of fifty cases. Hunt et al. used only nuclear 
features for grading breast carcinoma into high‑grade and 
low‑grade [Table 2]. Out of 50 cases, 29 (58%) cases of each 
Robinson’s cytological grading and Fisher’s modification of 
black grading correlated with histological grading. Table 3 
shows correlation of various cytologic and histological 
grading systems.

Robinson’s cytology grading system showed concordance 
value of 14.2% for Grade I tumors, 75% each for Grade II 
and Grade III tumors. The absolute concordance rate was 
58.0%. The linear‑weighted kappa value was 0.28.

Khan et al. grading system showed concordance value of 
0% for Grade I tumors, 71.4% for Grade II, and 30.2% for 
Grade III tumors. The absolute concordance rate was 36.0%. 
The linear weighted kappa value was 0.01.

Mouriquand’s grading system showed the concordance 
value 0% for Grade I tumors, 59.0% for Grade II tumors and 
0% for Grade III tumors. The absolute concordance rate was 
52.0%. The linear weighted kappa value was −0.18.

Taniguchi grading system showed the concordance value of 
0% for Grade I tumors, 40% for Grade II tumors, and 28.8% 
for Grade III tumors. The absolute concordance rate was 
30.0%. The linear‑weighted kappa value was −0.03.

Fisher’s grading system showed the concordance value of 
0% for Grade I tumors, 70% for Grade II tumors, and 43.3% 
for Grade III tumors. The absolute concordance rate was 
58.0%. The linear‑weighted kappa value was 0.23.

Hunt et al. nuclear grading system showed the concordance 
rate of 66.6% for low‑grade tumors and 0.42% for high‑grade 
tumors. The absolute concordance rate was 0.80%.

Out of 50 cases, 29 (58%) showed abundant cellularity, 17 (34%) 
cases showed moderate cellularity, and only 4  (8%) cases 
showed scanty cellularity. The 16 cases showed correlation 
between cytology score of cellularity and histology grade.

Table 1: Cytology and histology grading of fifty breast carcinomas according to different grading systems

Grade Histology grade Cytology grade

SBR Robinson’s Fisher’s Mouriquand’s Khan Taniguchi

I 3  (6.0) 14  (28) 0 0 0 0
II 32  (64) 28  (56) 27  (54.0) 44  (88.0) 7  (14.0) 5  (10.0)
III 15  (30) 8  (16) 23  (36.0) 6  (12.0) 43  (86.0) 45  (90.0)
Total 50 (100.0) 50 (100.0) 50 (100.0) 50 (100.0) 50 (100.0) 50 (100.0)
SBR: Scarff‑Bloom‑Richardson’s
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The 25 (50%) cases showed cells predominantly in clusters, 
22  (44%) showed mixture of cells and clusters, and only 
3 (6%) showed dispersed single cells [Figure 1a‑c].

The 28 (56%) cases showed cell size more than five times the 
size of red blood cell (RBC), and 22 (44%) showed cell size 
three to four times the size of RBC [Figure 2]. None of the 
cases showed cell size 1–2 times the size of RBC.

The 31 (62%) cases showed nuclear size three to five times 
the size of RBC, 18 (36%) cases showed nuclear size more 
than five times the size of RBC, and only one  (2%) case 
showed nuclear size of less than three times the size of 
RBC [Figure 2]. The 22 out of 50 cases showed correlation 
of cytological score of nuclear size with histological grade.

The 37 cases showed a nuclear‑cytoplasmic (N/C) ratio of 
50:80, 10 cases showed an N/C ratio of >80%, and only three 
showed an N/C ratio of <50. The 29 cases showed correlation 
of cytological score of N/C ratio with histological grade.

The 28  (56%) cases showed moderate degree of nuclear 
pleomorphism, 16  (32%) showed marked nuclear 
pleomorphism, and 6 (12%) showed mild degree of nuclear 
pleomorphism [Figure 3]. None of the cases showed uniform 
nuclei. Total 28 cases showed correlation of cytological score 
of nuclear pleomorphism with histological grade.

The 17  (34%) showed regular/smooth nuclear margin, 
31 (62%) cases showed irregular nuclear margins. The 2 (4%) 
cases showed buds in the nuclear margin [Figure 4a‑c]. The 
23 cases showed correlation between cytological score of 
nuclear margin and histological grade.

The 25 (50%) cases showed noticeable nucleoli and 22 (44%) 
showed prominent nucleoli. The 3  (6%) cases showed 

indistinct nucleoli in our study, 20 cases showed correlation 
between cytological score of nucleoli and histological grade.

The 45 (90%) cases showed granular chromatin [Figure 5], 
4  (8%) showed clumped coarse chromatin, and only 
1 (2%) showed vesicular chromatin; the 30 cases showed 
correlation between cytological score of nuclear chromatin 
and histological grade.

The 37  (74%) cases  showed moderate  nuclear 
hyperchromatism and 13  (26%) cases showed marked 
hyperchromatic nuclei  [Figure  5]. The 22  cases showed 
correlation between cytological score and histological grade.

In our study, 35 (70%) cases showed naked tumor nuclei of 
three to five times the size of RBC [Figure 2]. The 22 cases 
showed correlation of cytological feature of naked tumor 
nuclei with histological grade.

The 12 (24%) cases showed the presence of necrosis. The 
40 (80%) out of 50 cases showed no or mild lymphocytic 
response and 10 (20%) cases showed moderate lymphocytic 
response [Figure 6].

DISCUSSION

Neoadjuvant therapy is becoming increasingly popular as 
a primary medical treatment for breast cancer, the idea of 
cytology grading is to assess the tumor in situ so that most 
suitable treatment could be selected immediately and the 
morbidity associated with overtreatment on low‑grade 
tumors could be avoided. In neoadjuvant therapy, Tamoxifen 
is administered to high‑grade tumors which act mainly 
on proliferating cells thereby reducing the size of tumor. 
Low‑grade tumors are not benefitted by this therapy and 
results in unnecessary morbidity.[12] Therefore, it is essential 
not only to diagnose breast carcinoma but also to grade them.

Our study showed a steady increase in the incidence of 
breast carcinoma with age. Left breast was commonly 
involved than the right breast. We found predominance 
of Grade II tumors on FNAC, which is in accordance with 
many studies.[16‑21]

In our study, Robinson’s cytology grading and Fisher’s 
modification of black grading systems correlated most well 
with histology grade as compared to other cytology grading 
systems [Table 3].

A double‑blind study was conducted by Das et al.[20] and 
they concluded that Robinson’s cytology grading was a 
better choice due to its simplicity, specificity, and better 
reproducibility. Similar observations were made by 
Frias et al.[17] We made same observations in our study.

Table 2: Hunt et al.: Grading of fifty breast carcinomas

Nuclear grade Number of cases (%)

Low‑grade 3  (6)
High grade 47  (94)
Total 50 (100)

Table 3: Correlation of various cytology grading systems 
with histology grade

Cytology grading system Number of cases 
correlating with the 
histology grade (%)

Robinson’s grading system 29  (58)
Fisher’s modification of black 
grading system

29  (58)

Mouriquand’s grading system 26  (52)
Khan’s grading system 18  (36)
Taniguchi grading system 15  (30)
Hunt nuclear grading system 4 (8)
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Different agreements were observed in different studies 
comparing Robinson’s cytology grading with histology 
grading by the Nottingham modification of SBR’s system. 

The agreement was 57% by Robinson et al.,[16] 71.2% by Das 
et  al.,[20] 65% by Chhabra et  al.,[19] 83% by Meena et  al.,[22] 

Figure 2: Cytology smears showing size of cells, nuclei, and naked tumor nuclei 
in comparison with red blood cells (H and E, ×400)

Figure 3: Smears showing nuclear pleomorphism (H and E, ×400)

Figure 5: Smears showing cells with hyperchromatic nuclei (H and E, ×400)
Figure 6: Smears showing loose clusters of tumor cells with lymphocytes on the 
background (H and E, ×400)

Figure  1: Cytology smears.  (a) Cells in clusters  (H  and  E, ×100).  (b) Cells 
dispersed and in clusters (H and E, ×100). (c) Dispersed cells (H and E, ×400)

cb

a

Figure 4: Smears showing (a) regular nuclear membrane, (b) irregular nuclear 
membrane, (c) nuclear bud (H and E, ×400)

cb

a
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88.89% by Bhargava et al.,[5] 81% by Sinha et al.,[23] 88% by 
Khan et al.,[24] and 64% by Lingegowda et al.[25] In our study, 
it was 58%.

The absolute concordance rate for Hunt’s nuclear grading 
in our study was 0.80%. We feel that only nuclear features 
alone were not adequate on FNAC for grading the breast 
carcinoma.

Khan et al.[24] used cellularity in their grading system, and 
they observed that the degree of smear cellularity showed 
no significant correlation with the histological grade. Similar 
observations were made in our study. The cellularity of the 
smear depends on the skill of the aspirator and nature of 
the lesion.

Wallgren et al.[26] first evaluated cell dissociation on FNAC 
and found it to be useful for cytology grading. Subsequently, 
it was used in Robinson’s and Khan. The degree of cell 
dissociation indicates cell cohesion status and the degree of 
expression of the E‑cadherin/catenin complex. Several studies 
showed that neoplasms with greater cell dissociation shows 
a higher incidence of regional lymph node metastasis.[16,27,28] 
Chhabra et al.[19] noticed cell dissociation and nucleoli as the 
most influential predictive factors of cytology grading. In 
contrast in our study, 25 (50%) of the cases showed clusters 
only. In our study, only 19 cases correlated with the final 
histological grade. We observed cell cohesion was not a very 
significant factor in cytological grading.

Nuclear size can be assessed by comparing the size of the 
tumor nuclei to nearby erythrocytes or lymphocytes that 
have been subjected to similar conditions during smear 
preparations. Nuclear size has long been established as 
a significant prognostic parameter for grading of breast 
carcinoma on FNAC.[29‑33] Similar observations were made 
in our study.

N/C ratio was used by Taniguchi et al.[12] and Khan et al.[20] 
in their cytology grading systems. A high N/C ratio is an 
established criterion of malignancy‑associated phenotype. 
With increasing nuclear volume, there is a reciprocal 
decrease in the volume of cytoplasm. Ultimately, nuclei are 
extruded out of fragile cytoplasm even after minor trauma 
experienced during the procedure.[24] Taniguchi et al. found 
N/C ratio had a nonsignificant correlation with the final 
grade.[12] In contrast, we found N/C ratio is a useful feature 
in grading breast carcinoma.

Nuclear pleomorphism is a subjective morphological 
variation of nuclear size and shape that plays a discriminatory 
role in FNAC grading of breast carcinoma. The assessment 
of variation in size and shape of cells in smears is a relatively 
straightforward criterion that can be easily judged by 

comparing the size and shape of the adjacent cells with 
intact cytoplasm for the degree of variability. Cellular 
pleomorphism was found to be a useful parameter in the 
previous studies.[29,34‑36]

The nuclear margin was used as a cytology feature in 
Robinson’s, Khan, and Fishers grading systems. Normal 
cells have smooth and rounded nuclei while malignant 
cells show irregularities of nuclear margins, the degree 
of which depends on the type and the stage of tumor 
differentiation. Irregular nuclear margins have been 
selected as a malignancy‑associated phenotype.[24] Nuclear 
margins investigated in the study by Khan et al.,[24] assessed 
either independently or in combination with other 
parameters, showed significant correlation with the tumor 
grade and also showed significant concordance with the 
histology grades.[16] Similar observations were made in 
our study.

All the grading systems used presence of nucleoli as a 
cytology feature in grading of breast carcinoma. The 
presence of multiple nucleoli was essential for histology 
grading of breast carcinoma.[36] van Diest et  al. showed 
that the a total number of nucleoli was the best single 
prognostic variable exceeding the value of other nuclear 
criteria.[37] The presence of nucleoli in histology sections 
has also been shown to be of prognostic significance.[38] The 
presence of nucleoli has been found useful in cytological 
grading both independently and in combination with the 
other cytological parameters.[16] However, in another study 
by Thomas et  al.[34] found no significant concordance of 
nucleoli with histological grading. In our study, twenty out 
of fifty cases showed correlation of features of nucleoli on 
cytological score with histological grade.

In the study, conducted by Robinson’s cytological grading 
system, nuclear chromatin was important in deciding the 
cytological grade.[16] In our study, 45 cases showed granular 
chromatin and correlated well with histology grade.

Taniguchi et  al.[12] used the density of chromatin as a 
cytological feature in grading breast carcinoma. The 
37  (74%) cases showed moderate hyperchromatism, 
13  (26%) cases showed marked hyperchromatism. The 
22 cases showed a correlation of cytological score of density 
of chromatin with histological grade.

Naked tumor nuclei size was used as a cytology feature for 
grading of breast carcinoma by Khan et al.[24] In our study, 
22 cases showed correlation with histological grade which 
was significant.

In the study conducted by Khan et  al.,[24] no significant 
correlation was found between the cytological parameter 
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of lymphocytic response and corresponding histological 
grade. Similar observations were made in our study.

Necrosis was used as a cytology feature to grade 
breast carcinoma by the grading systems proposed by 
Taniguchi, Khan, and Mouriquand’s. Necrosis in aspirate 
may be seen in association with in  situ or invasive 
carcinoma. The presence of necrosis, therefore, does 
have a significant practical implication, when interpreted 
within the proper context.[24] In our study, only 12 cases 
showed necrosis.

Mitotic activity is an integral part of histology grading 
systems, and its significance has been documented in the 
previous studies.[39,40] Significant correlation was found in 
the study conducted by Khan et al.[24] between cytological 
scores for mitoses and histology grade. The previous 
studies showed no significant correlations between 
number of mitoses found on FNAC and in histological 
sections. This discrepancy can be explained in terms of 
sampling problem. Similar observations were made in 
our study.

Cytology grading used by Robinson had the highest 
concordance rate and the kappa value of agreement 
(κ = 0.28; fair agreement) followed by Fisher’s nuclear 
grading (κ = 0.23, fair agreement). Khan’s grading system 
showed slight agreement (κ = 0.01). Mouriquand’s grading 
system (κ = −0.18) and Taniguchi’s grading system (κ = −0.03) 
showed less than chance agreement.

In the study conducted by Saha et  al.,[41] substantial 
agreement (κ = 0.61–0.80) was observed in histology grading 
and all cytology grading, except in Taniguchi’s grading 
where the kappa value was in the moderate agreement 
range  (0.41–0.60). The variations of kappa value indicate 
subjectivity in the assessment of cytology parameters. 
Robinson’s system revealed the best kappa value of 
agreement (κ = 0.62).

CONCLUSION

Cytology grading mentioned in a cytology report adds 
to objectivity, reproducibility, and authenticity of the 
particular report. Cytology grading system in various breast 
aspirates enables the surgeon to plan definitive treatment 
for the patient and also avoids unnecessary patient anxiety 
and unwanted surgery. The cytological features such as 
nuclear chromatin, nuclear pleomorphism, cell size, nuclear 
margins, and naked tumor nuclei had an influential role 
in predicting the final cytological grade. The cytological 
features correlating with the final histological grade in 
decreasing order were nuclear chromatin, N/C ratio, 
nuclear pleomorphism, cell size, nuclear margins, naked 

tumor nuclei, density of chromatin, nucleoli, cellularity, 
cell cohesion, lymphocyte response, mitoses, and necrosis. 
Among the six cytological grading systems, Robinson’s 
system is simple to interpret, more objective, takes less 
time and effort, is reproducible and correlates precisely 
with histological grade as evident from our study. This 
is because of the multifactorial nature of the system. We 
conclude that it should be used for routine evaluation of 
aspirates of breast carcinoma.
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