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HER2 overexpression: 8 (4.7%), and triple negative: 15 (8.9%). 
The luminal phenotype showed mild/moderate cellularity 
(40.4%) (OR = 7.12, 95% CI: 1.61–31.52), inconspicuous, pres-
ent nucleoli (55.5%) (OR = 8.31, 95% CI: 2.36–29.19), and 
mild/moderate nuclear atypia (44.5%) (OR = 8.42, 95% CI: 
1.90–37.25).  Conclusion:  The criteria that might indicate the 
luminal phenotype of breast carcinoma in FNAC were mild/
moderate cellularity, inconspicuous, present, and nonprom-
inent nucleoli, and mild/moderate nuclear atypia. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Breast carcinoma is widely known as a heterogeneous 
disease requiring separation of clinically relevant groups 
for treatment, surveillance, prevention of disease progres-
sion, and research  [1, 2] . Genetic studies have confirmed 
a previous morphological impression of heterogeneity 
and continue to improve the understanding of the biology 
of breast carcinoma. Besides big data provided by multi-
center molecular studies and international epidemiologi-
cal reports, efforts to translate this high-cost knowledge 

 Key Words 

 Breast carcinoma · Cytological criteria · Cytopathology, 
breast · Fine needle aspiration cytology · Luminal 
phenotype · Molecular classification 

 Abstract 

  Background:  Specific cytological criteria for the luminal 
phenotype of breast carcinoma, despite it being the most 
common and having a better prognosis as well as targeted 
therapies under study, remain to be established. Using fine-
needle aspiration cytology (FNAC), we aimed to identify the 
luminal phenotype through the evaluation of cytological cri-
teria recognized in routine practice.  Methods:  We correlated 
169 FNACs of breast carcinomas with their tissue specimens, 
classified into phenotypes by immunohistochemistry (ap-
plying tissue microarray technology) as luminal A, luminal B, 
HER2 overexpression, and triple negative. All FNAC samples 
were blindly reviewed according to cellularity, cell cohesion, 
necrosis, nucleoli, and nuclear atypia. Fisher’s exact test was 
used to test associations between the cytological criteria 
and phenotypes.  Results:  The following phenotypes were 
obtained – luminal A: 107 (63.3%), luminal B: 39 (23.1%), 
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into clinical practice still face some challenges, especially 
concerning early diagnosis  [3–6] . From a pathologist’s 
perspective, morphological and immunohistochemical 
correlates – as provided by surrogate classification of mo-
lecular phenotypes – can be useful tools in the attempt to 
reach this goal  [7–10] .

  Since its description by Martin and Ellis in 1930  [11] , 
fine-needle aspiration cytology (FNAC) has been a wide-
ly used and accepted method for obtaining samples for 
cytological diagnosis in various organs and is a primary 
procedure for the assessment of breast lumps. FNAC is a 
fast, low-cost technique, with great diagnostic accuracy 
and with minimum risks to patients  [12–15] . Well-fixed 
smears along with the cell blocks obtained are optimal 
adjuncts to perform ancillary techniques, such as immu-
nocytochemistry and molecular tests  [16–19] . Moreover, 
FNAC has a great intrinsic potential (concerning cyto-
morphology) to supply additional information to the di-
agnosis of breast carcinoma for each case  [17–19] , which 
has been used in attempt to predict molecular phenotypes 
of breast carcinomas  [20] .

  Gene expression profiling techniques are not the cur-
rent standard in clinical practice, but, for nearly a decade, 
hormone receptor (HR) testing and determination of the 
human epidermal factor  neu  receptor (HER2) status has 
been a routine part of treatment planning  [6, 21, 22] . In 
the meantime, the number of commercially offered mul-
tigene prognostic/prediction assays employed in clinical 
decision making has increased  [2, 9] . There are two HR+ 
breast carcinomas (luminal A and B) and two HR– carci-
nomas (HER2+ and basal like). The molecular subtypes 
can be approximated by HR/HER2 status and Ki-67
index; i.e. luminal A (HR+/HER2–/low Ki-67 index),
luminal B (HR+/HER2±/high Ki-67 index), HER2 over-
expression (HR–/HER2+), and triple negative (HR–/
HER2–)  [1, 5, 7–10] . The basal phenotype is character-
ized by immunoreactivity for basal or myoepithelial cell 
markers by applying, in general, a combination of high-
molecular-weight cytokeratins (CK5/CK6, CK14, and 
CK17) and epidermal growth factor receptors  [23, 24] .

  Cytomorphologically, the basal phenotype has been 
investigated and described due to its relation to heredi-
tary breast carcinoma  [20] . However, the luminal pheno-
type, despite being the most common and having better 
prognosis as well as targeted therapies under study, has 
not yet been characterized using specific cytological cri-
teria. Using FNAC, we aimed to identify the luminal phe-
notype of breast carcinoma through the evaluation of cy-
tological criteria recognized in routine practice, once it is 
relevant for guiding treatment and predicting survival.

  Materials and Methods 

 Samples 
 This study was based on a review of preoperative FNAC samples 

obtained before the histological diagnosis of ductal or lobular inva-
sive breast carcinoma of biopsy and mastectomy specimens from 
237 patients treated at the Oncology Hospital Amaral Carvalho 
(Jaú, Brazil) from 2000 to 2009. FNAC samples were previously 
stained with Giemsa (direct air-drying fixation), hematoxylin and 
eosin (HE), and Papanicolaou (PAP) stains (immediate fixation in 
95% alcohol). The initial result of cytological analysis in the labora-
tory of origin, based on the NIH Consensus Development Confer-
ence, was named the initial cytology result. FNAC samples were 
analyzed using a multiheaded microscope (Olympus ®  BX50). All 
slides were analyzed by two senior pathologists (F.A.M.N. and 
R.M.D.) blinded to the histological data on each case. The complete 
evaluation of cytological criteria and correlation with histological 
data was performed on 169 cases. Lack of cytological material, ab-
sence of histological data, incomplete staining, and broken slides 
were criteria for exclusion. Histological classification was per-
formed according to the WHO Classification of Breast Tumors 
 [25] . The Research Ethics Committee of the Medical School of the 
São Paulo State University (UNESP) approved the study.

  Immunohistochemical Assay  
 Cases were grouped using a conventional tissue microarray 

(TMA) technique in order to enable maximal standardization of 
parameters. Considering the use of aged paraffin-embedded tissue, 
for those at least 5 years old, new sections from the TMA blocks 
were obtained immediately before the immunohistochemical 
study, as recommended in the literature  [27, 28] . TMA slides were 
tested for estrogen receptor (ER), progesterone receptor (PR), 
HER2, Ki-67, and E-cadherin using the streptavidin-biotin-perox-
idase technique. Positive and negative controls were included in 
each reaction in order to guarantee the reliability of the assays. An-
tigen retrieval, clone antibodies, dilutions, and suppliers are listed 
in  table 1 . Assessments of the molecular phenotype were carried out 
according to HR expression (HR±), HER2 expression, and prolif-
erative status defined by Ki-67 index (with the cutoff of 20% ac-
cepted by the 13th St Gallen Consensus Conference )   [26]  into four 
categories: luminal A (HR+/HER2–/low Ki-67 index), luminal B 
(HR+/HER2±/high Ki-67 index), HER2 overexpression (HR–/
HER2+), and triple negative (HR–/HER2–). Complete phenotype 
evaluation was obtained for the included cases. Techniques and 
analyses were based on updated protocols of the American Society 
of Clinical Oncology/College of American Pathologists  [29, 30] .

 Table 1.  Sources and dilutions of primary antibodies used in the 
immunohistochemical study

Antibody Clone Dilution Manufacturer Retrieval

E-cadherin NCH-38 1:100 Dako Citrate pH6
ER SP1 1:100 Spring Citrate pH6
PR SP42 1:200 Spring Citrate pH6
HER2 SP3 1:200 Spring Citrate pH6
Ki-67 MIB-1 1:200 Dako EDTA
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  Cytological Criteria 
 All cases were analyzed to assess the presence of five individual 

cytological criteria: cellularity (analyzed at lower magnification as 
mild, moderate, or abundant); cellular cohesion (the presence of 
poorly cohesive cells, showing cellular dissociation, was classified 
as mild cohesion, while the predominance of cell clusters with 
marked cellular cohesion was classified as moderate and intense 
cohesion); necrosis (absent or present, i.e. the presence of numer-
ous neutrophils/tumoral diathesis); nucleoli (classified into incon-
spicuous, present, and prominent), and nuclear atypia (analyzed 
considering the nuclear:cytoplasmic ratio, i.e. the dimension of 
nuclei compared with the diameter of red blood cells and features 
of the nuclear membrane among neoplastic cells, into the catego-
ries mild, moderate, and intense).

  Statistical Analysis 
 SAS for Windows (version 9.2) was used. Data are presented as 

absolute (n) and relative values (%) to assess the association of cy-

tological criteria with histological type and molecular phenotype. 
The χ 2  test or Fisher’s exact test with 95% CI was used. Values of
p < 0.05 were considered statistically significant.

  Results 

 From the total of 297 cases selected for this study, 169 
cases were included. After complete immunohisto-
chemical evaluation of the TMA slides, applying the sur-
rogate classification of molecular phenotypes accepted 
by the 13th St Gallen Consensus Conference  [26]  ,  the 
following phenotypes were identified: 107 luminal A 
(63.3%), 39 luminal B (23.1%), 8 HER2 overexpression 
(4.7%), and 15 triple negative (8.9%) ( table 2 ); 146 cases 

 Table 2.  Frequencies of the five cytological criteria in 169 FNAC cases classified by molecular phenotype 

Variable Category  Molecular phenotype

luminal A luminal B HER2
overexpression

triple
negative

Cellularity Mild
Moderate
Abundant

13 (12.2%)
29 (27.1%)
65 (60.7%)

3 (7.7%)
14 (35.9%)
22 (56.4%)

0 (0.0%)
1 (12.5%)
7 (87.5%)

0 (0.0%)
1 (6.7%)

14 (93.3%)

Cellular cohesion Mild
Moderate
Intense

49 (45.8%)
48 (44.9%)
10 (9.3%)

24 (61.5%)
9 (23.1%)
6 (15.4%)

6 (75.0%)
2 (25.0%)
0 (0.0%)

10 (66.7%)
4 (26.6%)
1 (6.7%)

Necrosis Present
Absent

64 (59.8%)
43 (40.2%)

28 (71.8%)
11 (28.2%)

8 (100.0%)
0 (0.0%)

15 (100.0%)
0 (0.0%)

Nucleoli Inconspicuous
Present
Present and prominent

21 (19.6%)
46 (43.0%)
40 (37.4%)

6 (15.4%)
8 (20.5%)

25 (64.1%)

0 (0.0%)
1 (12.5%)
7 (87.5%)

0 (0.0%)
2 (13.3%)

13 (86.7%)

Nuclear atypia Mild
Moderate
Intense

24 (22.4%)
28 (26.2%)
55 (51.4%)

4 (10.3%)
9 (23.1%)

26 (66.6%)

0 (0.0%)
1 (12.5%)
7 (87.5%)

0 (0.0%)
1 (6.7%)

14 (93.3%)

 Table 3.  Frequencies of markers in TMA performed in 169 cases of invasive breast carcinoma

Molecular 
phenotype

ER PR HER2 Ki-67*  E-cadherin

negative positive negative positive negative positive low high nega tive positive

Luminal A 0 (0%) 107 (63.3%) 24 (14.2%) 83 (49.1%) 107 (63.3%) 0 (0%) 107 (63.3%) 0 (0%) 58 (34.3%) 49 (29.0%)
Luminal B 0 (0%) 39 (23.1%) 17 (10.1%) 22 (13.0%) 26 (15.4%) 13 (7.7%) 3 (1.8%) 36 (21.3%) 14 (8.3%) 25 (14.8%)
HER2 overexpression 8 (4.7%) 0 (0%) 8 (4.7%) 0 (0%) 0 (0%) 8 (4.7%) 3 (1.8%) 5 (3.0%) 0 (0%) 8 (4.7%)
Triple negative 15 (8.9%) 0 (0%) 15 (8.9%) 0 (0%) 15 (8.9%) 0 (0%) 6 (3.5%) 9 (5.3%) 0 (0%) 15 (8.9%)

Total 23 (13.6%) 146 (86.4%) 64 (37.9%) 105 (62.1%) 148 (87.6%) 21 (12.4%) 119 (70.4%) 50 (29.6%) 72 (42.6%) 97 (57.4%)*  The Ki-67 cutoff was 20% (accepted by the 13th St Gallen Consensus Conference).
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were ER+ (86.4%) and classified into the luminal phe-
notype ( table 3 ). 

  Analysis of frequencies and associations of individual 
cytological criteria present in FNACs showed that the di-
agnosis of the luminal phenotype of breast carcinoma was 
indicated by mild/moderate cellularity (40.4%) (OR = 
7.12, 95% CI: 1.61–31.52), inconspicuous, present nucle-
oli (55.5%) (OR = 8.31, 95% CI: 2.36–29.19), and mild/
moderate nuclear atypia (44.5%) (OR = 8.42, 95% CI: 
1.90–37.25).

  Inconspicuous, present nucleoli (62.6%) (OR = 4.43, 
95% CI: 2.24–8.77), moderate or intense cell cohesion 
(54.2%) (OR = 0.46, 95% CI: 0.24–0.88), and absence of 
necrosis (40.2%) (OR = 0.32, 95% CI: 0.15–0.68) were

associated mainly with luminal A ( fig. 1 ). The criterion 
‘nucleoli’ also allowed to distinguish luminal A from B 
(OR = 2.99, 95% CI: 1.39–6.41) and showed bordering 
significance to differentiate luminal B from nonluminal 
phenotypes (OR = 3.73, 95% CI: 0.94–14.82) ( table 4 ).

  Discussion 

 Cytological specimens have gained relevance in the era 
of personalized medicine with the realization of numer-
ous molecular tests – such as DNA extraction techniques, 
next-generation sequencing, proteomic studies, poly-
merase chain reaction, and in situ hybridization – made 

a b

c d

  Fig. 1.  Cell cohesion ( a ; HE) and absence of necrosis ( b ; Giemsa) were mainly associated with the luminal A phe-
notype in breast FNAC. Presence of necrosis ( c ; Giemsa), prominent nucleoli, and marked nuclear atypia ( d ; 
PAP) were associated with other phenotypes. ×400. 
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possible, mainly, by the proper fixation and purity of 
samples  [16, 29, 30] . The cell block is a part of the FNA 
procedure and enables performing immunocytochemis-
try and molecular tests for further characterization of 
breast carcinoma, even posteriorly, as it keeps some prop-
erties for future ancillary tests, what can be used espe-
cially for research purposes  [27, 28] . Thus, the intrinsic 
potential of each sample obtained by the FNA procedure 
is mainly related with the experience of the cytopatholo-
gist to bring together a set of diagnostic, predictive, and 
prognostic data, using systematic analysis, which in-
cludes, at first, cytomorphology  [16, 31] .

  Studies in the literature about cytological criteria as-
sociated with molecular phenotypes of breast carcinoma 
in FNAC are limited to the basal phenotype, whose most 
relevant criterion described was ‘necrosis’  [20] . To date, 
no study has been identified that aimed to evaluate which 

cytological criteria could predict the luminal phenotype 
of breast carcinoma.

  The investigation of five routinely applied cytological 
criteria in breast FNAC demonstrated that the luminal 
phenotype has a tendency to present less cellular samples 
than nonluminal phenotypes, which was equally well 
evaluated, at low power, for all stains analyzed (Giemsa, 
PAP, and HE). The presence of cellular aggregates was 
also observed, and, statistically, mainly for the luminal A 
phenotype, cellular cohesion was increased compared to 
other phenotypes.

  Decreased cellular cohesion is a significant character-
istic associated with an increased risk of malignancy. 
Wakasa et al.  [35]  described a cytological subclassifica-
tion for breast cytology that showed loss of cellular co-
hesion; for invasive lobular carcinoma, medullary carci-
noma, neuroendocrine carcinoma, and solid papillary 

Cytological criteria p value OR (95%CI)

Cellularity (mild/moderate vs. abundant)
Luminal × non-luminal
Luminal A × non-luminal
Luminal B × non-luminal
Luminal A × luminal B
Luminal A × other (including luminal B)

0.010
0.012
0.009
0.637
0.263

7.12 (1.61 – 31.52)
6.78 (1.51 – 30.45)
8.11 (1.61 – 39.49)
0.84 (0.40 – 1.76)
1.46 (0.75 – 2.84)

Cell cohesion (mild vs. moderate/intense)
Luminal × non-luminal
Luminal A × non-luminal
Luminal B × non-luminal
Luminal A × luminal B
Luminal A × other (including luminal B)

0.087
0.043
0.524
0.095
0.002

0.44 (0.17 – 1.13)
0.37 (0.14 – 0.97)
0.70 (0.23 – 2.10)
0.53 (0.25 – 1.12)
0.46 (0.24 – 0.88)

Necrosis (present vs. absent)
Luminal × non-luminal
Luminal A × non-luminal
Luminal B × non-luminal
Luminal A × luminal B
Luminal A × other (including luminal B)

0.935
0.934
0.955
0.187
0.003

0.00 (0.00 – 999.99)
0.00 (0.00 – 999.99)
0.00 (0.00 – 999.99)
0.56 (0.26 – 1.30)
0.32 (0.15 – 0.68)

Nucleoli (inconspicuous/present vs. prominent)
Luminal × non-luminal
Luminal A × non-luminal
Luminal B × non-luminal
Luminal A × luminal B
Luminal A × other (including luminal B)

0.001
0.000
0.061
0.005
0.000

8.31 (2.36 – 29.19)
11.12 (3.12 – 39.94)

3.73 (0.94 – 14.82)
2.99 (1.39 – 6.41)
4.43 (2.24 – 8.77)

Nuclear atypia (mild/moderate vs. intense)
Luminal × non-luminal
Luminal A × non-luminal
Luminal B × non-luminal
Luminal A × luminal B
Luminal A × other (including luminal B)

0.005
0.003
0.042
0.103
0.002

8.42 (1.90 – 37.25)
9.93 (2.22 – 44.44)
5.25 (1.06 – 25.88)
1.89 (0.88 – 4.07)
2.96 (1.48 – 5.93)

 Table 4.  Association of the five cytological 
criteria with the molecular phenotypes of 
breast carcinoma in 169 FNAs of invasive 
breast carcinoma
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carcinoma, this criterion was present in most cases.
However, cellular cohesion was not studied for the lumi-
nal phenotype of breast carcinoma yet.

  Regarding the criterion ‘absence of necrosis’, a signifi-
cant result to distinguish samples of the luminal A phe-
notype from other phenotypes was also observed. Ac-
cording to the literature, this phenotype presents mostly 
a lower nuclear grade, so the presence of extensive necro-
sis is not expected  [8, 23] . For instance, the luminal B 
phenotype is related to the presence of a higher nuclear 
grade  [33, 34] , which could require a greater evaluation 
of nuclear details. 

  The presence of prominent nucleoli was statistically 
remarkable for either luminal B and nonluminal pheno-
types compared with the luminal A phenotype. We are 
aware, however, about the limitations to establish subjec-
tive parameters of size for evaluating nucleoli. In this 
sense, cytomorphometry in computerized images of 
breast FN aspirates was described as a highly objective 
tool  [36] . Studies using this application technique for 
identifying specific phenotypes of breast carcinoma are 
undoubtedly expected.

  There is discussion in the literature about preferred 
staining methods for breast cytology  [37, 38] . Giemsa is 
referred to be associated with fewer technical problems, 
superior accuracy, sensitivity, and specificity than HE 
and PAP staining, which, in turn, is especially useful for 
evaluating nuclear features along with cytoplasmic dif-
ferentiation  [37, 38] . Comparison of these staining meth-
ods was already studied for the evaluation of nodal me-
tastases in breast cancer using intraoperative imprint cy-
tology  [37] , but it remains an encouraging issue for future 
studies in the cytomorphology for phenotype prediction 
purposes. 

  The differentiation of the luminal phenotype of breast 
carcinoma, especially the luminal A phenotype, is of clin-

ical value, since this phenotype presents a better progno-
sis and is related to lower mortality and a lower rate of 
metastasis, but it may be associated with lobular carci-
noma according to recent studies  [39, 40] .

  Conclusion 

 The individual cytological criteria that might indicate 
the luminal phenotype of breast carcinoma in FNAC 
were mild-to-moderate cellularity, inconspicuous, pres-
ent, and nonprominent nucleoli, and mild-to-moderate 
nuclear atypia. Inconspicuous and nonprominent nucle-
oli, moderate-to-intense cell cohesion, and absence of ne-
crosis were mainly associated with the luminal A pheno-
type.

  Further research in a larger number of samples, as well 
as application of new molecular markers possibly related 
with the luminal phenotype are required to establish 
which cytological criteria could be predictive and prog-
nostic in breast FNAC. Challenges are considerable, as 
the luminal phenotype is the most heterogeneous in terms 
of genetic pathways of growth.
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