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Abstract

Introduction: Present study aimed to determine the frequency of invasive breast cancer (IBC)
immunophenotypes in the General County Hospital Vinkovci, examine a difference between the ages
of patients with respect to immunophenotypes and axillary lymph node (ALN) status, and determine
differences in the frequency of positive ALNs with respect to immunophenotypes and the
proliferation index (Ki67), regardless of the immunophenotype.

Materials and Methods: A monocentre cross-sectional study which included 289 patients diagnosed
with invasive breast cancer was conducted in the period from 1 January 2011 to 31 December 2018.
The expression of IBC biomarkers was determined by immunohistochemistry.

Results: The most common immunophenotype (4154 %) was luminal B-like HER2-negative
(LumB/HER2-). The mean age was 6524 (+ 12.04), with no age difference with respect to
immunophenotypes (F = 0.64, P = 0.43) or ALN status (t = 1.59; P = 0.11). A total of 167 patients (58 %)
had their ALNs removed, 66 % of which were positive. LumB/HER2- appeared to have significantly
more positive ALNs compared to the luminal A-like immunophenotype (P < 0.01), while a difference
in the size of primary tumours between metastatic breast cancers of these two immunophenotypes
has not been detected (P = 0.17). ALNs were more likely to be positive in those tumours with Ki67
values higher than 20 % compared to the tumours in which Ki67 was lower than or equal to 20 % (P <
0.01).

Conclusions: LumB/HER2- is the most prevalent IBC immunophenotype in patients in our institution
and has significantly more positive ALNs compared to the luminal A-like immunophenotype. Also,
metastases to ALNSs, regardless of the immunophenotype, are more common in patients with Ki6z
higher than 20 % than in those with Ki67 lower than or equal to 20 %..
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Introduction

Breast cancer is the most common malignancy
in women in the European Union (1). Breast
cancers are divided into non-invasive (in situ),
microinvasive and invasive carcinomas with
recognisable subtypes. Non-invasive
carcinomas, unlike invasive carcinomas, do not
have the ability to invade blood and lymphatic
vessels and their tumour cells are limited to
ducts. Non-invasive carcinomas include ductal
carcinoma in situ (DCIS), intraductal papillary
carcinoma, and lobular carcinoma in situ (LCIS)
(2). Histologically, invasive carcinomas can be
divided into ductal (80%) and lobular (10%), while
the rest are special forms of breast cancer
(Paget's disease of the nipple, colloid mucinous
carcinoma, tubular carcinoma, and solid
papillary carcinoma with invasion) (3). According
to literature, different types of breast cancers
originate from the luminal and basal cells of the
terminal duct lobular unit epithelium and they
form a heterogeneous group of cancers that
cannot be distinguished by histology (4, 8).

When it comes to breast cancer treatment,
monitoring and survival rates, molecular
subtypes determined by microarrays with more
than 2.000 genes take precedence over the
standard histological phenotype. This method is
not easily attainable and it is quite costly, so it is
generally accepted to use the
immunophenotypic classification instead, as
determined by the immunohistochemical
expression of oestrogen receptors (ER),
progesterone receptors (PR), proliferation index
(Ki67) and amplification of the human epidermal
growth factor receptor 2 (HER2) (2, 5). According
to the new guidelines (Croatian Association for
Cancer Research, 2018), ER and PR are
considered weak prognostic and strong
predictive factors because hormone receptor-
positive cancers have a better survival rate,
since they predictively indicate a potential
response to hormonal therapy (5-6). ER indicates
a response to cancer treatment via hormonal
therapy such as tamoxifen, which blocks the
growth of oestrogen-stimulated cancers, and a
response to aromatase inhibitors that suppress
oestrogen production (5). The next
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immunophenotypic marker, HER2, is associated
with a lower survival rate and is also a predictive
factor. One of the main reasons for determining
the HER2 status is the identification of
candidates for targeted anti-HER2 therapy
(trastuzumab, lapatinib, pertuzumab, and
trastuzumab emtansine) related to HER2-
positive breast cancers. The most controversial
marker used is Ki67, as it is determined in hot-
spot areas, and the result often depends on the
quality of tissue fixation, formulation, and the
type of antibody used (5). As a rule, a more
distinct expression is associated with a lower
survival rate, both in general and after the
administration of neoadjuvant therapy (2, 5, 7, 8).
In addition to being connected with
immunophenotypes, the survival rate and
treatment also depend on the penetration of
malignant cells into blood and lymphatic
vessels, tumour necrosis, age of the patient
(younger age is a negative prognostic factor),
size of the tumour, status of surgical margins and
lymph nodes (2, 5).

Studies from different countries show a different
prevalence of respective immunophenotypes of
breast cancer, which points not only to a number
of factors that may play a role in carcinogenesis,
but also to possible differences due to non-
standardised protocols in pathohistological
laboratories. In addition, the diagnosis of the
correct immunophenotype is the cornerstone of
proper treatment. Therefore, it is necessary to
evaluate one's own work, among other things,
comparing it with other laboratories in Croatia
and other countries in order to detect possible
problems in time and improve or at least
maintain quality at an acceptable level
Therefore, the objective of this research was to
determine the overallincidence of breast cancer
and individual immunophenotypes in General
County Hospital Vinkovci (CBC), to examine
whether there is a difference between the age of
women diagnosed with cancer related to
immunophenotypes and lymph node status, and
to determine the differences in the frequency of
positive axillary lymph nodes with respect to
immunophenotypes and especially with regard
to high Ki67 values, regardless of the
immunophenotype.
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Materials and Methods

Study Structure and Materials

The paper is based on a monocentre cross-
sectional study on historical data (9). The
findings of patients diagnosed with breast
cancer in the period from 1 January 2011 to 31
December 2018 were collected from the
archives of the Department of Pathology and
Cytology of the General County Hospital
Vinkovci. From a total of 296 patients diagnosed
with breast cancer, three were men, who were
excluded from further processing. Also, because
of the criteria of invasiveness, four female
patients diagnosed with carcinoma in situ were
excluded. Therefore, the final sample consisted
of medical findings of 289 female patients with
said diagnosis. The research was approved by
the Ethics Committee of the General County
Hospital Vinkovci.

Methods

Data of interest in the findings expressed ER, PR,
HER2, and KI67 and were obtained using
routinely  prepared histological samples,
formalin fixed paraffin embedded - FFPE, and
finally immunohistochemically stained. The
preparations were stained with Dako EnVision
FLEX kit by treating the sample with Peroxidase
Blocking Reagent (for 5 minutes), rinsed with
EnVision FLEX wash buffer and treated with the
primary antibody called FLEX Monoclonal
Rabbit Anti-Human Estrogen receptor «, Clone
EP1 (Dako), or other antibodies like Mouse Anti-
Human Progesterone Receptor, Clone PgR 636
(Dako), FLEX Monoclonal Rabbit Anti-Human
Kie7 Antigen, Clone MIB-1 (Dako) and
Monoclonal Rabbit Anti-Human Her 2 Protein
(Dako) (for 20 min), rinsed with EnVision FLEX
wash buffer and stained with EnVision FLEX
Hematoxylin. Finally, the preparations were
covered with Sakura Tissue-Tek film in an
automatic glass coating device Sakura Tissue-
Tek Film (10). Analysis and interpretation of the
immunohistochemical staining findings were
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carried out according to the WHO guidelines (8).
The ER and PR findings are considered positive
if 1 % or more tumour cells show
immunohistochemical nuclear positivity, and
negative in case of absence of nuclear positivity
or strong nuclear positivity in less than 1 % of
total tumour tissue. If tumour cells show
absence of membrane positivity or very weak
membrane positivity to the HER2 antibody, the
HER2 status is indicated with 0 or 1+ and the
finding is considered negative. In contrast, if
more than 10 % of tumour cells have membrane
positivity, the finding is considered positive and
marked with 3+ When tumour cells show
incomplete membrane positivity in 10 % of
tumour tissue or if the positivity is at the
borderline of 10 % of the total tumour tissue, the
HER2 status is denoted by 2+ In this case,
additional in situ hybridisation (FISH/CISH) is
required to determine the existence of
amplification of the HER2 gene and categorise
the tumour as HER2-positive or HER2-negative
(8).

According to immunohistochemically
determined expression, we distinguish the
following five immunophenotypes: luminal A-
like, luminal B-like HER2-negative, luminal B-like
HER2-positive, HER2-positive and  triple-
negative breast cancer (Table 1). Luminal A-Llike
immunophenotype has the best survival rate,
while a triple-negative immunophenotype has
the worst survival rate (2). Luminal B-like HER2-
negative breast cancer immunophenotype
should exhibit higher Ki67 values than luminal A-
like. Both immunophenotypes are HER2-
negative and ER-positive, but the luminal B-like
HER2-negative immunophenotype has a lower
survival rate, so the separation of these two
breast cancer immunophenotypes is essential
for therapy prescription. According to the
recommendations of the St. Gallen Oncology
Conferences from 2013 and the 2017 Croatian
Guidelines for Quality Assurance in Breast
Cancer Screening and Diagnosis, the cut-off
value for this factor is 20 % (11-12). The cut-off
value is important in clinical practice because it
indicates which patients should receive a more
intensive therapy (13).
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Table 1. Immunophenotypes of breast cancer

Immunophenotype ER PR Her2 Ki67
Luminal A-like * + - <20 %
Luminal B-like HER2- + = = >20 %"
negative” or low"

Luminal B-like HER2- + +/- + +/-
positive

HER2-positive - - + +/-
Triple-negative - - - +/-

*At least one of the following criteria is required

After thorough processing, the pathohistological
findings indicate tumour size, malignancy, Ki67,
hormone receptor status, HER2 status, tumour-
to-resection-margin ratio, number of examined
and positive axillary lymph nodes, and tumour-
to-blood and lymphatic vessel ratio. Finally, after
processing these data according to the TNM
staging system, the stage of breast cancer is
determined indicating the probability of being
cured (14).

Statistical methods

The variables were collected in MS Excel and
processed in the program R (15). The sample was
described using descriptive statistical methods.
The Shapiro-Wilk W-test (or, in case of a large
number of samples, the Kolmogorov-Smirnov
test) was used to examine the distribution of
numerical variables. A comparison of categorical
variables was carried out using the Pearson's
chi-squared test and the Fisher's exact test.
ANOVA was used when comparing several
groups of numerical variables, given the
distribution of data was normal, and an adequate
post-hoc test was used in cases of statistically
significant results. The parametric Student's t-
test was used to compare two groups of
numerical variables with normal distribution. In
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this paper, the level of statistical significance for
all tests used for comparisons was defined at P
< 0.05.

Results

The research included 289 patients with breast
cancer. The highest number of patients (45) was
in 2018, and the lowest (26) in 2011 (x 2 = 5.09, P
= 0.65). A difference was observed in the
frequency  of  occurrence  of  certain
immunophenotypes throughout the research
period: the luminal B-like HER2-negative
immunophenotype was more common in 2013
than in other years (x 2 = 3.41, P = 0.03), while the
luminal B-like HER2-positive immunophenotype
was prevalentin 2017 (x 2 = 3.89, P < 0.01) (Figure
1). According to the pathohistological diagnosis,
the majority of patients (238) were diagnosed
with invasive ductal carcinomas. Invasive lobular
breast cancers were present in 30 patients and
invasive mucinous carcinomas in 10. The rest of
the patients had less common pathohistological
types of breast cancer (Table 2).
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Figure 1. Distribution of patients with breast cancer with regard to immunophenotypes by years

during the research period

Luminal B-like HER2-negative immunophenotype was more common in 2013 than in other years (* x 2=3.41, P =0.03),

while the luminal B-like HER2-positive immunophenotype was most common in 2017 (# x 2 = 3.89, P <0.01). When it
comes to other immunophenotypes, there was no difference in the frequency between the years within the research
period (Figure 1). Index: lumA = luminal A-like; lumB = luminal B-like HER2-negative; lumB/Her2 = luminal B-like HER2-

positive; Her2 = HER2-positive, tr_neg = triple-negative

Table 2. Pathohistological diagnosis of breast cancer (n (%))

Histological type of breast cancer Number (%) of patients
Infiltrating duct carcinoma NOS 238 (82.3)

Lobular carcinoma NOS 30 (10.4)

Mucinous adenocarcinoma 10 (3.5)

Solid papillary carcinoma with invasion 5(17)

Metaplastic carcinoma NOS 3(1.0)

Tubular carcinoma 2(0.7)

Apocrine adenocarcinoma 1(0.4)

Total 289 (100)
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The mean age of the patients was 65.24 (95 % ClI
63.84 - 66.63). The sample follows the normal
distribution (d = 0.05; P = 0.4). Regarding the

immunophenotype of breast cancer, there was
no difference in the age of the diseased patients
(F = 0.64, P =043) (Figure 2)..
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Figure 2. Age of patients with breast cancer with respect to immunophenotypes

The Shapiro-Wilk test helped determine that the age of all patients with respect to the immunophenotypes was
distributed according to the normal distribution. There was no difference in the age of patients with regard to the breast
cancer immunophenotype (F=0.47, P =0.49). The red line indicates the mean age of all patients, which is 65.24 (Figure
2). Index: lumA = luminal A-like; lumB = luminal B-like HER2-negative; lumB/Her2 = luminal B-like HER2-positive; Her2 =

HER2-positive; tr_neg = triple-negative.

Axillary resections were performed in our
institution on a total of 167 (58 %) patients. Of
these 167 patients, 111 (66 %) had positive axillary
lymph nodes (proven metastases of cancer
tissue), and 56 (34 %) had negative results. The
difference between respective
immunophenotypes was determined with
regard to the presence of positive axillary lymph
nodes. The luminal B-like HER2-negative
immunophenotype has positive axillary lymph
nodes significantly more frequently than the
luminal A-Llike (P < 0.01) (Figure 3). However, no
difference in the primary tumour size (relative to
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pT) was observed between these
immunophenotypes with positive axillary lymph
nodes (P = 0.17) (Table 3). Furthermore, no age
difference was observed between patients with
positive and those with negative axillary lymph
nodes (t = 1.59; P = 0.11). Patients with a Ki67 value
higher than 20 % were more likely to have
positive axillary lymph nodes than those with a
Ki67 value lower than or equal to 20 %,
regardless of the immunophenotype ( x 2 = 9.26,
P < 0.01) (Figure 4)..
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Figure 3. Incidence of positive axillary lymph nodes with respect to immunophenotypes of breast
cancer

A difference was observed between the immunophenotypes of breast cancer in the frequency of detected positive
axillary lymph nodes ( x 2 = 12.87, P < 0.05), and a post-hoc analysis found that the luminal B-like immunophenotype
has positive axillary lymph nodes much more frequently compared to the luminal A-like immunophenotype (P < 0.01)
(Figure 3). Index: lumA = luminal A-like; lumB = luminal B-like HER2-negative; lumB/Her2 = luminal B-like HER2-positive;
Her2 = HER2 positive; tr_neg = triple-negative; In+ = positive axillary lymph nodes; In- = negative axillary lymph nodes.
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Figure 4. Number of patients with positive and negative axillary lymph nodes depending on the level
of the proliferation index (Ki67)

Positive axillary lymph nodes are more common in breast cancer patients with Ki67 higher than 20 % (Ki67 > 20%)
compared to those with Ki67 lower than or equal to 20 % (Ki67 < 20 %), regardless of the immunophenotype in question
(x2=9.26, P <0.01) (Figure 4). Index: In+ = positive axillary lymph nodes; In- = negative axillary lymph nodes
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Table 3. Primary tumour size in luminal A-like and luminal B-like HER2-negative carcinomas that

have positive axillary lymph nodes.

Primary tumour size

Immunophenotype pT1 pT2 pT3
Lum A 10 7 1
Lum B/Her2- 17 26 10
Total 27 33 1

pT4 Total
2 20
2 55
4 75

There was no difference in the size of the primary tumour between the luminal A-like and luminal B-like Her2-negative
immunophenotypes of breast cancers with positive axillary lymph nodes (P = 0.17). Index: LumA = luminal A-like;

lumB/Her2 = luminal B-like HER2-negative

Discussion

This research has shown that the luminal B-like
HER2-negative immunophenotype is the most
common immunophenotype of breast cancer in
patients who have undergone surgery in our
facility. In addition, positive axillary lymph nodes
are more common in case of this
immunophenotype than the uminal A-like
immunophenotype, regardless of the size of the
primary tumour. By way of explanation, due to
the known correlation between tumour size and
metastases of breast cancer to axillary lymph
nodes (8), the observed difference in the
incidence of metastatic breast cancers
regarding these immunophenotypes was further
analysed with respect to primary tumour size
(pT). Although the difference in the size of the
primary tumour subject to examination has not
been confirmed, it should be emphasised that
the possibility that this could be determined by
research on a larger number of samples cannot
be ruled out. Also, this paper indicates that
metastases to axillary lymph nodes, regardless
of the immunophenotype, are more common in
patients with breast cancer with a Ki67 value
higher than 20 % than in those with a Ki67 value
lower than or equal to 20 %. The analysis of 289
patients with breast cancer found that the most
common histological type was invasive duct
carcinoma (82.3 %), followed by invasive lobular
carcinoma (10 %) and invasive mucinous
carcinoma (3.5 %). The same order of histological
subtypes can be found in studies conducted in
Germany (16), Saudi Arabia (17), Pakistan (18) and
Nigeria (19), while the invasive ductal type was
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slightly less common (59 %) in one Italian study,
and it was followed by invasive lobular type with
14 % (20). On the other hand, invasive ductal
carcinoma is the most common in China (94 %),
but it is followed by invasive mucinous
carcinoma, with invasive lobular carcinoma in
the last place (21).

The mean age of the patients included in this
research was 65.24 years, which is similar to the
results in clinical hospital centres, general
hospitals, clinics and polyclinics all across the
Republic of Croatia (22), as well as Serbia (65.59
+ 10.17) (23). A slightly lower mean age (55-57)
was detected in studies carried out in Germany
(16), Japan (24) and Brazil (25), while the lowest
mean age (43-48) was in Sweden (26), Nigeria
(19) and Pakistan (18) (Table 3). The significantly
lower age of breast cancer patients in Africa is
explained by Nigerian authors by the thesis that
breast cancer occurs up to 15 years earlier in
black people (19).

An almost equal representation of respective
immunophenotypes as found in our sample was
noted in another research conducted in Croatia
(22), and in a country bordering Croatia - Serbia
(27), but also in Sweden (26) (Table 4). The
luminal A-like immunophenotype is most
prevalent in certain European countries
(Germany and ltaly) (16, 20), Asia (China and
Japan) (21, 24), as well as in Saudi Arabia and the
United States (17, 28). It is interesting to single out
countries such as Pakistan (18), Vietnam (26), and
especially Nigeria (19), in which HER2-positive
and triple-negative immunophenotypes that are
more common in younger people, are more
aggressive and have a lower survival rate,
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prevail partially or predominantly (29). This is a
possible explanation as to why these three
countries also have slightly lower age statistics
when it comes to patients with breast cancer
(Table 4). In addition to the presence of said
immunophenotypes, the age of patients is
certainly affected by the implementation of
prevention programs, which is evident in the
example of Sweden, which, despite the
distribution of immunophenotypes similar to that
in our research, has a much lower median age. In
Sweden, the age threshold of women included
in the prevention program is 40, i.e. 10 years
younger than in the Republic of Croatia, where
the threshold is 50 (30, 12). The observed
geographical grouping of certain
immunophenotypes suggests that, in addition to
genetic, a certain significant role in the
carcinogenesis of breast cancer is also played
by environmental factors, which should certainly
be investigated in future research.

When it comes to the frequency of positive
axillary lymph nodes, results from our sample
made it clear that the luminal B-like
immunophenotype metastasises significantly
more frequently to axillary lymph nodes
compared to the luminal A-like
immunophenotype. A group of authors from
Serbia obtained similar results (27). Contrary to
our result, the authors of studies from lItaly (20)
and Brazil (25) did not come across significant
differences. However, it should be pointed out
that a general limitation of these comparisons
with other studies lies in the fact that few of them
have used a slightly different methodology in
the determining of breast cancer
immunophenotypes (indicated in Table 4). Minor
differences in the methodology of the first group
of studies is a consequence of a change in the
cut-off value of the proliferation index from 14%
to 20%, accepted after the conclusions of the St.
Gallen Oncology Conferences in 2013 (11). In our
opinion, although these important differences in
determining the proliferation index have a huge
impact on the type of treatment of each
individual patient with breast cancer, they have
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a minor effect on the total immunophenotype
ratio because a small minority of cases could be
reclassified into a different immunophenotype if
another classification system (the same as in our
study) was used. On the other hand, major
differences in the methodology presented in the
second group of studies are the result of a lack
of use of the proliferation index, which can be
seen from the absence of the luminal B-like
HER2-negative immunophenotype category
(Table 4). Therefore, the previously discussed
comparison of our results with the results from
these studies could be biased.

Regardless of the immunophenotype, in our
research, axillary lymph nodes were more
frequently positive in those patients with a Ki67
value higher than 20 %. A group of authors from
Serbia obtained a similar result, indicating the
connection between positive axillary lymph
nodes and elevated Ki67, but, in contrast to our
study, it had to do with tumours in which Ki67
was higher than 14 % (27). In a research
conducted in Turkey, it was found that patients
with higher stages of positive lymph nodes (pN2
and pN3) have a higher average level of Ki67
expression than those with lower stages and
negative lymph nodes (pNO and pN1) (31).
Contrary to these conclusions, a research in
Ethiopia found that there was no difference in
the level of the Ki67 proliferation index between
breast cancers that have positive and negative
axillary lymph nodes, regardless of whether all
cancers were divided into three groups
according to the Ki67 level (Ki67 < 15 %; 15 % <
Ki67 < 30 %; Ki67 > 30 %) or the average level of
the proliferation index (13). Since the level of the
Ki67 proliferation index amounting to 20 % is the
limit that groups certain breast cancers into
luminal A-like and luminal B-like
immunophenotypes, the result obtained
indirectly confirms that the luminal B-like
immunophenotype has a lower survival rate
than the luminal A-like immunophenotype,
which is consistent with the literature (12).
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Table 4. Frequency (%) of immunophenotypes in different countries of the world

Country Sample Age(in lmA wmB wmB/Her2 Her2 tr_.neg Reference
size years) (%) (%) (%) (%) (%)

Germany 4102 57 44.7 318 6.2 5.0 123 (16)#

Japan 363 56.7 30.6 26.2 19.0 11.3 12.9 (24)*

Brazil 269 55.4 2379 10 34.61 1450 1710 (25)#

Serbia 108 61 2502 47.22 19.44 1.85 5.55 7 #

ltaly 1487 - 34.09 2521 11.49 10.15 10.03 (20)#

China 3198 51 653 - 19.0 65 92 (21)8

Saudi 359 49.8 585 - 145 123 148 (17)8

Arabia

Nigeria 118 46.9 28.8 - 6.7 17.9 46.6 (19)8

Pakistan 285 43.3 21.05 - 48.77 18.4 11.22 (18)8

USA 50 571 - 727 - 10.3 4.6 122 (28)8

Vietham 237 47.7 106 335 230 19.3 136 (26)

Sweden 237 513 31.6 41.3 89 7.6 106 (26)

Croatia 1868 623 3132  45.67 11.67 4.50 6.80 (22)

Croatia 289 65.24 26.64 4154 15.22 6.22 10.38 This research

* The data on patients’ age are not expressed as mean or median.

# cut-off value of proliferation index is 14%
§ proliferation index was not used

[lumA = luminal A-like; lumB = luminal B-like HER2-negative; lumB/Her2 = luminal B-like HER2-positive; Her2 = HER2-

positive; tr_neg = triple negative

However, it is important to point out one of the
limitations of these comparisons. In clinical
pathology, the above-mentioned
immunohistochemical marker Ki67 is observed
by a microscope, using a semiquantitative
method, the interpretation of which is subject to
numerous factors, such as the experience of the
pathologist, quality of equipment, and quality of
sample processing. Therefore, that may be the
cause of interlaboratory discrepancies in the
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interpretation of samples, and therefore lead to
different results.

This paper has potentially useful clinical as well
as public health implications. Primarily, this study
describes the distribution and characteristics of
breast cancer, which may be useful in planning,
adjusting, and improving treatment options, but
also in assessing the risk of disease recurrence
and death depending on the immunophenotype
of breast cancer. In addition, a slight but
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continuous increase in the number of diagnosed
cancers during the research period, as well as
the data on the age of patients, can serve as
criteria in evaluating the preventive program for
early detection of breast cancer and in planning
further steps in its improvement.

References

1. Dafni U, Tsourti Z, Alatsathianos |. Breast
cancer statistics in the European Union:
incidence and survival across European
countries. Breast Care. 2019; 14(6):344-53.
www.karger.com/Article/FullText/503219

2. Jaki¢c-Razumovic¢ J, Tomic¢ S. Diseases of
the breast. In: Damjanov |, Seiwerth S, Jukic¢ S,
Nola M, editors. Pathology (In Croatian). 5th ed.
Zagreb: Medicinska naklada; 2018. p. 639-58.

3. Lester SC, Hicks DG. Diagnostic
pathology: breast. 2nd ed. Elsevier Health
Sciences; 2016.

4. YangJ, YuH, Zhang L, Deng H, Wang Q, Li
W, et al. Overexpressed gens associated with
hormones in terminal ductal lobular units
identified by global transcriptome analysis: An
insight into the anatomic origin of breast cancer.
Oncology Reports. 2016; 35(3):1689-1695.

https://doi.org/10.3892/0r.2015.4523

5. Kos Z, Dabbs DJ. Biomarker assessment
and molecular testing for prognostication in
breast cancer. Histopathology. 2016; 68(1).70-85.
https.//pubmed.ncbi.nlm.nih.gov/26768030/

6. Dedi¢ Plaveti¢ N, Silovski T, Tecic Vuger
A, Pavlovic M, Vazdar L, Herceg D, et al
Guidelines for usage of diagnostic procedures
prior to initiation of antineoplastic treatment-
Croatian society for medical oncology clinical
recommendations Part Il.  breast cancer,
gynaecological malignancies (ovarian cancer,
uterine cancer, cervical cancer), lung cancer,
malignant melanoma, sarcomas, central
nervous system tumors, head and neck cancer

167

Acknowledgement. Based on the master's
thesis by Mirna Kovacevi¢ deposited in the
DABAR repository (https.//repozitorij.unios.hr/
islandora/object/mefos%3A1005).

Disclosure

Funding. No specific funding was received for
this study.
Competing interests. None to declare.

(In Croatian). LijeC Vjesn. 2018; 140.92-105.
https.//doi.org/10.26800/LV-140-3-4-9

7. Beslija S. Breast cancer-overview. In:
Beslija S, Vrbanec D, editors. Medical/internal
oncology (In Croatian). 1st ed. Sarajevo: Faculty
of Medicine University of Sarajevo; 2014. p. 212-

32.

8. WHO Classification of Tumors Editorial
Board. Breast tumors. 5th ed. Lyon (France):
International Agency for Research on Cancer;
2019.

0. Marusi¢c M. An introduction to scientific
research in medicine (In Croatian). 4th ed.
Medicinska naklada; 2008.

10. Clive T, Lars R. Immunohistochemical
staining methods - education guide. 6th ed.
(Internet) 2013.;217. Available at:

https.//www.agilent.com/cs/library/technical
overviews/public/08002_ihc_staining_method
s.pdf

11, Harbeck N, Thomssen C, Gnant M. St
Gallen 2013: brief preliminary summary of the
consensus discussion. Breast Care. 2013
8(2):102-9.

https.//www .karger.com/Article/FullText/3511

93

12 Brkiaci¢ B, Brni¢c Z, Grgurevic-Dujmic¢ E,
Jurkovic¢ S, Kovacevic J, Martic K, et al. Croatian
Guidelines for Quality Assurance in Breast
Cancer Screening and Diagnosis (In Croatian)
(Internet). Zagreb: Croatian Institute for Public
Health, Ministry of Health of the Republic of
Croatia; 2017. Available at;
https.//www.hzjz.hr/wp-
content/uploads/2017/10/HR-smjernice_Rak-
dojke.pdf

Southeastern European Medical Journal, 2021; 5(1)



SEEMEDJ 2021, VOL 5, NO. 1 Proliferation Index (Ki67) and Immunophenotypes in Invasive Breast Cancer

13. Abebe E, Mekonen W, Seifu D, Bekurtsion
Y, Bekele A, Kantelhardt EJ. Cancer science &
therapy assessment of proliferation index and
pathological features as prognostic potential of
breast cancer in Ethiopia. J Cancer Sci Ther. 2019;
11(4):106-14.

https.//www hilarispublisher.com/open-
access/assessment-of-proliferation-index-
and-pathological-features-as-prognostic-
potential-of-breast-cancer-in-ethiopia.pdf

14.  Vrdoljak E, Samija M, Kusi¢ Z, Petkovi¢ M,
Gugi¢ D, Krajina Z. Clinical oncology (In Croatian).
Zagreb: Medicinska naklada; 2013. Chapter 16:
Breast cancer; p. 193-202.

15. R Core Team. R A language and
environment for statistical computing (Internet).
Vienna, Austria: R Foundation for Statistical
Computing;  Available at:  https:.//www.r-
project.org/

16. Hennigs A, Riedel F, Gondos A, Sinn P,
Schirmacher P, Marmeé F, et al. Prognosis of
breast cancer molecular subtypes in routine
clinical care: a large prospective cohort study.
BMC Cancer. 2016; 16(1):734.
https.//www.ncbi.nlm.nih.gov/pmc/articles/P
MC5024419/

17. Alnegheimish NA, Alshatwi RA, Alhefdhi
RM, Arafah MM, Alrikabi AC, Husain S. Molecular
subtypes of breast carcinoma in Saudi Arabia: a
retrospective study. Saudi Med J. 2016,
37(5):506-12.
www.ncbi.nlm.nih.gov/pmc/articles/PMC4880
649/

18. Gulzar R, Shahid R, Saleem O. Molecular
subtypes of breast cancer by
immunohistochemical profiling. Int J Pathol.
2018; 16(2):129-34. http://jpathology.com/wp-
content/uploads/2019/03/2F_OA_Molecular-
Subtypes-of-Breast-Cancer-by-
Immunohistochemical-Profiling1.pdf

19. Usman A, Iliyasu Y, Atanda AT. Molecular
subtyping of carcinoma of the female breast in a
Tertiary Teaching Hospital in Northern Nigeria.
Ann Trop Pathol. 2019; 10(1).20-6.
www.atpjournal.org/article.asp?issn=2251-

168

0060;year=2019;volume=10;issue=1;spage=20;ep
age=26;aulast=Usman

20. Caldarella A, Buzzoni C, Crocetti E,
Bianchi S, Vezzosi V, Apicella P, et al. Invasive
breast cancer: a significant correlation between
histological types and molecular subgroups. J
Cancer Res Clin Oncol. 2013; 139(4).617-23.
https.//pubmed.ncbi.nlm.nih.gov/23269487/

21, Zhu X, Ying J, Wang F, Wang J, Yang H.
Estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2
status in invasive breast cancer: a 3,198 cases
study at National Cancer Center, China. Breast
Cancer Res Treat. 2014, 147(3):551-5.
https.//pubmed.ncbinlm.nin.gov/25234844/

22. Bilic M. Comparison of clinic-pathological
characteristics of breast tumor in Croatia in 2017
in correlation to patient's age (master's thesis) (In
Croatian). Split: University of Split; 2019.
https./ /repozitorij.svkst.unist.hr/en/islandora/
object/mefst%3A712

23.  Mitrovic O, Vladan C, Dragoslava b.
Correlation between ER, PR, HER-2, Bcl-2, p53
proliferative and apoptotic indexes with HER - 2
gene  amplification and  TOP2A  gene
amplification and deletion in four molecular
subtypes of breast cancer. Targ Oncol. 2014,
9(4):367-79.
https://pubmed.ncbinlm.nih.gov/24272208/

24. Yanagawa M, lkemot K, Kawauchi S,
Furuya T, Yamamoto S, Oka M, et al. Luminal A
and luminal B (HER2 negative) subtypes of
breast cancer consist of a mixture of tumors with
different genotype. BMC Res Notes. 2012; 5:376.
https.//www.ncbi.nlm.nih.gov/pmc/articles/P
MC3413599/ pdf/1756-0500-5-376.pdf

25. de Macédo Andrade AC, Ferreira Junior
CA, Dantas Guimaraes B, Pessoa Barros AW, de
Almeida GS, Weller M. Molecular breast cancer
subtypes and therapies in a public hospital of
northeastern Brazil. BMC Womens Health. 2014;
14:110.
https://bmcwomenshealth.biomedcentral.com
/articles/10.1186/1472-6874-14-110

26. Thang VH, Skoog L, Duc NB, Van-Thanh
T, Tani E. Cell proliferation measured by Ki67

Southeastern European Medical Journal, 2021; 5(1)



SEEMEDJ 2021, VOL 5, NO. 1 Proliferation Index (Ki67) and Immunophenotypes in Invasive Breast Cancer

staining and correlation to clinicopathological
parameters in operable breast carcinomas from
Vietnamese and Swedish patients. J Anal Oncol.
2015; 4(2):58-68.
https.//citeseerx.st.psu.edu/viewdoc/downlo
ad?doi=10.1.1.966.7779&rep=rep1&type=pdf

27. Inic Z, Zegarac M, Inic M, Markovic |,
Kozomara Z, Djurisic |, et al. Difference between
Luminal A and Luminal B subtypes according to
Ki-67, tumor size, and progesterone receptor
negativity providing prognostic information. Clin
Med Insights ~ Oncol. 2014,  8107-1L
https.//www.ncbi.nlm.nih.gov/pmc/articles/P
MC4167319/

28. Howlader N, Altekruse SF, Li Cl, Chen
VW, Clarke CA, Ries LAG, et al. US incidence of
breast cancer subtypes defined by joint
hormone receptor and HER2 status. J Natl
Cancer Inst. 2014, 106(5).
https.//www.ncbi.nlm.nih.gov/pmc/articles/P
MC4580552/

29. Murphy BL, Day CN, Hoskin TL,
Habermann EB, Boughey JC. Adolescents and

young adults with breast cancer have more
aggressive disease and treatment than patients
in their forties. Ann Surg Oncol. 2019;
26(12):3920-30.
https.//pubmed.ncbi.nlm.nin.gov/31376035/

30. Nystrébm L, Bjurstam N, Jonsson H,
Zackrisson S, Frisell J. Reduced breast cancer
mortality after 20+ years of follow-up in the
Swedish randomized controlled mammography
trials in Malmé, Stockholm, and Géteborg. J Med
Screen. 2017, 24(1):34-42.
https://journals.sagepub.com/doi/10.1177/096
01413166489877url_ver=739.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=c
r_pub++opubmed&

31 Kanyilmaz G, Yavuz BB, Aktan M,
Karaagac M, Uyar M, Findk S. Prognostic
importance of Ki-67 in breast cancer and its
relationship with other prognostic factors. Eur J
Breast Heal. 2019; 15(4).256-61.
https.//www.ncbi.nlm.nih.gov/pmc/articles/P
MC6776129/

Author contribution. MK contributed to the
acquisition, analysis, and interpretation of the data
and drafting of the manuscript. IS contributed to
research  planning, statistical analysis, and
interpretation of the data. MV contributed to the
acquisition and interpretation of the data and revision
of the manuscript for important intellectual content.
DS contributed to research planning, revision of the
manuscript for important intellectual content, and
analysis and interpretation of the data. All authors
provided the final approval of the version to be
published.

169

Southeastern European Medical Journal, 2021; 5(1)



