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Histopathological and immunohistochemical
parameters of breast cancer cases analyzed
in a reference laboratory
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ABSTRACT

Objective: To determine the histopathological and immunohistochemical parameters of breast cancer cases treated in Belém,
state of Par3, Brazil. Method: This is a cross-sectional, retrospective and observational study in which samples from 278 patients
were analyzed. In the histopathological analysis were considered, among other factors, the differentiation and histopathological
classification of the tumor, based on the WHO classification. As for immunohistochemistry, the presence and intensity of expression
of the cell proliferation antigen Ki-67, gene product of HER2, and estrogen and progesterone receptors were evaluated. Then, the
tumors were classified into luminal A, luminal B, luminal hybrid, HER2 group, and basal-like. Results: The most common histological
subtypes were invasive carcinoma of no special type (88.7%), carcinoma in situ (5.5%), and invasive mucinous carcinoma (2.9%).
The most common immunohistochemical subtypes were luminal A (26.1%), basal-like (23.6%), and luminal B (23.2%). We also found a
statistically significant inversely proportional relationship (p<0.01) of hormone receptor expression with nuclear grade. Conclusion:
The results show the importance of immunohistochemical analysis for staging, as well as for the therapeutic decision of each patient.
However, further studies with a larger sample must be performed for more effective analysis of the general population.
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INTRODUCTION

Breast cancer is a heterogeneous disease composed of multiple
subgroups associated with distinct biological and histological
characteristics, with different forms of clinical manifestation and
patterns of response to current therapies. Histologically, inva-
sive tumors are classified as invasive carcinoma of no special
type (identified in medical practice as invasive ductal carci-
noma — IDC), which corresponds to 70% of cases and is defined
as a breast invasive epithelial neoplasm that does not meet the
criteria for any special type, constituting a very heterogeneous
group of tumors; and as the so-called histological special types,
which are more homogeneous, with stricter diagnostic criteria,
of which the invasive lobular carcinoma (ILC) is the most prev-
alent'. Histopathological parameters are traditionally used to
evaluate tumor evolution by the Brazilian Society of Pathology
(Sociedade Brasileira de Patologia).

Thus, the analysis of lesion size, axillary lymph node status,
nuclear grade, and histological subtype are the basic aspects for

defining primary prognostic factors. Histopathological charac-
teristics of the lesion demonstrate different types of biological
behavior of breast tumors?

However, the histological classification of breast cancer has
weaknesses. In addition to the subjectivity of the diagnostic criteria,
when applying such classification, about 85% of the cases end up
belonging to the two main categories of IDC or ILC. Therefore, the
system fails to group tumors with a broad biological spectrum
and clinical behavior in the same categories, making histologic
grading and the immunohistochemical evaluation of estrogen
receptor (ER), progesterone receptor (PR), HER2, and the Ki-67
proliferation index to play a key role in increasing the discrimi-
natory value among the different cases of breast carcinoma®.

The presence of hormone receptors (HR) is associated with
amore favorable prognosis. Therefore, patients with PR-positive
tumors have longer disease-free survival and longer survival.
Similarly, ER-positive tumors are associated with increased dis-
ease-free survival and also with a higher probability of response
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to hormone therapy. Conversely, patients with negativity for both
receptors (ER and PR) showed worse prognosis than those with
negativity for only one of the receptors®.

Another important tumor marker is the HER2 proto-onco-
gene, which is responsible for the production of a protein that
transmits signals for the growth of epithelial cells, whose expres-
sion is often increased in breast cancer. HER2 overexpression
results in a more aggressive clinical behavior of the tumor, and
the analysis of the marker status is an important factor in detect-
ing types of cancer with a worse prognosis®®.

Tumors with high rates of cell proliferation are predomi-
nantly those with a high degree of malignancy. Thus, the eval-
uation of the mitotic activity is of paramount importance for
assessing breast cancer. To that end, the cell proliferation index
Ki-67 is used, a monoclonal antibody that detects a nuclear
antigen, expressing cells entering the cell cycle and measur-
ing the fraction of cell growth, thus enabling to detect tumors
of a worse prognosis®.

METHOD

Ethical aspects

Patients of the present research were studied according to the
precepts of the Declaration of Helsinki and the Nuremberg
Code, respecting the Ethical Standards for Research Involving
Human Beings (Resolution No. 466/12), of the National Health
Council. The investigation started after the submission and
approval of the project by the Research Ethics Committee
of Universidade do Estado do Pard and was authorized by
the director in charge of the Paulo C. Azevedo Laboratory
(Laboratdrio Paulo C. Azevedo) and the advisor responsible
for the research.

Type of study, study population, and research site
This is a cross-sectional, retrospective, and observational study
conducted at the Paulo C. Azevedo Laboratory, from March to
June 2017. We evaluated medical reports of the histopathologi-
cal and immunohistochemical examinations of breast tumors
performed in the laboratory from January 2016 to January 2017.
A sample of 278 patients was considered, whose size was calcu-
lated based on a universe of 1,000 patients.

In order to define this sample size, a formula was used to
calculate samples with a universe of less than 100,000, accord-
ing to Equation 1:

N=d%p.qU/e*(U-1) + d’p.q D
where the universe (U) of y;, success rate of 50%, failure rate

of 50%, standard deviation (d) of 2, and margin of error of 5%
were adopted.

Inclusion and exclusion criteria

The sample included female patients over 18 years of age,
whose medical reports of both histopathological and immu-
nohistochemical examinations were stored in the archives
of the Paulo C. Azevedo Laboratory, and who agreed to par-
ticipate in the research by signing of the Informed Consent
Form. All patients who presented only one of the required
tests available and those who did not accept to participate
in the study were excluded.

In the investigation protocol, the following data were col-
lected: age, variables related to histopathological examination,
and variables related to immunohistochemical examination.

Regarding histopathological aspects, the following were ana-
lyzed: tumor size; histologic/nuclear grade (differentiation grade);
lymph nodes involvement and angiovascular invasion; presence
of peritumoral inflammation; appropriate surgical margins; and
histopathological classification of the tumor (IDC and ILC). As for
immunohistochemical parameters, the following were evaluated:
presence and intensity of expression of cell proliferation antigen
(Ki-67); product of HER2 oncogene; and intensity of expression
and presence of ER and PR (% percentage / + score).

After this evaluation, tumors were classified as: luminal A
(ER+ and/or PR+ HER2 — and KI-67<14%); luminal B (ER+ and/
or PR+ HER2 — and KI-67214%); luminal hybrid (ER+ and/or PR+
HER2+); HER2 group (ER-, PR- HER2+); and basal-like (triple-
negative cancer ER-, PR- and HER2-).

Tumor size was classified into four types, according to the
TNM classification updated by the American Joint Committee
on Cancer”:

« T1: tumor size less than or equal to 2 cm in diameter;
« T2: tumor size greater than 2 cm, but less than or equal to

5 cmin its largest dimension;

« T3:tumor size greater than 5 cm in its largest dimension;
T4 tumor of any size with extension to the chest wall or skin.

For the histological classification of invasive breast carci-
noma, the World Health Organization (WHO)® proposal was
considered, according to Table 1.

Data analysis

Data were structured in the Microsoft Office Excel 2007 program
and analyzed through the IBM Statistical Package for the Social
Sciences (SPSS) program, software version 17.0. Descriptive anal-
ysis of the number of cases of breast cancer was performed as
well as that of absolute and relative frequencies of each subtype
of immunohistochemical and histopathological classification.
Descriptive statistics of the age of patients affected by cancer
were performed considering mean, standard deviation, median,
and minimum and maximum values, in addition to the represen-
tation of this variable by classification according to menopausal
status (cut-off point=50 years of age).
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Variables related to immunohistochemical analysis (ER, PR,
product of HER2 oncogene, and cell proliferation antigen Ki-67)
were cross-checked with the nuclear grade variable in order to
verify correlations between them through Spearman’s Correlation
Coefficient, for ordinal variables, and Pearson’s Correlation
Coeflicient, for scale variables.

Such immunohistochemical variables were also cross-checked
with the presence of vascular invasion through the Mann-Whitney
U test. The p<0.05 value was considered in all tests with the cut-
off point for statistical significance.

DISCUSSION

Of the 278 cases of breast cancer analyzed at the laboratory in
2016, 26.1% were of the luminal A subtype; 23.6%, basal-like or
triple-negative; and 23.2%, luminal B, as observed in Table 2.
The results differ from those found by Cintra et al.%, in whose study
41.8% of cases were classified as luminal B. However, the percent-
age of triple-negative subtypes was 24.2%, similar to that of the
present study. Pérez-Rodriguez’, in a study with 1,380 Mexican
women, achieved similar results: luminal A was the most prev-
alent subtype, though with the most expressive percentage, of
65%, followed by the triple-negative (14%), and luminal B (12%).
Mendoza del Solar et al."” found frequency of the triple-negative

Table 1. Histological classification of invasive breast carcinoma.

Histological types

Invasive carcinoma of no special type

Invasive lobular carcinoma

Tubular carcinoma

Cribiform carcinoma

Carcinoma with medullary features

Metaplastic carcinoma

Carcinoma with apocrine differentiation

Adenoid cystic carcinoma

Mucoepidermoid carcinoma

Polymorphous adenocarcinoma

Mucinous carcinoma and signet ring cell carcinoma

Carcinoma with neuroendocrine features

Invasive papillary carcinoma

Invasive micropapillary carcinoma

Secretory carcinoma

Oncocytic carcinoma

Sebaceous carcinoma

Lipid-rich carcinoma

Glycogen-rich clear cell carcinoma

Acinar cell carcinoma

Source: WHOS.
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subtype in 30% of their sample, a number in line with our data.
The triple-negative subtype is associated with more aggressive-
ness and worse survival.

It is worth highlighting a key point in the research con-
ducted by Pérez-Rodriguez’: the luminal B subtype was classi-
fied according to the positivity of ER, PR, and HER2, which rep-
resents the luminal hybrid subtype of our study. This fact may
explain the most expressive percentage of the luminal A subtype,
since we considered cases with positivity for ER and PR in this
subtype, and disregarded the percentage and the expression of
the Ki-67 marker, which are generally used to distinguish lumi-
nal A and luminal B subtypes!’.

The fourth most frequent subtype was the luminal hybrid
(13.8%) (ER+ and/or PR+ HER2+), a subtype poorly considered
in similar research. The HER2+ subtype represented 10.1% of
the cases analyzed in the period, a slightly higher value than
the 8.92% perceived by Cherbal et al.'” Southeast and South
regions, with a higher percentage of European ancestry and
higher socioeconomic status, tend to have a higher percent-
age of luminal tumors. The Northern Region presented more
aggressive subtypes (HER2+ and triple-negative), whereas in
the Midwest cases of triple-positive carcinomas prevailed. The
Northeast, a region with a high percentage of African ances-
try, presented intermediate frequency®. This observation by
Carvalho et al.”®may partly explain why, in the present study,
lower percentages of luminal carcinomas and higher percentages

Table 2. Prevalence of breast cancerin a laboratory at Belém
(PA), Brazil, in 2016, according to histopathological and immu-
nohistochemical classifications.

Tumor subtypes /
(]

Histopathological subtypes

Squamous cell carcinoma 2 0.7
Carcinoma /n situ 15 55
Signet ring cell carcinoma 1 0.4
Invasive carcinoma of no special type 244 88.7
Invasive lobular carcinoma 3 1.1
Invasive mucinous carcinoma 8 2.9
Invasive papillary carcinoma 2 0.7

Molecular subtypes

Luminal A 72 26.1
Luminal B 64 23.2
Luminal hybrid 38 13.8
HER2 28 101
Basal-like 65 23.6
Unspecified 9 3.2
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of triple-negative carcinomas were found when compared with
those in the global literature.

Sanchez-Mufioz et al.”¥, in a study with Spanish women,
found a higher prevalence of luminal B subtype (51%), followed
by luminal A (19%) and basal-like (5%) subtypes. Fourati et al.'®
identified a higher prevalence of luminal A (50.7%), followed by
triple-negative (22.5%), and luminal B (13.4%) tumor subtypes.
These variations are due to differences between the analyzed
populations and also the use of different classification param-
eters, in addition to the immunohistochemistry itself.

The mean age at diagnosis was 53 years (+13.1), an age very
similar to that surveyed by Pérez-Rodriguez’, which was 53.3 years,
and slightly below the mean of 57.5 years observed by Meattini
et al."” However, the mean age observed by our study is slightly
above that obtained by Cherbal et al.'* These differences may
occur due to the heterogeneous variety of women analyzed in
these studies.

Regarding the histological classification of breast cancer cases,
the most frequent type found in the present study was invasive
carcinoma of no special type (88.7%), followed by carcinoma
in situ (5.5%), and invasive mucinous carcinoma (2.9%). The fre-
quency of invasive carcinomas of no special type in this study
was higher than that identified by Caldarella et al.’¥, of 58.5%.
Meattini et al.”” found IDC as the most common histological sub-
type (64%). Considering the new classification of invasive breast
carcinomas according to the WHO?, this subtype is included in
the group of invasive carcinoma of no special type. The other
histological types found were: ILC (1.4%), invasive papillary car-
cinoma (0.7%), and squamous cell carcinoma (0.7%). These data
partly differ from the literature, especially when considering the
low prevalence of ILC, which is generally responsible for 15% of
breast cancer cases?®.

In a study conducted in Brazil, Smaniotto et al.”? identified
70.49% of patients (n=86) with the IDC type. The second most
frequent lesion was ILC, in 9.84% of cases (n=12). Furthermore,
the authors pointed out 7.38% of cases of ductal carcinoma in situ
(n=9). There was an incidence of 12.29% (n=15) for other types
such as infiltrating ductal carcinoma, well-differentiated ade-
nocarcinoma, invasive mucinous carcinoma, undifferentiated
metaplastic carcinoma, and absence of carcinoma after neo-
adjuvant chemotherapy. These data partially corroborate the
results of our study, especially when considering the high fre-
quency of IDC; nevertheless, they differ regarding percentages
of invasive lobular carcinoma and carcinoma in situ, which, in
the first study, are higher.

According to Table 3, it can be observed that the expression
of ER and PR was inversely proportional to the nuclear grade.
Therefore, the highest expression of HR (ER and PR) was related
to the lower nuclear grade. This inverse correlation proved to
be statistically significant (p<0.01), similar to the findings of
Dayal et al.”, according to which when ER expression was

null, the incidence of nuclear grade 3 was higher than 50%.
Conversely, when the expression of ER was 3+, there was a higher
incidence of nuclear grade 1. In a similar study conducted in
Asia®, ER positivity was observed in 70% of grade I carcinomas;
in 48.2% of grade IT; and in 3.5% of grade I1I (p<0.001). Likewise,
PR positivity was perceived in 70% of grade I carcinomas; in
36.14% of grade II; and in 1.75% of grade III (p<0.001), which
corroborates our results. Thus, we can perceive that better-
differentiated tumors (lower nuclear grade) are more likely to
be ER and PR positive, in addition to having a relatively better
prognosis, since it is known that the presence of HR (ER and
PR) in the tumor tissue is well correlated with the response to
hormone therapy and chemotherapy*.

On the other hand, we observed that the increased expres-
sion of Ki-67 was related to a higher incidence of high nuclear
grade, since we found a positive and statistically significant cor-
relation. This shows that high cell proliferation, demonstrated
in the overexpression of Ki-67, is mainly present in carcinomas
of higher histologic grade, being a marker of tumor progression
and worse prognosis®. Such aresult is in line with the findings of
Narbe et al.**, who also verified a significant positive correlation
between Ki-67 and histologic grade (p<0.001), observing grade
I tumors and Ki-67 mean value of 23.2%.

Moreover, Table 3illustrates that HER2, although not statis-
tically significant (p>0.211), presented the same trend as Ki-67
in relation to the histologic grade. A similar result was found by
Arantes Junior®, who did not observe a statistically significant
correlation, although he pointed out that the overexpression of
HER2 was related to high nuclear grade (p-value ranging from
0.113 to 0.451). Thus, we found that the overexpression of HER2
seems to be an independent marker of biological aggressiveness,
since it has no statistical significance when related to different
levels of nuclear grade. Its overexpression in breast cancer indi-
cates decreased survival due to poor prognosis and low response
to tamoxifen (hormone therapy)*.

Concerning tumor size, the mean size in patients with
ER-positive tumors was 3.52 cm versus 3.73 cm in patients
with ER-negative tumors, according to Table 4. Similarly, in
patients with PR-positive tumors, the mean tumor size was 3.51
versus 3.72 cm in patients with PR-negative tumors; however, no
significant correlation was established between tumor size and
HR expression (p=0.714 and p=0.698, respectively). A similar
result was found by Dayal et al.” and Ariga et al.?

It is known that lymph node status is important for deter-
mining breast cancer staging and treatment options. It is note-
worthy that lymph node status consists of the most relevant
factor in the prognosis of patients with breast cancer, since, as
the number of positive axillary lymph nodes and the recurrence
rate increase, the survival rate decreases. According to previ-
ous studies®***, there is a statistically significant correlation
between HER2 expression and lymph node involvement and
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vascular invasion, which has not been demonstrated for ER and
PR. Nevertheless, this correlation was not found for any of these
biomarkers in the present study.

CONCLUSION

Breast cancer is complex and heterogeneous, in addition to hav-
ing a high prevalence in the female population. Hence, its cor-
rect classification is paramount for the best staging of the dis-
ease as well as for choosing the most appropriate therapeutic
option. Therefore, immunohistochemical evaluation is key for
the best diagnostic accuracy when associated with the tumor
histopathological examination.

The present study aimed to evaluate the expression of ER
and PR, the presence of HER2 oncogene, and proliferation anti-
gen Ki-67, correlating them with the nuclear grade of the tumor.
Ahigher prevalence of luminal A subtype was perceived, in addi-
tion to an inversely proportional relationship between the pres-
ence of HR and the nuclear grade of the tumor, with statistical
relevance (p<0.01). Moreover, an important relationship was
observed between the expression of the antigen Ki-67 and lower

nuclear grade, i.e., with alower differentiation grade and, conse-
quently, worse prognosis.

Table 4. Distribution of the intensity of expression of hormone
receptors according to tumor size.

. Tumor size
Expression
Mean *

standard
deviation

of hormone
receptors

Pearson'’s
Correlation

Estrogen receptor

Absent 96 3.79+3.03
1+ 27 3.87+2.68
-0.52 0.55
2+ 32 3.55£2.20
3+ 120 3.47+3.01
Progesterone receptor
Absent 115 3.77£2.95
1+ 28 3.60+1.96
-0.61 0.49
2+ 17 4.91+3.58
3+ 115 3.34+2.95

Table 3. Correlation between intensity of expression of hormonal receptors, HER2 score, and Ki-67 product according to nuclear grade.

Expression intensity

Nuclear grade

Spearman’s
Correlation
Coefficient

Mean * standard
deviation

Estrogen receptor

Absent 0 0.0 41 54.7 34 45.3 2.45+0.50
1+ 2 9.1 13 591 7 31.8 2.22%0.61
-0.278*
2+ 0 0.0 20 83.3 4 16.7 2.161£0.38
3+ 9 8.7 74 71.8 20 19.4 2.10+£0.52
Progesterone receptor
Absent 1 1.1 51 55.4 40 43.5 2.4210.51
1+ 2 9.1 15 68.2 5 22.7 2.13£0.56
-0.312*
2+ 0 0.0 8 53.3 7 46.7 2.46%0.51
3+ 8 8.4 74 779 13 13.7 2.05+0.46
HER2 Product
Absent 4 4.7 56 65.9 25 29.4 2.24+0.53
1+ 6 7.9 56 73.7 14 18.4 2.10£0.50
0.084
2+ 0 0.0 6 85.7 1 14.3 2.14+0.37
3+ 2 3.5 30 52.6 25 43.9 2.40+£0.56
Ki-67 product score
[0.0-25.0%] 10 9.1 84 76,4 16 14.5 2.05£0.48
[25.0-50.0%] 1 2.2 30 65.2 15 32.6 2.30£0.51 0.367%
[50.1-75%] 0 0.0 14 48.3 15 51.7 2.51£0.50 )
>75.0% 0 0.0 19 50.0 19 50.0 2.50%0.50

*Statistically significant difference (p<0.01) according to Spearman’s Correlation Coefficient.
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These results demonstrate the importance of tumor analy-

sis performed according to immunohistochemistry and asso-
ciated with histopathology. However, it is worth emphasizing
that our research has limitations, especially due to the sample,
and should be complemented with further studies addressing
alarger number of patients.
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