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Abstract

Breast cancer is a heterogeneous pathology. There are subgroups with different
molecular characteristics, and they must be identified to direct the therapy and to
have a clear prognosis. HER2/neu (human epidermal growth receptor factor
2/neuro glioblastoma derived oncogene homolog) receptor overexpression is a
characteristic that must be evaluated in each population. We apply the
monoclonal antibody technique in the indigenous population of Peru, we also
correlate the presence of the receptor with global survival. It's an experimental,
prospective and analytical study. Twenty three samples were evaluated, obtained
from patients with adenocarcinoma of the breast. The HER2/neu expression was
determined by immunohistochemical technique (monoclonal antibodies). The
results were verified 10 cases were positive for overexpression (43.47%). The
negative cases were 13 (56.52%). The overall survival at 3 years was 69.90% for
the Her2/neu positive and 85.00% for negative, showed statistically significant
differences (p=0.017). Finally, it was feasible to apply the monoclonal antibody
technique and to statistically correlate HER2/neu overexpression with TNM
clinical stage, predicting less survival when present. Applying an
immunohistochemical technique is feasible in native Peruvian women. The main
benefit is to apply biological therapy with monoclonal antibodies, according to
their molecular profile.



1. Introduction

Breast cancer is the second leading cause of cancer in Peru, after
exocervix cancer. In the Hispanic population of the United States, it ranks first in
incidence, with 19,800 cases [1]. In recent years, it is evaluated to know the
correlation of molecular variables with survival. This will define groups with a
greater probability of therapeutic Benefit [2].

The clinical classification of breast cancer is based on the presence of
receptors (proteins). Among these we have estrogen, progesterone and
HER2/neu. In recent years, the study of these proteins is considered canonical
for cancer patients. In some regions of Latin America, they cannot be done for
lack of technology. It is relevant to consider extending its use, through the
monoclonal antibody technique, for the therapeutic benefit of the patient.

Immunohistochemistry is a histopathological study based on the
molecular formation of antigen-antibody [3]. This method determines the
subtypes of breast cancer, as part of their genetic expression. Her2/neu receptor
(human epidermal growth receptor factor 2/neuro glioblastoma derived oncogene
homolog receptor) amplification has been studied using different analytical
methods, in addition to immunohistochemistry, such as the Southern, Western-
blot, ELISA (enzyme-linked immuno assay) and FISH (Fluorescent In Situ
Hybridization) methods.

This trial seeks to determine the overexpression of Her2/neu, also called
as ERBB2 protein human, in breast adenocarcinoma and its correlation with OS
(overall survival) [4]. The advantage of expanding this theme is to provide a
technological base for the therapeutic use of monoclonal antibodies in native
populations. The disadvantage over other techniques is the high cost, but the
clinical benefit for the patient always justifies its application.

In the early 1980s, monoclonal antibodies that reacted against cell
membrane antigens were studied. Her2/neu (ERBB2 protein human) is a
transmembrane tyrosine kinase receptor, encoded by the proto-oncogene with
the same name. When the receptor is heterodimerized with HER1, HER3 or
HERA4, it activates a chain of signals that lead to cell proliferation and survival [5].
Likewise, Her2 can undergo genetic mutation or overexpression, which leads to
cellular transformation. This event is recognized in many malignancies, such as
breast cancer. Therefore, their study is useful for cancer patients.

Countries like Peru can only benefit their patients with monoclonal
antibody technology, while conducting research in their native population
(american indians). The objective of applying the immunohistochemical technique
in breast cancer, seeks to benefit and improve survival, according to the
molecular profile of the targeted treatment.

2. Material and Methods
2.1. Cases-studied

Twenty three patients diagnosed with primary breast cancer were
evaluated (Peru's native population). We analyzed the expression of HER2/neu
by immunohistochemistry, from November 2016 to June 2017. Subsequently the
patients had a prospective follow-up of 3 years (36 months).
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The inclusion criteria were: pathological diagnosis of adenocarcinoma of
the breast, biological samples with enough tissue (>5 mm) to perform
representative cuts. Having a complete medical history was also an inclusion
criterion. The exclusion criteria was not having a FISH test result. This
requirement occurred in patients with Her2/neu 2 (+), since it is a state that
requires confirmation to be considered with overexpression.

2.2. Immunohistochemistry

The evaluation of HER2/neu was performed according to the
recommendations defined and updated by the American Society of Medical
Oncology [6]. Thirty biological samples, corresponding to the same number of
patients, were evaluated. Seven samples were excluded (six due to an
incomplete immunohistochemical report and one due to not having a clinical
history on file).

Paraffin sections were cut and mounted on slides. Subsequently were
melted at 65°C and then dipped into xylene to remove the paraffin. Rehydrating
tissues, slides were washed with distilled water and dipped into a aqueous
solution of 3% peroxide for 3 min and rinsed with Tris buffer. Heat retrieval was
done with citrate buffer for 40 min at 95°C. It was then brought to room
temperature, placing the slides in Tris-Saline buffer. The primary mouse antibody
was added to the tissue section, for 1 hour. Subsequently, the tissue was washed
with Tris buffer. The tissue was incubated with mouse biotinylated antibody for
10 minutes (Dako). After rinsing with Tris buffer, a solution of chromogen, 3, 3'-
diaminobenzidine, Tris buffer and H202 (0.016%) was added. The slides were
subsequently washed in distilled water.

2.3. Ethical Aspect

The study protocol was reviewed and approved by the National University
of San Agustin. Informed consent was obtained from all included patients.

2.4. Statistics Analyses

Validation of technical results required the Kappa index. Fisher's exact test
was used to evaluate the categorical variables. Overall survival was calculated
using the Kaplan-Meier method and compared with the Logrank test. All data was
analyzed using IBM® SPSS® version 16.

3. Results
3.1. Clinical Findings

Our results are compared in Table 1, considering two indicators: TNM
(tumor, nédule, metastasis) clinical stage and molecular classification. The result
of the immunohistochemical technique is expressed as 0 (negative), 1 (+), 2 (+)
and 3 (+). When our result was reporting as 0 to 1 (+), they are considered HER2
negative. If it shows a 3 (+) result it is called a positive HER2 (ERBB2 protein
human), according to Wolff [6].

There were 13 cases (56.52%) with Her2/neu receptor overexpression,
included in the subgroup reported as 0 and 1 (+). Most presented in TNM stage |
and Il (10 cases), that is, with a good prognosis. The positive cases were 10
(43.47%), divided according to the degree of immunostaining as 2 (+) and 3 (+).
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They corresponded in greater number with the worst prognosis stages (Ill and
IV), with 7 cases.

In the summary of Table n° 1, group 0/3 (negative) has the highest number
of cases, with eleven. Likewise, clinical stage I, represented by five cases, is the
one with the highest percentage in this subgroup. The 2/3 cases, also reported
as 2 (+), are those with the highest representativeness in the positive Her2/neu
subgroup, with six cases. In this subgroup, the most frequent TNM clinical stage
is 1.

According to the molecular classification, we distribute the patients into
four subgroups (Her/neu positive, triple negative, luminal A and Luminal B). It is
consistent with the expression of the Her2/neu receptor and other proteins, such
as the estrogen and progesterone receptor.

In table 2 we show the indicators according to each category. The TNM
clinical stage is correlated to the probability of death, depending on the
overexpression or not of the HER2/NEU receptor. The decision rule is to reject
the null hypothesis of correlation between positive cases and the poor prognosis
clinical stage (Il and IV).

The evaluation of the global survival, we made it through the Kaplan-Meier
curves (Figure 1). It is described as a graph of the survival curve, in which the
ratio is on the vertical axis and time on the horizontal. Each ladder corresponds
to the "death” event. The upper curve of Her2/neu negative cases shows a more
favorable survival experience.

Since the Kaplan-Meier curves are designed to graphically represent the
survival analysis, we require additional testing to establish statistical significance.
Precisely, we carry out this statistical concept with the Logrank test (Mantel-
Haezel). We evaluated the decision to reject the null hypothesis, only if it indicates
that there is no difference in survival between cases of patients with positive and
negative Her2 / neu immunohistochemical results. We avoid making a type | error
(false positive) if this null hypothesis is rejected as true. If the p-value, given by
the Logrank test, is lower than the significance level, then the null hypothesis
must be rejected (p <0.05). Since this value is 0.017, the null hypothesis is
rejected.

3.2. Immunohistochemical Study

Immunohistochemical staining was carried out with the Antibodies Method
(Dako), as previously described. All slides were examined by the researcher and
another pathologist. In Figure 2 we present a case with Her2/neu receptor
overexpression. The monoclonal antibody is deposited in more than 90% of the
cell membrane, delimiting cell spaces, in which the nucleus is not observed.
Some neoplastic cells have giant shapes with dividing nuclei, which is
characteristic of most undifferentiated neoplasms.

The immunostaining pattern report is done like this:
- -0: Her2/neu negative.
-1/3: Her2/neu negative.

-2/3: positive for Her2/neu over-expression.
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-3/3: positive for Her2/neu over-expression.

The sheets reported as 2 (+) have a peculiarity. They are thus grouped
only when there is deposition of the antibody with complete staining on the cell
membrane, covering between 10% to 30%, of the cytological component seen
under the microscope. Six samples were reported in our study. Only Her2/neu 2
(+) require confirmation with FISH [7], due to the possibility of being a false
positive. This technique has greater sensitivity and specificity. Recently, a new
method based on the quantitative amplification of Her2 by PCR (Polymerase
Chain Reaction) has been introduced, which will possibly become the standard
test in the near future, due to its speed and concordance [8].

4. Discussion

The overexpression of the HER2 oncogene, reported by the researchers,
indicates a decreased OS in breast cancer. The study of the oncogene in the
world is evaluated by immunohistochemistry [3, 6, 10]. The economic cost of the
technique makes it inaccessible to low-income patients, such as Peru's
indigenous ethnic groups, partly due to the few institutions that do it

The immunohistochemistry technique in Peru is feasible to be performed,
according to our research. The primary reaction between the antigen and the
antibody for HER2/neu is amplified with a secondary antibody biotinylated. This
chemical reaction is demonstrated with the formation of the streptavidin-
peroxidase complex, as well as the subsequent addition of the diaminobenzidin
chromogen. When we verify it on the slide, through the microscope, a specific
staining pattern is evidente.

Breast cancer is a heterogeneous disease, with a different natural history
for each subtype [5]. Some researchers report that the importance of determining
human ERBB2 protein, is given by its therapeutic utility, which leads to the testing
of new monoclonal antibodies, alone or in combination with chemotherapy [9]. In
our research, the receptor overexpression group comprises 43.47% of cases,
which could benefit from the use of monoclonal antibodies. These results are
similar to those found in an Australian study, where 3 (+) overexpression was
16.90% of cases [10]. In previous studies carried out in Peru, a similar percentage
was found, with 41% of the 117 cases studied, 66% associated with a histological
grade Il [11].

The highest percentage, with 56.53%, of cases is represented by the
negative Her2/neu group (0/3 and 1/3). This result is consistent with the statistics
of other studies, such as Telli M, in which women of Chinese origin represent
64%, korean women with 49% and viethamese with 57% [12]. In Arequipa (Peru)
this percentage reaches 82.00% of 280 patients evaluated [13]. Global updates
advise identifying these populations, as it has an impact on therapeutic
orientation [4].

In other countries, the percentage of overexpression is lower than our
findings, such as in Spain, where 15-20% are positive cases [14]. In Cuba, the
percentage is lower, with 198 biological samples evaluated, of which 10.60% are
Her2/neu overexpressed [15]. In a study carried out in China, this same group
shows similarity to our results, with 65.13% (762 cases) [16].



In our results, according to the TNM indicator, we showed that Her2 / neu
positive patients correlated with the worst prognosis stages (llI-IV). In Spain,
when all molecular types are evaluated, including luminal and triple negative,
mortality rates are lower [17]. In Colombia, Her2/neu positive cases, regardless
of whether the evaluation was performed by immunohistochemistry or FISH,
show a worse prognosis [18]. The same is true in France, where it is a poor
prognostic factor, but it predicts the response to treatment with monoclonal
antibodies [19]. In Mexico, Her2/neu positive patients (25.60% of 125 cases)
represented the group with the highest percentage of metastases at follow-up
[20].

In Australia, Her2/neu overexpression is also associated with a worse
prognosis; However, this characteristic can be reversed with the use of
monoclonal antibodies [21]. This explains the importance of performing molecular
staging. In Peru, clinical stages Il and IV tend to have more positive Her2/neu
cases, which explains why survival was 70 months, compared to the same stages
in luminal A and B, with 72 months [13].

The researchers reported that OS (overall survival), compared to the
Kaplan-Meier curves, plotted a greater chance of death for positive Her2 / neu
cases. These results are consistent with regional and global studies. In Chile, in
biological samples from 181 patients, positives for overexpression showed
greater aggressiveness and less survival [22]. In Colombia, after 46.6 months of
follow-up of HER2-positive patients, it was concluded that the subgroup with
stage Ill, under 40 years of age, high histological grade and without coexpression
of hormonal receptors, had a worse prognosis [18].

In India, of 90 cases evaluated, 30% corresponded to positive Her2/neu
and were those that showed the worst prognosis [3]. Even this lower survival
affected the early clinical stages. In Israel, of 58 cases evaluated, 21 were
positive for Her2/neu (36%), and corresponded mainly to metastatic stages [23].
In Peru, according to Medina's study, the group with the lowest survival is triple
negative, with 60 months, followed by Her2/neu positives with 70 months [13]. In
this same study, the group with the best prognosis was Luminal A, at 72 months,
with a significant difference in the LogRank test (p=0.003).

The importance of these studies is to separate the groups where the
presence of the HER2/neu receptor serves to apply the therapy with monoclonal
antibodies. In Europe the prognosis is improved in metastatic stages, when
targeted treatment is used [24]. In this study, overall survival increased from 7.2
months to 17.1 months, when the patients received monoclonal antibodies.

We determined that the monoclonal antibody immunohistochemistry
technique can be performed in the native population of Arequipa (Peru). Likewise,
there was a correlation between the overexpression of the Her2/neu receptor
(ERBB2 protein human), with higher mortality. This group of women tended to be
classified in clinical stage Il and IV, considered to have a worse prognosis.

Therefore, the performance of the technique is validated to predict a
worse prognosis, if there is an overexpression of the Her2/neu receptor. The
monoclonal antibodies should be used as a molecular technique in native
populations (Latin America), as part of their oncological staging.



The application of monoclonal antibody technology in cancer, both for
diagnosis and treatment, should benefit all populations in the world. In Latin
American countries, such as Peru, the economic cost and the lack of
universalization of these techniques contribute to the worse prognosis of cancer
patients. Therefore, it is the researchers themselves who must generate studies
in their native populations, disseminate them and generate the budget for their
implementation.
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Table 1. CHARACTERISTICS OF PATIENTS WITH PRIMARY BREAST

Molecular expression of the HER2/Neu

receptor*
Indicator Category 0/3 1/3 2/3 3/3
n° Cases n° n° Cases n°
(%) Cases (%) Cases
(%) (%)
-In situ 1(09.10) O 0 0
-l 5(#4550) O 0 0
TNM staging | -l 3(27.30) 1(50.00) 2 (33.00) 1 (25.00)
-1l 0 1 (50.00) 3 (50.00) 1 (25.00)
-Iv 2(18.10) O 1(17.00) 2 (50.00)
TOTAL 11 2 6 4
(100.00) (100.00) (100.00) (100.00)
-Luminal A 2 (18.00) 1(50.00) 0 0
-Luminal B** |6 (54.60) O 5(83.30) 1 (25.00)
a)Her/neu (-
Classification |)
Molecular b)Her/neu 0 0 1(16.70) 3 (75.00)
(+)
-Her/neu 3(27.30) 1(50.00) 0 0
positive
-Triple 11 2 6 4
Negative (100.00)  (100.00) (100.00)  (100.00)
TOTAL

* Her2/neu overexpression cases (positive) are reported as 2/3 (2+) and 3/3 (3+).
Negative cases are reported as 0/3 and 1/3 (1+).

** The Luminal B group is divided into two subgroups, depending on whether they

are positive for Her2/neu (6 cases) or negative (6 cases).
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Table 2. EXACT PROBABILITY ASSOCIATED WITH THE
FREQUENCY OF THE HER2/NEU

Molecular Expression of the

Indicator Category HER?2/Neu receptor
Positive Negative
p
n® Cases n° Cases
(%) (%)
Early stage|O 1 (08.00%)
(in situ, 1, 11) 0 5 (38.00%)
3(30.00%) 4 (31.00%)
TNM Staging* .017
Advanced 4 (40.00%) 1 (08.00%)
stage (Ill, IV) | 3(30.00%) 2 (15.00%)
TOTAL 10 13 (100.00)
(100.00%)
-Luminal A 0 3 (23.00%)
-Luminal B 6 (60.00%) 6 (46.00%)
Classification | -Her2/neu 4 (40.00%) O .04
Molecular positive
-Triple 0 4 (31.00%)
Negative
10 13 (100.00)
TOTAL (100.00%)

* The TNM clinical stage can be divided into two subgroups: early (includes

cancer in-situ, | and IlI) and advanced (Il and V)
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Figure N° 1

GLOBAL SURVIVAL IN BREAST CANCER HER2/NEU POSITIVE (OVER-
EXPRESSED) AND NEGATIVE
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The Global Survival in both groups (Her2/Neu positive and negative) is evaluated
with the Kaplan-Meier curves. It derives from the Accumulated Survival ratio with
respect to the result of each biological sample, together with the survival time. It
is described as a graph of the survival curve, in which the proportion is on the
vertical axis and the time on the horizontal.
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Figure N° 2
LAMINA HER2/NEU POSITIVE IMMUNOHISTOCHEMISTRY

Immunohistochemical staining for the HER2/neu, performed with
monoclonal antibodies from mice (10x40/AN: 0,95. DAKO). The cell
membrane is strongly stained in more than 90%, only in tumor cells.
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