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Introduction: Breast cancer (BC) is the second most frequent cancer worldwide. It is known
that a subset of BC has amplification, and overexpression of the epidermal growth factor
receptor (EGFR) and high expression of the insulin-like growth factor receptor-1 (IGF-1R)
are correlated with a favorable prognosis. This study aimed to evaluate the prognostic and
predictive values of the EGFR and IGF-1R in tumor samples from patients with BC and their
correlation with socio-epidemiological features.

Patients and Methods: We analyzed socio-epidemiological, clinical-pathological data and
tumor tissues from 124 patients with BC undergoing treatment, to assess levels of EGFR and
IGF-1R mRNA and protein. The predictive performance included the calculation of area-
under-the-curve (AUC) to discriminate groups of patients with high and low mRNA expres-
sion associated with survival analysis within each molecular group of BC.

Results: We found a significant expression increase (p <0.001) in EGFR associated with
body mass index, angiolymphatic invasion, compromised lymph nodes and follow-up in
58.1% of the triple-negative and HER overexpression tumors. The increase in IGF-IR was
significant (p <0.001) in 41.9% of luminal tumors A and B. ROC analysis showed that EGFR
had a higher predictive performance (AUC = 0.891) than IGF-1R (AUC = 0.60). The
Kaplan—Meier analysis indicated that only the high expression of EGFR was associated
with a decreased probability of survival for patients, what did not happen with IGF-1R.
Conclusion: Our results suggest that EGFR and IGF-1R expression patterns associated with
the clinical characteristics of patients and biological profile influenced the evolution of BC.
Keywords: breast cancer, hormonal receptors, EGFR, IGF-IR, predictive performance

Introduction

Breast cancer (BC) became in 2020 the most frequently diagnosed cancer world-
wide according to data from the Global Cancer Observatory (GCO)." This neo-
plasm is of uncontrolled growth and rapid proliferation of cells, originating from
the breast lobules or ducts and migrating to other regions of the body.” About ~70—
80% of the patients with non-metastatic disease at an early stage are benefit with
a superior survival rate. But when in an advanced stage with distant organ metas-
tases, it is considered incurable in currently available therapies.’ Early detection
of BC can significantly reduce long-term mortality rates, and the identification of
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early cancer cells that will eventually define therapeutic
success is the most critical point for the best prognosis.“’5

The risk factors for the development of BC are many;
however, studies have pointed that the most important
factor is related to gender, followed by age, obesity, phy-
sical activity, diet, alcohol consumption.® There is an
urgent need to develop a highly sensitive and rapid early-
stage breast cancer diagnosis method.*” A successful diag-
nosis in the early stages of BC allows for better treatment,
thereby increasing the patient’s likelihood of survival. The
cost of treating BC is high, especially in the advanced
stages of the disease, due to late diagnosis and biological
profiles.®

Various molecular diagnostic tools have been devel-
oped to improve the diagnosis of BC in the clinical setting,
aiming at the detection of early diagnosis capable of
improving survival rates that have increased significantly
worldwide in the last decades.®* "' The expansion of the
use of different BC biomarkers has been used clinically,
and this includes tissue markers, such as hormone recep-
tors, human epidermal growth factor 2, urokinase plasmi-
nogen activator, genetic markers, such as breast cancer 1
(BRCAT1) and BRCA2, and serum markers, such as can-
cer-associated antigen (CA 27.29).%12

Estrogen receptors (ER) and progesterone receptors
(PR) are hormone receptors used in clinical studies as
predictive and prognostic markers to guide therapy
decisions, especially for endocrine and HER2-targeted
regimens.'> "> It is known that a subset of BC has
amplification and overexpression of the epidermal
growth factor receptor (EGFR). EGFR is a receptor
tyrosine kinase (RTK) that belongs to the ErbB family,
and a transmembrane protein comprising an extracellu-
lar ligand-binding domain, transmembrane domain, and

domain.'®!7

cytoplasmic tyrosine kinase
Overexpression of EGFR in cancer is partly due to
gene amplification.'® Constitutive activation of EGFR
can promote tumor processes including angiogenesis
and metastasis and is associated with poor prognosis.
EGFR-targeted therapy has finally shown some promise
in terms of improving outcomes in breast cancer
patients, but molecular prognostic and predictive factors
need to be identified to optimize selection of patients for
EGFR-targeted therapies.'” 2!

Several studies show the association of the insulin-like
growth factor receptor-1 (IGF-1R) with the establishment
and progression of BC.2'?* Recent studies on BC have

identified high expression of IGF-1R correlated with

positive BC for hormone receptors associated with
a favorable prognosis, while low expression was correlated
with the triple-negative ER-/PR-/HER2-. IGF-1R has been
shown to act as a tumor and metastasis suppressor, prob-
ably because IGF-1R acts as a suppressor of tumorigenesis
by regulating the tumor microenvironment through pro-
tecting tumor epithelial cells from endoplasmic reticulum
stress. However, other results support the possibility that
the IGF-1R has a dual function as both a tumor suppressor
and an oncogene.”

A large body of laboratory, epidemiological and clin-
ical evidence has explored this pathway in cancer, with the
active form of IGF-1R being expressed in up to 50%
of BC tumors. The Insulin-Like Growth Factor 1 (IGF-1)
system, which includes IGF-1, IGF-binding proteins
(IGFBPs) and the IGF-1
a significant role in human physiology, particularly in the

receptor (IGF-1R), plays

development and function of many tissues, including the
mammary gland.**

This study aimed to evaluate the prognostic and pre-
dictive values of the EGFR and IGF-1R genes in tumor
samples from patients with BC who underwent undergoing
oncological and pharmacological treatment, crossing the
level of gene expression with socio-epidemiological and
clinical-pathological variables for understanding the
response of patients in this type of treatment.

Patients and Methods

Tumor Samples
Clinical and pathological information and biopsy samples
of tumor tissues were collected from 124 patients with
breast cancer registered at the Hospital Ophir Loyola —
HOL (Para State, Brazil). The patients signed an Informed
Consent Form and underwent neoadjuvant chemotherapy
according to the HOL protocol.”> These patients were
treated between 2010 and 2017 in the mastology sector
at HOL. The study was approved by the HOL ethics
committee (Protocol 432008), and all methods were car-
ried out in accordance with Declaration of Helsinki guide-
lines and regulations.

In this study, exclusion criteria were set to patients who
presented heart disease, pregnancy, lactation, or any clin-
ical condition in which the patient could not undergo
neoadjuvant chemotherapy, were considered. The guide-
lines for notification of tumor marker studies were fol-
lowed according to the characteristics of the patients as
Table 1

recommended.”* presents the clinical and
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Table | Patient Characteristics

Characteristics No. of Patients %

Age
<40 years 26 21.0
41-60 years 68 54.8
>60 years 30 242
Parity
Parous 110 88.7
Nulliparous 14 1.3

Personal background

Smoking 27 21.8
Ethics 2 1.6
Smoking and alcoholism 13 10.5
Others 82 66.1

Family Background

Breast cancer 29 234

Other cancers 39 31.5

NDN 56 45.2
BMI

<25 kg/m? 47 379

>25 kg/m? 68 548

Not evaluated 9 73

Exame access time

1-3 months 35 28.0
4-6 months 27 21.7
>6 months 29 233
Not evaluated 33 26.7

Exame used for diagnosis

Breast ultrasound 16 12.9
Mammography 33 26.6
Mammography and ultrasound 42 338
Not evaluated 33 26.6

Biopsy access time

Up to | month 12 9.6
2-6 months 49 395
>6 months 6l 49.2
Surgery 2 1.6

Neoadjuvant chemotherapy

Up to 0l month 22 17.7

02-06 months 78 62.9

More than 06 months 24 19.3
Surgery

Up to | month 2 1.6

2—6 months 28 22.6

>6 months 21 16.9

Surgery performed

Quadrantectomy 33 26.6
Mastectomy 9l 734
(Continued)

Table | (Continued).

Characteristics No. of Patients %

Beginning of radiotherapy after surgery

Up to Ol month | 0.8
02-04 months 24 19.4
More than 04 months 53 42.7
Did not perform 46 37.1

Presence of IAL and/or IPN

Present 55 44.4
Absent 67 54.0
Without residual neoplasia 2 1.6

Diagnostic stage

Stage | 3 24
Stage 2A 19 15.0
Stage 2B 21 17.0
Stage3A 43 34.7
Stage3B 36 29.0
Stage 4 0 0.0
Tx 2 1.6

Abbreviations: IAL, angiolymphatic invasion; IPN, perineural Invasion; Tx, primary
tumor cannot be evaluated.

pathological characteristics of the 124 studied patients.
Fragments of normal breast tissue were also collected
from 22 patients who underwent reduction mammoplasty.

This collection is intended to study the relative quanti-
fication, between tumor tissue and normal tissue, of
mRNA and proteins of EGFR (Epidermal growth factor
receptor) and IGF-1R (insulin-like growth factor recep-
tor 1), for this reason, a pool was built of mRNA and
another of proteins with these 22 samples. Tumor samples,
obtained by incisional biopsy, embedded in paraffin and
fixed in formalin (FFPE) were prepared for histological
and immunohistochemical evaluation.

Immunohistochemistry

The expression of estrogen and progesterone receptor, HER-
2, Ki-67 and cytokeratin 8/18 for the diagnosis and classifi-
cation of breast cancer were evaluated in breast tumors using
the streptavidin-biotin-peroxidase method with commercial
primary antibodies as previously described by our research
group.”” Tumors have the following molecular groups of
breast cancer: Luminal A (ER or PR positive, HER-
negative, Ki-67 <14%), Luminal B (ER or PR positive, HER-
negative, Ki-67> 14%), Luminal B HER (ER or PR positive,
HER-positive and any Ki-67), Triple-negative (ER and PR
negative, HER negative, any Ki-67) and HER Super Express
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(ER and PR negative and HER positive in +++).2®
Immunoreactivity of proteins encoded by the selected genes
EGFR (1:200 dilution; MAS5-13070; Thermo Fisher
Scientific, USA), IGF-1R (dilution 1:200; MAS5-13817,
Thermo Fisher Scientific, USA), was evaluated by immuno-
histochemistry on paraffin-embedded tissue sections, as sug-

gested by Calcagno et al.>’

mRNA Expression

To quantitate mRNA levels of EGFR and IGF-1R, total
RNA was isolated from a pool of 22 normal and 124
tumor tissues using Trizol (Thermo Fisher Scientific,
USA). After the total mRNA was isolated, it was
reverse-transcribed using the High-Capacity cDNA kit
according to the manufacturer’s protocol (Thermo Fisher
Scientific, USA). Complementary DNA was then ampli-
fied by real-time quantitative PCR (qPCR) using
TagMan probes: EGFR: Hs01076090 ml, IGF-1R:
MmO00802831 m1l. All gPCRs were performed in tripli-
cate in 7500 Fast Real-Time PCR instrument (Thermo
Fisher Scientific, USA). ACTB (4333762F; Thermo
Fisher Scientific, USA) gene was selected as an internal
control.?® All gPCRs were performed in triplicate in
7500 Fast Real-Time PCR instrument (Thermo Fisher
Scientific, USA).

The relative quantification of gene expression was
calculated according to the method of Livak and
Schmittgen.”' The cDNA pool of 22 samples of normal
breast tissue extracted from reductive mammoplasty was
designated as a calibrator from each tumor. For the
expression changes of mRNAs and protein, we used the
sections used in the literature for analysis of tumor
tissue.”” When the relative quantification value is equal
to 1 it means that the amount of mRNA is equal both in
the tumor and in the pool of mRNAs extracted from of
pool of 22 samples of normal breast tissue extracted from
reductive mammoplasty. When the value is 1.5, it means
that the relative quantification of that mRNA is 50%
higher in the tumor than in the pool of mRNAs extracted
from the same pool. Following this reasoning, when the
relative quantification is equal to 0.5 it means that there is
50% less of this mRNA in the tumor than in the cDNA
pool of 22 samples of normal breast tissue extracted from
reductive mammoplasty. This same correlation was per-
formed at Western Blot using the pool of proteins
extracted from 22 samples.

Protein Expression

Western blot analysis was performed as described
previously.”” Reduced protein (25 pg) from each sample
was applied to SDS—polyacrylamide gel and electrophor-
esed. Then, the individual proteins in the electrophoresis
gel were transferred to a polyvinylidene fluoride mem-
brane and labeled with antibodies specific for the corre-
sponding proteins: anti-EGFR (dilution 1:2000; MAS-
13070; Thermo Fisher Scientific, USA), anti-IGF-1R
(1:200 dilution; MAS5-13817; Thermo Fisher Scientific,
USA) and ACTB (dilution 1:250; Ac-15) was used as
a loading reference control.

Follow-Up

Patients were followed up with an average of 2 years,
where we assessed overall survival (OS), disease-free sur-
vival (DFS) and disease-free events. The last follow-up
was completed in December 2019.

Statistical Analysis

The validation data are shown as frequency, median and
interquartile range (IQR). The association between catego-
rical variables was analyzed using the * test, with p-value
<0.05 being considered significant. The data were sub-
mitted to the Shapiro—Wilk test to assess the distribution
of mRNA and protein expression, then the Kruskal-Wallis
test was used to investigate possible comparisons between
mRNA and EGFR and IGF-IR protein in the socio-
epidemiological and clinical-pathological data. The med-
ian and the IQR were used to assess the degree of disper-
sion of the data around the centrality measure. The
difference between the upper and lower quartiles was
determined for the interquartile range. Heatmaps with
hierarchical groupings were made to show the expression
pattern EGFR and IGF-1R in BC samples using the
Z-score metric. The predictive performance of the two
genes was analyzed using the area-under-the-curve
(AUC) calculation on the ROC curve to discriminate
groups of patients with high and low gene expression.
Sensitivity was assumed as the percentage of true positives
and specificity, the percentage of true negatives. The
Kaplan—Meier estimator and the Log rank test were used
to estimate the probability of survival of the high and low
expression groups, within each molecular group of BC,
considering a 95% confidence level and p-value <0.0001.
All statistics were performed using R (https://www.r-pro

ject.org).
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Results

In this study, 124 patients with breast cancer between 28
and 89 years of age were included. Most patients are in the
age group between 41 and 60 years old (54.8%), with
a body mass index (BMI) above 25 (54.8%), and they
gestated (88.7%) and breastfeeding (11.3%) (Tables 1
and 2).

Personal history did not show a predominance of smo-
kers or alcohol users in the evaluated patients. Some
comorbidities have been reported, such as asthma, dia-
betes, systemic arterial hypertension, but without statistical
significance. Concerning family history, the predominance
was of patients without a history of cancer (45.2%).

The majority of patients after the disease’s perception
sought the mastology service in up to 3 months (28%)
(Table 1). The exams performed most frequently were
mammography and breast ultrasound (33.6%). Most of
the biopsy was performed 6 months after the disease was
suspected (49.2%). In our sample, three patients did not
undergo a biopsy and were directly submitted to the sur-
gical procedure with intraoperative frozen section
technique.

Neoadjuvant chemotherapy started only 2—6 months
after the biopsy in (62.9%) of the cases. Of the patients,
73.6% underwent a mastectomy and (26.4%) under con-
servative treatment. Complementary treatment with radio-
therapy was delayed in a large number of patients
(42.07%), just 4 months after surgery. Stage III was the

most found (63.7%).

Expression Profile of EGFR and IGF-IR in
Tumor Samples from Breast Cancer

Patients

We evaluated the quantitative expression of mRNA and
protein of EGFR and IGF-1R in samples of tumor frag-
ments from 124 patients with BC. We identified the
increase and decrease in the levels of EGFR gene expres-
sion with statistical significance (p <0.001) for BMI,
angiolymphatic invasion, compromised lymph nodes, fol-
low-up and biological profiles.

Table 2 shows these results as follows. Patients with
BMI < 25, had higher levels of EGFR [median mRNA
(interquartile range, IQR): 1.96 (1.13); protein median
(IQR): 1.78 (1.03)]. We also observed that the levels of
mRNA and EGFR protein increased more than 1.5-fold (at

least 50% expression) in 54.8% of the tumor samples of
these patients.

We identified patients who were positive for angiolym-
phatic invasion (Table 2), with higher levels of EGFR
[median mRNA (IQR): 2.51 (1.05); protein median
(IQR): 2.14 (0.92)]. In this case, the increase in EGFR
mRNA and protein levels was more than 1.5-fold in 57%
of these tumor samples.

Patients with compromised lymph nodes >3 (Table 2)
of the cases, had higher levels of EGFR [median mRNA
(IQR): 2.37 (1.27); protein median (IQR): 1.91 (1.01)].
This increase was identified more than 1.5-fold in 40.9%
of tumors with a higher number of lymph nodes.

The results of the follow-up of patients who died
(Table 2) of the cases showed a significant increase in
EGFR [median mRNA (IQR): 2.57 (1.27); protein median
(IQR): 2.11 (1.02)]. EGFR mRNA and protein levels
increased more than 1.5-fold in only 22.6% of these
tumor samples. All of these results are shown in Figure 1.

Patients with a negative ER biological profile (40.3%)
triple-negative showed a significant increase in EGFR
[median mRNA (IQR): 2.48 (1.11); protein median
(IQR): 1.93 (0.82)] and HER overexpressed with an
increase in [median mRNA (IQR): 2.74 (1.86); protein
median (IQR): 2.62 (1.75)]. The levels of mRNA and
protein of this gene increased more than 1.5-fold in
58.1% of the tumor samples from patients (Table 2 and
Figure 2).

We identified a significant increase in IGF-1R
(p <0.001) only for the ER positive biological profile
variables. There were of Luminal A with [median
mRNA (IQR): 1.99 (1.18); protein median (IQR):
1.81 (1.17)], of Luminal B with [median mRNA
(IQR): 2.78 (1.87); protein median (IQR): 2.47
(1.74)] and of Luminal B HER with [median mRNA
(IQR): 1.01 (0.21); protein median (IQR): 0.94 (0.24)].
We found IGF-1R mRNA and protein levels increased
more than 1.5-fold in 41.9% of these tumor samples
(Table 2 and Figure 2) compared to the pool of 22
samples of normal breast tissue extracted from reduc-
tive mammoplasty.

Relationship Between EGFR and IGF-1R
Expressions

We identified different variations of EGFR and IGF-1R
gene expression in the types of biological profiles using
the status of estrogen receptors. For example, we
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|.5-fold-change.

identified EGFR receptor mRNA and protein levels ele-
vated more than 1.5-fold in 58.1% of tumors with nega-
tive receptor profiles (Figure 3A). On the other hand,
levels of mRNA and IGF-1R protein were 1.5-fold higher
in only 41.9% in positive receptor tumors (Figure 3B).
Our BC tumor samples were classified as 46.75% for
negative receptors in triple-negative and HER overex-
pression and 53.25% for positive receptors in luminal
A, B and B/HER (Figure 3C).

We didactically analyze the relationship of expressions
between EGFR and IGF-1R through the unsupervised
grouping on the heat map, showing the influence of gene
expression associated with negative and positive receptors.
The patients that most express EGFR represent 50% in our
samples with an expression value of this gene greater than

1.5 (Figure 3D) and who died after 1 year of treatment.
While the patients that most express IGF-1R, express
positive receptors representing in our samples 50% of the
expression of this gene greater than 1.5 (Figure 3E), being
those patients with disease-free survival.

Survival Analysis

We used survival analysis to assess the contribution of
high expression of EGFR and IGF-1R to the overall
survival of 124 studied patients. The analysis of the
ROC curve classified the patients of high and low expres-
sion, associated with follow-up in two groups: Disease-
free survival and poor outcome (recurrence/metastasis
and death) to understand the prognostic value of these
genes after | year of treatment disease. The highest point
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on the AUC curve was chosen as the cutoff point for
(EGFR: AUC = 0.891; sensitivity = 94.2%, specificity =
75.4% and for IGF-1R: AUC = 0.60; sensitivity = 8§0.1%,
specificity = 69.5%). Sensitivity is the percentage of true
positives and specificity is the percentage of true nega-
tives. (Figure 4A). From these data, the expression values
were considered 1.5 for both recipients. The Kaplan—
Meier analysis showed that there is an association
between high expression of EGFR (Log rank test, p =
0.038) and decreased overall survival in the group of
patients who expressed a lot of EGFR within the negative
receptor profiles (triple-negative and HER overexpres-
sion). This did not happen with the group of patients
who expressed IGF-1R (Log rank test, p = 0.0023),
revealing an association between low IGF-1R expression

and the decrease in overall survival of patients (Figure 4B
and C).

Discussion
World Health Organization (WHO) defines breast cancer
(BC) as a heterogeneous disease, with molecular classifica-
tion criteria that have emerged as an alternative capable of
better translating the clinical heterogeneity of this disease,
and the treatment strategies differ according to the molecular
subtype. The molecular characteristics of BC include expres-
sion of human epidermal growth factor receptor 2 (HER2,
encoded by ERBB2), hormonal receptors (estrogen receptor
and progesterone receptor) and/or BRCA mutations.’

This study analyzed 124 breast cancer patients whose
sociodemographic characteristics mentioned in Tables 1
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Figure 3 (A and B) Box Plot shows average levels of normalized expression of mMRNA and proteins from EGFR and IGF-IR. The boxes are drawn from the 75th to the 25th
percentile. The vertical lines above and below the box define the maximum and minimum values and the dots indicate outliers, the horizontal line inside the box representing
the median. Kruskal-Wallis test (p <0.0001) was applied to compare the means between the four groups. In all graphs, expression in breast tumors was normalized by the
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respectively. Z-score was the metric applied to infer the best grouping between profiles. Gradients with a red color trend represent profiles with a lower Z-score and

gradients with a blue color tendency with a higher Z-score. (ns, not significant, ****p < 0.0001).

and 2 are in accordance with Brazilian and South
American population statistics,*>** however the average
age of development of breast cancer and BMI is lower
than the indices of the North American Women’s Health
Initiative (WHI) program,** on the other hand the percen-
tage of individuals who gave birth and breastfed is higher
in this present study than the WHI. Most patients of this
study are in the age group between 41 and 60 years old
(54.8%), with a body mass index (BMI) above 25 kg/m*
(54.8%), parous (88.7%) and breastfeeding (11.3%).

We investigated the influence of EGFR and IGF-1R
gene expression on the evolution of BC, as there are
promising indications of the activation of different cell
signaling pathways due to the deregulation of some growth

factors, acting on the progression of malignancy, preven-
tion of apoptosis, drug resistance and metastasis.*>~°

Our results of qPCR and Western blot, obtained from
tumor samples from patients with breast cancer, showed
a significant increase in EGFR expression for BMI, angio-
lymphatic invasion, compromised lymph nodes, follow-up
and biological profiles (p <0.001). The analysis of these
variables showed that the levels of EGFR mRNA and
protein increased more than 1.5-fold in the patients’
tumors. On the other hand, the increase in IGF-1R expres-
sion levels by more than 1.5 in patients’ breast tumors was
significant only in biological profiles.

We observed that EGFR was more expressed in
patients aged 41-60 years, nulliparous, smokers and
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Figure 4 (A) Analysis of the ROC curve to separate patients into groups of high
and low expression of EGFR and IGF-IR associated with follow-up. The largest area
was for the EGFR receptor, AUC = 0.891 which represents a cut-off point of 1.5
from normalized expression. The IGF-IR receiver had a smaller area AUC = 0.60
for a cut-off point of |.5. (B) and (C) Kaplan—Meier analysis of the overall survival in
months of patients with breast cancer as a function of the expression of the EGFR
and IGF-IR receptors. The high gene expression 21.5 (blue line) for the two EGFR
receptors as opposed to the low expression (yellow line), is strongly associated
with a lower probability of survival for patients who do not express hormone
receptors in one year after treatment. The low gene expression of IGF-IR was
shown to be associated with the lower probability of survival of patients. ROC,
receiver operating characteristic. Log-rank p-value <0.0001.

alcoholics, who had tumors larger than 5 cm in size, with
more than three lymph nodes affected, expressing an estro-
gen receptor rate <10 and that evolved to death. The
analysis of the expression of 58.1% of the tumor samples
of these patients, showed high levels of EGFR protein in
triple-negative profiles and HER overexpression.

Triple-negative Breast Cancers (TNBC) is a group with
the worst prognosis and accounts for ~ 10-20% of human
breast cancers.?’>"*® In our data, we found EGFR protein
expression in 40.3% (50 cases) of triple-negative and 6.5%
(8 cases) of HER overexpression. High gene expression
was observed in our clinically negative breast cancer data
for the expression of estrogen and progesterone receptors
(ER/PR) and HER2 protein, which can occur as a result of
underlying genetic changes, such as the number copies of
the altered EGFR gene. These EGFR abnormalities exhibit
geographic and ethnic variations, their expression varies in
different regions of the world.>**

The IGF-IR expressed more in patients over 60 years
of age who had children and alcoholics, who had tumors
between two and five centimeters in size, with one and up
to three affected lymph nodes, expressing an estrogen
receptor rate >10. The cohort of samples with higher
expression of IGF-1R had an increase in disease-free sur-
vival. The expression analysis showed 41.9% of the tumor
samples with high levels of IGF-IR protein with biological
luminal profiles A and B.

Luminal A tumors are estrogen receptor-positive, cyto-
keratin 8 and 18 positives and have a good prognosis,
whereas luminal B tumors express the estrogen receptor
and cytokeratins 8 and 18 but have a poorer prognosis than
luminal A tumors.***® As most breast cancers fall under
the luminal classification, positive for hormone receptors
(ER +, PR +), comprising ~50% luminal A and ~10-20%
luminal B, in general, with luminal tumors being the better
prognosis.** In our data, we found the highest IGF-IR
expression in luminal B with 26.6% (33 cases), luminal
A with 20.2% (25 cases) and luminal B HER with 6.5%
(only eight cases), respectively.

Consistently, our analysis of overall survival with
Kaplan—Meier estimator, showed that the survival time
for the group of patients with high expression of EGFR
after 1 year of treatment was shorter to patients with low
expression (Log rank test, p = 0.038). These data are
confirmed in the study by Zeng et al who demonstrated
that high EGFR is significantly associated with distant
metastasis and severely reduced survival time.*” Probably
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because EGFR promotes breast cancer invasion/growth
through activation of the MAPK (mitogen-activated pro-
tein kinase) pathway.*®

Meanwhile, the survival time for the group of patients
with high expression of IGF-1R was longer compared to
patients with low expression (Log rank test, p = 0.0023).
This result confirms the influence of EGFR in patients who
do not express hormone receptors, with high sensitivity
(94.2%) and specificity (75.4%) in contrast to a decrease
in sensitivity (80.1%) and specificity (69.5%) of IGF-1R
on the ROC curve, revealing an association between low
IGF-1R expression and decreased overall survival for the
group of patients.

A hypothesis to explain the reduced survival in the
group of patients with reduced IGF-1R expression can be
supported by the possibility that these tumors that express
hormone receptors and evolved from unfavorable events
during hormone therapy, present a downregulated expres-
sion of IGF-1R. Pennisi et al, showed that the downregu-
lated expression of IGF-1R in breast cancer cells was
associated with decreased E-cadherin expression and
increased cellular motility.** E-cadherin is frequently
expressed in epithelial cells of the breast and its presence
is related to a non-metastatic phenotype.’*>! Clinical stu-
dies have shown that decreased levels of E-cadherin
expression in breast cancer are associated with poor prog-
nostic indicators.*’

A study by Obr et al analyzed the data set of the
Molecular Taxonomy of Breast Cancer International
Consortium (METABRIC), where they found an association
between low expression IGF-1R and decreased overall
patient survival. According to this study, the expression of
this gene inversely correlated with the patient’s survival
indicates that the reduced overall survival is not only due to
the low expression of IGF-1R, but to the increase in cellular
stress due to the increase in reactive oxygen species (ROS)
and the production of cytokines such as interleukin (IL)-6
and C-C motif chemokine ligand 2 (CCL2), to promote the
aggressive tumor microenvironment through the infiltration
of immune cells, matrix remodeling and collagen deposition
observed in rat and lineage tumors breast cancer cells.”

Studies focused on the identification of therapeutic
target genes in hormone-responsive BC, show that resis-
tance to hormonal therapy occurs in more than 50% of
the patients sustained by new or acquired resistance, the
latter emerging after a first treatment or in case of
recurrence.’” Such conditions can occur due to the com-
bination of genetic or epigenetic alterations, such as the

deregulation of the growth factor pathways that intersect
with ER signaling, modification of chromatin remodel-
ing, loss of ER expression, polymorphic variations of
ER.”

Our study gathered important information to conclude
that patients with molecular subtypes that do not respond
to hormonal block and that overexpress EGFR, tend to
evolve badly, whether, for recurrence, metastasis, or death,
when undergoing oncological and pharmacological
treatment.

In conclusion, our results suggest that the analysis of
the expression of EGFR and IGF-1R associated with the
clinical characteristics of patients, alone or together, influ-
enced the evolution of CM. Patients who have high
expression of both growth factor receptors studied have
a correlation with disease-free survival and tend to have
a worse outcome.
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