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Abstract

Background: Recently the presence of some mutations such as
epidermal growth factor receptor (EGFR) and anaplastic lymphoma
kinase (ALK) translocations have been found in lung cancer, as well as
the aberrant expression of PD-L1, whose therapeutic targets prolong the
survival rate in patients with this neoplasm. OBJETIVE. Identification of
mutations in the EGFR and ALK genes, in addition to determining the
expression of PD-L1 in cases of NSCLC in patients from UMAE No 1 Bajio.

Methods: Observational, cross-sectional and retrospective study, by
searching for the determination of ALK, PD-L1 (IHC) and EGFR (PCR) in
patients with NSCLC in a period of 4 years using descriptive statistics,
and search for associations of these detections with clinical-pathological
variables using Pearson’s correlation.

Results: 43 cases of NSCLC were found, among adenocarcinomas
and lung squamous cell carcinomas, most of them men. PD-L1 was
positive in 67.4%, EGFR mutated in 13.9% and ALK positive in 9.3%. No
statistical significance in the study of association of variables.

Conclusions: It is important to screen for the presence of mutations
in EGFR, ALK and PD-L1 expression, due to the possibility of improving
the prognosis of patients through the early use of target treatments.
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Background

Lung cancer is the leading cause of death from malignant
neoplasms worldwide and in Mexico, this due to late
diagnoses, nature of the tumor, and limited interventions
in treatment [1]. In our country, the incidence rate of
lung cancer is estimated at 7.5 new cases per 100,000
inhabitants, according to the International Agency for
Research on Cancer (IARC) [2]. In addition, it is the 5th
malignant neoplasm with the highest incidence rate, after
breast, prostate, cervix, and colorectal cancer [3]. Generally,
and for ease of clinical management, it is classified into two
main histological groups: small cell lung carcinoma (SCLC)
which represents 15% of all lung cancers, and non-small cell
lung carcinoma (NSCLC) covering 85%; in turn, the World
Health Organization (WHO) has classified NSCLC into 3 main
types: adenocarcinoma, squamous cell carcinoma and large
cell carcinoma [4].

Previously, the treatment of NSCLC was limited to
radiation therapy, chemotherapy, or a combination of
both; for a few years now, the treatment of lung carcinoma
has entered a new era with the discovery of mutations
in tyrosine kinase receptors (TKR), more specifically
epidermal growth factor receptor (EGFR) and kinase
translocations of anaplastic lymphoma kinase (ALK), along
with other molecular abnormalities, since the presence
of these mutations or translocations confer a remarkable
sensitivity to first, second, and last line therapies directed to
these abnormalities [5,6]. These advances have considerably
prolonged the survival of patients with NSCLC, in contrast to
those patients who do not harbor EGFR or ALK molecular
alterations, and present a limited response to chemotherapy
[7]- Although much progress has been achieved recently
in the treatment of lung cancer, these patients still face a
relatively low survival rate. Therefore, immunotherapy
has been considered a very promising therapeutic strategy
for different types of tumors. One of the most widely
used immunotherapies is monoclonal antibodies against
programmed death-1 (PD-1) or programmed death-ligand-1
(PD-L1). Aberrant PD-L1 expression has been found to range
from 19% to 100% of NSCLC patients and is associated
with a poor prognosis [8,9]. However, immune checkpoint
inhibitors targeting PD-1 or PD-L1 increase survival for
patients with advanced NSCLC [10].

Lung cancer is one of the malignant neoplasms that occur
most frequently in our country, however, the management
of advanced NSCLC has improved, by discovering the
presence of mutations in EGFR and ALK, which helps to
guide the therapy and which have been shown to have a
better response to oral TKI inhibitors, are associated with
longer-lasting results, lower toxicity, and an improvement
in quality of life compared to conventional chemotherapy.
Furthermore, immunotherapy also plays an important
role since PD-1 inhibitors or its PD-L1 ligand also confer
a benefit in the survival of patients with advanced NSCLC;
however, few studies in our country show the incidence
these mutations, which is of an utmost importance to offer
a targeted treatment that provides a better response to
patients with NSCLC; in addition to not knowing such data,

target therapies are not authorized in all hospital centers
in our country. The reason for our study is to know the
frequency of molecular alterations in the NSCLC of our
medical center and to identify possible associations with
various clinical pathological variables representative of the
Latino population.

Methods

An observational, cross-sectional, and ambilective study
was carried out by searching for results in the archives
from the Department of Pathology of UMAE N°1, IMSS, with
a diagnosis of NSCLC in a period of 4 years, corresponding
from January 1, 2015, to August 31, 2019. Pathological
results corresponding to patients older than 18 years with
a complete clinical record and with a diagnosis of NSCLC,
whose histological types correspond to adenocarcinoma
(AdCa), squamous cell carcinoma (SqCC), and large cell
carcinoma (LCC); Subsequently, the slides and paraffin
blocks corresponding to each case were collected, they were
evaluated in pairs to confirm the established diagnosis,
and to determine if the material was adequate to perform
immunohistochemical (IHC) and polymerase chain reaction
(PCR) techniques; All cases with a diagnosis of SCLC, those
with insufficient sample quantity for IHC and CRP, and cases
in which no paraffin blocks were found were excluded. From
the selected cases, a paraffin block was chosen to carry out
the previously determined studies (Figures 1,2).

For the IHC technique, each selected block was cut at 3
microns on electrocharged slides, deparaffinization and
hydration were performed, followed by tissue antigen
recovery by pressure with a Diagnostic Biosystem pressure
cooker, with buffered EDTA pH 9.0 recovery. Subsequently,
it was washed with hydrogen peroxide for 5 minutes, rinsed
with PBS, all the slides were mounted on cover plates and
racks, and primary antibody was applied against PD-L1,
(clone SP263, Ventana®) and ALK (clone D5F3, Ventana®)
was incubated for one hour, with subsequent rinsing with
PBS,asecondbiotinylated antibody wasadded for 10 minutes,
rinsing with PBS, diaminobenzidine (DAB) was applied
and subsequent development for 1 minute, it was passed
through distilled water and contrasted with hematoxylin
for 5 to 10 seconds. Each slide was bathed in carbonated
or ammonia water, dehydrating with 96° alcohol, clearing
with xylol, and mounting with coverslips. The preparations
were observed in a light microscope (Carl Zeiss® Axio
Imager A2) and were evaluated in an image analyzer
(MoticEasyScan®), subsequently archiving 2 images. PD-L1
status was determined by the percentage of tumor cells with
any membrane staining on the background. The percentages
of the tumor area occupied by any tumor cell were used to
determine the tumor positive score (TPS), being considered
negative (0%) or positive from 1%; low-positive expression
of 1-50%; high-positive expresion > 50% were considered.
For the interpretation of ALK, an average of 500 cells was
analyzed by 2 observers, and it was reported as positive or
negative. EGFR gene mutation detection was performed by
real-time PCR (rt-PCR) with the Rotor-Gene Q instrument
(Qiagen®). Scorpions® and Arms® technologies were used
with the EGFR RGQ PCRkit. The following somatic mutations
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Figure 2: A; B) PD-L1. C; D) ALK.
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were identified: most frequent mutations of exons 18, 19, 20,
21, and resistance mutation T790. The final reporting the
status of the gene was stated as mutated or not mutated.

Statistical analysis was performed using IBM SPSS Statics
v23.0 Statistical Software to identify each of the variables.
Descriptive statistics were used where mean, median, mode,
and standard deviation were used for quantitative variables;
and for the qualitative proportions. For the inferential
statistical analysis, the Pearson study was used to search
for possible associations and correlations between the
different variables, those with a correlation of p <0.05 being
statistically significant.

Results

During the study period, 67,522 cases registered in
our service were identified. The cases diagnosed as lung
carcinoma were 86 (0.127%), of which 21 cases (24.4%)
were diagnosed as SCLC and 65 cases (75.5%) as NSCLC
(Graph 1); Of the NSCLCs, only 43 cases could be included
in the study, of which 23 were men (53.4%) and 20 were
women (46.5%). The mean age of the patients was 61.9 +
11.9 years (Table 1). The histopathological varieties of the
analyzed cases corresponded to AdCa (32 cases, 74.4%) and
SqCC (11 cases, 25.5%) (Graph 2).

In 29 patients, PD-L1 was positive (67.4%) of which 19
had low expression TPS (65.5%) and 10 had high expression
TPS (34.5%) (Table 2); in terms of intensity; 15 graduated
with mild intensity (51.7%), 13 moderate (44.8%) and 1
high intensity (3.4%). Of these 29 positive cases for PDL-1,
22 corresponded to AdCa (75.8%) and 7 to SqCC (24.2%)
(Graph 3). Of the 43 cases studied, we found mutations in
the EGFR gene in only 6 cases (13.9%) (Graph 4). Regarding
ALK, we found mutations in only 4 patients (9.3%) (Graph 5).

In addition, some histological parameters were analyzed,
such as the presence of necrosis, vascular permeation,
inflammatory infiltrate, and number of mitoses in 10
high-power fields; 25 cases (58.1%) presented different
percentages of necrosis; vascular permeation in 16 cases
(37.2%); Lymphoid-type inflammatory infiltrate was
observed in 26 cases with mild inflammatory infiltrate
(60.5%), 6 with moderate (14%) and 5 with intense (11.6%),
in one of the cases the inflammatory infiltrate, was absent
(2.3%); finally, the mitosis index presented a mean of 14.6
mitosis.

Associations were made through Pearson’s study
between expression of PD-L1, ALK, and EGFR, as well as the
presence of necrosis, vascular permeation, inflammatory,
infiltrate, and mitotic index, without finding statistical
significance in any of them.

Discussion

Lung cancer in Mexico represents one of the main causes
of death, and the main etiological factorin lung carcinogenesis
is tobacco consumption, in addition to other factors, such as
genetic susceptibility, poor diet, occupational exposure, and
air pollution can act independently or in conjunction with
smoking to configure the descriptive epidemiology of lung
cancer [11,12].
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Graph 1: Reported cases of lung carcinoma in patients from UMAE N°1.

B Adenocarcinoma

B squamous cell carcinomas

Graph 2: Histological varieties of non-small cell lung carcinomas in
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Graph 3: PD-L1 expression in the different histological varieties.
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Graph 4: Incidence of EGFR mutation in NSCLC cases.
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Men 23 53.4%
Women 20 46.5%
Ages 61.9+ 11.9 anos
Table 1: NSCLC Demographic characteristics.
TPS <50% 15 (51.7%) 4(13.7%) 19 (65.4%)
TPS >50% 7 (24.2%) 3 (10.4%) 10 (34.6%)

Table 2: Percentaje of PD-L1 positive NSCLC cases.

NSCLC is classified into 3 main types: AdCa, SqCC, and
LCC. Before the WHO classification of 2016, AdCa was defined
by the presence of acinar/tubular structures or mucin
production, and SqCC as carcinoma with keratinization or
intercellular bridges, however with the current classification
if the immunohistochemistry shows that poorly
differentiated carcinoma that lacks microscopic evidence or
slight glandular differentiation expresses “adenocarcinoma
markers”, such as TTF-1 and/or Napsin A, is diagnosed
as a solid adenocarcinoma and if immunohistochemistry
shows that poorly differentiated carcinoma lacks or
presents slight squamous differentiation expressing “SqCC
markers”, such as p40, CK5 / 6 and p63, it is diagnosed
as non-keratinizing KSqQCC [13]. SqCCs are classified into
keratinizing SqCC, non-keratinizing SqCC, and basaloid SqCC
[14]. LCC is the least common of all lung carcinomas (15%).
It is a malignant epithelial neoplasm that does not meet the
criteria for adenocarcinoma, squamous cell carcinoma, or
small cell carcinoma. Histologically, it is characterized by
large polygonal cells, with a vesicular nucleus and a large
nucleolus [15]. The most frequent histological subtype of
lung cancer is AdCa, which coincides with the results of our
study since we found a total of 32 cases that correspond to
74.4% of the total of NSCLC cases found [16].

As mentioned at the beginning, currently the therapy
against NSCLC depends on finding or detecting alterations
in various proteins, especially transmembrane proteins,
among them the best known and studied are mutations in
the EGFR gene and ALK translocations, together with other
less frequent molecular abnormalities; and also with the
determination of the expression of PD-L1 [5].

The EGFR geneislocated on the shortarm of chromosome
7 and codes for a transmembrane protein, with a molecular
size of 170 kDa, and belongs to a family of four membrane
receptors, with tyrosine kinase (TK) activity: ErbB1 (EGFR,
HER1), ErbB2 (HER2 / NEU), ErbB3 (HER3) and ErbB4
(HER4). All members of this family have a similar structure
consisting of three regions: an extracellular region, where
the ligand-binding domain is located; a transmembrane
region, where it anchors to the cell membrane; and an
intracellular region, where the TK5 domain is found.
EGFR mutations are observed in approximately 15% of
NSCLCs, a large proportion have mutations in exon 19 or 21
(approximately 45 and 40% of patients, respectively) that
activate the tyrosine kinase domain in EGFR. The discovery
of TKI was considered a landmark finding in the treatment
of lung cancer [17]. EGFR-TKI is the first-line treatment

targeting EGFR sensitizing mutations which results in
longer progression-free survival, improved quality of
life, and decreased treatment-related serious side effects
compared to those who received standard chemotherapy
[18]. Therefore, many clinical guidelines recommend that
all patients with EGFR sensitizing mutations receive first-
line treatment with these drugs, in addition to all patients
with advanced or metastatic NSCLC [19,20]. In our study we
found a relatively low incidence compared to the consulted
bibliography regarding the presence of EGFR mutations
(13.9%), finding that 33.3% presented mutations in exon 21
and in the same way in exons 19 and 21.

Another recent advance in the treatment of NSCLC is
the incorporation of TKls of the ALK protein in patients
with positivity for this antibody; This subgroup of patients
represents between 2-5% of the total NSCLC; Furthermore,
the clinical characteristics associated with this mutation are
very similar to patients with EGFR mutations; these patients
appear to be younger than the average lung cancer patient
(mean age 52 years) and with a histological predominance
of adenocarcinomas ( mainly in adenocarcinoma with signet
ring cells) and they are frequently non-smokers [21]. The
response rate, quality of life, and survival are better in these
patients when they receive treatment with an ALK TKI such
as Crizotinib compared to when only receiving regular
chemotherapy [22]. In our study we found an incidence for
the presence of ALK mutations of 9.3%, which represents a
relatively high incidence compared to other studies carried
out, since, for example, in the study by Martelli et al, where a
total of 120 were included and the overall frequency of ALK-
positive NSCLC was 5.8%; as in another study carried out
by Perner et al, where NSCLC samples from 603 patients in
total were analyzed, finding by FISH a frequency of positive
NSCLC ALK of 2.7% [23,24].

One of the most widely used immunotherapies is
monoclonal antibodies against PD-1 or PD-L1. Its action is
based on the ability of some tumors to evade the immune
system through the expression of PD-L1, a ligand for a
protein called PD-1. When the union between PD-1 and PD-
L1 occurs, the activation of the T lymphocyte is inhibited and
therefore the normal immune response against tumor cells
is inhibited. Some of these therapies are already approved
for the treatment of lung cancer, with overall survival rates
greater than those obtained with traditional chemotherapy
[25].

Numerous primary monoclonal antibodies directed
against PD-1 or its ligand PD-L1 have been developed, which
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are associated with the use of drugs such as nivolumab and
pembrolizumab for PD-1 and atezolizumab, durvalumab,
and avelumab for PDL-1. The drugs atezolizumab and
durvalumab bind to PD-1 without activating it, blocking
with their binding the interaction with the PD-L1 ligand,
and consequently demonstrating its beneficial effect in
different types of tumors [26]. According to Yu et al, the
prevalence of PD-L1 expression in the population of patients
with NSCLC ranges between 24% and 60%, very similar
to that found by the group of Ishii et al, who reported a
percentage of positivity of 71.6% of the total of 102 patients
in the series when considering positive staining for PD-L1
that present in the membrane and/or cytoplasm of tumor
cells and in the study carried out by Skov et al, they found
a positivity for PD-L1 in 499 patients out of a group of 791
in total, corresponding to 63% [27-29]. Small variations in
these percentages that could be related to: 1) the type of
PD-L1 clone used in the immunohistochemical study; 2)
the wide range in the minimum percentage value stipulated
to consider a sample as positive, which according to the
authors varies between 1% and 50%; however, there is little
scientific evidence available in this regard. In our study, the
expression was considered positive from 1% of the tumor
cells [30]. Furthermore, we found significant differences in
PD-L1 expression between adenocarcinoma and SqCC, the
first one with the highest expression. Other studies have
reported similar findings, while some have shown increased
expression in SqQCC or no difference [31-33].

In this study, a search was also carried out for some
histological variables such as the percentage of necrosis,
the presence of inflammatory infiltrate, the mitotic index
and the presence or the absence of vascular permeation,
and associations between them and with the presence
of EGFR mutations were intentionally sought out of ALK
and PD-L1 expression, without finding any association of
statistical importance; There was also not enough evidence
from studies looking for these histopathological variables.
However, in a study by Usui et al, it was found that vascular
invasion was observed in a high percentage of NSCLC cases
and that, although the demonstration of vascular invasion
by tumor cells does not always necessarily imply a fatal
prognosis, it is considered a serious prognosis due to the
higher incidence of distant metastases in these cases and the
presence of metastases in some studies has been associated
with greater positivity for PD-L1 [34]. Wang et al showed a
statistically significant prevalence, 2.3 times higher, of PD-
L1 positivity in patients with metastatic disease compared
to early and locally advanced disease [35]. Evans et al
found that tumor samples taken from the primary lung
tumor showed significantly lower rates of PD-L1 positivity
than pleural and lymph node samples. Based on the above,
the presence of vascular permeation could be related to a
more advanced stage of the disease and therefore greater
positivity for PD-L1, however in this study no relationship
was found between the presence of vascular permeation and
the percentage of PD-L1 expression.

Conclusion

Although the prevalence of EGFR mutations is generally

relatively low, screening should continue due to the limited
efficacy of regular chemotherapy for NSCLC patients and
universal EGFR mutation testing may improve the overall
prognosis with the early use of first-line EGFR-TKI treatment.
The positivity for ALK represents a considerable percentage
to carry out its detection in a systematic way, since the
response rate, quality of life, and survival are better in these
patients when they receive treatment with an ALK-TKI than
when they receive treatment with regular chemotherapy.

The incidence of PD-L1 expression represents a
considerable number of patients who could benefit from
the systematic detection by immunohistochemistry of this
marker since its expression helps to determine if the patient
is a candidate for immunotherapy, which is associated with
a better response to treatment, as well as a reduction in the
adverse effects associated with it, as well as a greater global
survival rate. Finally, no statistically significant association
was found between the immunohistochemical expression of
PD-L1, with the presence of ALK, EGFR mutations, or with
the histopathological variables studied, which means that
the behavior of the disease does not depend on the presence
or absence of said molecular mutations or the presence of
PD-L1.
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