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Summary

Lung cancer is still the leading cancer-related cause of death
with a high incidence rate in the whole world. Treatment
options—surgery, radiotherapy, and chemotherapy, depending
on the stage of the disease. During the last decade, many
molecular alterations were discovered that led to impressive
changes in treatment. Personalized approaches, including
target therapies with specific inhibitor drugs, became a
part of the standard therapies. This article reviews current
molecular biomarkers used in clinical practice to treat lung
cancer patients.
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Introduction

Lung cancer is the leading cause of cancer-related
mortality in the whole world. It causes the highest
number of deaths, the latter being on the increase [1].
Non-small cell lung cancer (NSCLC), which accounts
for about 80% of all lung cancer, is still a big problem
for healthcare systems due to poor response rates, poor
prognosis and the insufficient 5-year survival rate of
about 14%. In Bulgaria, based on the annual reports
from the National Bulgarian Cancer Registry, lung
cancer was reported as the most common malignancy
in males in 2012, representing 19.1% of all the new
cases in men, and the seventh most common in females
(5.1% of all the new cases in females). For 2012,
3594 lung cancer deaths were reported, of which
male cases were four times the number of the female
cases. The expected new lung cancer cases for 2015
were 4081, and expected deaths were 3622 [2]. The
role of genetic factors in lung cancer has become
more recognizable during the last couple of years.
Mutational analysis and genomics profiling have
contributed to new developments in the field of lung
cancer in Bulgaria and have helped to define the critical
role of some mutations in the progression of the disease
[3-5]. Testing for genetic alterations has attained great
clinical importance in the recent years, and some
molecular biomarkers have become reliable targets
for specifically targeted drugs in NSCLC. As can be
expected, treatment for lung cancer has also changed.
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Furthermore, this has encouraged researchers to
seek new biological markers to better explain
lung carcinogenesis [6].

This article aims to summarize the biomarkers
of importance for the current clinical practice in
lung cancer treatment.

Discussion

Extensive research in the field of lung cancer
has provided new scientific clues to better
understanding the pathobiology of NSCLC,
and the small molecules that target certain
genetic alterations were introduced into routine
clinical practice. The paradigm for treatment
of lung cancer has changed significantly [7-9].
The well-known biological therapies in clinical
practice target specific genetic alterations in
NSCLC, mutations in RAS and epidermal
growth factor receptor (EGFR) oncogenes,
the ALK rearrangement or inactivated tumor
suppressor genes like TP53 [10]. RAS proteins
are responsible for controlling the signaling
pathways in the cell, defining growth, survival,
and differentiation of the cell itself. Since the
activation of RAS proteins is under strict control
in the normal cell, a change in the RAS signaling
could lead to malignant transformation. RAS
genes were first identified in the 20-th century
as retroviral oncogenes from the genome rat
sarcoma viruses [11]. KRAS mutations are
predominately found in adenocarcinomas
and are seen in approximately 25% of cases.
Although KRAS has been found as the most
frequently mutated gene in NSCLC, there is
still no targeted drug available in the clinical
practice. Alteration if BRAF, a downstream gene
of KRAS signaling, has been found in NSCLC,
though with a low frequency that ranges from
one to five percent [12, 13]. The PI3K/AKT/
mTOR pathway is another signaling pathway
that is dysregulated in NSCLC and can be easily
assessed by next-generation sequencing (NGS).

Some subtypes of NSCLC are characterized
by specific mutations in the gene for EGFR,
which defines their sensitivity to certain
inhibitors of the associated oncogenic signaling
pathways. According to the established rule,
they are more common in women, nonsmokers,
and subjects of Asian origin. EGFR is a known
member of the big HER family [14]. EGFR
mutations are divided into common (del exon
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19, point mutation L858R), and uncommon
mutations. Common mutations are considered to
be the target for most tyrosine kinase inhibitors
(TKIs). For Bulgaria, the prevalence of EGFR
mutation frequency in NSCLC is considered
equal to the worldwide reported data [15]. So
far, the EGFR TKIs first (gefitinib, erlotinib) and
second generation (afatinib) routinely used in
the clinical practice have proven their efficacy
in NSCLC patients harboring activating EGFR
mutations by showing a significant change in the
survival rates, as compared to standard platinum-
based regimens [16, 17].

Table 1. Frequency of mutations in NSCLC by
Vanderbilt-Ingram Cancer Center (2016) [17]

Gene Alteration Frequency in
NSCLC
AKTI1 mutation 1%
ALK rearrangement  3-7%
BRAF mutation 1-3%
DDR2 mutation -4%
EGFR mutation 10-35%
FGFR1 amplification 20%
HER2 mutation 2-4%
KRAS mutation 15-25%
MEK1 mutation 1%
METa amplification 2-4%
NRAS mutation 1%
PIK3CA  mutation 1-3%
PTEN mutation 4-8%
RET rearrangement 1%
ROSla  rearrangement 1%

However, EGFR T790M mutation (also
known as a gate-keeper) is the reason for
resistance to most clinically available first and
second generation EGFR TKIs, which practically
explains the progression during treatment with
TKIs in about 60% of the cases, with a median
time to progression about ten months. The
T790M mutation has to be selectively targeted
by a new, third generation of TKIs to overcome
the EGFR resistance, such as osimertinib,
rociletinib, and others, that are still clinically
tested. T790M is only one way to overcome the
resistance to EGFR TKIs because this resistance
is complex and due to various mechanisms. These
mechanisms included activation of alternative
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pathways (like c-Met), changes in downstream
pathways (such as K-RAS mutations or loss
of PTEN), faults in the EGFR-TKIs-mediated
apoptosis pathway, or subsequent change in the
histology subtype [18]. Targeted therapies are
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T790M
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MET+T790M
3%

used in patients with adenocarcinoma of the lung
since genetic activating mutations are usually
found in the group of patients with this histologic
subtype. The mechanisms of acquired resistance
to EGFR-TKIs are summarized in Figure 1 [19].

HER2 + T790M

%

Figure 1. Mechanisms of acquired resistance to EGFR-TKIs by Yu HA et al (2013) [19]

The functions of the cytokine vascular
endothelial growth factor (VEGF) include
stimulation of the cell growth and angiogenesis
by increasing microvascular permeability.
Based on the discovery of its functions, the anti-
VEGF monoclonal antibody bevacizumab was
introduced as the first-line therapy in patients
with non-squamous NSCLC. This treatment is
combined with platinum doublet, followed by
a single agent maintenance monotherapy with
bevacizumab. Two phase III trials have proven
that adding bevacizumab to chemotherapy
significantly increased progression-free survival
and response rates [20, 21]. Since bevacizumab
is limited only to the non-squamous histology
of the lung and pemetrexed is proven to be
most effective in cases of adenocarcinoma,
the therapy with pemetrexed/cisplatinum for
adenocarcinoma and the platinum doublet with
bevacizumab is reported as first-line standard
therapy in patients with non-squamous NSCLC
in the absence of any activating mutation [22,
23].

All previous statements provide evidence
that treatment of lung cancer is moving from
standard histology-based therapy to the
personalized approach. This evidence is based
on the individual’s genetic alterations, and
the treatment strategy should be defined by
the genetic and pharmacogenetic profile. In
such a way, resistance is overcome, and acute
therapy-related side effects are avoided, thus

increasing the chances for a positive treatment
outcome. The idea of precision medicine relies
on a deep understanding of the cancer genome
as determined by NGS.

Currently, technology has made it easier to
implement NGS not only in research but also
in routine clinical practice in a cost-effective
manner. NGS-based diagnostics can provide
clinically relevant information from readily
available formalin-fixed paraffin-embedded
(FFPE) tissue, which is of utmost importance
for daily clinical practice. Besides, it could
be easily incorporated into standard clinical
practice [24]. The current practice of single
mutation testing NSCLC patients is going to
be duly replaced by multiple gene alterations
testing, using NGS technology for more reliable
and timely diagnosis.

Also, if a patient has failed standard cytotoxic
or targeted therapy, NGS could be of great help
for identifying the exact clinical trials into
which the patient could be possibly enrolled.
The individual approach to a single patient is
the main issue of current oncological practice.
NGS is the way to face that major challenge by
resolving the problems concerning drug efficacy
and safety. The individual sensitivity of every
single patient is defined, based on the patient’s
genetic landscape. NGS provides information
why some patients experience extreme toxicity
to certain drugs, while others remain subdosed
by the very same dose schedule. The scientific
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discoveries, which NGS has brought to oncology
practice and the updated genetic database in
the last couple of years, emphasize the role of
pharmacogenomics in individualizing therapy in
the era of precision medicine [25-27].

Resistance to drugs is one of the major
causes of therapy failure. Response to therapy is
crucial for treatment outcome and success of the
treatment applied. That is why researchers have
been paying much more attention to the search of
genes and genetic variants involved in response
to therapy. The literature provides sparse
information about the genetic polymorphisms
that define the individual therapeutic sensitivity
in lung cancer patients. Some polymorphisms
in already known genes have been reported to
modify resistance to platinum-based regimens,
thereby defining therapeutic response and
survival. The study of Tibaldi et al. (2008) [28]
demonstrated the association between XPD
Asp(312)Asn, Lys(751)GIln, ERCC1 C118T,
CDA Lys(27)GIn polymorphisms and response,
toxicity profile, time to progression, and overall
survival (OS) in 65 patients with advanced stage
NSCLCL on cisplatin-gemcitabine as first-line
treatment. Results of that particular trial could
not show any association between ERCC1 and
XPD polymorphisms to both response and
clinical outcome [28].

Toxicity is of huge importance in the treatment
for lung cancer since therapy-related side effects
are often a reason for therapy interruptions
and subsequent insufficient treatment effects
[29, 30]. Gene repair capacity is influenced by
single nucleotide polymorphisms (SNPs) which
could explain the differences in the response
rates to cytotoxic therapy and therapy failure,
as well the degree of toxicity. P53, the tumor
suppressor gene of extreme importance for the
cell cycle, plays the role of regulator of the
cellular processes, including DNA repair and the
cell death induced by chemotherapy-related cell
damages [31]. The roles mentioned above of P53
for the normal function of the cell cycle prove its
great significance because inhibiting its activity
could lead to chemoresistance. According to
recent studies, P53 gene could harbor a lot of
SNPs, but SNP [(rs)1042522 (Arg72Pro)] refers
to significant changes in P53 cell function [32].
P53 Arg72Pro polymorphism is associated with
lung cancer risk and sensitivity to platinum-based
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chemotherapy [33]. Some of these biomarkers
have been shown to improve anticancer
treatment efficacy and reduce toxicity, which
could subsequently lower the overall health-care
costs. Since research in oncology is expanding,
the cost of the studies is of extreme importance.
The recently used NGS method, as well as
those used in Bulgarian studies, suggest cost-
effective sequencing and easier data analysis,
which is important for the rapidly developing
field of oncology. No doubt, the future of cancer
genomics is associated with high-throughput
sequencing technologies.

Conclusions

A lot has changed in the treatment of lung
cancer in the last decade. Introducing the TKIs
as a routine tool in clinical practice has led to
significant changes in the progression-free
survival rates, thus giving lung cancer patients
with the advanced and metastatic disease a new
reliable therapeutic possibility and opening new
treatment horizons for physicians. However,
oncologists still face the need of new targeted
approaches to cover the increasing challenge
of treatment resistance and related side effects,
which influence not only clinical outcomes but
patient‘s quality of life as well. Answers to
all clinical questions are meant to be found in
genetic discoveries, which have changed the
diagnostic approach in lung cancer. Although
single molecular biomarkers are now a routine
part of diagnosing and treatment of patients
with advanced NSCLC, some of them already
a diagnostic routine in practice; many others
are still being investigated. Therefore, there is a
great need for incorporating high profile genetic
technologies in diagnosing, treatment and
prediction of outcome in clinical practice.
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