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Background and Objective: Lung cancer has long been the leading cause of cancer deaths in the
United States. Lung cancer has a poor prognosis, and our understanding of who will maximally benefit from
different therapies is incomplete. This article discusses genetic biomarkers that may help in this regard.
Methods: From origin until February 25, 2022, PubMed database was searched for terms “non-small cell
lung cancer”, “genomics” and “biomarker”, with special attention paid to literature published within the past
10 years. Search was language restricted to English. Additional literature was identified through hand
searches of the references of retrieved literature.

Key Content and Findings: The most robustly described biomarkers for non-small cell lung cancer
(NSCLC) are assessment of specific gene mutations. These are currently used in clinical practice for both
prediction and prognostication. Abnormal mutation status of STKI1/LKB1 and KEAPI1-NFE2L2 are
associated with poor response to radiotherapy (RT), and STK11/L.KBI1 is further associated with resistance
to PD-L1 immunotherapy. Abnormal TP53 is associated with decreased benefit from cisplatin in squamous
cell carcinoma (SCC). In terms of prognostication, RB1 mutations are associated with decreased overall
survival (OS) in NSCLC and KEAPI-NFE2L2 mutations are associated with increased local recurrence (LR).
Additional work has focused on gene expression levels, as well as analysis of genetic factors and signaling
molecules affecting the tumor microenvironment (TME). High levels of Rad51c and NFE2L2 are associated
with resistance to chemotherapy, and high Rad51c levels are further associated with resistance to RT. High
nuclear expression of B-catenin has additionally been associated with poor RT response. Further, there is
increasing evidence that some long non-coding RNAs (IncRINAs) may play a crucial role in regulation of
tumor radiosensitivity. Much of this work has had promising early results but will require further validation
before routine clinical use. Finally, there is evidence that quantification of some signaling molecules and
microRNAs (miRNAs) may have clinical utility in predicting adverse outcomes in RT.

Conclusions: An improved understanding of tumor genetics in NSCLC has led to the development of
targeted therapies and improved prognostication. As more work is done in this field, more and more genetic
biomarkers will become candidates for clinical use. Much work will be required to validate these findings in

the clinical setting.
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Background

Primary tumors of the lung have traditionally been classified
into two groups: small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC). Approximately 80-85%
of lung cancer cases are NSCLC whereas 15-20% are
SCLC (1). The World Health Organization (WHO) 2021
classification of lung tumors provides a slightly different
paradigm, in which cancers previously classified NSCLC
are specified to be adenocarcinoma (ADC), squamous cell
carcinoma (SCC), large cell carcinoma, adenosquamous
carcinoma, sarcomatoid carcinoma, or other NSCLC (2).
SCLC is now considered a subset of neuroendocrine
tumors. This classification still largely relies on histological
examination, but there is an increasing role for the use
of genetic testing in classification of these tumors (2).
Accurate classification is important as different subtypes
are associated with differing prognoses, as well as choice
and responsiveness to treatment. As an example, it has been
shown that pemetrexed is efficacious in the treatment of
non-squamous histological subtypes of NSCLC, but less so
for squamous tumors (3). For the purposes of this review,
we will primarily be using the traditional classification
system while utilizing more specificity when possible.

Lung cancer has long been the leading cause of cancer
deaths in the United States. The American Cancer Society
projects in 2022 that 350 people will die each day from
lung cancer, which is more than twice the number of deaths
predicted for colorectal cancer which is the second leading
cause of cancer death (4). Historically, survival in lung
cancer has been stagnant when compared to other cancers
for several reasons including higher rates of metastatic
disease at diagnosis and difficulty finding effective
therapeutic agents for advanced disease. However, since the
turn of the century we have made advances in our abilities
to both diagnose and treat lung cancer. The increasing
number of available targeted agents and immunotherapies
has provided a great benefit to patients with advanced
disease; however, with increasing treatment options
comes the need for more effective tailoring of treatments
to individual patients. An improved understanding of
biomarkers in lung cancer will be essential to this effort.

The Food and Drug Administration (FDA) defines a
biomarker as “a defined characteristic that is measured as an
indicator of normal biological processes, pathogenic processes
or responses to an exposure of intervention”. This broad
definition can include molecular, histologic, radiographic,
or physiologic characteristics. Biomarkers can further
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be subdivided according to their applications. There are
biomarkers with diagnostic, monitoring, pharmacodynamic/
response, predictive, prognostic, safety, and susceptibility/
risk applications (5). It is important to note that there can be
significant overlap between these categories.

A better understanding of tumor genetics, and
subsequent targeting of these alterations in the clinical
setting has significantly improved outcomes in NSCLC.
However, there is room for improvement in both
diagnostics and treatment. While these improvements are
welcomed, an estimated 27% of NSCLC cancers do not
have an identified driver mutation (6), though do have other
genetic abnormalities, the significance of which are not
yet known. Given the rapid improvements over the past
decade, it is likely many of these could be targeted in the
future, but for now we must use this information in other
ways to understand their significance. Thus, in this review
we will provide a thorough discussion of biomarkers in
NSCLC, in order to give an overview for clinicians in
how these might be useful in diagnosis and management
of disease. We present the following article in accordance
with the Narrative Review reporting checklist (available
at https://amj.amegroups.com/article/view/10.21037/amj-
2022-01/rc).

Methods

From origin until February 25, 2022, a literature search
was conducted through the PubMed database. Search was
language restricted to papers in English. Terms including
“lung cancer”, “non-small cell lung cancer”, “genomics”
and “biomarker” were utilized. Papers were included based
on subject matter relevance as determined by consensus of
authors. Special attention was paid to primary literature and
systematic reviews. The search was prioritized for papers
published within the past 10 years, although older papers
were considered on an individual basis. Additional literature
was identified through review of the reference section of
retrieved literature. A total of 130 articles were screened and
79 were ultimately included. Table 1 provides an overview of
the search methodology.

Available biomarkers in NSCLC

The number of biomarkers associated with NSCLC has
rapidly expanded over the past decade. However, most of
these have not yet been utilized in routine clinical practice.
The biomarkers that are currently available for routine
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Table 1 A summary of search methodology
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Specification

Date of search
Databases and other sources searched PubMed

Search terms used

Jan 1, 2022-Feb 25, 2022

“(Lung Cancer) AND (Biomarker)”, “(Lung Cancer) AND (Genomics)”, “Non-Small

Cell Lung Cancer”

Inclusion criteria

Article languages: English

Publication date: after Jan 1, 2000 (papers published after 2010 prioritized)

Article types: primary literature, systematic reviews. Secondary literature
considered on an individual basis

Selection process

Individual authors conducted PubMed searches and identified possible papers for

inclusion. Papers were ultimately included based on consensus of all authors

clinical use include assessments of specific gene mutation
status through reverse transcriptase polymerase chain
reaction (7), next-generation sequencing (NGS) of solid
tumor specimens to assess mutation status of several different
genes along with tumor mutational burden (TMB) (8),
and IHC to assess presence or absence of clinically relevant
proteins. Clinically, these biomarkers are most often
evaluated through use of companion diagnostics (CDx)
assays. The FDA defines CDx assays as iz vitro diagnostic
devices that provide information essential to the safe and
effective use of corresponding therapeutic product (9).
These diagnostic tests are increasingly becoming a routine
part of care for patients with NSCLC. A 2020 survey of
practicing oncologists found that 99.6% of patients were
tested for at least one biomarker through FDA approved
testing (10). These panels largely depend on having a solid
tissue sample available for testing, but tests utilizing liquid
biopsy are increasingly available (11). Liquid biopsy has the
potential to analyze circulating tumor DNA (ctDNA), along
with circulating RNAs such as microRINAs (miRNAs) and
long non-coding RNAs (IncRNAs). CtDNA is the subset of
cell free DNA (cfDNA) that came from tumor cells. In the
detection of driver mutations, cfDNA analysis has a reported
sensitivity of 75%. Additionally, it was found that the ability
of cfDNA analysis to identify these driver mutations was
correlated with increasing cfDNA levels (12).

Analysis of tumor genetics in liquid biopsy can also
be done through analysis of circulating tumor cells
(CTCs). One potential advantage of CTC analysis, and
liquid biopsy overall, when compared to analysis of
solid tumor samples is that it more easily allows analysis
of tumor genetics at different points in time. As an
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example, some studies suggest that CTC analysis finds
higher rates of PD-LI positivity than tumor biopsy in
NSCLC patients (13). PD-L1 expression is a dynamic
process, whereas analysis of PD-L1 expression from biopsy
samples yields information about a specific time point.
The dynamic nature of PD-L1 expression could be an
explanation as to why only about 50% of PD-L1 positive
patients respond to PD-L1 inhibitor treatment. Thus,
isolation of CTCs is a non-invasive procedure that could
improve our ability to monitor treatment response.

Prognostic biomarkers

Studies have identified several biomarkers that have
prognostic and/or predictive value in NSCLC. These
include expression levels and mutational status of
intrinsic genes of the tumor, as well as expression levels
and mutational status of genes related to the tumor
microenvironment (TME). The majority of these
biomarkers are not used in routine clinical practice, and
studies assessing prognostic and/or predictive value often
have conflicting results. The combination of biomarkers
into prognostic or predictive panels has had greater
success than individual biomarkers alone, as exhibited by
the CDx panels previously discussed. However, even with
prognostic signatures comprised of several independent
biomarkers, clinical validation is a concern. A 2017
meta-analysis found that of the 42 published messenger
RNA (mRNA) prognostic signatures identified, 25 were
prognostic for survival after adjustment for clinical risk
factors and 18 performed better than random signatures.
Seventeen prognostic signatures were identified for ADC
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Table 2 A summary of mutational biomarkers discussed in this review along with their potential clinical relevance

Gene Status Relevance
TP53 Abnormal mutation status Controversial in prognostication, some studies suggest decreased survival (15,16)
In SCC, decreased benefit from ACT compared to WT TP53 (15)
STK11/LKB1 Abnormal mutation status Worse outcome after definitive RT (17,18)
Resistance to PD-L1 targeting immunotherapies (19,20)
RB1 Abnormal mutation status Decreased OS compared to WT in NSCLC (21)
Increased OS compared to WT in SCLC (22,23)
BRCA1/2 Pathogenic germline mutations Patients significantly more likely to develop NSCLC before age 50 (24)
Better response to EGFR-TKI in patients with somatic EGFR mutations (24)
Rad51c High expression Shorter OS and DFS (25)
Induction of cell resistance to cisplatin and radiation (26)
ERCC1 High expression Decreased objective RR (27)

KEAP1-NFE2L2

Abnormal mutation status

High NFE2L2 expression

SETD1A High expression

B-catenin Increased nuclear expression
KNSTRN Increased expression

TMB Increased burden

Higher risk of treatment failure in chemoradiation (28)

Increased LR (29)

Clinical resistance to RT (30)

Low treatment response to platinum-based chemotherapy (31)
Poor PFS (31)

Poor OS and FPS (32,33)

Negative correlation with radiation response (34)

Associated with progression of ADC: poor OS, PFS, and DSS (35)
Greater clinical benefit for immunotherapy (36)

In WT-EGFR: predictive of increased RFS benefit from pemetrexed/cisplatin vs.
vinorelbine/cisplatin (37)

TMB, tumor mutational burden; SCC, squamous cell carcinoma; ACT, adjuvant cisplatin therapy; WT, wild type; RT, radiotherapy; OS,
overall survival; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; DFS, disease-free survival; RR, response rate; LR, local
recurrence; PFS, progression-free survival; FPS, functional performance status; ADC, adenocarcinoma; DSS, disease-specific survival;
RFS, relapse-free survival.

and 8 identified for SCC (14). With these considerations,
we provide an overview of potential biomarkers in the
context of relations to genes and/or genetic pathways that
have been implicated in oncogenesis (Table 2).

Tumor suppressors

TP53

TP53, located on chromosome 17p13.1, encodes the
tumor suppressor protein p53. p53 plays important roles
in cell cycle regulation, apoptosis, autophagy, and DNA
repair. 7P53 mutations are the most commonly identified
mutations NSCLC, with incidence greater in SCC than
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ADC (38,39). Additionally, 7P53 mutations have been
closely linked to smoking status (40). The use of TP53
abnormalities in prognostication has historically been
controversial. A systemic review from 2001 found abnormal
p53 status to be associated with poor survival in all subsets
of NSCLC, however, a 2016 pooled analysis of four
randomized trials found no prognostic value in the presence
of TP53 mutations in exons 5-8 (15,16).

Interest in the downstream effects of TP53 mutations
has led to identification of differentially expressed genes
(DEGs). DEG analysis of SCC patients with TP53
mutations found three genes with significant prognostic
value in SCC: KLK6, MUC22, and CSNI1S1. These three
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genes were combined into a prognostic signature which was
shown to have greater prognostication for overall survival
(OS) than TNM stage or T stage alone (41).

Although the previously mentioned 2016 pooled analysis
found no prognostic value for TP53 mutations, they did
find a marginal predictive effect for benefit of adjuvant
cisplatin therapy (ACT) for OS in those with TP53
mutation (15). Wild type (WT) TP53 patients treated with
ACT had better OS when compared to observation, but
this effect was not observed for mutant 7P53 patients. This
effect was only significant in SCC, and the authors note that
it was restricted to mutations predicted to disrupt the DNA-
binding domain of the p53 protein. Further validation of
such findings is still needed.

STKI11/1KB1

LKB1 protein, encoded by STKI1 gene, is the second most
commonly altered tumor suppressor in NSCLC (42,43).
These alterations are typically loss of function and co-occur
frequently with activating KRAS mutations (44). Tumors with
these concurrent mutations are associated with aggressive
clinical course, poor survival, and immunosuppressed
phenotype and STK11/LKB1 mutation has been associated
with worse outcome after definitive RT in patients with
stage IIl NSCLC (17,18). When compared to STKI1/L.LKB1
WT tumors, STKI1/LKB1 mutated tumors were associated
with significantly higher cumulative rates of locoregional
failure and shorter disease-free survival (DFS) and OS
following RT, and this radioresistance is believed to occur
via activation of the KEAPI/NRF?2 pathway. In addition
to its radioresistant phenotype, lung tumors with co-
mutations in STKI1 and KRAS also demonstrate resistance
to PD-L1 targeting immunotherapies (19,20). Assessment
of STK11/LKB1 mutational status has promising clinical
utility, especially as a predictive biomarker for RT and
immunotherapy.

RB1

Retinoblastoma protein is a tumor suppressor protein
that is dysfunctional in several human cancers. There is
evidence that mutations to RBI confer negative prognostic
value in NSCLC. In a study of stage III and IV NSCLC
patients, RBI mutation was noted in 8.2% of patients.
The median OS for WT RBI was 28.3 vs. 8.3 months
for mutant RBI. It was additionally found that the
presence of mutant RB1 correlated with lack of response
to immunotherapy (21). Interestingly the rate of RB1
mutations appears higher in SCLC with a rate as high

© AME Medical Journal. All rights reserved.

Page 5 of 13

as 75% and W'T RB1 was associated with a significantly
shorter OS (22,23). This difference in outcomes between
lung cancer subtypes suggest a more complex mechanism
than simple regulation of the cell cycle or response to
chemotherapy. In EGFR-mutant NSCLC, concurrent
RB1 and TP53 mutations were associated with worse
outcomes and defined the population at risk for SCLC
transformation (45). RB1 mutational status has potential
clinical utility in assessment of prognosis.

Double stranded DNA (dsDNA) break repair genes

Genes involved in repair of dsDNA breaks have been
implicated in a wide number of cancers. Perhaps most
widely appreciated is the relationship between BRCAI
and BRCA2 mutations and breast cancer (46,47). BRCA1
expression in solid lung tumor samples has been assessed
through immunohistochemistry (IHC) as a binary value.
In the 51.4% of patients identified as BRCA1 WL, there
was no statistically significant difference in RR, median
PFS, or OS when compared to BRCAI loss patients (27).
Genetic analysis of tumor cells suggests that BRCAI1/2
mutations occur in only about 2.1% of NSCLC patients
with advanced disease and these are mainly somatic, as
opposed to germline, mutations (48). In a study of Chinese
patients with late-stage NSCLC, researchers found an
incidence of pathogenic germline BRCAI1/2 mutations
to be 1.03%, with 76.6% of these being mutations
in BRCA2. They found no association between these
mutations and prognosis but did find that patients with
these mutations were significantly more likely to develop
NSCLC before the age of 50 (24). Additionally, there is
potential predictive value in these mutations—in patients
with somatic EGFR mutations being treated with EGFR-
TKI, presence of germline BRCA mutations (gBRCAm)
conferred better response to this therapy (24).

Other genes integral to the process of dsDNA repair
have been identified as more significant predictors of
prognosis. Rad51c, is a component of protein complexes
that play critical roles in both initial and late stages of
homologous recombination (HR). Rad51 has been shown
to be an independent prognostic factor for NSCLC, with
elevated levels of this protein correlating with shorter OS
and DFS in NSCLC patients (25). Additionally, in vitro
experiments found high levels of Rad51c induced cell
resistance to cisplatin and radiation (26). Further, Rad51c
has been implicated in the development of gemcitabine
resistance (49). Assessment of Rad51c expression levels
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has promising clinical utility as a predictive biomarker for
several treatment modalities.

Non-dsDNA break repair

ERCCI plays an important role in nucleotide excision repair.
In a study of 110 NSCLC tumor samples, patients were
divided into ERCC1 expressing or ERCCI loss based on
IHC analysis. It was found that 54.7% of patients expressed
ERCC1, and there was a decreased objective response rate
(RR) compared to ERCC]I loss patients (27). Similar findings
were noted in a cohort NSCLC undergoing chemoradiation
where ERCCI1 overexpression was associated with higher
risk of treatment failure (28).

Free-radical defense

KEAP1-NFE2L2 pathway activation leads to expression
of free radical defense genes, which could protect against
radiation-induced DNA damage. Mutations in either
KEAPT or NFE2L2 occur in approximately 20% of NSCLC
and lead to constitutive pathway activation (42,50). Tumor
genotyping of a cohort of 232 patients found that mutations
in KEAPI and NFE2L2 were significantly associated with
local recurrence (LR), and that these mutations were present
in almost half of tumors that had LR (29). Functional
evaluation of these mutations enabled the classification of
mutations as pathologic [loss-of-function (LOF) for KEAPI
vs. gain-of-function (GOF) for NFEL2] or passenger
(i.e., neutral), and this classification further improved
the association with LR. Pathogenic KEAPI/NFE2L2
mutations result in overexpression of NFE2L2 target genes,
but analysis of gene expression did not find an association
with LR or OS. This suggests that gene expression studies
are not a suitable surrogate for genotyping in assessing
this effect. Conversely, a recent systematic review found
that high NFE2L2 expression is predictive for poor OS
(hazard ratio =1.86; P<0.001) (31). Additionally, this
systematic review found that high NFE2L2 expression
was associated with low treatment response in platinum-
based chemotherapy [hazard ratio =0.11; 95% confidence
interval (CI): 0.02-0.51; P=0.005] and poor progression-
free survival (PFS) (hazard ratio =2.27; 95% CI: 1.26-4.09;
P=0.006) 31).

Mutations in KEAPI/NFE2L2 also strongly predict
clinical resistance to RT in patients with NSCLC (30). This
is most likely due to enhanced expression of reactive oxygen
species (ROS) scavengers and detoxification pathways. In
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tumor cells with KEAP1 mutations, glutaminase inhibition
increased radiosensitivity (29). If these results are validated
in the clinical setting, mutational assessment of KEAPI
could provide significant benefit to patients who are being
evaluated for RT.

WNT pathway

The WNT signaling pathways are a complex group
of signal transduction pathways. The WN'T/B-catenin
pathway has been shown to be a critical signaling pathway
in maintenance of cancer stem cell properties (51).

SETDI1A is a member of SET1/MLL family H3K4
methyltransferases which is involved in pluripotency and
malignant transformations of stem cells (52,53). High
expression of SETDIA has been associated with poor
outcomes in lung cancer (32). In NSCLC cells, SETDIA
regulates cancer stem cell property and sensitivity to
cisplatin through activation of the WN'T/B-catenin
pathway (33). SETD1A is itself a downstream target of the
WN'T/B-catenin pathway, creating a positive feedback loop
of SETD1A/WN'T/B-catenin in NSCLC cells. SETDI1A
has been found to be significantly increased in NSCLC,
with overexpression predictive of poor prognosis (33). RNA
sequencing data from The Cancer Genome Atlas (TCGA)
database showed increased SETDIA levels in NSCLC
tissues compared to normal lung tissues, and this result
was supported by IHC staining of clinical specimens as
well (33). In IHC analysis, high SETDI1A expression
was significantly associated with poor OS and functional
performance status (FPS). Additionally, SETDI1A
knockdown was found to increase sensitivity of NSCLC
cells to cisplatin treatment (33). IHC analysis found
B-catenin nuclear expression to be negatively correlated
with radiation response (34).

Cell cycle pathway

Cell cycle pathway mutations appear important in NSCLC.
In 2013, Wistuba er a/. provided validation of a cell-cycle
progression genes (CCP score) based model from mRNA
expression levels of 31 proliferation genes in stage I and II
tumor samples from ADC patients (54). In this model, the
CCP score was shown to be a significant predictor of lung
cancer death in early-stage ADC treated surgically. Such a
model could have value in clinical practice in determining
the relative need for adjuvant therapy in these patients.
Further evidence of the importance of the CCP score was
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demonstrated in 2016 by Eguchi ez 4. which showed that
combining the CCP score with pathologic stage could
yield a molecular prognostic score (mPS) that had greater
prognostic value than CCP score alone (55).

Additionally, increased expression level of KNSTRN,
which is an essential component of the mitotic spindle, was
found to be associated with progression of ADC (35). High
KNSTRN was associated with poor OS, PFS, and disease-
specific survival (DSS) in these patients. Functional and
biological pathways that were associated with either high
or low KNSTRN expression were identified, and it was
shown that with high KNSTRN expression was primarily
related to cell cycle checkpoints, DNA replication, cell
cycle mitotic spindle checkpoint, G2-M checkpoint 9, and
M phase. KNSTRN expression appeared to have a positive
association with some number of immune cell types
including T helper 2 cells, gamma delta T cells, and CD56
natural killer cells. Overall, this adds to the evidence that
quantification of both genes related to intrinsic behavior
of the tumor, as well as the behavior of the TME, could
have value as biomarkers.

TME

There is increasing evidence that the tumor
progression is affected by both intrinsic features of
tumor cells, as well as features of the TME, and the
importance of the immune system in cancer initiation
and progression is now well established (56,57). To
this end, quantification of gene expression in immune-
related genes (IRGs) can have prognostic value. Li
et al. developed a prognostic signature based on 25
IRGs in non-squamous NSCLC (58). Their prognostic
signature was validated against a quantitative-PCR-
based 14-gene assay that had previously been shown to
reliably identify patients with early stage non-squamous
NSCLC at high risk for mortality after surgical
resection (59). The majority of the genes utilized by the
14-gene assay are known elements of classical oncogenic
pathways, including BAGI, BRCA1, CDC6, ERBB3, and
WNT3A. Five genes utilized in this assay were also utilized
in previously published prognostic gene signatures for
non-squamous NSCLC: CDC6, ERBB3, FUT3, LCK, and
RND3 (59). This was additionally the first gene expression
panel for non-squamous NSCLC to undergo large-scale,
independent validation.

Infiltrating stromal and immune cells comprise
the majority of normal cells found in tumor tissue.
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Quantification of these cell types has historically been
dependent on IHC of biopsy specimens. ‘Estimation of
STromal and Immune cells in MAlignant Tumors using
Expression data’ (ESTIMATE) now allows inference of
the fraction of stromal and immune cells in tumor samples
based on gene expression signatures with higher scores
representing a greater proportion of the respective cell
type (60). In ADC, higher immune scores were associated
with earlier clinical stage and T stage whereas high
stromal scores were associated with earlier M stage (60).
Additionally, higher immune scores were associated with
better OS. In contrast to ADC, in SCC cases neither
immune nor stromal scores had significant associations
with clinical characteristics or prognosis. There are several
DEGs that are significant to OS in NSCLC, one study
identified 23 immune-related prognostic genes in ADC
and seven in SCC (61). IHC analysis found high density of
FOXP3-positive in stroma to be significantly associated with
recurrence. In these patients with high FOXP3, concurrent
high stromal CD3 had shorter recurrence-free probability
(RFP) compared to concurrent low stromal CD3. Creation
of a FOXP3 risk index based off concurrent CD3 expression
was found to be a strong predictor of recurrence. Low
risk patients had 5-year RFP of 85% vs. 77% in high-risk
patients. No other immune cells had prognostic value (62).
Signaling molecules such as cytokines and interleukins
are also important in regulation of the TME, and have been
studied for potential prognostic or predictive value (63).
Increased expression of IL-12R2 associated with reduced
risk of recurrence while increased expression of IL-7R
associated with increased risk of recurrence (62). Significant
associations not found between expression levels and
recurrence for cytokines CCR7, CXCL12, or CXCR4 (62).
Other important immune related biomarkers
include PD-1 and its ligands PD-L1 and PD-L2. PD-1
directed immune checkpoint blockade has been shown
to have durable antitumor activity in many advanced
malignancies (64,65). PD-L1 surface expression on
tumor cells has been identified as an important predictor
of tumor response (66). IFN-y has been shown to be
a critical driver of PD-L1 expression in both cancer
and host cells (67,68). An 18-gene T cell inflamed gene
expression profile predicted response to pembrolizumab
across multiple solid tumors (69). Further, gene expression
analysis of the stimulator of interferon genes (STING)
pathway has also been explored for predictive value in
immunotherapy. STING pathway is activated by detection
of cytosolic DNA fragments by cyclic GMP-AMP synthase,
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leading to a type I IFN response (70). NSCLCs with high
STING pathway activation have higher levels of targetable
immune checkpoints and markers of an active immune
microenvironment that are associated with clinical responses
to immunotherapy (69,71). STING activation as measured
by expression data of targetable immune genes could
be a potential biomarker for novel immunotherapy and
immunotherapy-based combination in NSCLC. In ADC
tumors with STING activation, STK1I mutant tumors had
lower expression of immune genes when compared to other
ADC tumors (71). Interestingly, patients with concomitant
mutations in STK11 and TP53 were found to have high
STING activation and immune expression, suggesting a
novel subset of STK11-mutant ADC patients that may
benefit from immunotherapy (71).

TMB

TMB is another potential biomarker in NSCLC. A
2019 meta-analysis found that a higher TMB appeared
to be associated with greater clinical benefit in patients
receiving immunotherapy for NSCLC (36). Utilizing
TMB may complement PD-L1 and deficient mismatch
repair/microsatellite instability testing in identifying
good candidates for immunotherapy among NSCLC
patients (36). Additionally, other complex interactions of
TMB exist—for example in the subset of NSCLC patients
found to have WT-EGFR, it has been suggested that
high TMB is predictive of increased relapse-free survival
(RFS) benefit when treated with pemetrexed/cisplatin vs.
vinorelbine/cisplatin (37). The constellation of WT-EGFR
with high TMB can be taken as a surrogate of impaired
DNA repair ability, leading to increased sensitivity to
pemetrexed/cisplatin.

Non-mRNA biomarkers

In addition to quantification of serum protein levels and
the utilization of mRNA to determine protein expression
levels, various other RNAs have been identified as having
prognostic or predictive value.

LncRNAs have emerged as important regulators of
different disease processes, including cancer. Iyer et al.
found that in a consensus human transcriptome of 91,013
expressed genes, over 68% (58,648) were classified as
IncRNAs, 79% of which were previously unannotated (72).
Further, they identified 7,942 lineage- or cancer-associated
IncRINA genes. In investigating the transcriptional dynamics
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across different tissue samples, they found the top 1% of
cancer-associated IncRNAs demonstrated highly specific
signatures for each cancer type; with the exception of lung
and kidney cancers. SCC and ADC were found to share
numerous transcripts associated with cancer.

There is increasing evidence that some IncRNAs may
be related to radioresistance and play a crucial role in
regulation of tumor radiosensitivity. Two such examples are
IncRNA KCNQI1OTT (73) and IncRNA SBF2-AS1 (74).
SBF2-AS1 has been linked to poor prognosis and advanced
tumor progress of NSCLC. One mechanistic explanation
for this effect is a competitive endogenous RNA (ceRNA)
effect in sequestration of miR-302a, therefore affecting
expression levels. Inhibition of SBF2-AS1, or increased
expression of miR-302a enhanced radiosensitivity and
promotes apoptosis of NSCLC cells (74).

Song et al. found four radioresistance-related
IncRNAs that were remarkably well correlated with OS
in NSCLC (75). These are CASC19 and LINC01977 as
potential risky indicators, while LINC02471 and MAGI2-
AS3 as potential protective indicators. Their 4 IncRNA
signature offered a reliable reference for prognostic forecast.
While this work is promising for future prognostication,
more evidence is needed within this area at this time.

Normal tissue biomarkers

RT plays an important role in all stages of NSCLC.
However, not all patients respond in the same way when
receiving RT. Both tumor recurrence and tolerance to
radiation are frequently encountered. Reports suggest
that the local failure rate of RT alone in NSCLC is
24-40%, while 30-50% with radical chemotherapy (75).
This heterogeneity in response is the subject of much
investigation, including efforts to predict tumor response
using biomarkers. RT may result in long-term toxicities
such as pneumonitis or possible cardiac injury, both risks
increase with increasing incidental radiation dose to these
organs. These concerns must be balanced with the potential
benefits from RT. A better understanding of individual
predispositions through use of biomarkers could better
inform clinical decision making.

Pulmonary

Although advances in RT technology have improved our
ability to avoid irradiating healthy lung tissue, radiation
induced pneumonitis is still a source of significant
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morbidity. In a group of 836 patients treated between
1993 and 2010, a meta-analysis found the overall rate of
symptomatic pneumonitis to be 29.8% (76). This meta-
analysis found that increasing mean lung dose (MLD),
carboplatin/paclitaxel chemotherapy, and increased age were
predictive of symptomatic pneumonitis. Measurement
of 30 cytokines in 142 patients with stage I-III NSCLC
treated with definitive RT found plasma levels of IL-8 and
TGF-1 to be predictive of grade 2 radiation induced lung
toxicity (RILT2) (77). Low levels of IL-8 before initiation
of treatment were associated with higher risk of RILT?2.
They calculated the ratio of TGF-1 to IL-8 at 2 weeks of
treatment compared to levels before treatment, and found
that the higher the ratio, the greater the risk of RILT2.
That is to say that the greater the increase in measured
TGF-1 during the first 2 weeks of treatment, the greater
the risk of RILT?2. The link between MLD and RILT has
been well established, and the authors show that a model
incorporating IL-8, TGF-1, and MLD to better predict
risk of RILT2 than MLD alone.

Cardiac

There is also concern for possible damage to the heart
in treating NSCLC with RT. Radiation-induced cardiac
toxicity (RICT) can be a source of morbidity and mortality
for patients, and it can be difficult to predict who will be
affected. As the benefits of dose escalation in NSCLC
continue to be investigated with some suggesting decrement
to higher heart dose (78,79). A better understanding of
who will experience adverse effects would be clinically
valuable. Historically, prediction of RICT has relied on the
combination of dosimetric parameters such as mean heart
dose (MHD) with clinical factors such as pre-existing cardiac
disease (PCD). In 2017, a meta-analysis of 125 patients
from four different prospective RT trials the 24-month
cumulative incidence of grade 3 cardiac event was 11% (95%
CI: 5% to 16%). The authors found that PCD conferred
a hazard ration of 2.96 (95% CI: 1.07 to 8.21; P=0.04) and
that mean heart dose conferred a hazard ratio of 1.07/Gy;
(95% CI: 1.02 to 1.13/Gy; P=0.01) (80). Hawkins ez /. built
upon this work to develop a predictive model for RICT
that incorporates levels of circulating miRNAs (c-miRNAs)
along with MHD and PCD (81). It was found that a model
comprised of 14 c-miRNA species performed similarly to a
model based solely on clinical data, but that combining the
two models did not improve prognostication. Additionally,
they observed a higher prevalence of PCD in patients with
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high-risk c-miRNA profiles, suggesting an association
between some c-miRNAs and PCD. The authors note that
there are numerous reports of various miRINA species being
utilized as biomarkers of various cardiac diseases, including
several of the same miRNA species they investigated.

Conclusions

Large amounts of information continue to be discovered
regarding the role of genetics and molecular tumor
environment in the initiation and progression of NSCLC.
This information has thus far successfully been leveraged
into advances in novel therapeutics targeting alterations
such as EGFR, and ALK. However, at this time, much of
these alterations, such as TP53 and WNT, are not readily
targetable, but could provide prognostic information and
insight into a patient’s treatment course. As we gain further
insight into the pathophysiology of cancer, and build greater
datasets of genomic data, substantial future work will be
required to best inform clinically relevant decision making.

Acknowledgments

Funding: The work was supported by NIH/NCI (No.
P30CA072720).

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
amj.amegroups.com/article/view/10.21037/amj-2022-01/rc

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://amj.amegroups.
com/article/view/10.21037/amj-2022-01/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the

AME Med 7 2023;8:6 | https://dx.doi.org/10.21037/amj-2022-01


https://amj.amegroups.com/article/view/10.21037/amj-2022-01/rc
https://amj.amegroups.com/article/view/10.21037/amj-2022-01/rc
https://amj.amegroups.com/article/view/10.21037/amj-2022-01/coif

Page 10 of 13

original work is properly cited (including links to both the

formal publication through the relevant DOI and the license).

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.

10.

11.

12.

13.

Duma N, Santana-Davila R, Molina JR. Non-Small Cell
Lung Cancer: Epidemiology, Screening, Diagnosis, and
Treatment. Mayo Clin Proc 2019;94:1623-40.

Nicholson AG, Tsao MS, Beasley MB, et al. The 2021
WHO Classification of Lung Tumors: Impact of Advances
Since 2015. J Thorac Oncol 2022;17:362-87.

Al-Saleh K, Quinton C, Ellis PM. Role of pemetrexed

in advanced non-small-cell lung cancer: meta-analysis of
randomized controlled trials, with histology subgroup
analysis. Curr Oncol 2012;19:¢9-e15.

Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics,
2022. CA Cancer ] Clin 2022;72:7-33.

Califf RM. Biomarker definitions and their applications.
Exp Biol Med (Maywood) 2018;243:213-21.

Chevallier M, Borgeaud M, Addeo A, et al. Oncogenic
driver mutations in non-small cell lung cancer: Past,
present and future. World J Clin Oncol 2021;12:217-37.
Malapelle U, Sirera R, Jantus-Lewintre E, et al. Profile of
the Roche cobas® EGFR mutation test v2 for non-small
cell lung cancer. Expert Rev Mol Diagn 2017;17:209-15.
Takeda M, Takahama T, Sakai K, et al. Clinical Application
of the FoundationOne CDx Assay to Therapeutic
Decision-Making for Patients with Advanced Solid
Tumors. Oncologist 2021;26:¢588-96.

Jorgensen JT. The current landscape of the FDA approved
companion diagnostics. Transl Oncol 2021;14:101063.
Wempe MM, Stewart MD, Glass D, et al. A National
Assessment of Diagnostic Test Use for Patients

with Advanced NSCLC and Factors Influencing
Physician Decision-Making. Am Health Drug Benefits
2020;13:110-9.

Nagasaka M, Uddin MH, Al-Hallak MN, et al. Liquid
biopsy for therapy monitoring in early-stage non-small cell
lung cancer. Mol Cancer 2021;20:82.

Li BT, Janku F, Jung B, et al. Ultra-deep next-generation
sequencing of plasma cell-free DNA in patients with
advanced lung cancers: results from the Actionable
Genome Consortium. Ann Oncol 2019;30:597-603.

He Y, ShiJ, Schmidt B, et al. Circulating Tumor Cells

as a Biomarker to Assist Molecular Diagnosis for Early
Stage Non-Small Cell Lung Cancer. Cancer Manag Res
2020;12:841-54.

© AME Medical Journal. All rights reserved.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

AME Medical Journal, 2023

Tang H, Wang S, Xiao G, et al. Comprehensive evaluation
of published gene expression prognostic signatures for
biomarker-based lung cancer clinical studies. Ann Oncol
2017;28:733-40.

Ma X, Le Teuff G, Lacas B, et al. Prognostic and
Predictive Effect of TP53 Mutations in Patients with
Non-Small Cell Lung Cancer from Adjuvant Cisplatin-
Based Therapy Randomized Trials: A LACE-Bio Pooled
Analysis. ] Thorac Oncol 2016;11:850-61.

Steels E, Paesmans M, Berghmans T, et al. Role of p53 as
a prognostic factor for survival in lung cancer: a systematic
review of the literature with a meta-analysis. Eur Respir J
2001;18:705-19.

Calles A, Sholl LM, Rodig SJ, et al. Immunohistochemical
Loss of LKB1 Is a Biomarker for More Aggressive Biology
in KRAS-Mutant Lung Adenocarcinoma. Clin Cancer Res
2015;21:2851-60.

Sitthideatphaiboon P, Galan-Cobo A, Negrao MV, et

al. STK11/LKB1 Mutations in NSCLC Are Associated
with KEAP1/NREF2-Dependent Radiotherapy Resistance
Targetable by Glutaminase Inhibition. Clin Cancer Res
2021;27:1720-33.

Ricciuti B, Arbour KC, Lin JJ, et al. Diminished Efficacy
of Programmed Death-(Ligand)1 Inhibition in STK11-
and KEAP1-Mutant Lung Adenocarcinoma Is Affected by
KRAS Mutation Status. ] Thorac Oncol 2022;17:399-410.
Skoulidis F, Goldberg ME, Greenawalt DM, et al.
STK11/LKB1 Mutations and PD-1 Inhibitor Resistance
in KRAS-Mutant Lung Adenocarcinoma. Cancer Discov
2018;8:822-35.

Bhateja P, Chiu M, Wildey G, et al. Retinoblastoma
mutation predicts poor outcomes in advanced non small
cell lung cancer. Cancer Med 2019;8:1459-66.

Dowlati A, Lipka MB, McColl K, et al. Clinical correlation
of extensive-stage small-cell lung cancer genomics. Ann
Oncol 2016;27:642-7.

McColl K, Wildey G, Sakre N, et al. Reciprocal expression
of INSM1 and YAP1 defines subgroups in small cell lung
cancer. Oncotarget 2017;8:73745-56.

Hu X, Yang D, Li Y, et al. Prevalence and clinical
significance of pathogenic germline BRCA1/2 mutations
in Chinese non-small cell lung cancer patients. Cancer
Biol Med 2019;16:556-64.

Qiao GB, Wu YL, Yang XN, et al. High-level expression
of Rad51 is an independent prognostic marker of survival
in non-small-cell lung cancer patients. Br J Cancer
2005;93:137-43.

Chen X, Qian D, Cheng J, et al. High expression of

AME Med 7 2023;8:6 | https://dx.doi.org/10.21037/amj-2022-01


https://creativecommons.org/licenses/by-nc-nd/4.0/

AME Medical Journal, 2023

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rad51c¢ predicts poor prognostic outcome and induces cell
resistance to cisplatin and radiation in non-small cell lung
cancer. Tumour Biol 2016;37:13489-98.

Tiseo M, Bordi P, Bortesi B, et al. ERCC1/BRCA1
expression and gene polymorphisms as prognostic and
predictive factors in advanced NSCLC treated with or
without cisplatin. Br ] Cancer 2013;108:1695-703.

Deek MP, Yegya-Raman N, Daroui P, et al. Overexpression
of excision repair cross-complementing 1 gene associates
with higher risk of therapeutic failure after definitive
chemoradiation for unresectable non-small cell lung
cancer. Ann Palliat Med 2021;10:7205-13.

Binkley MS, Jeon Y], Nesselbush M, et al. KEAP1/
NFE2L2 Mutations Predict Lung Cancer Radiation
Resistance That Can Be Targeted by Glutaminase
Inhibition. Cancer Discov 2020;10:1826-41.

Jeong Y, Hoang NT, Lovejoy A, et al. Role of KEAP1/
NREF2 and TP53 Mutations in Lung Squamous Cell
Carcinoma Development and Radiation Resistance.
Cancer Discov 2017;7:86-101.

Wang Q, Xu L, Wang G, et al. Prognostic and
clinicopathological significance of NRF2 expression in
non-small cell lung cancer: A meta-analysis. PLoS One
2020;15:e0241241.

Fang L, Teng H, Wang Y, et al. SET1A-Mediated Mono-
Methylation at K342 Regulates YAP Activation by
Blocking Its Nuclear Export and Promotes Tumorigenesis.
Cancer Cell 2018;34:103-118.¢9.

Wang R, Liu J, Li K| et al. An SETD1A/Wnt/B-catenin
feedback loop promotes NSCLC development. ] Exp Clin
Cancer Res 2021;40:318.

Xiong W, Hu XHW. AKR1C3 and B-catenin expression in
non-small cell lung cancer and relationship with radiation
resistance. ] BUON 2021;26:802-11.

Deng P, Zhou R, Zhang ], et al. Increased Expression

of KNSTRN in Lung Adenocarcinoma Predicts Poor
Prognosis: A Bioinformatics Analysis Based on TCGA
Data. J Cancer 2021;12:3239-48.

Willis C, Fiander M, Tran D, et al. Tumor mutational
burden in lung cancer: a systematic literature review.
Oncotarget 2019;10:6604-22.

Sakai K, Tsuboi M, Kenmotsu H, et al. Tumor mutation
burden as a biomarker for lung cancer patients treated
with pemetrexed and cisplatin (the JIPANG-TR). Cancer
Sci 2021;112:388-96.

Dearden S, Stevens J, Wu YL, et al. Mutation incidence
and coincidence in non small-cell lung cancer: meta-

analyses by ethnicity and histology (mutMap). Ann Oncol

© AME Medical Journal. All rights reserved.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

S51.

52.

53.

Page 11 of 13

2013;24:2371-6.

. Herbst RS, Morgensztern D, Boshoff C. The biology

and management of non-small cell lung cancer. Nature
2018;553:446-54.

Mogi A, Kuwano H. TP53 mutations in nonsmall cell lung
cancer. J Biomed Biotechnol 2011;2011:583929.

Xu E Lin H, He P, et al. A TP53-associated gene signature
for prediction of prognosis and therapeutic responses

in lung squamous cell carcinoma. Oncoimmunology
2020;9:1731943.

Comprehensive molecular profiling of lung
adenocarcinoma. Nature 2014;511:543-50.

Jordan EJ, Kim HR, Arcila ME, et al. Prospective
Comprehensive Molecular Characterization of Lung
Adenocarcinomas for Efficient Patient Matching to
Approved and Emerging Therapies. Cancer Discov
2017;7:596-609.

. Ding L, Getz G, Wheeler DA, et al. Somatic mutations

affect key pathways in lung adenocarcinoma. Nature
2008;455:1069-75.

Offin M, Chan JM, Tenet M, et al. Concurrent RB1 and
TP53 Alterations Define a Subset of EGFR-Mutant Lung
Cancers at risk for Histologic Transformation and Inferior
Clinical Outcomes. ] Thorac Oncol 2019;14:1784-93.
Baretta Z, Mocellin S, Goldin E, et al. Effect of BRCA
germline mutations on breast cancer prognosis: A
systematic review and meta-analysis. Medicine (Baltimore)
2016;95:¢4975.

Winters S, Martin C, Murphy D, et al. Breast Cancer
Epidemiology, Prevention, and Screening. Prog Mol Biol
Transl Sci 2017;151:1-32.

Remon J, Besse B, Leary A, et al. Somatic and Germline
BRCA 1 and 2 Mutations in Advanced NSCLC From the
SAFIR02-Lung Trial. JTO Clin Res Rep 2020;1:100068.
Tsai MS, Kuo YH, Chiu YF, et al. Down-regulation

of Rad51 expression overcomes drug resistance to
gemcitabine in human non-small-cell lung cancer cells. ]
Pharmacol Exp Ther 2010;335:830-40.

Comprehensive genomic characterization of squamous cell
lung cancers. Nature 2012;489:519-25.

Clevers H, Nusse R. Wnt/B-catenin signaling and disease.
Cell 2012;149:1192-205.

Kim KY, Tanaka Y, Su J, et al. Uhrfl regulates active
transcriptional marks at bivalent domains in pluripotent
stem cells through Setdla. Nat Commun 2018;9:2583.

Sze CC, Cao K, Collings CK, et al. Histone H3K4
methylation-dependent and -independent functions of
Set]1A/COMPASS in embryonic stem cell self-renewal and

AME Med 7 2023;8:6 | https://dx.doi.org/10.21037/amj-2022-01



Page 12 of 13

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

differentiation. Genes Dev 2017;31:1732-7.

Wistuba II, Behrens C, Lombardi F, et al. Validation of

a proliferation-based expression signature as prognostic
marker in early stage lung adenocarcinoma. Clin Cancer
Res 2013;19:6261-71.

Eguchi T, Kadota K, Chaft ], et al. Cell cycle progression
score is a marker for five-year lung cancer-specific
mortality risk in patients with resected stage I lung
adenocarcinoma. Oncotarget 2016;7:35241-56.

Angell H, Galon J. From the immune contexture to

the Immunoscore: the role of prognostic and predictive
immune markers in cancer. Curr Opin Immunol
2013;25:261-7.

Gentles AJ, Newman AM, Liu CL, et al. The prognostic
landscape of genes and infiltrating immune cells across
human cancers. Nat Med 2015;21:938-45.

Li B, Cui Y, Diehn M, et al. Development and Validation
of an Individualized Immune Prognostic Signature in
Early-Stage Nonsquamous Non-Small Cell Lung Cancer.
JAMA Oncol 2017;3:1529-37.

Kratz JR, He J, Van Den Eeden SK, et al. A practical
molecular assay to predict survival in resected non-
squamous, non-small-cell lung cancer: development and
international validation studies. Lancet 2012;379:823-32.
Yoshihara K, Shahmoradgoli M, Martinez E, et al.
Inferring tumour purity and stromal and immune

cell admixture from expression data. Nat Commun
2013;4:2612.

QuY, Cheng B, Shao N, et al. Prognostic value of
immune-related genes in the tumor microenvironment of
lung adenocarcinoma and lung squamous cell carcinoma.
Aging (Albany NY) 2020;12:4757-77.

Suzuki K, Kadota K, Sima CS, et al. Clinical impact

of immune microenvironment in stage I lung
adenocarcinoma: tumor interleukin-12 receptor 32
(IL-12RP2), IL-7R, and stromal FoxP3/CD?3 ratio are
independent predictors of recurrence. ] Clin Oncol
2013;31:490-8.

Galon J, Pagés F, Marincola FM, et al. The immune score
as a new possible approach for the classification of cancer.
J Transl Med 2012;10:1.

Hamid O, Robert C, Daud A, et al. Safety and tumor
responses with lambrolizumab (anti-PD-1) in melanoma.
N Engl ] Med 2013;369:134-44.

Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity,
and immune correlates of anti-PD-1 antibody in cancer. N
Engl ] Med 2012;366:2443-54.

Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the

© AME Medical Journal. All rights reserved.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

AME Medical Journal, 2023

treatment of non-small-cell lung cancer. N Engl ] Med
2015;372:2018-28.

Bellucci R, Martin A, Bommarito D, et al. Interferon-y-
induced activation of JAK1 and JAK2 suppresses tumor
cell susceptibility to NK cells through upregulation of PD-
L1 expression. Oncoimmunology 2015;4:¢1008824.

Liang SC, Latchman YE, Buhlmann JE, et al. Regulation
of PD-1, PD-L1, and PD-L2 expression during

normal and autoimmune responses. Eur ] Immunol
2003;33:2706-16.

Ayers M, Lunceford J, Nebozhyn M, et al. IFN-y-related
mRNA profile predicts clinical response to PD-1 blockade.
J Clin Invest 2017;127:2930-40.

Barber GN. STING: infection, inflammation and cancer.
Nat Rev Immunol 2015;15:760-70.

Della Corte CM, Sen T, Gay CM, et al. STING Pathway
Expression Identifies NSCLC With an Immune-
Responsive Phenotype. ] Thorac Oncol 2020;15:777-91.
Iyer MK, Niknafs YS, Malik R, et al. The landscape of
long noncoding RNAs in the human transcriptome. Nat
Genet 2015;47:199-208.

He H, Song X, Yang Z, et al. Upregulation of
KCNQI1OTT1 promotes resistance to stereotactic body
radiotherapy in lung adenocarcinoma by inducing ATG5/
ATGI12-mediated autophagy via miR-372-3p. Cell Death
Dis 2020;11:883.

Yu Z, Wang G, Zhang C, et al. LncRNA SBF2-AS1
affects the radiosensitivity of non-small cell lung cancer
via modulating microRINA-302a/MBNL3 axis. Cell Cycle
2020;19:300-16.

Song J, Zhang S, Sun Y, et al. A Radioresponse-Related
IncRNA Biomarker Signature for Risk Classification and
Prognosis Prediction in Non-Small-Cell Lung Cancer. |
Oncol 2021;2021:4338838.

Palma DA, Senan S, Tsujino K, et al. Predicting radiation
pneumonitis after chemoradiation therapy for lung cancer:
an international individual patient data meta-analysis. Int ]
Radiat Oncol Biol Phys 2013;85:444-50.

Wang S, Campbell J, Stenmark MH, et al. Plasma Levels
of IL-8 and TGF-B1 Predict Radiation-Induced Lung
Toxicity in Non-Small Cell Lung Cancer: A Validation
Study. Int J Radiat Oncol Biol Phys 2017;98:615-21.
Bradley JD, Paulus R, Komaki R, et al. Standard-dose
versus high-dose conformal radiotherapy with concurrent
and consolidation carboplatin plus paclitaxel with or
without cetuximab for patients with stage IITA or ITIB
non-small-cell lung cancer (RTOG 0617): a randomised,
two-by-two factorial phase 3 study. Lancet Oncol

AME Med 7 2023;8:6 | https://dx.doi.org/10.21037/amj-2022-01



AME Medical Journal, 2023

2015;16:187-99.

79. Yegya-Raman N, Wang K, Kim S, et al. Dosimetric
Predictors of Symptomatic Cardiac Events After
Conventional-Dose Chemoradiation Therapy for
Inoperable NSCLC. J Thorac Oncol 2018;13:1508-18.

80. Dess RT, Sun Y, Matuszak MM, et al. Cardiac Events After
Radiation Therapy: Combined Analysis of Prospective

doi: 10.21037/amj-2022-01

Cite this article as: Workman S, Jabbour SK, Deek MP.
A narrative review of genetic biomarkers in non-small cell
lung cancer: an update and future perspectives. AME Med J
2023;8:6.

© AME Medical Journal. All rights reserved.

81.

Page 13 of 13

Multicenter Trials for Locally Advanced Non-Small-Cell
Lung Cancer. J Clin Oncol 2017;35:1395-402.

Hawkins PG, Sun Y, Dess RT, et al. Circulating
microRINAs as biomarkers of radiation-induced cardiac

toxicity in non-small-cell lung cancer. ] Cancer Res Clin
Oncol 2019;145:1635-43.

AME Med 7 2023;8:6 | https://dx.doi.org/10.21037/amj-2022-01



