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Abstract

ancer therapy due to their effectiveness and minimal side effects.
Immune checkpoint inhibitors (ICIs) are widely used in lung c
However, only a few lung cancer patients benefit from ICI therapy, driving the need to develop alternative biomarkers. Programmed
death-ligand 1 (PD-L1) molecules expressed in tumor cells and immune cells play a key role in the immune checkpoint pathway.
Therefore, PD-L1 expression is a prognostic biomarker in evaluating the effectiveness of programmed death-1 (PD-1)/PD-L1
inhibitors. Nevertheless, adverse predictive outcomes suggest that other factors are implicated in the response. In this review, we
present a detailed introduction of existing biomarkers concerning tumor abnormality and host immunity. PD-L1 expression, tumor
mutation burden, neoantigens, specific gene mutations, circulating tumor DNA, human leukocyte antigen class I, tumor
microenvironment, peripheral inflammatory cells, and microbiome are discussed in detail. To sum up, this review provides
information on the current application and future prospects of ICI biomarkers.
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Introduction immune-related adverse events. Hence, determining

alternative biomarkers that are effective for this group
Lung cancer is the most common malignant cancer in
China and is the leading cause of cancer-related mortality
worldwide. Currently, the 5-year survival rate of lung
cancer is less than 20%. Additionally, the 5-year survival
rate of half of patients diagnosed with metastatic lung
cancer is approximately 5%.[1,2] Poor prognosis of lung
cancer is partially attributed to dependence on chemother-
apy for the treatment of refractory lesions. Molecular
targeted therapy is an alternative approach applied to
approximately 30% of lung cancer patients with specific
oncogenes; however, drug resistance is observed in this
type of therapy.[3] Notably, immune checkpoint inhibitor
(ICI), which relies on the immunological function of the
patient, is a significant breakthrough in the treatment of
lung cancer. ICI is effective and not evidently threatened
by resistance and offers patients’ long-term survival.
Therefore, this approach is used as first-line, second-line,
and maintenance treatment. Nevertheless, not all lung
cancer patients could benefit from the efficiency of ICIs
considering that some patients develop drug resistance or
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of patients is required.

Immune checkpoint inhibitors
Mechanisms of the immune checkpoints

The immune system plays a key role in maintaining health,
and immune checkpoints regulate the function of immune
cells. Basically, immune checkpoints protect normal tissue
and cells from being attacked under physiological
conditions. Additionally, they enable tumor cells to evade
the identification and elimination of antitumor immune
factors. Cytotoxic T-lymphocyte antigen 4 (CTLA-4) and
programmed death-1 (PD-1)/programmed death-ligand 1
(PD-L1) pathways are the main immune checkpoints
adopted by tumor cells. CTLA-4 plays a key role in the
initial antigen-presenting phase where it interferes with the
activation of lymphocytes. On the contrary, PD-1/PD-L1
impairs the function of the activated T cells, thus providing
a favorable microenvironment for tumor growth. There-
fore, inhibitors targeting the two pathways would recover
Correspondence to: Dr. Wei Zhao, Department of Pulmonary and Critical Care
Medicine, The General Hospital of People’s Liberation Army, Beijing 100853, China
E-Mail: 13810592359@163.com

Copyright © 2020 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under the
CC-BY-NC-ND license. This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2020;133(20)

Received: 25-05-2020 Edited by: Pei-Fang Wei

mailto:13810592359@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


and enhance the specific immune response against
malignant cells. In recent years, discovery, research, and

Biomarkers
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application of ICIs has significantly contributed to lung
cancer therapy.[4]

Agents of immune checkpoint inhibitors
467
Primary ICIs include PD-1 inhibitors (nivolumab, pembro-
lizumab, and sintilimab), PD-L1 inhibitors (atezolizumab,
durvalumab, and avelumab), and monoclonal antibodies
targeting CTLA-4 (ipilimumab and tremelimumab). Nivo-
lumab was approved by the US Food and Drug Adminis-
tration (FDA) for the treatment of advanced non-small cell
lung cancer (NSCLC).[5,6] Currently, nivolumab is used as
a third-line therapy for metastatic SCLC.[7] Furthermore,
pembrolizumab is used for the treatment of metastatic
NSCLC patients with a PD-L1 score of ≥ 50%.[8-10]

Pembrolizumab in combination with platinum-based
doublet chemotherapy is used as a first-line therapy for
advanced-stage patients.[11-13] Additionally, pembrolizu-
mab monotherapy is approved as a third-line therapy for
SCLC patients.[14] Sintilimab is currently undergoing
clinical trials as a potential NSCLC therapy.[15] Notably,
studies have reported success in the applicationof sintilimab
as a neoadjuvant therapy for NSCLC patients.[16] Atezo-
lizumab has been approved as a second-line treatment in
patients with advanced stages of NSCLC based on the
results of several clinical trials. Previous studies have
reported that the high efficacy of atezolizumab is associated
with the high expression levels of PD-L1.[17-20] Notably, a
combination therapy comprising atezolizumab and chemo-
therapeutic agents showed high efficacy onNSCLC patients
regardless of the expression levels of PD-L1.[21] Although
the combination therapy was effective in patients with
advanced-stage SCLC, the treatment cost was much higher
than chemotherapy.[22,23] Durvalumab was approved for
the treatment of stage III unresectable NSCLC.[24] Current-
ly, several researchers are conducting clinical trials on
avelumab, a PD-L1 inhibitor.[25,26] Additionally, several
clinical trials studying the validation of clinical applications
of ICIs such as monotherapy and use in combination
therapywith another ICI, chemotherapy, radiotherapy, and
targeted therapy are underway.

Despite the promising advancements of ICIs in lung cancer
treatment, this therapy is only effective for 15% to 25% of
lung cancer patients. Limited efficacy is partially attributed
to immunotherapy resistance whereby the mechanisms are
unknown.[27] Some oncogenes and anti-oncogenes such as
EGFR and STK11 are implicated in ICI resistance.[28,29]

Moreover, a previous study reported that the diversity of
the gut microbiome, which easily changes upon the
administration of antibiotics, may be involved in ICI
resistance.[30] On the contrary, approximately 20% to
30% of patients presented immune-related adverse events
(irAEs) after PD-1/PD-L1 inhibitor therapy. These adverse
effects are attributed to excessive activation of immune
system or development of autoimmunity in the endocrine
system, skin tissue, cardiovascular system, respiratory
tract, and digestive system.[31-33] The limitations of ICI
therapy discussed above are an impetus for the identifica-
tion of effective biomarkers that stratify patients and
minimize irAEs in lung cancer.
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Biomarkers inform the use of a therapeutic approach
depending on efficacy, resistance, and toxicity of the
approach. PD-1/PD-L1 signal pathway, as mentioned
earlier, is a key target of ICIs; therefore, PD-L1 molecules
are believed to be biomarkers for PD-1/PD-L1 inhibitors.
Although the predictive ability of the high expression levels
of PD-L1 has been reported in NSCLC patients,[34,35]

several trials have drawn the opposite conclusions.[5,36]

The application of ICIs in cancer therapy has several
challenges such as determining an accurate interpretation
of the absence of PD-L1 expression as a biomarker in some
cases and identifying other potential determinants of ICI
application. A myriad of research has been conducted to
understand the complicated interaction between the tumor
and immune system, and factors such as tumor mutation
burden (TMB), neoantigens, various immune cells, and gut
microorganism have been investigated. In the following
section, we discuss major biomarkers including molecules,
cells, and genes. Some of these biomarkers result from
tumor formation, whereas others result from immune
responses [Table 1].

Tumor abnormality-associated biomarkers or factors

PD-L1 expression

PD-L1 molecule is expressed in tumor cells and immune
cells, and its expression levels can be analyzed using
immunohistochemistry (IHC). It is reported that NSCLC
has significantly higher expression levels of PD-L1 com-
paredwith renal cell carcinoma andmelanoma.[37] Previous
studies have confirmed that the high expression levels of PD-
L1 are positively associated with progression-free survival
(PFS) and overall survival (OS) after treatment with PD1/
PD-L1 inhibitors. However, some studies have reported the
high efficacy of PD1/PD-L1 inhibitors in patients expressing
low levels of PD-L1. Studies on six stage III clinical trials
have reported that ICI therapy is highly effective in NSCLC
patients expressing high levels of PD-L1 molecules
(≥50%).[38] On the contrary, a meta-analysis has reported
that a combination therapy comprising PD-1/PD-L1
inhibitors and chemotherapy is more effective compared
with chemotherapy in NSCLC patients with <1% PD-L1
expression.[39] Furthermore, several studies have reported
that ICI–chemotherapy combination therapy is effective
for NSCLC patients regardless of the expression levels of
PD-L1.[12,13,21,40]A studyonSCLChas reported that PD-L1
molecules expressed on the stroma are positively associated
with the efficacy of pembrolizumab.[41] However, PD-L1
expression is found to be irrelevant to the objective response
rate (ORR) in nivolumab-treated SCLC patients.[7,42]

Variation in effectiveness can be attributed to the
representativeness of the pathological specimen and
reliability in detection techniques. First, heterogeneity of
PD-L1 distribution in the neoplasm partly results in the
inaccuracy in the determination of PD-L1 expression levels
from biopsy specimens or resected tissues. A previous study
has compared the PD-L1 expression levels of five core
biopsy specimens and the whole sections of 268 cases to
understand the variation.Out of these, 39%and10%of the
samples showedpositive resultswith a1%and50%cutoffs,
respectively.[43] Second, PD-L1 expression is not consistent,
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and early-stage therapeutic regimen alters the expression
levels, thus affecting the association between the PD-L1

Researchers have investigated the PD-L1 expression profiles
in 4549 NSCLC patients taking atezolizumab and have

Table 1: Main biomarkers of immune checkpoint inhibitor treatment in lung cancer.

Biomarker Implication Agents Effect and application References

PD-L1 Participant of PD-(L)1
signaling pathway

PD-1/PD-L1
blockades

High level (≥50%) is positively associated
with PFS and OS, but has no predictive effect

for ICI–chemotherapy combination in
NSCLC patients. Its effect on SCLC is

controversial.

[7,12,13,21,35,38-40]

TMB Nonsynonymous
mutations that induce

neoantigens

PD-1/PD-L1
blockades,

combined with
CTLA-4
inhibitors

High TMB is associated with better PFS and
ORR in both NSCLC and SCLC; bTMB can
also predict the response and survival of

NSCLC patients. MSI/MMRd is a potential
biomarker that needs further research.

[50-53,55,56]

Neoantigens Indicator of intensive
specific immunoreac-

tion

PD-1 blockades DAI can predict the OS of NSCLC patients,
and the neoantigen fitness model predicts the

lung cancer survival.

[57,58]

Specific gene
mutation

EGFR mutation may
be related to a low

TMB level

PD-1/PD-L1
blockades

EGFR mutation is associated with poor OS;
STK11/KRAS co-mutation predicts the lower
PFS and OS in ICI–chemotherapy combined

treatment of NSCLC.

[29,62]

ctDNA Real-time tumor cell
death

PD-1/PD-L1
blockades

Decreasing level of ctDNA can predict better
PFS and OS of lung cancer patients.

[64,65]

BTZ/TB The sum of lesion dia-
meters

PD-1/PD-L1
blockades

BTZ is positively associated with the PFS and
OS, while TB can predict the irAEs of

NSCLC.

[67,68]

HLA-I Antigen-presenting
function of immune

cells

PD-1/PD-L1 and
CTLA-4
blockades

HLA-I heterozygosity is associated with
survival of lung cancer patients.

[69,70]

TME Diverse immune cells
within tumor-growing

environment

PD-1/PD-L1 and
CTLA-4
blockades

Positive predictors: CD8+ T cells (PD1T CD8
+ T cells, a 78-gene signature for exhausted
CD8+ T cells), CD8+/CD4+, CD3+ TILs,
CD4+ T cells, FoxP3+ T cells, blood-based
PD1+CD4+/total CD4+ T cells, TM/Eff;

Negative predictors: stromal TGFBI, FoxP3
+/CD8+ T cell, TAM, regulatory B cells,

blood-based Treg, MDSCs;
Models of immune cells group can predict the

prognosis of lung cancer.

[71-83]

Peripheral
inflammatory cells

Nonspecific immuno-
logic indicators

PD-1 blockades NLR is a negative predictor, while ALC is
positively associated with OS. Scoring systems
involving diverse factors also predict prog-

nosis.

[85-91]

Microbiome Diversity and composi-
tion are the key points

PD-1 and CTLA-
4 blockades

Intestinal microbial flora diversity predicts ICI
efficiency, antibiotic administration is
associated with low PFS and OS, and
microbiological composition influences
prognosis and even predicts irAEs.

[30,92-95]

IDO Immunosuppressive
effect of its metabolic

products

PD-1 blockades Kynurenine/tryptophan ratio (represents the
IDO activity) is a negative predictor of PFS

and OS.

[98]

PD-L1: Programmed death-ligand 1; PD-1: Programmed death-1; PFS: Progression-free survival; OS: Overall survival; ICI: Immune checkpoint inhibitor;
NSCLC: Non-small cell lung cancer; SCLC: Small cell lung cancer; TMB: Tumor mutation burden; CTLA-4: Cytotoxic T-lymphocyte antigen 4; ORR:
Objective response rate; bTMB: Blood-based tumor mutation burden; MSI: Microsatellite instability; MMRd: Mismatch repair deficiency; DAI:
Differential agretopicity index; ctDNA: Circulating tumor DNA; BTZ: Baseline tumor size; TB: Tumor burden; irAE: Immune-related adverse events;
HLA-I: Human leukocyte antigen class I; TME: Tumor microenvironment; FoxP3: Forkhead box protein 3; TM/Eff: Memory T cell/effector T cell;
TGFBI: Transforming growth factor-beta-induced protein; TAM: Tumor-associated microphages; MDSC: Myeloid-derived suppressor cells; NLR:
Neutrophil to lymphocyte ratio; ALC: Absolute lymphocyte count; IDO: Indolesmine 2,3-dioxygenases.
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expression and the therapeutic effect.[44] It is reported that
PD-L1 molecules show inducible expression apart from
constitutive expression specifically on immune cells.
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demonstrated that interferon-g upregulated PD-L1 expres-
sion on immune cells, PD-L1 expression levels on tumor
cells were implicated in the genetic dysfunction, and the
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predictive effects of PD-L1were observed in both tumor and
immune cells.[45] Third, five distinct FDA-approved anti-

that high TMB (>243 mutations according to whole
exome sequencing) is associated with superior PFS and
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bodies are used for PD-L1 testing. The Blue Print study
reports consistency in staining outcomes among 22C3,
28-8, and SP263 antibodies in tumor cells. However, lower
sensitivity on SP142 and higher sensitivity on 73-10 were
reported. Notably, PD-L1 scores reported by pathologists
are comparable to scoresdetermined throughdigital images.
On the contrary, significant differences are observed for the
scores of the antibodies in immune cells.[46] The inconsis-
tency among these antibody clones should be investigated
further, and variation of pathologists in assessing the PD-L1
expression levels may also contribute to variation in results.
Moreover, the application of ICIs is based on the expression
levels of PD-L1 molecules rather than their presence.
However, current studies do not define the exact PD-L1
expression cutoff, which determines the application of ICIs
as a therapy.

PD-L1 expression is a promising biomarker, and its
application canbeoptimized further.Reports fromprevious
clinical trials indicate that PD-L1 expression should be
combined with other factors to effectively determine the
effectiveness of ICI as a therapy. Studies have investigated
the predictive value of PD-L1 expression in combination
with CD8+ tumor-infiltrating lymphocyte (TIL) density in
NSCLC patients. Notably, the PD-L1+/CD8low group is
associated with high grade and advanced stage of tumor,
whereas the PD-L1�/CD8high group is associatedwithbetter
OS and PFS.However, more studies should be conducted to
validate the clinical significance of this biomarker pattern as
the study used a small sample size (55 cases).[47] In a recent
study, PD-L1 expression levels within the peripheral blood
were tested, and the association between PD-L1 expression
levels and systemic immune cells and the response rates of
PD-1/PD-L1 inhibition in lung cancer patients were
investigated. The study reports that patients who express
≥30% of PD-L1+CD11b+ cells before treatment attain a
50% response rate.[48] In another study, positron emission
tomography-computed tomography (PET-CT) is used to
estimate the PD-1/PD-L1 expression levels in NSCLC
patients prior to nivolumab treatment. The study describes
the heterogeneity of PD-1/PD-L1 expression between and
within patients, shows the consistencybetweenPET-CTand
IHC technologies, and demonstrates the association
between tumor tracer uptake and ICI therapy.[49] Further-
more, combination therapy comprising immunotherapy
and chemotherapy may not be associated with PD-L1
expression. The effectiveness of combination therapy
may be attributed to the synergistic effect on the immune
system, and further studies are required to understand the
mechanism.

TMB
469
TMB is the total number of nonsynonymous mutations in
tumors and is quantified by somatic mutations per
megabase (Mb). Lung tissue specimens are used to
determine the TMB using the next-generation sequencing
(NGS) technology. The application of TMB as a biomarker
in immunotherapy is mainly due to increased neoantigens
resulting from high levels of gene mutations, which in turn
activates specific immunity. A retrospective analysis shows
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ORR among NSCLC patients receiving nivolumab
treatment.[50] In another study, NSCLC patients with
high TMB, defined as ≥10 Mut/Mb, are reported to have
higher ORR or PFS after nivolumab and ipilimumab
therapy. Furthermore, a combination of ICI treatment with
chemotherapy has a high response rate.[51] Notably,
similar TMB prognostic value is reported in SCLC patients
receiving either nivolumab monotherapy or nivolumab
plus ipilimumab combination therapy.[52,53]

Some mutated genes are more vulnerable to form
neoantigens compared with other genes. Due to this
indirect association between TMB and neoantigens, TMB
does not always correspond with immunotherapy efficacy.
Microsatellite instability (MSI), which is mainly followed
by mismatch repair deficiency (MMRd) mutation, results
in high neoantigen levels.[54] MMRd represents more
insertion and deletion (indel) mutations and undergoes
more unnatural frameshifts, thus forming more neo-
antigens. Although MMRd/MSI accounts for only a small
percentage of mutations in NSCLC, its predictive value is
worth investigating.

However, different from practical biomarkers for ICI
therapy, TMB is time-consuming and requires specimens.
To circumvent these shortcomings, some researchers use a
more accessible surrogate. Studies report that blood-based
TMB, which can be detected with sensitive NGS technique,
is effective in estimating the response and survival rate of
NSCLC patients receiving ICIs, including atezolizumab
and durvalumab + tremelimumab.[55,56] Although the
threshold of TMB level is a challenge, it can be overcome
with increasing data generated through sequencing
techniques and improving the analytical method.

Neoantigens
Asmentioned above, neoantigen is an indicator of intensive
specific immunoreaction. However, the application of
neoantigen as immunotherapy biomarker is dependent
not only on the quantity, which can be estimated generally
by TMB, but also on its quality, which is affected by three
factors. Neoantigens are grouped into two kinds based on
whether they stem from clonal mutation or subclonal
mutation, videlicet, whether they are distributed over the
whole tumor or a part of it. Notably, neoantigens resulting
from clonal mutations are more responsive to attack from
immune cells in comparison with subclonal mutation;
therefore, intratumoral heterogeneity of neoantigens result-
ing from subclonal mutations may be the first negative
predictor to ICI therapy. A combination of major
histocompatibility complex class I (MHCI) and T-cell
receptor (TCR) is a step of T cell–neoantigen reaction, and
binding affinity of MHC1 to TCR is the second factor,
which can be measured using the differential agretopicity
index (DAI). A study using pembrolizumab-treated cohort
reports that DAI can be used to predict the OS of NSCLC
patients.[57] Moreover, high sequence homology obtained
through similarity analysis on the epitopes of neoantigens
and the known immunogenic microbial epitopes is the third
characteristic of foreignneoantigen.Researchers construct a

http://www.cmj.org


neoantigen fitness model based on these factors, use it in
patients receiving PD-1 inhibitor therapy, and confirm its

histologic type of lung cancer, and its association with poor
prognosis should be investigated further.
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survival prediction effect for lung cancer and other
tumors.[58]

Specific gene mutations
Studies indicate that some mutated genes, mainly driver
genes in lung cancer, are associated with the response of
ICIs in lung cancer. A meta-analysis reported that EGFR
mutation is not associated with good objective response
(OR) in anti-PD-1/PD-L1-treatedNSCLC patients.[29] This
observation can be attributed to the low TMB state of
patients with EGFR mutations.[59] Another study also
reports that TMB is associated with the EGFR-wild lung
cancers.[60] Interestingly, a study reports that durvalumab
improves the objective response (OR) of EGFR/ALK-
mutated NSCLC patients with ≥25% of PD-L1 expres-
sion.[61] Furthermore, a combination of atezolizumab with
tyrosine kinase inhibitor (TKI) is shown to be effective on
TKI-invalid patients with EGFRmutation.[40] STK11 gene
mutation is also believed to affect the effectiveness of ICI.
Mutant STK11 in combination with KRAS is associated
with decreased response and survival in lung adenocarci-
noma patients.[28] In a non-squamous NSCLC cohort,
STK11/KRAS co-mutation patients showed lower PFS and
OS after treatment with pembrolizumab plus doublet
chemotherapy.[62] On the contrary, STK11/TP53-wild
NSCLC patients present longer OS according to a genomic
analysis.[63] Most mutated genes display adverse effects on
ICI therapy; however, the underlying mechanism and
therapeutic strategies have not been fully investigated.

Circulating tumor DNA (ctDNA)
ctDNA detection is a type of “liquid biopsy.” It involves the
evaluation of real-time tumor cell death using NGS
technique to test mutating gene segments from which
immunotherapy effect can be monitored. A small sample
study of metastatic NSCLC patients reports comparable
outcome of ctDNA change and radiological manifestation
in patients under anti-PD-1/PD-L1 treatment. Furthermore,
low level of ctDNA level is a positive predictor of PFS and
OS.[64] Another cohort showed an average 8.7 weeks of
ctDNA earlier response comparedwithCT imaging in PD-1
inhibitor-treated lung cancer patients.[65] Although this
finding provides an effective way to monitor ICI efficiency
dynamically, its accuracy should be validated further.

Baseline tumor size and tumor burden
470
Baseline tumor size (BTZ) is defined as the summation of
diameters of all lesions. Studies have reported that BTZ is
an effective prognostic biomarker for pembrolizumab
therapy in the treatment of melanoma.[66] A retrospective
analysis measured BTZ among NSCLC patients and
reported that high BTZ (>101mm) corresponds to lower
PFS and OS in PD-1/PD-L1 inhibitor therapy.[67] A study
on NSCLC patients receiving anti-PD-1/PD-L1 therapy
uses tumor burden as a parameter (means the sum of
diameters of up to five lesions), which is confirmed to be a
predictive biomarker for anticipating severe irAEs.[68]

Tumor size is associated with the stage, grade, and
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Host immunity-associated biomarkers or factors
Human leukocyte antigen class I

Human leukocyte antigen genes encode immunosurveil-
lance function in the body, and human leukocyte antigen
class I (HLA-I) gene is principally associated with antigen
presentation. This implies that the diversity in HLA-I gene
will result in the recognition of several antigens. A study on
approximately 1535 cancer patients receiving anti-PD-1 or
anti-CTLA-4 therapy reports a positive association
between HLA-I heterozygosity and longer survival.[69]

On the contrary, impaired antigen-presenting function of
HLA-I gene presents a negative effect on PD-1/PD-L1
inhibition therapy in lung cancer patients.[70]

Tumor microenvironment
The tumor microenvironment (TME) plays an important
role in tumor growth and comprises diverse immune cells
including tumor-associated microphages (TAMs), natural
killer cells, dendritic cells, lymphocytes, and myeloid-
derived suppressor cells (MDSCs). TILs are responsible for
antitumor activity during ICI treatment. Previous studies
have reported that the enrichment of TILs, such as
cytotoxic T cells, helper T cells, and memory T cells in
TME is associated with ICI response in NSCLC patients.
Different TILs play distinct roles in tumor–immune
interactions. A study analyzing the expression of CD8
and CD4 molecules on NSCLC tissue samples using IHC
reports that higher CD8+ T cell count (886–1899/mm2)
and higher CD8+/CD4+ ratios (>2) are positively
associated with higher response rate of anti-PD-1 thera-
py.[71] Notably, NSCLC patients with high stromal
infiltration of CD8+ and CD4+ immune cells present
better OS upon nivolumab treatment.[72] Analysis of
stromal transforming growth factor-beta-induced protein
(TGFBI) and intertumoral CD8+ T cells in lung cancer
patients treated with nivolumab showed that low TGFBI
and high CD8 expression levels are positively associated
with high tumor response.[73] PD-1-expressing TILs might
be a potential predictor, and studies report that CD8+
T cells characterized by highest PD1 expression (PD1T)
before anti-PD-1 treatment are positively associated with
better drug response.[74] A recent study has investigated a
subtype of exhausted CD8+ T cells as a 78-gene signature
for exhausted CD8+ T cells based on transcriptional
features and reported a positive association with the ICI
therapeutic effect in NSCLC patients.[75] A study on the
expression of CD3, CD8, CD4, PD1, and forkhead box
protein 3 (FoxP3) on TILs reports that high CD3+ TILs
(>617.5/mm2) and low FoxP3+/CD8+ T cell ratio (<25%)
are both prognostic factors of anti-PD1 therapy response
among NSCLC patients.[76] However, FoxP3 is positively
associated with therapy response in other situations. A
study on EGFR-mutated NSCLC patients receiving
nivolumab reports that CD4+ and FoxP3+ T cells are
positive prognostic factors, whereas PD-L1 expression
would not predict therapy response.[77] In addition to
T cells, TAM and regulatory B cells in immune-competent
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subtype of NSCLC, which is categorized computationally
based on gene expression, are reported to reduce the

and 18F-fluoro-2-deoxy-D-glucose-positron emission to-
mography (18F-FDG PET)-CT is performed, and low levels
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efficacy of ICIs.[78] Notably, TME is complex and cannot
conclusively be studied through a few cell types; therefore,
studies have developed an immunogram. The TME of lung
cancer patients is divided into T cell-rich, T cell-poor, and
intermediate regardless of the histological types based on
this immunogram, which is a more promising biomarker
for personalized ICI therapy.[79] A transcriptome-based
model was developed through comparison of messenger
RNA (mRNA) sequencing of 188 NSCLC patients and
validated by 35 patients. The model showed that a
molecular subtype of lung adenocarcinoma characterized
by high CD8+ T cells and memory B cells versus low CD4+
Tregs and tumor-associated myeloid cells is an effective
predictor of anti-PD-1 therapy.[80]

In attempts to determine an effective alternative for the
estimation of antitumor activity of immune system, the
concept of liquid biopsy was introduced for immune cell
detection. A study on the profile of T lymphocytes in the
peripheral blood of NSCLC patients before or just starting
anti-PD-1/PD-L1 therapy reports a positive association
between high PD1+CD4+/total CD4+ T cell ratio and long
PFS.[81] Furthermore, high ratio of CD4+ and CD8+
central memory T cell to effector T cell in the blood is
positively associated with high PD-L1 expression levels
and PFS of NSCLC patients receiving nivolumab.[82]

Additionally, analysis of blood-based subtypes of immune
cells among atezolizumab-treated advanced NSCLC
patients revealed a reduction of regulatory T cells and
MDSCs in the disease-controlled patients.[83] Moreover,
hyperprogressive disease (HPD) in patients under ICI
therapy can be predicted using peripheral immune cells. A
prospective study involving 263 anti-PD-1/PD-L1-treated
NSCLC patients reports that HPD is prevalent in patients
with a lower proportion of chemokine receptor 7 (CCR7)-
CD45RA-/CD8+ T cells and a higher ratio of T-cell
immunoreceptor with immunoglobin and ITIM domains
protein (TIGIT)+/PD-1+CD8+ T cells.[84] Further studies
and development of computer models based on the entire
immune system should be developed to fully understand
the mechanisms that drive antitumor immune responses.

Peripheral inflammatory cells
471
The expression levels of peripheral inflammatory cells are
applied in the evaluation of ICI efficacy. The neutrophil to
lymphocyte ratio (NLR) is a key determinant of ICI
efficacy. Previous studies have reported the role of NLR in
predicting PFS andOS for lung cancer patients treated with
PD-1 inhibitors.[85] DNLR>1 is associated with tumor
progression and poor OS for NSCLC patients receiving
second-line nivolumab treatment.[86] A study on the
absolute lymphocyte count (ALC) reports that high level
of baseline and 6-week post-therapy ALC is positively
associated with increased OS of PD-1 inhibitor-treated
NSCLC patients.[87] The study further suggests avoiding
the combination of ICIs and radiotherapy in case of
subsequent low ALC levels. A recent study reports the
application of immune-metabolic-prognostic index (IMPI)
to determine the effectiveness of PD-1 inhibitors in NSCLC
patients. In this study, complete blood cell count is assessed
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of two IMPI parameters (NLR <4.9 and total lesion
glycolysis<541.5 mL) are found to be positively associated
with patients’ PFS and OS.[88] Studies on other scoring
systems involving inflammatory, metabolic, and nutritious
factors such as lung immune prognostic index,[89] advanced
lung cancer inflammation index,[90] Royal Marsden
Hospital prognostic score, and MD Anderson Cancer
Center prognostic score are underway.[91] Although blood-
based factors are currently popular, they have low efficacy.

Microbiome
Preclinical and clinical studies report that the diversity of
commensal microbiome, specifically the gut microorgan-
isms, is a key player of immune response against tumors.
Therefore, microbiome is a potential biomarker for ICI
therapy in lung cancer patients. Analysis of stool samples of
patients shows a positive association between intestinal
microbial flora diversity and ICI therapy efficacy in lung
cancer. Furthermore, the use of antibiotics during PD-1
inhibitor therapy is negatively associated with ICI efficacy,
which can be attributed to changes in species diversity of the
gutmicrobiome.[30] Shorter PFSandOSare reported among
NSCLC patients who took antibiotics before ICI treat-
ment.[92] A study on nivolumab-treated NSCLC patients
and healthy individuals reports that pretreatment composi-
tion of microbiome affects anti-PD-1 response.[93] Microbi-
ological diversity is interfered by several factors including
physical conditions, dietary patterns, tobacco inhaling, and
dwelling environment. A study on Chinese NSCLC patients
reports that particular bacterial floras are associated with
the response to PD-1 inhibitors.[94] Furthermore, the gut
microbiota is a potential predictor for irAEs. High levels of
Faecalibacterium and other Firmicutes of the baseline gut
microbiota in melanoma patients are associated with better
response to ipilimumab and are positively associated with
ICI-related colitis.[95] However, these studies are not
conclusive, and the predictive role of the gut microbiota
in lung cancer should be further validated.

Indolesmine 2,3-dioxygenases (IDOs)
IDO is the rate-limiting enzyme in tryptophan catabolism,
and the metabolic products of tryptophan are reported to
suppress antitumor immunity.[96] High level of IDO
expression enhances tumor growth; therefore, studies
investigating the inhibitors targeting IDO pathway in
different cancer types including NSCLC are conducted.[97]

On the contrary, IDO immunosuppressive effect can be used
as a prognosis marker in ICI therapy. A study on the role of
IDO in anti-PD-1-treated NSCLC patients reports that
lowerkynurenine/tryptophan ratio,which suggests low IDO
activity, is positively associated with longer PFS and OS.[98]

Other biomarkers or approaches
Recent studies have investigated other biomarkers in ICI-
treated lung cancer patients, including red blood cell
distribution width,[99] baseline serum sodium concentra-
tion,[100] blood-based prolactin,[101] and even skeletal
muscle area measured at the level of the third lumbar
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vertebra (L3).[102] Additionally, PET is an effective
approach to predict the PFS and OS in ICI-treated NSCLC

combination has been shown to be highly effective, it is
limited by adverse events; therefore, understanding of
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patients.[103] After further validation, these means will be
indispensable in predicting ICI efficacy.

On the contrary, studies on biomarkers for the prediction
of irAEs are limited. Some studies report the positive
association between histological, epidemiological, and
clinical characteristics of NSCLC patients with higher
incidence of irAEs. For instance, women, the elderly, and
patients with nonsquamous carcinoma and those with
interstitial lung disease (ILD) or radiotherapy history are
more likely to develop ICI-related pneumonitis.[104,105]

IrAEs result from overactive immunoreactions; therefore,
biomarkers implicated in ICI efficacy can be used to predict
the occurrence of irAEs. However, current trials report
that PD-L1 expression and TMB cannot be used as irAE
biomarkers. Moreover, irAE is associated with ICI
response. Two retrospective analyses report that irAEs
are associated with ORR, PFS, and OS of nivolumab-
treated NSCLC patients.[106,107] A prospective study on
NSCLC patients receiving anti-PD-1 therapy reports the
potential mechanism of autoimmune skin toxic effect by
identifying shared antigens and T cells of skin lesions and
tumor tissue. Furthermore, the study reports a positive
association between skin irAEs and tumor response.[108]

On the contrary, checkpoint inhibitor pneumonitis is
negatively associated with survival of NSCLC patients
under ICI monotherapy or combination therapy.[109]

Conclusion
472
Lung cancer is a common malignant disease. Notably, the
association between tumor cells and immune system is a
multifactorial and dynamic process. Therefore, immuno-
therapy intervention and therapeutic evaluation of lung
cancer is challenging. Currently, no biomarkers can solely
be used to inform the medication regimen for lung
cancer patients; therefore, by conducting several studies, a
combination of different factors has been optimized. Studies
have investigated the combination of distinct biomarkers,
whereas they focus on only a subgroup of biomarkers. A
comprehensive model covering gene sequencing, cellular
staining, molecular identification, and imageological exami-
nation should be investigated in the future. Computer
modeling methods and statistical approaches are important
in the development of an effective model as the factors
involved play diverse roles and have distinct cutoffs. A
comprehensivemodelmay contribute to the standardization
and predictive accuracy of ICI therapy; however, its
timeliness and convenience are uncertain. Currently, liquid
biopsy has attracted increased interest among researchers
due to its noninvasive nature, widespread application for
various stages of patients, and acceptable consistency with
gold standard of biopsy. Furthermore, liquid-based detec-
tion is easily applicable, enabling the monitoring of the
dynamic variation of indicators, and leads to a better
comprehension of real-time response to ICIs. Moreover,
studies on biomarkers have not sufficiently investigated
certain areas such as the following aspects: (1) the
recalcitrant trait of SCLC poses an urgent need to stratify
patients with appropriate biomarkers; therefore, it requires
further research, and (2) although ICI–chemotherapy
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underlyingmechanismswould help identify better biomark-
ers or biomarker groups. Moreover, current reports on
biomarkers are mostly based on retrospective analysis,
whichmaybebiased; therefore,moreprospective studies are
required to support the effectiveness of ICIs.

In conclusion, promising results have been achieved on
biomarkers guiding the clinical application of ICIs for lung
cancer patients. PD-L1 expression has been approved by
the FDA as a prognostic marker. Furthermore, studies
have reported that TMB and TILs are positively associated
with ICI treatment. More potential biomarkers have
been investigated by conducting several studies on
therapeutic response or resistance, including immune-
related neoantigens, specific mutated genes, and microbial
diversity. Nonetheless, there is no “golden standard” for
the determination of immunotherapy efficacy as biomark-
ers have limitations. Therefore, further studies should be
conducted to investigate the advantages of combining
different biomarkers.
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