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Abstract
The breakthrough of programmed cell death protein 1 (PD-1) blockade therapy has
changed the clinical treatment of non-small cell lung cancer (NSCLC) in the past few
years. The success of PD-1 blockade therapy has been attributed to high tumor muta-
tion burden and high immunogenicity of lung cancer cells. To further improve the
efficacy of NSCLC immunotherapy and overcome the resistance of lung cancer cells
to immune checkpoint blockade, new approaches that enhance the active immune
response, such as neoantigen vaccines and cellular-based therapies, are urgently
required. Neoantigens are considered ideal targets for cancer immunotherapy because
of their high immunogenicity and specificity. In this mini review, we first discuss the
current advances in neoantigen vaccines for treating cancers and then review the
results of preclinical studies and early-phase human clinical trials of neoantigen-based
therapies for NSCLC. Finally, we focus on the identification of neoantigens in patients
with NSCLC and review the candidate mutations reported by recent studies and our
investigations. The review concludes that, in addition to immune checkpoint blockade,
approaches targeting neoantigens are promising for improving the efficacy of NSCLC
immunotherapy.

K E YWORD S
immunotherapy, lung cancer, neoantigen, vaccine

INTRODUCTION

Lung cancer is one of the leading causes of death world-
wide. Many patients with lung cancer are diagnosed at the
late stage and show poor prognosis because of ambiguous
symptoms. Approximately 1.6 million deaths due to lung
cancer are reported every year worldwide.1,2 Lung cancer is
classified into two major subtypes: non-small cell lung can-
cer (NSCLC) that accounts for 80%–85% of the total cases
and small cell lung cancer (SCLC). Over the past few
decades, although the survival time of patients with
NSCLC has considerably improved because of advances in
chemotherapy and molecular-targeted therapy, some
patients may develop drug resistance after the initial
response to these therapies. Therefore, new therapeutic
approaches are urgently required to target and eliminate
invading tumor cells.

In the past few years, programmed cell death protein 1
(PD-1) blockade therapy has become the standard treatment
for NSCLC. However, recent clinical trials have revealed that
only approximately 15%–25% of NSCLC patients respond
to PD-1 blockade therapy regardless of the expression level
of programmed cell death ligand 1 (PD-L1).3–5 Some
patients show primary resistance to PD-1 blockade therapy,
while other patients develop acquired drug resistance during
the immunotherapy process. According to previous studies,
the mechanisms of resistance to PD-1 blockade therapy
probably involve several factors such as abnormal gut
microbiome composition,6 activation of parallel immune
inhibitory pathways such as Tim-3 or Lag-3,7 and downre-
gulation of antigen presentation. Specifically, epidermal
growth factor receptor (EGFR) mutation-positive patients,
who constitute approximately 10%–17% of Caucasian
patients with lung adenocarcinoma and 30%–65% of Asian
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patients with lung cancer, show limited clinical benefits fol-
lowing PD-1 or PD-L1 blockade therapy.3,5,8,9 Therefore,
alternative immunotherapeutic approaches are required to
improve the clinical outcome of patients with advanced
NSCLC.

To date, several efforts have been made to develop
vaccines for NSCLC treatment. Melanoma-associated
antigen (MAGE-A3), a tumor-associated antigen (TAA),
is primarily expressed in approximately 39.2% of patients
with NSCLC. Although a vaccine targeting MAGE-A3
showed promising results in the phase II clinical trial
involving MAGE-A3-positive lung cancer patients, no
improvement was observed in the progression-free sur-
vival (PFS) or overall survival (OS) of the patients in the
subsequent phase III clinical trial.10,11 Most NSCLC
patients show a high expression level of EGFR; hence,
vaccines targeting EGFR are considered another impor-
tant immunotherapeutic strategy. CIMAvax-EGF vaccine,
a human recombinant vaccine targeted to treat advanced
NSCLC,12,13 showed significant improvement in the OS
rate of NSCLC patients (11.7 vs. 5.33 months) in phase III
clinical trials. Other reported clinical trials of vaccines for
advanced NSCLC include those of the vaccine targeting
talactoferrin, TG4010 vaccine targeting the MUC-1 pro-
tein, and belagenpumatucel-L vaccine.14–18 These vac-
cines have shown improvements in the PFS or OS of
patients with NSCLC. However, these trials were con-
ducted on a relatively small number of patients; hence,
large-scale prospective studies are required to further elu-
cidate the relevance and utility of these personalized
vaccines.

The identification of neoantigens is one of the most sig-
nificant breakthroughs in NSCLC therapy. Neoantigen-
targeted therapy is a promising immunotherapeutic strategy
for treating advanced solid cancers. In this article, we first
review the recent preclinical and clinical studies on the
development of neoantigen-based therapies for NSCLC and
then focus on advances in neoantigen identification in both
preclinical and clinical studies.

NEOANTIGEN IN TUMOR
IMMUNOTHERAPY

Neoantigens are tumor-specific antigens (TSAs) derived
from somatic gene mutations such as nonsynonymous point
mutations, insertion–deletion, gene fusion, and frameshift
mutations. Distinct from TAAs that are present in both
tumor tissues and normal tissues, neoantigens are expressed
only in tumor tissues. Hence, cancer vaccines targeting
neoantigens have major advantages, including high specific-
ity, improved safety, and low immune tolerance.19 A strong
correlation between favorable clinical benefits of the
immune checkpoint blockade therapy and tumor mutation
burden (TMB) was observed in various solid cancers,
including melanoma, NSCLC, colorectal cancer, and
cholangiocarcinoma.20–23 Strategies targeting neoantigens of

these cancers have shown promising efficacy in immuno-
therapy studies, particularly in preclinical and clinical stud-
ies conducted in the recent 5–10 years. The clinical
application of a neoantigen-based immunotherapy was first
reported by Tran et al. in 2014. A late-stage cholangiocarci-
noma patient was treated with T cells recognizing the ERB-
B2IP neoantigen, and the tumor was effectively
controlled.24 In a follow-up study, the same team success-
fully identified neoantigens recognized by self T cells from
10 digestive tract tumors in nine patients by using similar
methods of constructing micro-sequences (tandem mini-
gene).25 German researchers also successfully constructed a
50-RNA-linked neoantigen vaccine in three animal tumor
models through sequencing and bioinformatics analysis.
The results revealed that the novel RNA neoantigen vac-
cine could effectively control tumor growth and lung
metastasis.26 Based on clinical trials conducted in July
2017, the US and German teams confirmed the remarkable
efficacy of personalized neoantigen vaccines targeting
tumor mutations in treating malignant melanoma.27,28

Among six patients with melanoma, four patients showed
complete response and no tumor recurrence within
32 months of treatment. The tumors of the remaining two
patients completely disappeared after they received PD-1
blockade therapy.

TMB IN LUNG CANCER

Targeted therapy for driver mutations in lung adenocarci-
noma cells is used as a standard treatment for cancer; how-
ever, this approach has the following limitations29–32:
(1) almost half of the patients are not drug-sensitive because
of the lack of sensitive driver mutations; (2) patients may
show resistance, thus making it difficult to achieve long-
term clinical effects; and (3) targeting agents in squamous
cell carcinoma remain unidentified. Therefore, in patients
without sensitive driver mutations of adenocarcinoma and
squamous cell carcinoma, versatile therapies, including
immunotherapy, play an important role in treating tumors
and may overcome tumor resistance.33

The mutation landscape of different lung tumor types
has been reported in an earlier study. The study found that
the frequency of somatic mutations varied greatly among
different tumor types, ranging from 4 to 938 362 mutations
in 7042 patients with lung tumor, that is, approximately
0.001 mutation per MB to more than 400 mutations per
MB. Moreover, the mutations were the least in some child-
hood cancers and showed frequent occurrence in patients
with chronic mutagenic factors, such as lung cancer (smok-
ing) and malignant melanoma (ultraviolet radiation). Lung
squamous cell carcinoma, lung adenocarcinoma, and SCLC
ranked second, third, and fifth, respectively, among these
tumors.34 Missense mutation, frameshift translocation, and
mRNA splicing variants that alter posttranslational pro-
cesses are the most common types of mutations found in
NSCLC cells.35
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MUTATION BURDEN AND MUTATION
SIGNATURES DETERMINE THE
SENSITIVITY OF LUNG CANCER TO
IMMUNOTHERAPY

A report published in Science in 2015 indicated that the best
responders of anti-PD-1 therapy were those cancers that
were mainly caused by chronic exposure to mutagens such
as ultraviolet light and cigarette smoking, for example, mela-
nomas and NSCLCs. The study showed that the mutation
load of patients with clinical benefits of immunotherapy was
significantly higher than that of patients with no clinical
benefits (302 mutations vs. 148 mutations). The patients
were assigned to the mutation high-load group and low-load
group, with the cutoff value of 209 mutations. The objective
response rate was significantly higher in patients with a high
mutation load (63% vs. 0); moreover, the PFS time was also
longer in patients with a high mutation load (14.5 months
vs 3.7 months). A noteworthy finding is that patients with a
history of smoking showed significantly higher sensitivity to
treatment than nonsmoking patients.36 Three responders
with the highest mutation burden were identified based on
deleterious mutations in the genes POLD1, POLE, and
MSH2. Of the 14 patients with positive clinical outcome,
seven had KRAS mutations, and only one of the 17 patients
who did not show clinical benefits had KRAS mutations.37

Mechanistic studies revealed that neoantigen-reactive lym-
phocytes relevant to the mutant antigens were detected
among the peripheral blood lymphocytes of patients with a
positive clinical outcome. Neoantigen-specific T cells from
responder patients showed an effector phenotype different
from that of T cells from nonresponders.24,38 Another study
showed that the combination of high TMB with the
apolipoprotein B mRNA editing enzyme, the catalytic
polypeptide-like (APOBEC) mutation signature, could pre-
dict immunotherapy responders in an NSCLC cohort.39

Moreover, frameshift mutations caused by insertion or dele-
tion are likely to produce more immunogenic tumor-specific
neoantigens and to induce more infiltration of activated
CD4 +T cells, thereby conferring better response to immune
checkpoint inhibitors (ICIs) in patients with melanoma,
renal cell carcinoma, and lung cancer.40 These findings laid
the theoretical foundation for the continued success of anti-
PD-1 therapy in special NSCLC patients.

TOLERANCE MECHANISM OF LUNG
CANCER IMMUNOTHERAPY

In-depth research on the tolerance mechanism of immuno-
therapy can enable to improve its efficacy. A study published
in Cancer Discovery in 2016 conducted a genome-wide
sequencing analysis and showed that among 42 lung cancer
patients who received treatment with either anti-PD-1 anti-
bodies or anti-CTLA-4 antibodies alone or in combination,
those who developed resistance had a high mutation load. In
theory, these patients should be more sensitive to immune

checkpoint blockade; however, the results contradicted this
theory. This could be attributed to two possible reasons:
(1) tumor heterogeneity: tumor cells rich in neoantigens are
inhibited, and the remaining tumor cells proliferate signifi-
cantly, leading to tumor progression; (2) neoantigen dele-
tion: deficiency in the production of neoantigen epitopes
with high major histocompatibility complex (MHC) affinity.
A comparison of tumor samples before and after tolerance
revealed that the mutations that disappeared were the ones
that were highly expressed in lung cancer cells, including
mutations in KRAS, TP53, ARID1A, RB1, MYC, and
SMARCA4. During the emergence of immune tolerance,
neoantigen-specific T cells in the peripheral blood of
patients remained inactivated.41 A neoantigen vaccine func-
tions by increasing the number of neoantigen-specific T cells
in tumors. In future research, we expect to overcome
immune tolerance by the replacement of a single neoantigen
epitope with multiple neoantigen epitopes; this approach
may effectively overcome the resistance caused by tumor
heterogeneity.

STUDIES ON NEOANTIGEN VACCINES FOR
TREATING LUNG CANCER

A study by Tongji Medical University analyzed 18 175
MHC class II epitopes by analyzing data from 147 patients
with lung adenocarcinoma in The Cancer Genome Atlas
(TCGA) database. A total of 8804 neopeptides (375 strong
binders and 8429 weak binders) following the presentation
by a type II human leukocyte antigen (HLA) molecule (HLA
DRB1) were predicted from the database by using the
NetMHCIIpan 3.1 method. The presentation of mutant pep-
tides comprising 54 strong binders and 896 weak binders
was detected for the HLA DRB1*01:01. The study also
found that the most mutated genes producing new epitopes
were KRAS, TTN, RYR2, MUC16, TP53, USH2A, ZFHX4,
KEAP1, STK11, FAT3, NAV3, and EGFR.42 Other studies
from the same research center indicated that, compared to
the wild-type EGFR epitope, the 19 exon deletion mutation
of EGFR induced a stronger serum immune response than
the EGFR L858R point mutation, and this known deletion
mutation could serve as a unique target for immunotherapy
in Asian patients with NSCLC.43 These results support the
feasibility of using personalized neoantigen epitopes pre-
sented by HLA class II molecules as vaccine candidates for
the immunotherapy of NSCLC.

In another study, T cell responses to neoantigen epitopes
of lung cancer cells were investigated. The authors screened
T cell responses to neoepitopes by using peripheral blood
samples of five NSCLC patients. T cell responses were
detected by the stimulation of approximately 8.8% of the
screened candidate antigens, with an average of 1–7 identi-
fied antigens per patient. A majority of responses were not
stimulated by the shared antigen but by patient-specific
mutations. In two of these patients, CD4+ T cells that recog-
nized the KRAS G12V epitope and the ERBB2 (Her2) driver
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T A B L E 1 Ongoing clinical trials of neoantigen vaccine in lung cancer.

Trial number Interventions Phase Cancer type Location Status

1. NCT03908671 Personalized RNA vaccine encoding
neoantigens

Not
applicable

Esophageal cancer
non-small cell lung

cancer

The First Affiliated
Hospital of
Zhengzhou University

Not yet
recruiting

2. NCT03871205 Neoantigen-primed DC vaccines 1 Non-small cell/
small cell lung

cancer

Shenzhen People’s
Hospital

Not yet
recruiting

3. NCT04032847 ATL001 1,2 Advanced non-
small cell lung
cancer

University College
London Hospital/
Freeman Hospital
Newcastle

Recruiting

4. NCT02956551 Neoantigen-primed DC vaccine 1 Non-small cell lung
cancer

China West Hospital Recruiting

5. NCT03715985 NPV-ds001-CAF09b + anti-PD-1 or
anti-PD-L

1 Melanoma, non-
small cell lung
cancer, kidney
cancer

Herlev Hospital, Center
for Cancer Immune
Therapy/Herlev
Hospital

Active, not
recruiting

6. NCT03639714 GRT-C901
GRT-R902
Nivolumab
Ipilimumab

1,2 Non-small cell lung
cancer

Colorectal cancer
Gastroesophageal

adenocarcinoma
Urothelial

carcinoma

The University of Chicago
Columbia University

Medical Center
Tennessee Oncology
Virginia Cancer

Specialists

Active, not
recruiting

7. NCT03953235 GRT-C903
GRT-R904
Anti-PD-(L)1
Anti-CTLA-4

1,2 Non-small cell lung
cancer

Colorectal cancer
Pancreatic cancer
Solid tumor shared

neoantigen-
positive tumors

The University of Chicago
Columbia University

Medical Center
Tennessee Oncology
Virginia Cancer

Specialists

Recruiting

8. NCT03412877 Individual patient TCR-transduced PBL 2 Glioblastoma
Non-small cell lung

cancer
Ovarian cancer
Breast cancer
Gastrointestinal/
genitourinary cancer

National Institutes of
Health Clinical Center

Recruiting

9. NCT03380871 NEO-PV-01 Pembrolizumab
chemotherapy

1 Non-small cell lung
cancer

Nonsquamous non-
small cell lung
cancer

University of California
Massachusetts General

Hospital
Dana Farber Cancer

Institute

Complicated

10. NCT04998474 FRAME-001 personalized vaccine in
NSCLC

2 Non-small cell lung
cancer

Erasmus Medical Center
The Netherlands Cancer

Institute
University Medical

Center Groningen
Leiden University Medical

Center

Not yet
recuiting

11. NCT04487093 Clinical study of neoantigen vaccine
combined with targeted drugs in
the treatment of non-small cell lung
cancer

1 Non-small cell lung
cancer

The First Hospital of
Shijiazhuang,
Shijiazhuang, Hebei,
China

Recruiting

12. NCT04266730 Trial of a personalized and adaptive
neoantigen dose-adjusted vaccine
concurrently with pembrolizumab

1 Squamous cell lung
cancer;
squamous non-
small cell lung
cancer;
squamous cell

Lineberger
Comprehensive
Cancer Center at
University of North
Carolina—Chapel Hill
Chapel Hill,
North Carolina, USA

Not yet
recuiting
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mutation epitope were identified. Moreover, T cell receptors
specific for KRAS G12V and Her2-ITD (internal tandem
duplication) were isolated and identified by transfection of
T cells. These results indicated the possibility of utilizing
neoantigen-specific T cells for the adoptive transfer therapy
or neoantigen vaccination strategy for treating NSCLC.44

In another recent study, the authors tested the feasibility
of administering personalized neoantigen vaccines to lung
cancer patients with low TMB. The authors predicted, iden-
tified, and verified the new candidate antigen peptides
through the next-generation sequencing approach. By
designing a personalized neoantigen vaccine (MyVac) and
conducting preclinical verification, the authors not only
proved the feasibility of effectively identifying tumor-specific
neoantigens but also confirmed that these neoantigens could
function as vaccines for targeting tumor cells by enhancing
the antigenicity of tumors with low mutation load; this vac-
cine is currently being tested and is expected to show success
in clinical practice.45

Thus far, more than 10 clinical studies on the global lung
cancer neoantigen vaccine have been registered on the US
clinical trial website (Table 1). NEO-PV-01 is a personalized
neoantigen vaccine in the early-phase clinical trial; it is
applied in combination with anti-PD-1 antibodies for treat-
ing advanced NSCLC and melanoma. The trial demon-
strated that the vaccine was safe and effective in eliciting an
immune response of CD4+ and CD8+ T cells.46 RO7198457
is an RNA-lipoplex vaccine with up to 20 patient-specific
neoantigens; it is termed as individualized neoantigen-
specific immunotherapy. It is a personalized vaccine
designed to induce the production and activation of
neoantigen-responsive T cells in each patient. The vaccine
was tested in a phase Ia trial targeting patients with locally
advanced or metastatic solid tumors, including lung cancer.

The results indicated that the vaccine was not only safe but
could also induce strong neoantigen-specific immune
responses.47 Based on this promising result, another study
on RO7198457 combined with anti-PD-1 antibodies is cur-
rently in progress.

Approximately 29.61% of lung cancer patients carry
KRAS gene mutations. Neoantigen vaccines based on KRAS
mutations are thought to induce immune responses in
KRAS-driven lung cancer. However, the efficacy of these
vaccines may be limited because of factors such as the pres-
ence of immunosuppressive molecules and cytokines in the
tumor microenvironment. The combination of the immuno-
suppressive molecule blockade therapy or adjuvants is
expected to avoid negative immune regulation and promote
the success of KRAS-based vaccine treatment.48 ALK rear-
rangement is observed in approximately 5%–6% of NSCLC
cases. Preclinical studies and clinical trials have also shown
that ALK vaccines containing DNA plasmids encoding the
ALK cytoplasmic domains are effective against NSCLC with
ALK rearrangement, and tumor-specific T cell response tar-
geting the vaccine can be detected in patients.49,50

EGFR is the most common driver mutation in NSCLC.
A previous study reported the results of a phase I clinical
trial of a personalized neoantigen peptide vaccine (PPV) tar-
geting patients with advanced NSCLC after the initiation of
the standard therapy. Interestingly, all seven patients with
clinical response had tumors carrying EGFR mutations. The
EGFR new antigen-specific T cell response was detected in
five of these patients receiving the EGFR mutated PPV.
In contrast, none of the other eight patients with wild-type
EGFR showed clinical efficacy after PPV immunization. This
study indicates that PPV based on new antigens is safe and
feasible, particularly for NSCLC patients with EGFR muta-
tions. This strategy is a promising alternative and is expected

T A B L E 1 (Continued)

Trial number Interventions Phase Cancer type Location Status

carcinoma of
head and neck

13. NCT04397926 Phase I study of individualized
neoantigen peptides in the
treatment of EGFR mutant non-
small cell lung cancer

1 Non-small cell lung
cancer

Sun Yat-sen University
Cancer Center
Guangzhou,
Guangdong, China

Recruiting

14. NCT04078269 MIDRIXNEO-LUNG dendritic cell
vaccine in patients with non-small
cell lung cancer

1 Non-small cell lung
cancer

Ghent University
Hospital Ghent,
Belgium

Unknown

15. NCT05269381 Personalized neoantigen peptide-based
vaccine in combination with
pembrolizumab for the treatment of
advanced solid tumors, the
PNeoVCA study

1 Advanced solid
tumors

Mayo Clinic in Florida
Jacksonville, Florida,
USA

Recruiting

16. NCT04147078 Personalized dendritic cell vaccine for
postoperative cancer

1 Hepatocellular
carcinoma; non-
small-cell lung
cancer; colon
rectal cancer

Chengdu, Sichuan, China Recruiting

Abbreviations: DC, dendritic cell; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; PBL, peripheral blood lymphocytes; TCR, T cell receptor.
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to provide new treatment options for tumors showing
EGFR-TKI resistance.51 Regarding EGFR L858R mutation, a
case of an Asian patient with lung squamous cell carcinoma
demonstrated dramatic regression of multiple lung metasta-
sis after weekly vaccination with neoepitope peptides. By
monitoring the immune response of peripheral blood
immune cells of patients, it has been shown that targeting
the widely shared EGFR L858R mutation can effectively
induce antigen-specific T lymphocyte immune responses,
particularly those restricted to HLA-A3101 mutations. In
addition to the response against the EGFR L858R mutation,
patients also developed specific T lymphocyte response tar-
geting STK11, NAVC3, and EPHB1 after the treatment.52

For mutations that probably occur in nearly 20% of lung
cancer patients, the neoantigen epitope has broad applica-
tion prospects; furthermore, the application of multiepitope
neoantigen vaccines is expected to overcome immune resis-
tance that may occur through the use of a single epitope.

IDENTIFICATION OF NEOANTIGENS IN
LUNG CANCER

Karasaki et al.33 described two approaches for selecting
neoantigens as vaccines for lung cancer: the “off-the-shelf”
approach and the “personalized pipeline” approach
(Figure 1). For the “off-the-shelf” approach, a panel of
somatic missense mutations shared by at least 1% of patients
with lung cancer was established through the online data-
base. The binding affinity of these mutations was then
assessed in 15 lung cancer patients according to different
HLA restrictions, and potential neoantigen epitopes were
chosen for these patients. Twenty-two missense mutations
were identified for adenocarcinoma, including EGFRL858R,
KRAS 12C/V/D/A, BRAF V600E, TP53 R237L, EGFR
T790M, and PIK3CA H1047R. Eighteen missense mutations
were identified for squamous cell carcinoma, including
PI3KCA E545K, NFE2L2 R34Q, KRAS G12C/D/V, EGFR
L858R, and TP53R248L. Regarding the “personalized pipe-
line” approach, neoantigens were selected and identified

from missense mutations detected by whole-exome sequenc-
ing of each patient. A median of 59 and 164.5 missense
mutations were identified in patients with adenocarcinoma
and squamous cell carcinoma, respectively. However, only
three “off-the-shelf” neoantigens were found to be shared
among the neoantigens identified through the “personalized
pipeline” approach, and no overlap with the “off-the-shelf”
neoantigens was observed in the remaining 12 patients.
Hence, the author considered that the use of the “off-the-
shelf pipeline” approach was feasible; however, this
approach could not meet the requirements of most patients
with lung cancer. Therefore, Karasaki et al. recommended
the identification of individual-specific neoantigens by
whole-exome sequencing for each patient to develop person-
alized neoantigen vaccines or cell-based immunotherapies
for NSCLC patients.

In a study conducted by Chen et al.53 at our institute,
two strategies for identifying individual-specific new anti-
gens were established and compared in patients with
advanced solid tumors, including lung cancer. In the first
strategy, second-generation sequencing of somatic muta-
tions was conducted for each patient, followed by prediction
for potential high-affinity mutant epitopes. In the second
strategy, a shared library of neoantigen peptides was con-
structed. Twenty-one mutated genes were selected with a
mutation frequency of >10% in solid tumors from the COS-
MIC database and were further analyzed in 2430 solid
tumor sequencing samples from the TCGA database.
Twenty-nine ideal hot spot mutations, including KRAS,
TP53, CTNNB1, EGFR, BRAF, PIK3CA, and GNAS, were
identified. For lung adenocarcinoma, the most frequent
mutations were KRAS G12C/V/A/D, EGFR L858R, BRAF
V600E, PI3KCA E542K, and TP53 R175H, which consti-
tuted 36.96% of the total cases. For squamous cell lung can-
cer, the most frequent mutations were PIK3CA E545K/
E542K and TP53 Y163C/V157F, which constituted 8.38% of
the total cases. The neoantigen library was constructed to
identify neoantigens in a timely and convenient manner.
However, it should be noted that not all mutations result in
neoantigen expression. Most somatic mutations detected by

F I G U R E 1 Flow chart of neoantigen
identification.
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sequencing do not lead to effective neoantigen expression.54

The formation of a neoantigen by a somatic mutation
depends on the following factors: (1) the somatic
mutation is translated and expressed at the protein level;
(2) the mutant protein can be naturally processed into spe-
cific epitopes; (3) the epitope has high binding affinity for
MHC molecules; and (4) there are adequate neoantigen-
reactive T cells.19 In our study, the candidate mutant pep-
tides were screened by CD137 staining, tetramer staining
assay, or IFN-γ secreting assay (ELISPOT or cytometric
bead array [CBA]) by using autologous peripheral blood
mononuclear cells of the patients. An average period of
10 days is required to identify neoepitopes.53

CONCLUDING REMARKS

Neoantigen vaccine or neoantigen-reactive T cell strategy
has shown remarkable results in both preclinical and clinical
settings. However, the cost-effective identification of candi-
date antigens limits the clinical application of this strategy.
Although neoantigen vaccines have initially shown effective
outcomes in the treatment of NSCLC, most of them have
been tested in small-scale phase I or II clinical trials. In
future research, it is critical to further validate the safety and
effectiveness of neoantigen vaccines by using a large sample
size. The combination of neoantigen vaccines with other
immunotherapies, including the checkpoint blockade ther-
apy or other strategies, for targeting the immunosuppressive
tumor microenvironment should be investigated in future
studies.
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