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Abstract: Immunotherapy is one of the methods that can change the survival rate of patients with malignant tumors,
in addition to surgery therapy, radiotherapy, chemotherapy and targeted therapy. Among various immunotherapy
methods, immunoprecipitation inhibitors have been the most effective medications developed in recent years. At
present, more in-depth studies have been conducted for two immune checkpoint inhibitor pathways, programmed
cell death protein 1 (PD-1)/Programmed death-ligand 1 (PD-L1) and cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4), and a variety of medications for those above mentioned. The present study briefly reviews the results of
clinical trials for relevant immune checkpoint inhibitors in lung cancer.
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Introduction

Lung cancer is one of the most fatal malignant
tumors, and has been ranked as the first killer
among male patients. The five-year survival
rate of patients with advanced stage non-small
cell lung cancer (NSCLC) remains low despite
recent advances in surgery, irradiation, chemo-
therapy and targeted therapy, and the progno-
sis of advanced NSCLC remains unsatisfying
[1]. Recent breakthroughs in the understanding
of tumor immune biology and the development
of newer generations of cancer immunothera-
pies have opened a brand new chapter in the
war against cancer [2]. Immune checkpoint
blockade (ICB) has emerged as a novel treat-
ment modality that reshapes the immune sys-
tem of cancer patients to kill tumor cells, and
this has achieved inspired success in solid
tumors. In the present study, focus was mainly
given on the advance of lung cancer immuno-
therapy [3].

The immune system has the ability to recognize
tumor-associated antigens and regulate the
body’s ability to attack tumor cells. The immu-
notherapy of tumors is a therapy that works
against tumors by repairing and enhancing the
body’s immune system, controlling and Killing
tumor cells. In 1893, Dr. Coley et al. discovered

that Streptococcus pyogenes could reduce tu-
mors, and this allowed the academy to recog-
nize an immune phenomenon for the first time.
In 1991, Weissman et al. first reported the
anti-tumor efficacy evaluation data of CIK cells
and pushed immunotherapy to the spotlight.
Since then, tumor immunotherapy research has
opened up a new chapter, and cancer immuno-
therapy has come of age [4].

At present, the most widely studied immuno-
therapy checkpoints include inhibitors of CTLA-
4 and PD-1 and its ligand programmed cell
death ligand 1 (PD-L1). An immunological ch-
eckpoint inhibitor acts as an immune blockade
that prevents the release of tumors to the
microenvironment, and induces the re-activa-
tion of T cells for immmune response to the tu-
mor effect, thereby achieving an anti-tumor
role, making it a new weapon against tumors
(Figure 1).

The anti-PD-1/PD-L1 pathway

PD-1is a member of the extended CD28/CTLA-
4 family of T cell regulators and proteins that
are expressed after T cells are induced (ma-
ture T cells) [5]. Its ligands include PD-L1 and
PD-L2, and tumors mainly express PD-L1 [6].
The combination of PD-1 and PD-L1 inhibits the
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Figure 1. Inhibition of immune and anti-tumor response.

proliferation and viability of CD4+ T and CD8+ T
cells, which have been shown in normal indi-
viduals, in order to reduce the damage of the
immune response to surrounding tissues and
prevent the development of autoimmune dis-
eases [6, 7]. In addition, for patients with
tumors, it can reduce T-cell immunity Killing in
the tumor local microenvironment, leading to
tumor immune escape and the promotion of
tumor growth [8]. A nhumber of clinical studies
[9-14] have demonstrated that PD-1/PD-L1
inhibitors have excellent efficacy in advanced
NSCLC. Furthermore, it was found that PD-L1
expression is closely correlated to its efficacy,
and is a direct predictor of its efficacy. There-
fore, it is important to understand the propor-
tion of PD-L1 expression in advanced NSCLC,
and determine whether it is correlated to the
type of tissue.

Nivolumab

Nivolumab is a full human 1gG4 monoclonal
antibody against PD-1 [15, 16], and is also the
first listed drug approved by the Food and Drug
Administration (FDA) for advanced NSCLC pa-
tients. A Phase |, Dose-Hill study enrolled 129
advanced NSCLC patients. Among these pa-
tients, the treatment ratio of three lines and
above was 54.3%, the median overall survival
(0S) was 9.9 months, the best effect was at 3
mg/kg, and the median OS was 14.9 mo-
nths, when compared with 9.2 months at 1 or
10 mg/kg. CheckMate-063 was also a single-
arm, phase Il clinical trial for evaluating mono-
therapy [12]. Patients in the study were limited
to advanced resistant squamous cell carcino-
ma, and most of these patients were in the
third-line and later treatment. The results re-
vealed that in the single-agent treatment of
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nivolumab, the objective response rate (ORR)
was 14.5%, median OS was 8.2 months, and
1-year survival rate reached 40.8%. This sur-
vival data far exceeds previous findings on
advanced resistant squamous cell carcinoma.
Thus, nivolumab has become the first immune
checkpoint inhibitor approved by the US FDA
for advanced squamous cell carcinoma. Two
subsequent Phase lll-randomized controlled
clinical studies conducted by CheckMate-017
[13] and CheckMate-057 [17] explored the
efficacy of nivolumab, with focus on advanced
NSCLC patients with first-line platinum-based
regimen. In the phase Il clinical trials, among
the 272 squamous NSCLC patients in the
CheckMate-017 [13] study, the median OS
was 9.2 and 6.0 months in the nivolumab
and docetaxel groups, respectively, with a
41% reduction on the risk of death in the
nivolumab group (HR = 0.59, P = 0.001). Fur-
thermore, in these two groups, the ORR was
20% and 9%, respectively (P = 0.008), and the
median progression-free survival (PFS) was
3.5 and 2.8 months, respectively (HR = 0.62, P
< 0.001). A total of 582 patients were enrolled
in the CheckMate-057 [17] study. In these
two groups, the median OS was 12.2 and 9.4
months, respectively (HR = 0.73, P = 0.002),
and the ORR was 19% and 12%, respectively
(P = 0.02). However, there was no significant
difference in median PFS. Unlike the Check-
Mate-017 study, the present study found that
as the PD-L1 expression level increased, the
efficacy of nivolumab also improved. However,
no specific values were provided.

Pembrolizumab (MK-3475)

Pembrolizumab is a human monoclonal anti-
body against PD-1 and its ligand PD-L1, which
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can release T cells and achieve the effect of
eliminating tumor cells. KEYNOTE-001 [9] was
the first phase | clinical trial conducted. This
study revealed that the ORR and duration of
response (DOR) of pembrolizumab monothera-
py was 19.4% and 12.5 months, respectively,
while median PFS and OS were 3.7 and 12
months, respectively. The subgroup analysis
revealed that patients who were initially treat-
ed had better efficacy than those who were
subsequently treated, and the ORR was 6.8%
(24.8% and 18%, respectively). In addition,
PD-L1 overexpression (TPS > 50%) had better
efficacy, with a PFS of more than one year
(12.5 months). Therefore, the FDA approved
pembrolizumab was used to treat the disease
progression of metastatic NSCLC patients with
PD-L1 = 50% during or after platinum-contain-
ing chemotherapy on October 2, 2015.

The KEYNOTE-010 [10] study was the first
randomized controlled study that compared
pembrolizumab with chemotherapy in patients
with advanced NSCLC, who required first-line
post-treatment following progression and were
PD-L1 positive (L1 p). It was also prospective
to use the expression PD-L1 to predict pem-
brolizumab efficacy, and it was ultimately con-
firmed that PD-L1 expression levels can be
used as a biomarker for pembrolizumab effica-
cy. Moreover, it was also determined that the
optimal dose was 2 mg/kg. The KEYNOTE-024
[11] is another clinical trial that compared
pembrolizumab with standard platinum-based
chemotherapy in patients with high PD-L1
expression (TPS pat). The results revealed
that PFS was prolonged by 4.3 months (10.3
months vs. 6.0 months, HR = 0.50, P < 0.001)
in the pembrolizumab group. Furthermore,
pembrolizumab was also superior to chemo-
therapy in terms of ORR (44.8% vs. 27.8%), and
had a longer DOR. The KEYNOTE-021 study
[18] set a goal to compare the efficacy and
safety of pembrolizumab + chemotherapy and
chemotherapy as a first-line treatment for
advanced NSCLC. The results revealed that tis-
sue type was limited to adenocarcinoma, ORR
was 55% vs. 29%, and PFS was 13 and 8.9
months (HR = 0.53, P = 0.01) in the two grou-
ps, respectively. In pre-treatment, for PD-L1-
expressing SCLC patients, the KEYNOTE-028
[19] study revealed that pembrolizumab also
had an ORR of 33% (95% CI: 16%-55%), demon-
strating its promising antitumor activity.
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Atezolizumab (MPDL3280A)

Atezolizumab is a fully humanized, engineer-
ed monoclonal antibody of the I1gG1 isotype
against PD-L1. Early non-randomized con-
trolled clinical studies have confirmed that
atezolizumab has an exact effect and low inci-
dence of adverse reactions for the treatment of
advanced NSCLC [20]. The POPLAR [21] study
is a randomized phase Il clinical trial designed
to evaluate the efficacy and safety of atezoli-
zumab for second-line lung cancer therapy,
and compare with docetaxel. The results re-
vealed that the primary end-point OS was 12.6
and 9.7 months in the atezolizumab and do-
cetaxel groups, respectively (HR = 0.73, P =
0.04), but PFS had no significant difference
(2.7 and 3.0 months, respectively; HR = 0.94).
Furthermore, DOR was significantly better in
the atezolizumab group than in the docetaxel
group (14.3 and 7.2 months, respectively). The
clinical trial OAK [14] showcased that atezoli-
zumab prolonged 0S, compared with chemo-
therapy (13.8 months vs. 9.6 months, HR =
0.74, P = 0.0004) in second-line or third-line
IB/IV stage NSCLC after first line therapy fail-
ure. Another study was the BIRCH [22] study,
which revealed that atezolizumab had a hi-
gher disease control rate (DCR) rate (27%), and
was better than chemotherapy. It is noteworthy
that the detection method for PD-L1 expres-
sion induced by atezolizumab was different
from that induced by nivolumab or pembroli-
zumab, and this method mainly focused on
PD-L1 expression in tumor cells and immune
cells.

Durvalumab (MEDI4736)

Durvalumab is an FDA-approved immunoth-
erapy for cancer, which was developed by
Medimmune/AstraZeneca. It is a human immu-
noglobulin G1 kappa (IgG1k) monoclonal anti-
body that blocks the interaction of PD-L1 with
PD-1 and CD80 (B7.1), and this exhibited a
high degree of safety and clinical activity in
previous treatment-naive [23] patients with
advanced non-small-cell lung cancer. ARCTIC
[24] (NCT02352948) is a global, phase lll,
randomized, open-label multicenter study that
included patients with advanced NSCLC. This
study assessed the safety and clinical activity
of durvalumab vs. standard care (SoC; erlotinib,
gemcitabine, or vinorelbine) in patients with
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Table 1. Summary of the design of phase II/lll studies leading to 10 registrations in NSCLC

Study Phase Agent Control Line of PD_Ll. Primary endpoint
arm therapy selection
CMO026 1} Nivo. Plat. Cx 1st PD-L1>1% > 5% PD-L1+PFS (m): Nivo vs. Chemo: 4.2 vs. 5.9
KNO24 i Pembro. Plat. Cx 1st PD-L1>50% >50% PD-L1+PFS (m): Pembro. vs. Chemo: 10.3 vs. 6.0
KNO021G 1] Pembro./Cx  Plat. Cx 1st None ORR: Pembro./Cx vs. Chemo: 56.7% vs. 30.2%
BIRCH Il Atezo. None 1st PD-L1 positive Arm A ORR: ITT: 25%
KNOO1 Ib Pembro. None  1st& >2nd None ORR: 1st >2nd
PD-L1 < 1% 10% 9.9%
PD-L1> 1% 17.4% 12.9%
PD-L1 > 50% 58.3% 38.3%
KNO10 /1 Pembro. Docetaxel 2nd PD-L1>1% ORR: 30%/29% vs. 8%
2 mg/10 mg
CMO017 I} Nivo. Docetaxel 2nd None mOS (m): 9.2 vs. 6.0
CMO057 1]l Nivo. Docetaxel 2nd None mOS (m): 12.2 vs. 9.5
POPLAR 1] Atezo Docetaxel 2nd None mOS (m): ITT group 12.6 vs. 9.7
OAK 11l Atezo Docetaxel 2nd None mOS (m): ITT group 13.8 vs. 9.6

Note: NSCLC, non-small cell lung cancer; PD-L1, programmed death ligand 1.

PD-L1(+) tumors (slbine) stained using ventana
PD-L1 [SP263] CDx Assay (Sub-study A) and
the combination of durvalumab + tremelimum-
ab, or either agent as monotherapy vs. SoC in
patients with PD-L1(-) tumors (Sub-study B).
The recruitment started on January 2015, and
is presently ongoing. Indeed, a recent phase 3
study of durvalumab demonstrated improved
PFS for patients with surgically unresectable,
locally advanced, stage lll NSCLC. The median
PFS was substantially improved in the dur-
valumab arm, with a hazard ratio of 0.52 (16.8
vs. 5.6 months) [25].

Avelumab

Avelumab (Bavencio) is another human Ig-G1
monoclonal antibody that targets PD-L1, and
this was approved by the US FDA. In the dose-
expansion cohort of this multicenter, open-
label, phase 1 study [26, 27], 92 (50%) of 184
patients achieved disease control (they had a
confirmed response or stable disease as their
best overall response). According to the latest
study by PACIFIC, Durvalumab can improve the
PFS of patients with locally advanced, unre-
sectable stage lll lung cancer. The median PFS
in the Durvalumab group was 16.8 vs. 5.6
(months), and the hazard ratio (HR) was 0.52,
when compared with the placebo [28]. This
revealed an acceptable safety profile and anti-
tumor activity in patients with progressive or
treatment-resistant NSCLC, providing a ratio-
nale for further studies of avelumab in this dis-
ease setting.
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Summary

A summary of the design of phase II/lll studies
leading to 10 registrations in NSCLC is present-
ed in Table 1.

The anti-CTLA-4 pathway

CTLA4 is a member of the immunoglobulin
superfamily, is expressed by activated T cells,
and transmits an inhibitory signal to T cells
[29]. CTLA4 is homologous to the T-cell co-stim-
ulatory protein, CD28, and both molecules
bind to CD80 and CD86, which are also called
B7-1 and B7-2, respectively, on antigen-pre-
senting cells. CTLA-4 binds CD80 and CD86
with greater affinity and avidity, when com-
pared to CD28, thereby enabling it to outcom-
pete CD28 for its ligands. CTLA4 transmits
an inhibitory signal to T cells, whereas CD28
transmits a stimulatory signal. CTLA4 was also
found in regulatory T cells, which contributed
to its inhibitory function. T cell activation
through the T cell receptor and CD28 led to the
increased expression of CTLA-4 [30].

The mechanism by which CTLA-4 acts in T
cells remains somewhat controversial [31, 32].
Biochemical evidence suggests that CTLA-4
recruits a phosphatase to the T cell receptor
(TCR), thereby attenuating the signal. This work
remains unconfirmed in literature since its first
publication. A more recent work has suggested
that CTLA-4 may function in vivo by capturing
and removing B7-1 and B7-2 from the mem-
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branes of antigen-presenting cells, thereby ma-
king these unavailable for triggering CD28.

At present, the main CTLA-4 inhibitors are
ipilimumab and tremelimumab, among which
ipilimumab was the earliest inhibitor approv-
ed by the FDA, and the earliest inhibitor used
as a clinical immunological checkpoint inhi-
bitor.

Ipilimumab

Ipilimumab is a fully humanized 1gG1 monoclo-
nal antibody capable of effectively blocking
CTLA-4 from binding to its ligand. Early clinical
trials have shown that phased ipilimumab plus
paclitaxel and carboplatin had improved irPFS
and PFS in lung cancer patients, which support
the additional investigation of ipilimumab in
NSCLC [33]. However, another phase lll trial of
ipilimumab combined with paclitaxel and car-
boplatin did not prolong OS, when compared
with chemotherapy alone, in patients with
advanced squamous NSCLC. The safety profile
of chemotherapy plus ipilimumab was consis-
tent with that observed in previous lung and
melanoma studies [34]. Ongoing studies are
evaluating ipilimumab in combination with
nivolumab in this population. The same conclu-
sion was also obtained for newly diagnosed
extensive-stage disease SCLCs, and the addi-
tion of ipilimumab to chemotherapy did not pro-
long OS, when compared with chemotherapy
alone [35].

Tremelimumab

DETERMINE [36] was a double-blind, placebo-
controlled, phase 2b trial performed on 105
study centers across 19 countries in patients
with unresectable pleural or peritoneal malig-
nant mesothelioma, who progressed after one
or two previous systemic treatments for ad-
vanced disease. Tremelimumab did not sig-
nificantly prolong overall survival, when com-
pared with placebo in patients with previously
treated malignant mesothelioma. The safety
profile of tremelimumab was consistent with
the known safety profile of CTLA-4 inhibitors.
Investigations on whether immunotherapy co-
mbination regimens can provide greater eff-
icacy, when compared with monotherapies, in
lung cancer (NCT02179671, NCT02000947,
etc.) are ongoing.
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Novel immunological checkpoint treatment
target

Lymphocyte activation gene-3 (LAG3): Despite
the impressive impact of CTLA4 and PD1-PDL1-
targeted cancer immunotherapy, a large pro-
portion of patients with many tumor types have
failed to respond. LAG3 is the third inhibitory
receptor targeted in clinic, which has conse-
quently garnered considerable interest and
scrutiny [37, 38]. This is an immunoassay mol-
ecule expressed in activated T cells, NK cells,
B cells and plasma cell-like dendritic cells.
Studies have shown that LAG-3 selectively
upregulates CD4 on the surface of Treg. Thus,
LAG-3 antibodies can reduce Treg activity in
vivo. The inhibition or knockout of LAG-3 would
release the inhibitory effect of Treg on T cells.
In addition, in the absence of CD4+ T cells,
LAG-3 antibody can increase the function of
CD8+ T cells. PD-1/LAG-3 double knockout
mice exhibited anti-tumor activity when im-
planted with tumor cells, while PD-1 knockout
mice exhibited tumor growth delay. To date,
clinical trials that use the LAG-3 inhibitor or
combines with the PD-1 inhibitor are ongoing
for advanced lung cancer (NCT02966548 and
NCT01968109).

TIM-3: TIM-3 is an immune checkpoint recep-
tor that is constitutively expressed by CD4+ T
helper 1 (Thl), CD8+ T cytotoxic 1 (Tcl) and
Th17 cells [39, 40]. The interaction between
TIM-3 and its ligand galectin-9 inhibits Th1 and
Th17 response, which induces peripheral to-
lerance. Other ligands of TIM-3, such as phos-
phatidyl serine (PtdSer), high mobility group
protein B1 (HMGB1) and Ceacam-1, have been
identified to have a primary role in innate
immune response. Unlike other immunological
checkpoint molecules, TIM-3 was not upregu-
lated after all T cells were activated, and merely
CD4+ Thl and CD8+ cytotoxic T cells were
involved in its synergistic inhibition. When
activated by its ligand galectin-9, TIM-3 inhibits
the activity of T cells and causes peripheral tol-
erance. TIM-3 plays a key role in the loss of T
cells in tumors. Furthermore, TIM-3 is highly
expressed in the T cells of animals resistant to
treatment with anti-PD-1. In an independent
experiment, the combination of anti-TIM-3 anti-
body and anti-PD-1 drug can inhibit the anti-
PD-1 treatment of drug resistance [41]. In
addition, TIM-3 expression was upregulated in
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Figure 2. Summary of immunotherapy biomarkers.

CD4+ and CD8+ tumor-infiltrating lymphocytes
in patients with lung cancer, and TIM-3 ex-
pression in CD4+ T cells was correlated with
lymph node metastasis and lung cancer stag-
ing [42]. To date, the anti-TIM3 monoclonal
antibody (TSR-022, TESARO and MBG453,
Novartis) is being tested in two clinical trials
for advanced lung cancer (NCT02817633 and
NCT02608268) as a monotherapy or in combi-
nation with an anti-PD1 antibody.

KIRs: KIRs are regulatory glycoproteins that
belong to the superfamily of immunoglobulins
[43]. These are principally expressed on the
surface of both NK cells and T CD8+ cells,
which modulate the cytotoxic activity of both
cell types. New drugs that target NK cells are in
development, and the most advanced com-
pound is the anti-KIR monoclonal antibody (liri-
lumab), which recognizes KIR-2DL-1, -2 and
-3, and has the ability to block the interaction
with HLA-I ligands. The Phase | study of lirilum-
ab combined with ipilimumab (NCT01750580)
for advanced solid tumors, which included
NSCLC, has been completed, and the data
revealed no additional safety concerns in the
combination group. Another Phase I/Il study
that assessed the safety, tolerability and anti-
tumor activity of lirilumab in combination with
nivolumab (NCT01714739) is presently recrui-
ting.

Influence factor of immune checkpoint block-
ade (ICB) therapy

Although these immunological checkpoint in-
hibitors exhibited an inspiring effect on mela-
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noma, NSCLC, renal cell carcinoma, Hodgkin’s
lymphoma, bladder cancer and other cancers,
the clinical outcome of ICB therapy remains
challenged by a lot of influential factors. Based
on the mechanism and principle of PD-1/PD-L1
inhibitors, among the many factors presently
used to predict the response of PD-1/PD-L1
inhibitors, the expression level of PD-L1 was
the most attractive detection hot spot. Check-
Mate-012, KEYNOTE-001, OAK and other clini-
cal trial data revealed that the ORRs of
PD-1/PD-L1 inhibitors were positively correlat-
ed with PD-L1 expression level in tumor tis-
sues. Furthermore, a higher response rate to
pembrolizumab has been shown with a tumor
cell PD-L1 expression of > 50% in the KEY-
NOTE-010 [10] and KEYNOTE-024 [6] studies,
while the research data in Checkmate-057 [8]
revealed that the expression of PD-L1 in tu-
mor tissue was not associated with the prog-
nosis or disease control rate of patients. Fur-
thermore, a recent meta-analysis [44] reveal-
ed that ORR was 29.6% in PD-L1 positive
patients and 13.5% in negative patients, and
the difference was statistically significant (P <
0.001). Therefore, the reliability of PD-L1 as a
clinical biomarker requires a large number of
clinical trials to validate. There are also some
other factors that influence ICB therapies
below, and these are summarized in Figure 2.

Tumor mutation burden (TMB)

Microsatellite instability (MSI): MSl is the condi-
tion of genetic hypermutability (predisposition
to mutation) that results from impaired DNA
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mismatch repair (MMR) [45, 46]. The presence
of MSI represents phenotypic evidence that
MMR is not functioning normally. Furthermore,
it has a higher mutation load and percentage
of proliferative tumor-lymphocytes, as well as
multiple immunological checkpoints, including
PD-1, PDL1, CTLA-4, LAG-3 and IDO, in MSI-
high patients, when compared to MSl-low pa-
tients. Hence, MSI-high patients usually have a
better prognosis with a lower recurrence rate.

Polymerase epsilon (POLE): POLE gene muta-
tion appears to present an enhanced immune
microenvironment and a high mutation burden
[47]. It has a higher likelihood of gene mutation
in the process of tumor cell proliferation and
mitosis with POLE-mutated patients, because
the DNA repair mechanism is destroyed.

TP53: It has been reported that TP53 mutation
significantly increased the expression of im-
mune checkpoints, and activated T-effector
and interferon-y signatures [48]. More impor-
tantly, the TP53/KRAS comutated subgroup
manifested an exclusive increased expres-
sion of PD-L1 and the highest proportion of
PD-L1+/CD8A+. Meanwhile, TP53- or KRAS-
mutated tumors exhibited prominently elevat-
ed mutation burdens, and were specifically
enriched in the transversion-high (TH) cohort.
This shows that TP53 and KRAS mutation in
lung adenocarcinoma may serve as a pair of
potential predictive factors in guiding anti-
PD-1/PD-L1 immunotherapy.

KRAS: In contrast to MSI, KRAS and NRAS
mutations are associated with relatively few
immune cell infiltrations and a relatively low
expression of inhibitory molecules. Therefore,
when KRAS [49] mutations in colorectal cancer
(CRC) is in a relatively static immune state in
the tumor microenvironment, ICB treatment
may be poor. On the contrary, chemotherapy
would be relatively suitable.

BRAF: The BRAF mutation [49]in lung cancer
usually means poor prognosis, while using
BRAF inhibitors combined with ICB can further
enhance immune activation, and may provide a
new idea for treatment program selection.

Epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK): EGFR and
ALK tyrosine kinase inhibitors (TKIs) have sig-
nificantly improved clinical outcomes, when
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compared with chemotherapy, in NSCLC pa-
tients with sensitizing EGFR mutation or ALK
amplification. However, almost all patients
treated with TKIs eventually develop acquired
resistance. Combination approaches [50-53],
including TKIs therapy, on the basis of PD-1/
PD-L1 inhibitors, are presently being designed
to re-energize the immune system with com-
plementary/synergetic mechanisms, and these
can achieve durable antineoplastic effects in
NSCLC.

Tumor immune microenvironment

The concept of an immune microenvironment
has become increasingly clear since the “seed-
soil” theory of Stephen Paget’s tumor-specific
tumor metastasis in 1889. The tumor micro-
environment [54, 55] comprises of endothe-
lial cells, as well as its precursor cells, peri-
cytes, myeloid-derived suppressor cells (MD-
SC), tumor-associated fibroblast (CAF), tumor-
associated macrophages (TAM), T cells and B
Cells, NK cells, DC cells, etc. There are factors
that affect the activation and function of T cells
in the tumor microenvironment. The microenvi-
ronment of the tumor affects the activation
and metabolism of T cells through various
mechanisms, promotes the uptake of T cell
surface inhibitory molecules, and induces T
cells to differentiate to the terminal state, caus-
ing T cells to be depleted and incompetent.
Tumor-infiltrating T lymphocyte density: Tumor-
infiltrating T lymphocytes have an immune sur-
veillance effect that inhibits the binding to
PD-1 and PD-L1, which is positively correlated
with resistance, and is resistant to tumorigen-
esis and development. These are used to pre-
dict the occurrence of tumors. Co-stimulatory
receptor: Tumor infiltrating T cells can be acti-
vated by co-stimulatory receptors (e.g. tumor
necrosis factor receptor superfamily members
0X40, CD40, 41BB and B7-CD28, and immuno-
globulin superfamily member ICOS, etc.) and
a costimulatory receptor in combination with
its ligand by enhancing the function of Thil
cells or inhibiting the function of Treg cells, kill-
ing tumor cells. Comeric stimulating agent
agonists can enhance the activation of T cells.
Its combination with ICB can enhance its anti-
tumor efficiency. MDSC can directly act on T
cells to inhibit its activation, and also genera-
tes active nitrogen-induced CCL2 into N-CCL2,
thereby inhibiting T cell infiltration, and helping
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tumor cells achieve immune escape. Treg cells
can promote the production of vascular endo-
thelial growth factor (VEGF) in tumor cells and
CAF, and reduce IFN-y and granzyme produced
by T cells to inhibit immune Killing. In tumor
patients, Treg cells inhibit specific T cell
responses and express high levels of glucocor-
ticoid-induced tumor necrosis factor receptor-
associated proteins (GITR) and CTLA-4.

The expression or uptake of a particular sig-
naling pathway

The MAPK pathway [56] leads to the produc-
tion of VEGF and IL-8, thereby inhibiting T cell
recruitment and function. In a variety of tu-
mors, the absent expression of tumor su-
ppressor gene PTEN and the enhanced PI3K
pathway are highly correlated with the decrease
in IFNy, granzyme B gene expression and the
number of tumor-infiltrating CD8+ T cells.

The sustained expression of the WNT/B-catenin
[57] signaling pathway causes the WNT signal-
ing pathway to remain active by stabilizing
beta-catenin, thereby removing T cells out of
the tumor, and inhibiting immunotherapy.

IFNy [58] produced by tumor-specific T cells
is capable of recognizing the corresponding
receptors on tumor cells or antigen presenting
cells, thereby exhibiting an effective anti-tumor
immune response. IFNy enhances the expres-
sion of MHC molecules, thereby enhancing
tumor antigen presentation. Furthermore, IFNy
can also recruit other immune cells, or directly
inhibit the proliferation of tumor cells, and pro-
mote its apoptosis. Therefore, the mutations
and deletions of IFNy pathway-related proteins,
such as IFNy1 and IFNGR2, and JAK1 and JAK2,
STATs, and IRF1, in IFNy receptor chains on
tumor cells lead to resistance to immunosup-
pressive inhibitors.

Conclusion

Immunotherapy is the most revolutionary ad-
vance in tumor research. This new treatment
approach not only prolongs the survival of
patients, but also indicates the direction for
future tumor research [59]. Immunological ch-
eckpoint inhibitors, such as PD-1/PD-L1 and
CTLA-4, show an inspiring effect in melanoma,
NSCLC, renal cell carcinoma, Hodgkin's lym-
phoma, bladder cancer and other cancers in a
number of multi-center clinical trials. However,
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to date, its benefit remains limited to a mino-
rity of patients with certain cancer types. In
addition, as a result of more successful immu-
notherapy treatments, we now have a signifi-
cant subset of patients who initially respond,
but eventually relapse. Cancer immunotherapy
continues to face some challenges: (1) Deter-
mining how to scientifically evaluate the effica-
cy of immunotherapy; (2) Determining the best
strategy for tumor immunotherapy combined
with other treatments; (3) Finding suitable pre-
dictors for screening the effect of ICB thera-
pies; (4) Reducing the incidence of adverse
reactions and mortality of ICB.
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