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Introduction

There were 2.1 million new lung cancer cases worldwide, 
accounting for 11.6% of all new cancer cases. With 1.8 
million deaths, accounting for 18.4% of all cancer deaths, 
the incidence of lung cancer ranked first among all cancers 
in most countries and continues to rise (1). The five-year 
survival rate for lung cancer is 4–17%, and about 80% 

of lung cancer patients are non-small cell lung cancer 
(NSCLC) (2). Nowadays, surgical treatment is still the 
primary method for early-stage lung cancer (3). Most 
patients are diagnosed too late for being surgical candidates 
with a relatively lower chance of long-term survival or cure. 
Chemotherapy has been an important role in the treatment 
of advanced NSCLC, but its five-year survival rate is only 
5% (4). Targeted therapy has a good therapeutic outcome, 
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but drug resistance is unavoidable in most patients and 
many patients do not have proper gene mutations for 
specific targeted therapy. Cancer immunotherapy has been 
a promising therapy nowadays (5). 

Cancer immunotherapy depends on activating T cells from 
inhibitory status and functional exhaustion to eliminate tumor 
cells, which could be promoted by some tumor-infiltrating 
lymphocytes (TILs). However, a variety of lymphocytes, as 
a kind of infiltrating immune cells in cancers, could attack 
cancer cells or promote the immune escape of cancer cells (6,7). 
Additionally, abnormal expression of immune checkpoint (ICs) 
molecules is one of the mechanisms of tumor immune escape. 
The basic principle of tumor immunotherapy is to apply 
immune checkpoint inhibitors (ICIs) to block the transmission 
of inhibitory signals and thereby induce an anti-tumor effect. 
Some ICs of tumors will inhibit T cell proliferation or anti-
tumor activity, so the expression of the ICs will be directly 
associated with tumor immune escape. As recently reported in 
the literature, tumor cell-intrinsic programmed cell death-1 
(PD-1)/programmed cell death ligand-1 (PD-L1) could 
suppress the canonical signaling pathways, regulate tumor 
growth, and mediate the resistance to the treatment with anti-
PD-1/PD-L1 antibodies (8). Therefore, the expression of ICs 
and TILs is crucial to cancer immunotherapy. 

PD-1 and PD-L1 inhibitors have shown encouraging 
results in NSCLC and other cancers. They have been 
approved by the U.S. Food and Drug Administration (FDA) 
for the treatment of advanced NSCLC (9-13). Lymphocyte 
activation gene-3 (LAG-3), as a co-inhibitory molecule of 
PD-1, has been proved to play a role in immune escape 
in various tumors (14,15). Since the activation of antigen-
specific CD4+ T cells requires the presence of major 
histocompatibility complex class II (MHC II) antigens, 
MHC II is important in anti-tumor immunity (16,17). 
T cell immunoglobulin and mucin-domain containing-3 
(TIM-3) is considered to be a negative regulator of CD4+ 
T cells and CD8+ T cells (18). Galectin-9 (GAL-9) also 
plays the role of manipulating the T effector immune cells 
and predicting the survival of patients with LAG-3 and 
TIM-3 (19,20). OX40 (CD134) has been shown to rebuild 
and enforce the weakened immune system and combat 
malignant cells (21,22). 

Many studies showed that the expression of ICs conveyed 
prognostic and predictive information (2,6,23). Identifying 
patients who might get the benefits from immunotherapy 
will protect patients from unnecessary treatments and side 
effects. However, the accurate prognostic biomarkers of 
these ICs in NSCLC remain controversial. In this study, 

we reviewed several important ICs in NSCLC from our 
published paper (9,14,16,17,20-22,24-26), including the 
frequency and co-expression of ICs. The goal of this review 
is to give an overall demonstration of the expression of 
ICs and the correlation with prognosis in NSCLC and 
to suggest some potentially personalized combination 
immunotherapies in NSCLC.

We present the study in accordance with the Narrative 
Review Checklist (Available at http://dx.doi.org/10.21037/
tlcr-20-1019). 

Correlation between ICs and clinical 
pathological factors in NSCLC

Immunological factors are not only statistically related to 
some clinically pathological factors, but also functionally 
interact with each other in NSCLC. In this review, the 
reported immunological factors are potentially important 
for the immune regulation in NSCLC. ICs correlate with 
other ICs. LAG-3 has been reported as a clinically important 
immunological factor in various kinds of tumors (27-29). In 
breast cancer, Saleh et al. (30) not only found that tumor cells 
could affect the expression of LAG-3, PD-1, and TIM-3 but 
also illustrated that the status of PD-1 and PD-L1 further 
influenced the expression of TIM-3 and LAG-3 on TILs. 
Datar et al. (31) found that the distinct tissue/cell distribution 
of PD-1, LAG-3, and TIM-3, and their interaction results, 
which concluded that their immune evasion pathways were 
independent. Both tumors and TILs have an expression of 
MHC II (32-34). In gastric carcinomas, Ma et al. (35) found 
that the expression of MHC II was related to the differentiation 
of tumor and TILs. In lung cancer, the impairment of MHC-
DR expression was reported as one of the major reasons for 
immunosuppression (36). GAL-9, a member of the beta-
galactoside-binding animal lectin family, participates in 
various cellular biological events, while its function as the 
immunological factor was paradoxical. In hepatocellular 
carcinoma (HCC), Fujita et al. (37) found that the expression 
of GAL-9 led to the apoptosis of HCC cells, which was also 
reported in other malignancies (38,39). However, GAL-9 
was found to be suppressed by the autoimmune response as 
well (40). OX40 was recognized as the potential target for 
cancer immunotherapy (41). In advanced colorectal cancer, the 
expression of OX40 was reported to be related to the blood 
levels of other biomarkers, including PD-L1 (42). However, 
data on the expression of these ICs and their correlation with 
other clinically pathological factors in NSCLC are incomplete. 
We first reviewed the characteristics of potential immune 
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biomarkers of NSCLC patients, which including PD-1, PD-
L1, LAG-3, MHC II, TIM-3, GAL-9, OX40, and OX40L (In 
our published paper, 3 patients were not stained with GAL-9 
on tumor cells or TILs (20). We re-stained the GAL-9 in these 
3 patients and got a negative result. 

It was reported that the expression of OX40 on TILs 
was significantly correlated to smoking status, lung cancer 
pathology, and percentage of TILs (21). Besides, lung cancer 
pathology was significantly correlated to the expression of 
LAG-3 on TILs (14) and MHC II on tumors (16). Likewise, 
the lung cancer stage was correlated to the expression of 
OX40L on tumors (21), PD-L1 on tumors (9), MHC II on 
TILs (16). GAL-9 on tumors was the only ICs that had a 
significant correlation with the grade (20). However, there 
was no significant correlation among clinical-pathological 
factors and the expression of OX40 in tumors, PD-L1 on 
tumors, GAL-9 on TILs, TIM-3 on tumors, and TIM-3  
on TILs (9,20,21,26). Table 1 provided the detailed 
information of various ICs in NSCLC and their correlation 
with clinic pathological factors and other ICs, indicating 
that the smoking status, lung cancer pathology, stage, grade, 
metastasis, and TILs percentage were worthy of clinical 
attention as the complicated relationship between these 
factors and the status of ICs. Having a better understanding 
of the relationship between clinical factors and ICs can help 
us have more information on ICIs treatment and predict the 
disease progression of NSCLC patients. 

The landscape of ICs in NSCLC

The innovative uses of the Upset and Venn plot help 
comprehend the relationship between these biomarkers 
clearly and comprehensively (Figure 1). Our review 
demonstrated that the positive status of different ICs could 
be variable in NSCLC patients.

Comparative analysis was carried out with Bioinformatics 
and Evolutionary Genomics tool (http://bioinformatics.
psb.ugent.be/webtools/Venn/) and TBtools (43). The 
Upset plot showed the distribution of each IC in NSCLC. 
The bar graph above showed the number of ICs contained 
in each type of ICs group. The yellow bar graph at the 
bottom left showed the number of ICs contained in each 
type of ICs. Figure 1 demonstrated the co-expression 
of ICs in NSCLC and TILs in upset plot or Venn plot. 
According to the Upset plot and Venn plot below, a 
substantial proportion (76.5%) of patients had a unique ICs 
combination. Unlike the mutually exclusive NSCLC driver 
genes, these figures indicated that co-expression of ICs was 

widespread, suggesting that immunotherapy combination 
may have a promising future. Table 2 and Figure 2 showed 
the distribution of multiple ICs positive patients. According 
to the pie chart, the ICs were not mutually exclusive, most 
patients (82.0%) have 1 to 6 positive ICs, and only 7 (5.0%) 
patients had no ICs expression. OX40L on TILs and OX40 
on tumors were the top two high expressions in ICs and 
patients usually expressed them simultaneously, which 
might suggest that the combination therapy using these two 
target drugs may benefit patients to a large extent.

In this pie chart (Figure 2), it showed the number of 
positive ICs in patients, consisting of 11 degrees, reflecting 
directly ICs multiple positive distributions.

Independent prognostic factors for overall 
survival (OS) and relapse-free survival (RFS) in 
NSCLC patients

The ICs might be related to the prognosis of cancer. In 
chronic lymphocytic leukemia (CLL), Kotaskova et al. (44) 
found that the higher expression of LAG-3 was correlated 
with shorter treatment-free survival, which indicated that 
LAG-3 was one of the novel prognostic markers in CLL. In 
transplantable tumor mouse models, Woo et al. (45) found that 
the combination therapy of anti-LAG-3 antibody and anti-
PD-1 antibody dramatically led to a better prognosis. MHC 
II was also reported as one of the independent prognostic 
factors for different types of cancers (34,35,46). In renal 
cell carcinomas (RCC), Brasanac et al. (47) showed that the 
activation of TILs was affected by the expression of MHC II 
antigen, thus leading to the different prognosis of cancer. In 
esophageal squamous cell carcinoma, the positive expression of 
MHC-DR was regarded as the biomarker for tumor invasion, 
while the negative expression of it referred to the promoter 
of tumor escape (35,48,49). GAL-9 and TIM-3 were also 
considered as a prognostic indicator for various cancers (50,51). 
In the matter of OX40 and OX40L, the expression of OX40 
on TILs was shown to be related to the survival of cancer 
patients, such as hepatocellular carcinoma and acute myeloid 
leukemia (42,52,53). However, a consensus was not reached for 
the predictive ability of OX40 and OX40L (54).

The survival curves and outcomes of fractional variables 
were analyzed separately in our previous publications 
(9,14,16,20,21,26). However, for the sake of roundly comparing 
OS differences among NSCLC patients in different conditions, 
we summed up and corrected the previous outcomes, and 
supplemented the missing data utilizing the Kaplan-Meier 
method (K-M method) (Tables S1,S2). OX40L expression 
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on tumors (21), GAL-9 expression on tumors (20), LAG-3 
expression on TILs (14), MHC II expression on TILs (16), 
TIM-3 expression on TILs (26), gender, lung cancer stage, 
grade, and metastasis were significant independent prognostic 
factors for OS. Also, OX40 expression on tumors (21),  
MHC II expression on tumors (16), and pathology were also 
considered as the potential prognostic factors for OS.

Detailed information about different immunological factors 
as well as clinical characteristics on RFS was summarized and 
revised. GAL-9 expression on TILs (20), LAG-3 expression 
on TILs (14), MHC II expression on TILs (16), TIM-3  
expression on TILs (26), lung cancer stage, grade, and 
metastasis were significant independent prognostic factors for 
RFS. In addition, OX40 expression on tumors (21), OX40L 
expression on tumors (21), OX40L expression on TILs (21), 
PD-L1 expression on tumors (9), GAL-9 expression on 
tumors (20), gender, and pathology were also considered as the 
potential prognostic factors for RFS. 

Conclusions

Current guidelines emphasize the importance of accurate 
NSCLC sub-classifications for personalized precision 
medicine. Immunotherapy has a good result in lung cancer 
patients, and biomarkers are urgently needed to accurately 
sub-classify lung cancer and monitor its response. 

Our review demonstrated the expression of 14 ICs on TILs 
and tumor cells in NSCLC and analyzed the correlations 
among different ICs. We also analyzed the correlation between 
ICs and prognosis. We found that the majority of patients 
were positive for multiple ICs expression, which provides a 
research basis for the development of bispecific and multi-
targeted antibodies. And the predictive value of different ICs 
for prognosis provides the basis for stratified precision therapy.

This landscape of ICs in NSCLC could develop 
promising strategies for screening for suitable patients 
and conferring significant survival benefits for patients. In 
the future, we will continue to explore the role of more 
targets in different pathological types of cancer to provide 
theoretical support for combined immunotherapy. 
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Supplementary

Table S1 Association between different variables and OS in NSCLC patients

Variable
Univariate Multivariate

OS, median (years) 95% CI P P HR 95% CI

OX40-tumors (20)

Negative 2.553 (mean) 2.220–2.886 0.097  0.025* 0.378 0.161–0.886

Positive 3.097 (mean) 2.203–3.992

OX40-TILs (20)

Negative 3.040 2.188–3.832 0.364

Positive 1.720 0.428–3.052

OX40L-tumors (20)

Negative 3.040 2.317–3.763 0.027* 0.741

Positive 1.080 0.301–1.859

OX40L-TILs (20)

Negative 3.230 2.884–3.576 0.221

Positive 2.140 0.911–3.369

PD-1-TILs (8)

Negative 2.290 1.042–3.538 0.558

Positive 2.970 1.358–4.582

PD-L1-tumors (8)

Negative 2.960 2.252–3.668 0.290

Positive 1.290 0.621–1.959

PD-L1- TILs (8)

Negative 2.090 0.742–3.438 0.198

Positive 3.090 2.524–3.656

GAL-9-tumors (19)

Negative 1.690 0.280–3.100 0.039* 0.041* 0.620 0.392–0.981

Positive 3.100 2.662–3.583

GAL-9-TILs 

Negative 2.790 1.960–3.620 0.400

Positive 1.080 0.000–2.278

LAG-3-TILs (13)

Negative 3.040 2.763–3.317 0.039* 0.005* 2.005 1.239–3.243

Positive 1.080 0.419–1.742

MHC II-Tumor (15)

Negative 2.090 0.827–3.353 0.083 0.763

Positive 3.030 2.660–3.400

MHC II-TILs (15)

Table S1 (continued)
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Table S1 (continued)

Variable
Univariate Multivariate

OS, median (years) 95% CI P P HR 95% CI

Negative 1.390 0.629–2.151 0.014* 0.024* 0.585 0.367–0.932

Positive 3.230 2.617–3.843

TIM-3-Tumors (25)

Negative 2.790 1.970–3.610 0.615

Positive 1.043 0.000–3.505

TIM-3-TILs (25)

Negative 2.960 2.268–3.652 0.034* 0.510

Positive 1.080 0.228–1.932

Age (years)

<70 2.290 1.101–3.479 0.461

≥70 2.980 1.851–4.109

Gender

Female 3.399(mean) 2.688–4.111 0.011* 0.068

Male 2.404(mean) 2.064–2.745

Smoking status 

Non-smoker 1.290 0.006–2.574 0.292

Smoker 2.960 1.915–4.005

Stage

I–II 3.280 2.865–3.695 <0.001* <0.001* 3.437 2.205–5.356

III–IV 0.730 0.486–0.974

Pathology 

Non-AC 2.050 0.871–3.229 0.052 0.156

AC 3.230 2.520–3.735

Grade

G1 1.390 0.000–2.792 0.041* 0.364

G2–3 2.980 0.390–2.215

TILs percentage

<30% 2.310 0.643–3.977 0.568

≥30% 2.780 1.692–3.868

Metastasis

Negative 2.970 2.302–3.638 <0.001* 0.360

Positive 0.670 0.000–1.620

OX40, Tumor necrosis factor receptor superfamily member 4; OX40L, OX40 ligand; PD-1, program death-1; PD-1, program death-1; PD-L1, program death-ligand 1; GAL-9, Galectin-9; LAG-3,  
Lymphocyte-activation gene-3; MHC II, Major histocompatibility complex class II; TIM-3, T-cell immunoglobulin and mucin domain-3; TILs, tumor-infiltrating lymphocytes; AC, adenocarcinoma; OS, overall 
survival; 95% CI, 95% confidence interval; HR, hazard ratio. *, Statistically significant P values.
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Table S2 Association between different variables and RFS in NSCLC patients

Variable
Univariate Multivariate

RFS, median (years) 95% CI P P HR 95% CI

OX40-tumors (20)

Negative 2.316 (mean) 1.970–2.662 0.075 0.045* 0.470 0.170–0.978

Positive 3.051 (mean) 2.139–3.971

OX40-TILs (20)

Negative 2.700 0.928–3.252 0.219

Positive 1.410 1.062–1.778

OX40L-tumors (20)

Negative 1.910 0.979–2.841 0.066 0.829

Positive 0.890 0.184–1.596

OX40L-TILs (20)

Negative 3.190 2.278–3.585 0.077 0.034* 1.722 1.043–2.842

Positive 1.420 0.867–1.973

PD-1-TILs (8)

Negative 1.760 1.276–2.244 0.881

Positive 1.470 0.584–2.356

PD-L1-tumors (8)

Negative 1.850 0.769–2.931 0.054 0.490

Positive 0.970 0.769–1.231

PD-L1- TILs (8)

Negative 1.480 0.710–2.250 0.530

Positive 1.760 0.039–3.481

GAL-9-tumors (19)

Negative 1.210 0.491–1.929 0.083 0.064

Positive 2.720 1.402–4.038

GAL-9-TILs 

Negative 1.800 0.832–2.768 0.036* 0.023* 2.358 1.127–4.933

Positive 0.670 0.086–1.254

LAG-3-TILs (13)

Negative 1.910 0.762–3.058 0.025* 0.199

Positive 0.870 0.267–1.473

MHC II-Tumor (15)

Negative 1.470 0.847–2.093 0.642

Positive 1.910 0.545–3.275

MHC II-TILs (15)

Table S2 (continued)
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Table S2 (continued)

Variable
Univariate Multivariate

RFS, median (years) 95% CI P P HR 95% CI

Negative 1.050 0.556–1.544 0.028* 0.095

Positive 2.980 1.638–4.332

TIM-3-Tumors (25)

Negative 1.760 1.246–2.274 0.622

Positive 0.760 0.497–1.023

TIM-3-TILs (25)

Negative 1.800 1.230–2.370 0.048* 0.768

Positive 0.870 0.212–1.528

Age (years)

<70 1.510 0.916–2.104 0.313

≥70 2.140 0.000–4.283

Gender

Female 3.210 2.304–3.765 0.084 0.551

Male 1.470 0.950–1.990

Smoking status 

Non-smoker 0.670 0.000–2.110 0.312

Smoker 1.760 1.240–2.280

Stage

I–II 3.090 2.556–3.624 <0.001* <0.001* 3.564 2.308–5.504

III–IV 0.660 0.494–0.862

Pathology 

Non-AC 1.420 0.853–1.987 0.087 0.202

AC 2.720 1.341–4.099

Grade

G1 1.080 0.802–1.358 0.049* 0.374

G2–3 1.820 0.612–3.028

TILs percentage

<30% 1.900 0.111–3.689 0.715

≥30% 1.690 1.291–2.089

Metastasis

Negative 1.820 0.882–2.758 <0.001* 0.274

Positive 0.470 0.034–0.906

OX40, Tumor necrosis factor receptor superfamily member 4; OX40L, OX40 ligand; PD-1, program death-1; PD-1, program death-1; PD-L1, program death-ligand 1; GAL-9, Galectin-9; LAG-3,  
Lymphocyte-activation gene-3; MHC II, Major histocompatibility complex class II; TIM-3, T-cell immunoglobulin and mucin domain-3; TILs, tumor-infiltrating lymphocytes; AC, adenocarcinoma; RFS,  
recurrence-free survival; 95% CI, 95% confidence interval; HR, hazard ratio. *, Statistically significant P values.
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