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Background: To investigate the impact of different immune checkpoint inhibitors (ICI), programmed-
death ligand 1 (PD-L1) expression and clinical characteristics on clinical outcome of ICI plus conventional 
treatment in advanced lung cancer patients.
Methods: Randomized clinical trials that compared combination therapy versus control group were 
screened in PubMed, EMBASE, Web of Science, Cochrane Library and included. The pooled hazard ratio 
(HR) with a 95% confidence interval (95% CI) were used to estimate associations. Cochrane Collaboration 
tool was used for quality assessment.
Results: Thirteen clinical trials were included (n=9,241). The pooled results indicated that combination 
strategy based on ICI significantly improved PFS (HR =0.66, P<0.001) and OS (HR =0.77, P<0.001) in 
overall population. Greatest PFS improvement was seen in group of PD-1 based combination (HR =0.54, 
P<0.001), followed by PD-L1 based (HR =0.66, P<0.001) and CTLA-4 based combination (HR =0.86, 
P=0.002) (interaction: P<0.001).The improvement in PFS did proportionally differ by PD-L1 expression 
(interaction: P<0.001). OS HRs favored combination in patients with negative or strong positive group 
of PD-L1 expression not in the group of weak positive group (HR =0.77, P=0.12). Subgroup analysis 
demonstrated that OS benefit could be observed in male (HR =0.82, P=0.03), current or former smokers 
(HR =0.74, P=0.04), non-squamous (HR =0.71, P<0.001) and patients without driver mutations (HR =0.73, 
P<0.001). OS benefit rather than PFS benefit was appeared in patients with liver metastasis treated with ICI-
based combination (HR =0.74, P=0.005).
Conclusions: ICI plus conventional treatment could significantly improve PFS and OS in overall advanced 
lung cancer patients. PD-1-based combination leads to the greatest improvement in both PFS and OS. 
More data are warranted to address the association of PD-L1 staining intensity with OS improvement. Male, 
current or former smokers, non-squamous and patients without driver mutations do benefit from ICI-based 
combination.
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Introduction

Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer death worldwide (1). In recent 
years, the advent of immunotherapy changed the landscape 
of treatment for lung cancer. Programmed-death ligand 1 
(PD-L1) and cytotoxic T-lymphocyte-associated antigen 
4 (CTLA-4) are two most promising targets to release 
the brakes of T cells in effector phase and priming stage, 
respectively. Immune therapies targeting the programmed-
death 1 (PD-1): PD-L1 axis achieved great success and 
durable anti-tumor response in non-small cell lung 
cancer (NSCLC). Promising results from Checkmate017, 
Checkmate057,  Keynote010,  OAK and POPLAR 
revolutionized the treatment paradigm of NSCLC in 
second or subsequent line (2-6). Keynote024 further 
pushed the pembrolizumab to the front-line treatment 
of patients with PD-L1 tumor proportion score (TPS) 
of more than 50% (7). In terms of small cell lung cancer 
(SCLC), the high frequency of somatic mutations prompts 
that the SCLC is a immunogenic type of cancer and 
possibly, responds to immunotherapy (8). Both nivolumab 
monotherapy and nivolumab plus ipilimumab showed 
promising anti-tumor activity with durable responses and 
manageable safety profiles in Checkmate032 (9). However, 
challenges have appeared. Only a small proportion of 
patients can respond to single-agent without a defined 
biomarker and PD-L1 is not a satisfied biomarker with 
several limitations so far. In this circumstance, to optimize 
the efficacy of immunotherapy and maximize the potential 
population that could benefit from immunotherapy, the 
idea of combining ICI with conventional therapies has 
been implemented and proved to be successful according to 
encouraging data from Keynote021 (10,11). More clinical 
trials were designed and recruited patients to testify the 
efficacy of various combinations including some of them 
were biomarker guided, for instance, PD-L1 expression and 
tumor mutation burden (TMB) (12). 

Here, we performed a systematic review and meta-
analysis to investigate the impact of clinicopathological 
features, including different type of ICI, PD-L1 expression 
and clinical characteristics on the efficacy of immune 
checkpoint inhibitors plus conventional treatment in 

patients with advanced lung cancer.

Methods

Search strategy 

Up to March 2019, we performed a comprehensive 
electronic search on PubMed, EMBASE, Web of Science, 
Cochrane Library to screen the publications that reported 
the efficacy of combination therapy based on immune 
checkpoint inhibitors in lung cancer patients without 
any language restrictions. The search terms were limited 
to as followings: (“PD-1” OR “PD-L1” OR “CTLA-
4” OR “immune checkpoint inhibitor” OR “nivolumab” 
“pembrolizumab” OR “atezolizumab” OR “durvalumab” 
OR “ipilimumab”) AND (“lung cancer” OR “lung tumor” 
OR “lung neoplasm”). Scientific proceedings from 
authoritative conference, such as American Society of 
Clinical Oncology (ASCO), European Society for Medical 
Oncology (ESMO) and World Lung Cancer Conference 
(WCLC) were also scanned to identify eligible data. We 
also manually searched the reference lists of the selected 
articles until no additional potential articles could be 
identified.

All publications met the following criteria were included: 
(I) the patients were required to have been diagnosed with 
advanced lung cancer; (II) randomized control trials that 
comparing immuno-oncology (IO) combination versus 
control group (chemotherapy alone/immunotherapy alone); 
(III) at least one survival data was recorded (PFS or OS). 
Studies were excluded if they were: (I) reviews, case-only 
studies, letters, comments or editorials; (II) duplication of 
previous publications or replicated samples.

Data extraction

Based on the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses statement (PRISMA) (13) 
(Supplementary File 1), some items were extracted from the 
eligible clinical trials as baseline characteristics, including 
name of the trial, publication year, number of cases, details 
of combination arm and control arm and PD-L1 testing 
method. For further subgroup analysis, we extracted 
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survival HRs in the subgroups as followings: age (<65 vs. 
≥65 years old), sex (female vs. male), ECOG performance 
status (0 vs. 1), smoking status (never vs. current/former), 
liver metastasis (yes vs. no), histology type ( non-squamous 
vs. squamous vs. SCLC), EGFR/ALK status (positive vs. 
negative), PD-L1 expression (negative vs. weak positive vs. 
strong positive). Diagnostic antibodies used in the included 
studies to detect PD-L1 expression varied in different trials, 
namely 22C3 in Keynote trials, SP142 in IMpower trials 
and Dako 28-8 in Checkmate trials. However, the standard 
to define PD-L1 negative and positive remained consistent 
and was 1% in all trials. Strong positive was defined TPS 
≥50% for 22C3 and ≥50% tumor cell (TC) staining and/
or ≥10% immune cell (IC) staining for SP142. Therefore, 
the expression density between strong and negative was 
defined as PD-L1 weak positive, namely TPS ranging from 
1% to 49% detected by 22C3 assay and TC1/2 and/or 
IC1/2 detected by SP142 assay. Hence, we made subgroup 
analysis to investigate the association of PD-L1 expression 
and efficacy of combination strategy in group of PD-L1 
negative, weak positive and strong positive expression. 

Quality assessment 

Two reviewers (G Gao and M Qiao) independently 
evaluated the risk of bias of included studies using the 
Cochrane Collaboration tool. Details on the risk of bias in 
thirteen trials were demonstrated in Figure S1.

Statistical analysis

We used generic inverse-variance method to analyze the 
aggregated survival data. The χ2 test was used to test for 
statistical significance and I2 test was used to evaluate the 
heterogeneity across trials. Low-level heterogeneity was 
interpreted as P>0.1 for the χ2 test and I2 <25%. When 
there was no statistically significant heterogeneity, fixed-
effects model would be used, otherwise, a random-effects 
model was used. Publication bias was performed by Begg’s 
funnel plot and the asymmetrical plot indicates the presence 
of publication bias. Additionally, Egger’s test was used to 
measure the funnel plot asymmetry on the natural logarithm 
scale of HR. All data were analyzed by using the Statistical 
Package for Social Science (SPSS) software (version 23.0 
for Mac). Statistical analyses were performed by Revman 
5.3.5 (http://tech.cochrane.org/revman) and STATA v12.0 
(Stata Corporation, TX, USA). Forest plot to indicate the 
association between clinicopathological features and efficacy 

of combination therapy was executed by GraphPad Prism 
(version 6.0, GraphPad Software, Inc.). P values in this 
article were two-sided and considered statistically significant 
when less than 0.05.

Results

Characteristics of eligible studies

The process of study identification and selection was shown 
in Figure 1. Finally, a total of 13 clinical trials including 
9,241 patients were analyzed in the current meta-analysis 
(Table 1) (11,14-25). Ten of 13 trials were phase III, 2 
of them were phase II and Keynote001 was phase I trial. 
Anti-PD-1 based immunotherapy were examined in 5 
trials and all of them were pembrolizumab-based, namely 
Keynote021, Keynote189, Keynote407, PEMBRO-RT 
and Keynote001. Anti-PD-L1 based immunotherapy were 
examined in 5 trials and all of them were atezolizumab-
based, termed IMpower 130, IMpower 131, IMpower 132, 
IMpower 133 and IMpower 150. Anti-CTLA-4 based drug 
(ipilimumab) were involved in CA184-156 and Study104. 
Checkmate 227 was the only IO + IO combination trial. 
Two clinical trials, IMpower 133 and CA184-156 enrolled 
SCLC patients. The rest of the studies enrolled mixed type 
of NSCLC or non-squamous or squamous only. Eight 
trials provided available data on PD-L1 expression with 3 
different diagnostic antibodies (22C3, SP142 and DAKO28-
8). Of note, in the case of IMpower150 (arm A), the survival 
HRs were extracted in both EGFR/ALK-mutated group 
and EGFR/ALK-wild type group, hence we marked two 
groups of data as shown in Figure 2 as IMpower (arm A)-WT 
and IMpower (arm A)-MUT, respectively.

Progression-free survival and overall survival 

13 clinical trials provided PFS data. The pooled results 
indicated there was significant PFS improvement in 
combination arm compared with control arm using 
random-effects model (HR =0.66, 95% CI: 0.59–0.74, 
P<0.001; I2=70%, P<0.001, Figure 2A). To investigate 
the heterogeneity between studies, we further performed 
subgroup analysis. Interestingly, the heterogeneity 
dramatically decreased when we made subgroup analysis 
stratified by different type of ICI. As shown in Figure 2B, 
although patients could get PFS when treated with IO 
combination, greatest improvement was present in group 
of PD-1 based combination (HR =0.54, P<0.001; I2=0%, 
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P=0.98) , followed by PD-L1 based combination (HR =0.66, 
P<0.001; I2=11%, P=0.34) and CTLA-4 based combination 
(HR =0.86, P=0.002; I2=0%, P=0.81) (interaction: P<0.001). 
Significant heterogeneity still existed between studies in 
the subgroup of combining IO with chemotherapy even 
though HRs favored ICI combination (HR =0.67, 95% CI: 
0.59–0.75, P<0.001; I2=75%, P<0.001). In the group of IO-
radiotherapy combination, fixed effects model was applied 
and combination did improve PFS compared with control 
group (HR =0.58, P=0.004; I2=0%, P=0.82) (Figure S2A). 

The analysis of OS was based on 12 clinical trials. The 
aggregated results demonstrated in overall advanced lung 
cancer patients, OS benefit was evident in combination 
group using random-effects model (HR =0.77, 95% CI: 
0.69–0.86, P<0.001; I2=60%, P=0.002, Figure 2C). Similarly, 
in the subgroup analysis, PD-1 based combination showed 
the maximum improvement in OS (HR =0.56, P<0.001; 
I2=0%, P=0.72) followed by PD-L1 based combination 
(HR =0.82, P<0.001; I2=0%, P=0.57). In addition, anti-
CTLA-4-based combination did not improve OS compared 
with control group (HR =0.93, P=0.18; I2=0%, P=0.78, 
Figure 2D). The difference in survival HRs differed by 
different ICI-based combination (interaction: P<0.001). 
Irrespective of the partner of combination, patients could 

benefit from IO combination instead of control group (IO + 
chemotherapy: HR =0.78, P<0.001; IO + radiotherapy: HR 
=0.58, P=0.005, Figure S2B). 

Impact of PD-L1 expression on efficacy of combination 
therapy 

The data on association of PD-L1 expression and PFS was 
available in 6 clinical trials on NSCLC patients. As shown 
in Figure 3A, regardless of PD-L1 expression, patients 
could benefit from combination therapy based on ICI over 
chemotherapy. However, the greatest PFS benefit was 
observed in PD-L1 strong positive group (HR =0.41, 95% 
CI: 0.34–0.49, P<0.001). Of note, the improvement in PFS 
with combination versus chemotherapy did differ by PD-
L1 expression (negative: HR =0.76, P<0.001; weak positive: 
HR =0.60, P<0.001; strong positive: HR =0.41, P<0.001; 
interaction: P<0.001), namely, PFS benefit improved as 
increasing PD-L1 expression.

OS data was available in 5 clinical trials as shown in 
Figure 3B. Patients with negative and strong PD-L1 
expression could significantly benefit from combination 
strategy (negative: HR =0.78, 95% CI: 0.67–0.90, P<0.001; 
strong positive: HR =0.61, 95% CI: 0.49–0.77, P<0.001) 

Eligible trials included in 
meta-analysis (n=13)

Records identified from database 
and meeting abstracts (n=783)
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Figure 3 Forest plot of impact of PD-L1 expression on efficacy of IO combination strategy based on ICI in overall population. (A) PFS, (B) 
OS. PFS, progression-free survival; OS, overall survival.
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whereas no close correlation was present between 
combination therapy and OS benefit in the group of patients 
with weak PD-L1 expression using a random-effects model 
(HR =0.77, 95% CI: 0.55–1.08, P=0.12; I2=70%, P=0.01). 

Thereafter, we performed a subgroup analysis stratified 
by histology type. As shown in Table S1, the combination 
treatment substantially improve the PFS and OS in non-
squamous patients regardless of PD-L1 expression. 
Interestingly, in squamous patients, although combination 
treatment had positive effect on PFS, OS benefit could be 
observed only in patients with strong PD-L1 expression 
(negative: HR =0.77, P=0.1; weak positive: HR =0.89, 
P=0.78; strong positive: HR =0.6, P=0.01) 

Subgroup analysis based on clinical characteristics

To explore the impact of clinical characteristics on efficacy 
of combination strategy versus control group, we performed 
the subgroup analysis according to age, sex, ECOG PS, 
smoking status, liver metastasis (LM), histological type and 
status of driver mutations as shown in Figure 4. Notably, 
significant PFS benefit of IO combination was observed in 
all subgroups except in patients with LM (HR =0.83, 95% 

CI: 0.65–1.07, P=0.14). 
However, OS benefit could be mostly observed in 

male (HR =0.82, P=0.03), current or former smokers (HR 
=0.74, P=0.04), patients with comparatively worse ECOG 
performance status (ECOG PS =1, HR =0.74, P=0.009), 
non-squamous (HR =0.71, P<0.001) and patients without 
driver mutations (HR =0.73, P<0.001). Whether patients 
had liver metastasis or not, they all could benefit from ICI 
based combination (with LM: HR =0.74, P=0.005; without 
LM: HR =0.66, P<0.001). 

Sensitivity analysis and publication bias

Sensitivity analysis was carried out by deleting one study at 
one time to detect whether it had influence on pooled HR. 
In the present meta-analysis, omitting single study did not 
alter the results which indicated that combination strategy 
based on ICI could significantly improve the PFS and OS in 
unselected population (Figure S3). Begg’s test and Egger’s 
test were both performed to evaluate the publication bias 
(Figure S4, Table S2). Z value in Begg’s test was 1.04 on PFS 
(P=0.30) and 1.97 on OS (P=0.05). Egger’s test showed that 
t score was −2.2 on PFS (P=0.05) and −2.57 on OS (P=0.03). 

Figure 4 Subgroup analysis according to clinical characteristics in advanced lung cancer patients. (A) PFS, (B) OS. PFS, progression-free 
survival; OS, overall survival.
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The publication bias for OS was observed. One possible 
explanation was small sample size in Keynote021 (n=123), 
Keynote001 (n=97) and PEMBRO-RT (n=92).When we 
dropped these three studies, Z value in Begg’s test was 1.87 
on OS (P=0.062) and t score was −1.94 on OS (P=0.085) (not 
shown).

Discussion

The current meta-analysis that comprehensively investigate 
the association of clinicopathological features and clinical 
outcome of combination therapy based on ICI in advanced 
lung cancer patients. Our study highlighted three findings: 
Firstly, the aggregated results pointed out that combination 
strategy did significantly improve PFS (HR =0.66, 95% CI: 
0.59–0.74, P<0.001) and OS (HR =0.77, 95% CI: 0.69–0.86, 
P<0.001) compared with control group and the greatest 
improvement was seen in group of PD-1-based combination 
(HR =0.54, P<0.001). Secondly, as increasing of PD-L1 
expression, the improvement in PFS did proportionally 
increase (negative: HR =0.76, P<0.001; weak positive: 
HR =0.60, P<0.001; strong positive: HR =0.41, P<0.001; 
interaction: P<0.001). OS benefit was not appeared in 
group of patients with PD-L1 weak-positive group (HR 
=0.77, 95% CI: 0.55–1.08, P=0.12). Thirdly, subgroup 
analysis revealed that OS benefit could be observed in male 
(HR =0.82, P=0.03), current or former smokers (HR =0.74, 
P=0.04), non-squamous (HR =0.71, P<0.001) and patients 
without driver mutations (HR =0.73, P<0.001). Patients 
with LM could get OS benefit instead of PFS benefit from 
ICI-based combination. 

Immunotherapy, especially ICI has shown superior 
benefit compared with conventional treatment. To benefit 
larger number of patients and produce durable anti-tumor 
activity, combining ICI with conventional treatment has 
come to the stage. Since clinicians had several options on 
PD-1/PD-L1 inhibitors for patients, how to choose the best 
one for patients when making combination strategy? An 
indirect comparison between nivolumab, pembrolizumab 
and atezolizumab was performed to investigate the best ICI 
in pre-treated NSCLC (26). It was reported that nivolumab 
and pembrolizumab were associated with increased of ORR 
compared with atezolizumab. In this current meta-analysis, 
PD-1-based combination had the greatest improvement 
in PFS (HR =0.54, P<0.01) and OS (HR =0.56, P<0.01) 
compared with PD-L1-based combination (PFS: HR 
=0.66, P<0.001; HR =0.82, P<0.001). However, CTLA-
4-based combination therapy failed to improve OS in this 

meta-analysis (HR =0.93, 95% CI: 0.83–1.04, P=0.18). 
The possible biological explanation could be that PD-1 
inhibitors, such as nivolumab and pembrolizumab was 
designed to simultaneously block the ligation between 
PD-1 and its ligand, PD-L1 and PD-L2; PD-L1 inhibitor, 
such as atezolizumab was aimed to specifically block the 
ligation between PD-L1 and PD-1 to restore tumor-
specific T-cell immunity (27). However, it was reported that 
the expression of PD-L2, the other ligand for PD-1 was 
associated with response to PD-1 axis targeted therapy (28). 
Compared with wide expression of PD-L1, PD-L2 was 
restrictedly expressed on antigen-presenting cells (APCs). 
The interaction between PD-L2 and PD-1 inhibited the 
T cell proliferation and apoptotic effects of APC cells 
(29,30). Hence, targeting both PD-1 ligands may produce 
maximum clinical benefit. When it comes to CTLA-4 
inhibitor, the worst clinical outcome showed by the pooled 
results possibly owing to the limited studies included in this 
subgroup. Two studies, Study 104 enrolled squamous only 
and CA184-156 enrolled SCLC patients (14,15). CTLA-
4 was the first ICI to be clinically targeted in advanced 
melanoma (31). It primarily regulated the activated T 
cells in the priming stage (32). Therefore, even though 
the early-stage of T cells were activated in the lymphoid 
compartment, effector T cells localized in the tumor 
microenvironment might not be effectively stimulated (33). 
Plus, as patients with squamous or SCLC tended to have 
high tumor mutational burden, patients were more likely to 
benefit from PD-1 targeted therapy. Therefore, together 
with PD-1 inhibitor, promising anti-tumor activity was 
observed in subgroup analysis in Checkmate227, squamous 
patients had 36% of 1-year PFS rate treated with nivolumab 
plus ipilimumab compared with 7% in chemotherapy  
arm (19). Similarly, encouraging results from Checkmate032 
also showed that 2-year OS could be achieved 26% in 
combination arm (nivolumab + ipilimumab) in patients 
previously treated with SCLC (9).

To unify a predictive model for ICI is an ultimate goal 
in the century of immunotherapy. However, although PD-
L1 expression was the only predictive biomarker currently 
used for patients selection, it was still not a satisfying 
biomarker with several limitations (34,35). Although in 
our meta-analysis, patients could get PFS benefit across all 
PD-L1 staining density. Especially, survival HRs became 
more favorable to combination strategy as the increasing 
expression of PD-L1. When it comes to OS, the staining 
density of PD-L1 was not proportionally correlated with 
clinical efficacy. Greatest improvement in OS was observed 
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in the group of PD-L1 strong positive, whereas, the clinical 
outcome became heterogeneous across the studies in the 
group of PD-L1 weak positive. Three of 5 included trials 
in the group of PD-L1 weak-positive expression was PD-
L1 (atezolizumab) based studies, termed IMpower150, 
IMpower130 and IMpower131 and the results from all 
the three trial were dismal in this subgroup (18,23,24). 
Similarly, in OAK and POPLAR, two clinical trials with 
regard to evaluate the efficacy of atezolizumab versus 
chemotherapy in treatment of NSCLC in second or 
subsequent line also showed dismal results in patients with 
PD-L1 weak positive (5,6). The possible explanation was 
the diagnostic antibodies varied across the studies, different 
assay has different ability to make a clear definition of PD-
L1 weak positive (36). Another hypothesis was anti-PD-1 
inhibitor might truly have superior efficacy compared 
with PD-L1 inhibitor based combination in patients 
with negative/low PD-L1 expression. For instance, in 
Keynote407, squamous patients could get OS benefit 
from pembrolizumab regardless of PD-L1 expression. 
However, in IMpower131, no significant OS improvement 
was observed in squamous patients (HR =0.96, 95% CI: 
0.78–1.18, P=0.69). Particularly, only patients with strong 
positive PD-L1 expression favored combination strategy 
(HR =0.56, 95% CI: 0.32–0.99). Based on different outcome 
from two RCTs, Zhang et al. recently mentioned that PD-1 
inhibitor plus chemotherapy had better efficacy over PD-L1 
based combination, especially in patients with PD-L1 low/
negative advanced squamous NSCLC (37). However, more 
data are anticipated on evaluating the association between 
PD-L1 expression and efficacy of combination therapy and 
clarifying whether PD-1 and PD-L1 inhibitor had different 
efficacy on patients with PD-L1 weak-positive expression. 

Our data showed that HRs for OS favored male patients, 
current/former smokers and patients without EGFR/
ALK mutation. It had been postulated that sex hormone 
had impact on immunomodulation (38). Multiple studies 
pointed out that advantages of immunotherapy may differ 
by sex. A recent meta-analysis men derived greater value 
from immune checkpoint inhibitors compared with women 
(men: HR = 0.72, 95% CI: 0.65–0.79; women: HR =0.86, 
95% CI: 0.79–0.93) (39) which was consistent with our 
results. However, Wallis presented a conflicting data while 
performing a meta-analysis included 23 trials across different 
type of malignancies that the response to ICI did not appear 
to differ according to sex (40). One possible reason was male 
patients with lung cancer tended to be smokers compared 
with other cancers and smokers had comparatively high 

TMB. It was reported that the average of tumor mutations 
were 10-fold higher in smokers than non-smokers (41). 
Additionally, patients who harbored driver mutations had 
small fraction of nonsynonymous mutations that led to 
formation of neoantigens that triggered the effective T cell 
activity (42) and female patients with lung cancer were more 
likely to have oncogenic mutations. Therefore, the evidence 
with regard to specific clinicopathological features (male, 
current or former smokers and patients lacking of specific 
gene mutations) favored IO combination possibly owing 
to high TMB. To support this premise, a growing body of 
evidence showed that tumor mutation burden (TMB) was a 
potential biomarker that needed to be focused in the future 
research. In Checkmate026, among patients with a high 
TMB instead of patients with PD-L1 expression level of at 
least 5% (HR =1.15, 95% CI: 0.91–1.45, P=0.25) or 50% 
(HR =1.07, 95% CI: 0.77–1.49), nivolumab was associated 
with a longer median PFS (9.7 vs. 5.8 months) (43). Both 
Checkmate568 and Checkmate 227 demonstrated robust 
antitumor activity was observed in patients treated with 
nivolumab and ipilimumab with TMB of 10 or more 
mutations per megabase irrespective of PD-L1 expression 
(19,44). However, there was no standard to define high 
TMB with determined threshold and unified NGS panels. 
In addition, as data shown in IMpower133, patients with 
both above and below the prespecified cutoffs of 10 and 16 
mutations per megabase could benefit from combination 
group (21). Therefore, prospective evaluation of TMB 
as a biomarker with proper cut-off is eagerly awaited. 
Furthermore, previous evidence pointed out STK11 loss 
was associated with poor efficacy of pembrolizumab in 
combination with chemotherapy and concurrent mutations 
in STK11 and KEAP1 was correlated to resistance to ICI 
blockade in NSCLC patients with high TMB (45). Taken 
together, predictive markers for combination were complex 
and it was critical to establish a model that mix valuable 
factors to comprehensively evaluate and select the potential 
population for treatment with IO combination (46). 
Additionally, before taking into specific clinicopathological 
features account in clinical practice, clinicians must adjust 
for underlying genetic and protein markers to make better 
decision (47,48). 

Liver metastasis is a negative biomarker among 
NSCLC. The liver is a tolerogenic organ with unique 
immune regulation to guarantee the local and systemic 
immune tolerance which is favorable in the setting of organ 
transplantation. However, this characteristic is detrimental 
in fighting against cancer. Despite it was the primary site 
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of T-cell activation, it elicited mostly poor and incomplete 
activation, even suppression and exhaustion (49). Previous 
studies reported that liver metastasis was associated with 
PFS and a lower response rate in nivolumab-treated and 
pembrolizumab-treated NSCLC patients (50). Additionally, 
reduced CD8+T cell density was observed at the invasion 
margin of tumor (51). In the present study, we found 
that patients with LM could not get PFS benefit but 
OS benefit from IO combination. Obvious benefit was 
observed in subgroup analysis of IMpower150-armB. OS 
was significantly prolonged in patients with liver metastasis 
compared with patients without liver metastasis treated 
with atezolizumab plus bevacizumab and chemotherapy. 
However, dismal results were observed in armA which did 
not apply additional bevacizumab. Similarly, OS benefit 
was not observed in IMpower132 and IMpower131 which 
experimental arm was combining ICI and chemotherapy. 
Since multi-kinase angiogenesis inhibitors were standard 
therapy in  patents  with advanced hepatocel lular 
carcinoma (HCC) (52), does anti-angiogenesis also play 
an irreplaceable role in the treatment of NSCLC patients 
with LM? Will additional anti-angiogenesis therapy bring 
about robust anti-tumor activity? Additionally, updated 
data from Keynote189 in 2019 American Association for 
Cancer research (AACR) showed that prolonged OS was 
also observed in patients with liver metastasis treated with 
pembrolizumab-based combination. Whether patients with 
liver metastasis could truly benefit from IO combination 
required more prospective data and preclinical evidence. 

There are several meta-analysis that investigated 
the safety and efficiency of ICI for lung cancer (53-55). 
However, this study integrated survival data from 13 RCTs 
with updated clinical data regarding the combination 
therapy based on ICI and comprehensively analyzed the 
association between clinicopathological features and efficacy 
of ICIs plus conventional treatment. The findings provided 
new insight on (I) choosing the best IO agent when making 
combination combo; (II) re-evaluating the role of PD-L1 
expression in IO combination, especially in patients with 
weak-positive expression; (III) re-thinking of the underlying 
biomarkers via analyzing characteristics of patients who 
had OS benefit from combination. However, this study 
had several limitations that had to be acknowledged: (I) 
The number of studies included in the subgroup analysis 
was comparatively small. For instance, only two studies 
provided available data on PFS and OS in subgroup of 
CTLA-4-based combination. (II) The OS data had high 
heterogeneity owing to some small sample size studies. 

(III) Owing to the different diagnostic efficacy of different 
antibodies detecting PD-L1 expression, it might be bias 
to analyze the association of PD-L1 staining density and 
clinical outcome. (IV) Clinical characteristics were only 
prompt to investigate the underlying mechanisms instead 
of simply being a predictive biomarker. For instance, we 
did not find prolonged OS [HR =0.69 (95% CI: 0.58–0.82); 
P<0.001] in patients with good performance (ECOG PS 
=0, HR =0.78, 95% CI: 0.53–1.16, P=0.22). Confounding 
factors, such as PD-L1 expression, metastatic status, 
genetic aberrations were points of consideration. (V) Since 
immune-related adverse effects are also parts of concern in 
the application of combination strategy. We did not include 
this part of analysis. 

Conclusions

In conclusion, the present study indicated that IO 
combination did improve OS and PFS compared with 
control group. PD-1based combination led to the greatest 
PFS and OS improvement. The improvement in PFS with 
combination did proportionally differ by PD-L1 expression. 
More data are warranted to address the association of 
PD-L1 staining intensity with OS improvement and 
to investigate which is the best agent in combination 
combo for PD-L1 weak-positive expression. Subgroup 
analysis showed that male, current/former smokers, non-
squamous, patients without driver mutations did benefit 
from combination strategy. Whether patients with liver 
metastasis could truly benefit from IO combination needed 
further investigation. 
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Figure S1 Risk of bias graph and summary of included eligible studies.



Figure S2 Forest plot of efficacy of combination treatment based on ICI stratified by different combination partner. (A) PFS, (B) OS.  
ICI, immune checkpoint inhibitors; PFS, progression-free survival; OS, overall survival.
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Table S1 Impact of PD-L1 expression on survival outcome in patients with different histology type treated with combination strategy

Histology PD-L1 expression

Progression-free survival Overall survival

Test of association
Test of 

heterogeneity
Test of heterogeneity

Test of 
heterogeneity

HR 95% CI P value I
2

P value HR 95% CI P value I
2

P value

Non-
squamous

PD-L1 negative 0.75 0.64–0.87 <0.01 0% 0.93 0.77 0.64–0.92 0.005 0% 0.42

PD-L1 weak positive 0.55 0.45–0.68 <0.01 0% 1.00 0.70 0.54–0.89 0.004 0% 0.48

PD-L1 strong positive 0.41 0.33–0.52 <0.01 0% 0.44 0.62 0.47–0.72 0.02 52% 0.12

Squamous PD-L1 negative 0.77 0.63–0.77 0.01 0% 0.43 0.77 0.56–1.05 0.10 33% 0.22

PD-L1 weak positive 0.64 0.52–0.80 <0.001 0% 0.34 0.89 0.38–2.05 0.78 88% 0.004

PD-L1 strong positive 0.40 0.29–0.55 <0.001 0% 0.6 0.60 0.41–0.89 0.01 0% 0.74

HR, hazard ratio; PD-L1, programmed-death ligand 1. 

Table S2 Test of publication bias

Clinical outcomes
Begg’s test Egger’s test

z score P value t score P value

PFS 1.04 0.30 −2.20 0.05

OS 1.97 0.05 −2.57 0.03

PFS, progression-free survival; OS, overall survival.

Figure S3 Sensitivity analysis performed based on (A) PFS, (B) OS. PFS, progression-free survival; OS, overall survival.

Figure S4 Publication bias based on (A) PFS, (B) OS. HR, hazard ratio; PFS, progression-free survival; OS, overall survival.
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