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Abstract. – OBJECTIVE: PD-1/PD-L1 inhibi-
tors are a relatively new class of immunothera-
peutic drugs approved for advanced non-small-
cell lung cancer. The purpose of this study was 
to conduct a network meta-analysis to compare 
the safety and efficacy of these immune check-
point inhibitors (ICIs).

MATERIALS AND METHODS: We used Bayes-
ian network meta-analysis methods to evaluate 
the efficacy and safety of the included treat-
ments. We further analyzed subgroups based 
on PD-L1 expression level, histology type, and 
line of the treatment setting.   

RESULTS: We identified 19 RCTs, including 
12,753 patients. In the analysis of all-comers, 
the pembrolizumab/chemotherapy combination 
ranked best for overall survival (OS) and progres-
sion-free survival (PFS). Durvalumab was the only 
ICI treatment that showed no benefit over chemo-
therapy. In the first-line setting only, in terms of 
OS, atezolizumab, pembrolizumab/chemotherapy, 
and nivolumab/ipilimumab ranked as the best treat-
ments for patients with PD-L1 expression levels of 
≥50%, 1-49%, and <1%, respectively. Nivolumab, 
atezolizumab, pembrolizumab, and durvalumab all 
had lower odds of grade 3 or greater treatment-re-
lated adverse events (TRAEs) compared to che-
motherapy. With the addition of chemotherapy to 
any ICI regimen, the odds of TRAEs increased in a 
considerable and statistically significant way.   

CONCLUSIONS: While the pembrolizumab/
chemotherapy combination was the most effec-
tive therapy in the overall cohort of all-comers, 
treatment preferences varied by treatment-line 
setting, tumor characteristics, and outcome of 
interest. In the first-line setting, the most effec-
tive treatments for patients with PD-L1 expres-
sions of ≥50%, 1-49%, and <1% were atezolizum-
ab, pembrolizumab/chemotherapy, and nivolum-
ab/ipilimumab, respectively.
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Advanced non-small cell lung cancer (advanced 

NSCLC), Immune checkpoint inhibitors (ICIs), Pem-
brolizumab, Nivolumab, Atezolizumab, Durvalumab, 
Network meta-analysis (NMA).

Introduction 

Lung cancer is the second most common can-
cer among both men and women in the United 
States. In 2013-2017, the rate of new cases of lung 
and bronchus cancer was 54.2 per 100,000 people 
per year, and the death rate was 40.2 per 100,000 
people per year1. The primary types of lung can-
cer are small cell lung cancer and non-small cell 
lung cancer (NSCLC). The latter is responsible 
for 80-85% of lung cancers, has squamous and 
non-squamous (NSCLC) histologic types, and is 
more commonly found in non-smokers, women, 
and younger adults2. With the advent of mod-
ernized therapies, including immune checkpoint 
inhibitors, we have seen drastic improvements in 
5-year relative survival rates3.

Immunotherapy, including immune check-
point inhibitors, is a new type of treatment for 
lung cancer that has shown great potential4,5. 
The Food and Drug Administration (FDA) 
has approved nivolumab, pembrolizumab, and 
atezolizumab for treating advanced NSCLC in 
2015, 2015, and 2016, respectively6-8. Nivolum-
ab and pembrolizumab are antibodies against 
programmed cell death protein1 (PD-1), and 
atezolizumab is an antibody against programmed 
death-ligand1 (PD-L1)6-8. Pembrolizumab is FDA 
approved to treat advanced NSCLC in people 
whose tumors lack an epidermal growth factor 
receptor (EGFR) mutation or an anaplastic lym-
phoma kinase (ALK) translocation and in whom 
at least half of their tumor cells express PD-L19,10. 
However, the pembrolizumab/chemotherapy 
combination has been approved to treat advanced 
non-squamous NSCLC regardless of PD-L1 ex-
pression11. Atezolizumab has been approved to 
treat NSCLC patients with high (≥50%) PD-L1 
expression in patients who lack ALK or EGFR 
mutations12.
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Despite all these trials, deciding on an optimal 
regimen in practice is difficult when the trials are 
lacking in direct comparisons and have consider-
able variability, particularly in terms of the vari-
ous PD-L1 expression profiles, histologic types, 
first versus second line therapies, monotherapies 
versus combination therapies, and endpoints mea-
sured. The aim of this study, therefore, was to con-
duct a network meta-analysis to assess both direct 
and indirect comparisons between various ICI 
regimens for efficacy and safety, to determine the 
optimal regimen for the all-comers overall cohort 
and specific advice for subgroups based on PD-L1 
expression, histology, and line of treatment.

Materials and Methods

Search Strategy
This network meta-analysis was conducted 

following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
(flow chart diagram is shown in the Supplemen-
tary Figure 1)13.

We systematically searched the PubMed and 
Embase databases for English-language articles 
published up to December 20, 2020 according to 
pre-selected keywords. Search terms and keywords 
included “non-small cell lung cancer”, “random-
ized,” “checkpoint inhibitor*”, “pembrolizumab”, 
“nivolumab”, “atezolizumab,” “durvalumab,” and 
“anti PD-1/anti PD-L1” (Supplementary Table 
I). The screening and selection processes were 
conducted independently by two coauthors (DW, 
LGS), with a third coauthor available to resolve 
disagreements (TQ).

Selection Criteria
The eligible studies should meet the following 

criteria: (I) studies based on phase III randomized 
controlled trials (RCTs); (II) studies enrolled pa-
tients with advanced non-small cell lung cancer; 
(III) studies reported OS and/or PFS as outcomes; 
(IV) studies where the experimental treatment arm 
was an FDA approved PD-1/PD-L1 inhibitors and 
the control arm was chemotherapy; (V) each arm 
had at least 100 patients; (VI) papers were written 
in English language. Studies failing to meet any of 
these criteria and studies sharing the same data set 
were excluded. However, if two articles were pub-
lished pertaining to the same clinical trial, such as 
an update on overall survival after the initial pub-
lication, the most up-to-date data for each outcome 
was taken from each article.

Data Extraction
All study data were extracted in duplicate 

(DW, LGS) on a standardized form. Disagree-
ments were resolved through consensus and 
consultation with a third examiner (JW or TQ) 
if necessary. We extracted the most updated 
overall survival (OS) and progression-free sur-
vival (PFS) as efficacy outcomes, and grade 3 or 
higher treatment-related adverse events (TRAEs) 
as safety outcomes. We extracted details of each 
treatment arm, patients treated in each arm, line 
of treatment assessed (first-line, or second-line 
or later), and tumor histology (squamous-cell, 
non-squamous cell, or mixed). We also extracted 
median follow-up time, the number of patients in 
each PD-L1 expression subgroup (PD-L1 ≥50%, 
1-49%, or <1%), and basic patient characteristics 
(median age and percentage of male, current or 
former smoker, and percent with non-squamous 
cell lung cancer). If any data were missing from 
the included articles, we searched ClinicialTrials.
gov to fill in any gaps.

Quality Assessment
Two reviewers (LS and DW) assessed the 

potential risks of bias of included studies inde-
pendently, using the Cochrane Collaboration’s 
Risk of Bias tool14, performed in RevMan statisti-
cal software (RevMan version 5.3). If required, a 
third reviewer (KY or SW) was invited to resolve 
any disagreements.

Statistical Analysis
We conducted a network meta-analysis (NMA) 

in the Bayesian framework to assess direct and 
indirect evidence, using “JAGS” and “GeMTC” 
packages in R software version 3.6.315,16. A Markov 
Chain Monte Carlo (MCMC) simulation based on 
the Bayesian method was performed with 10,000 
adaptations and 100,000 iterations of each of the 
four Markov chains (automatically generated by 
“JAGS” sampler). One reviewer (DW) performed 
all statistical analyses, while interpretation was 
done by three reviewers (DW, LGS, FS).

The endpoints of interest of this NMA were 
OS and PFS, which were expressed as Hazard 
Ratios (HR) with their 95% credible intervals 
(CrIs), and safety outcomes were expressed as 
Odds Ratios (OR). To rank the therapies in order 
from best-to-worst, we carried out the ranking 
probability command and create league tables. 
In addition to analyses of all-comers (our over-
all cohort), we also conducted additional cohort 
analyses based on PD-L1 expression (high, ≥50%; 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Tables-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-Art.-10543.pdf
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intermediate, 1-49%; and low, <1%), histological 
type, and treatment-line to provide more practical 
evidence for clinical use and to reduce the hetero-
geneity between studies. Statistical significance 
was defined at a two-side α level of less than 0.05.

Sensitivity Analysis
To determine the consistency of our model, we 

created both fixed and random models and com-
pared the results for each analysis cohort. If the 
difference of DICs of each model was less than 5 
(DIC is an estimate of expected predictive error), 
we considered the analysis to be consistent17.

Heterogeneity Analysis
Heterogeneity was calculated using the with-

in-study Q statistic18,19, between-study variance 
τ2, and heterogeneity statistic I2. We conducted 
the anote command to perform the analysis of het-
erogeneity to yield an I-square (I2) value. We in-
terpreted I2 values of 25%, 50%, and 75% as low, 
moderate, and high heterogeneity, respectively18. 
If I2<50%, a fixed-effects model was used; other-
wise, a random-effects model was used20.

Results

Studies Included in the NMA
A total of 1,827 articles were identified from 

the initial database search, 345 from PubMed and 
1,482 from Embase. After removing 346 duplicate 
records, 1,481 articles were screened. The initial 
search results and selection process are showed 
in Supplementary Figure 1. Finally, 31 articles 
describing 19 RCTs that involved 12,753 patients 
and 9 treatment regimens were included in this 
NMA. Details of trials are showed in Table I.

Characteristics of Studies 
Experimental arms in 12 trials studied con-

sisted of ICI monotherapies (KN-01021,22, KN-
02423-25, KN-03326, KN-04227,28, CM 01729-31, CM 
02632, CM 05733, CM 07834, CM 227 [Part 1]35-37, 
OAK38,39, IMpower11040, MYSTIC41, and ARC-
TIC [Study B]42. Experimental arms in 7 trials 
studied ICIs in combination with chemotherapy 
(KN-18943,44, KN-40745-47, CM 227 [Part 1], CM 
227 [Part 2]48, IMpower13049, IMpower 13150, 
IMpower13251). Additionally, one trial evaluated 
a combination of an anti-PD-1 antibody with a 
CTLA-4 antibody (Nivolumab/Ipilimumab; CM 
Part 152,53). The network plot of eligible compar-
isons is shown in Figure 1.

Assessment of Included Trials
The risk of bias assessment of included trials 

is presented in Supplementary Figure 2. Overall, 
18 trials were considered to have low risk of bias 
for the overall survival outcome. One trial (CM 
227 Part 2) was considered to have an unclear risk 
of bias as three domains were assessed as having 
an unclear risk. Most methodological information 
was confirmed by accessing trial protocols (unable 
to find protocols for CM 227 Part 2 and OAK). In 
the selection bias domain, 18 trials were considered 
low risk, and one (CM 227 Part 2) was considered 
unclear risk. In the reporting bias domain, 18 trials 
were considered low risk, and one (CM 227 Part 
2) was considered unclear risk. In the performance 
bias domain, all trials were considered to be low 
risk for the overall survival outcome as this is un-
likely to be affected by the lack of blinding in the 
open trial design. Only two trials (KN-189 and 
KN-407) had a low risk of bias for PFS, as these 
were the only double-blind trials (bias assessments 
for PFS not shown in Supplementary Figure 2). 
In the detection bias domain, all trials were con-
sidered low risk for the overall survival outcome as 
this is unlikely to be affected by lack of blinding. 
Ten trials (KN-010, KN-024, KN-033, KN-042, 
KN-189, KN-407, CM 017, CM 026, CM 227 Part 
1, MYSTIC) were also considered low risk for the 
PFS outcome, as they used blinded independent 
central reviewers for radiographic assessment of 
progression (bias assessments for PFS not shown 
in Supplementary Figure 2). All trials were con-
sidered low risk for attrition bias. Most trials al-
lowed crossover, and this was considered to be a 
source of other potential bias.

Cohort Description
Twelve trials were in first-line settings and 7 

trials were in second-line or later settings (the 
ARCTIC trial was in the third-line or later set-
ting, but we grouped it in with the second-line or 
later trials in our analysis). Only 3 trials were spe-
cifically targeted at patients with squamous cell 
carcinomas (CM 017, IMpower131, and KN-407), 
4 trials were targeted at patients with non-squa-
mous cell carcinomas, and 12 included NSCLC 
patients with both histology types. The majority 
of patients were male and were either current or 
former smokers. 

While most studies directly grouped partici-
pants by PD-L1 Tumor Proportion Score (TPS), 
some immunohistochemistry diagnostic assays 
measured PD-L1 expression on both tumor cells 
(TC) and tumor-infiltrating immune cells (IC).  

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-Art.-10543.pdf
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Study			  Study characteristics			   D-L1 expression			  Patient characteristics
	
	 Treatment	 Sample	 Line of	 Histology	 Median	 ≥50% 	 1%-49%	 <1%	 % Male	   % of	 % of	 Median
	 details	 size	 treatment	 types	 follow-up	 (n)	 (n)	 (n)		  current or	 non-	 age
					     (months)					     former	 squamous		
										          smokers
	
KEYNOTE	 Pem	 690	 Second 	 Mixed	 42.6	 290	 400	 0	 62%	 82%	 70%	 63
  -010	 Chemo	 343	 or late			   152	 191	 0	 61%	 78%	 70%	 62

KEYNOTE	 Pem	 154	 First-line	 Mixed	 25.2	 154	 0	 0	 59.7%	 96.8%	 81.2%	 64.5	
  -024	 Chemo	 151				    151	 0	 0	 62.9%	 87.4%	 82.1%	 66

KEYNOTE	 Pem	 213	 Second or later	 Mixed	 18.8	 114	 112	 0	 73.7%	 N/A	 N/A	 60.6†
  -033	 Chemo	 212				    98	 98	 0	 77.4%	 N/A	 N/A	 61.0†

KEYNOTE	 Pem	 637	 First-line	 Mixed	 14	 299	 338	 0	 71%	 78%	 62%	 63
  -042	 Chemo	 637				    300	 337	 0	 71%	 78%	 61%	 63

KEYNOTE	 Pem+Chemo	 410	 First-line	 Non-SCC	 23.1	 132	 128	 127	 62.0%	 88.3%	 100%	 65
-189	 Chemo	 206				    70	 58	 63	 52.9%	 87.9%	 100%	 63.5

KEYNOTE	 Pem+Chemo	 278	 First-line	 SCC	 14.3	 73	 103	 95	 79.1%	 92.1%	 0%	 65
  -407	 Chemo	 281				    73	 104	 99	 83.6%	 93.2%	 0%	 65

CheckMate 017	 Niv	 135	 Second	 SCC	 36.6	 17	 NA	 54	 82%	 90%	 0%	 63
	 Chemo	 137	 or later		  (minimum)	 12	 NA	 52	 71%	 94%	 0%	 63

CheckMate 026	 Niv	 271	 First-line	 Mixed	 13.5	 88	 NA	 0	 89%	 88%	 76%	 63
	 Chemo	 270				    126	 NA	 0	 88%	 87%	 76%	 65	

CheckMate 057	 Niv	 292	 Second	 Non-SCC	 36.6	 66	 NA	 108	 53%	 79%	 100%	 61
	 Chemo	 290	 or later		  (minimum)	 46	 NA	 101	 58%	 78%		  64

CheckMate 078	 Niv	 338	 Second 	 Mixed	 25.9 	 NA	 NA	 138	 78%	 70%	 61%	 60
	 Chemo	 166	 or late		  (minimum)	 NA	 NA	 67	 81%	 71%	 60%	 60

Table I. Details of all included trials.

Continued
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Study			  Study characteristics			   D-L1 expression			  Patient characteristics
	
	 Treatment	 Sample	 Line of	 Histology	 Median	 ≥50% 	 1%-49%	 <1%	 % Male	   % of	 % of	 Median
	 details	 size	 treatment	 types	 follow-up	 (n)	 (n)	 (n)		  current or	 non-	 age
					     (months)					     former	 squamous		
										          smokers
	
CheckMate	 Niv+Ipi	 583				    205	 191	 187	 67.4%	 85.2%	 71.9%	 64
  227 (Part 1)	 Niv	 396	 First-line	 Mixed	 29.3	 214	 182	 0	 68.7%	 86.4%	 70.5%	 64
	 Niv+Chemo	 177			   (minimum)	 0	 1	 176	 73.4%	 83.1%	 75.7%	 64
	 Chemo	 583				    192	 205	 186	 66.0%	 85.6%	 72.2%	 64

CheckMate	 Niv+Chemo	 377	 First-line	 Mixed	 19.5	 NA	 NA	 NA	 NA	 NA	 NA	 NA
  277 (Part 2)	 Chemo	 378			   (minimum)	 NA	 NA	 NA	 NA	 NA	 NA	 NA	
												          
OAK	 Ate	 425	 Second	 Mixed	 26 (minimum)	 72	 173	 180	 61%	 80%	 74%	 63
	 Chemo	 425	 or later			   65	 161	 199	 61%	 83%	 74%	 64

IMpower110	 Ate	 277	 First-line	 Mixed	 13.4	 107	 170	 0	 70.8%	 86.6%	 69.3%	 64	
	 Chemo	 277				    98	 179	 0	 69.7%	 87.4%	 69.7%	 65

IMpower130	 Ate+Chemo	 451	 First-line	 Non-SCC	 18.5	 88	 128	 235	 59%	 89%	 100%	 64
	 Chemo	 228			   19.2	 42	 65	 121	 59%	 92%	 100%	 65

IMpower131	 Ate+Chemo	 343	 First-line	 SCC	 26.8	 48	 134	 161	 80%	 77.20%	 0%	 65
	 Chemo	 340			   24.8	 44	 126	 170	 80%	 77.20%	 0%	 63

IMpower132	 Ate+Chemo	 292	 First-line	 Non-SCC	 28.4	 25	 63	 88	 66.4%	 87%	 100%	 64	
	 Chemo	 286				    20	 72	 75	 66.4%	 90%	 100%	 63
	
MYSTIC	 Dur	 374				    118	 161	 95	 68.4%	 84.8%	 71.4%	 65
	 Chemo	 372	 First-Line	 Mixed	 30.2	 107	 182	 83	 67.2%	 86.0%	 71.5%	 64

ARCTIC	 Dur	 117	 Third-line	 Mixed	 9.1	 0	 N/A	 52	 62.4%	 76.1%	 75.2%	 63
  (Study B)	 Chemo	 118	 or later			   0	 N/A	 58	 68.6%	 81.4%	 76.3%	 65

Table I (Continued). Details of all included trials.

Abbreviations: NA: not available; Ate: atezolizumab; Pem: pembrolizumab; Ipi: ipilimumab; Niv: nivolumab; Dur: durvalumab; Chemo: chemotherapy; SCC: Squamous Cell Carcinoma.
Notes: † Mean age
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To group the patients according to PD-L1 ex-
pression level uniformly, “TPS≥50%” and 
“TC3 or IC3” were analyzed as PD-L1 ≥50%; 
“TPS<1%” and “TC0 or IC0” as PD-L1<1%; and 
“1≤TPS≤49%” and “TC1,2 or IC1,2” as 1% ≤ PD-
L1 ≤49%. 

Overall Survival in All-Comers Cohort
The NMA model for OS in the all-comers co-

hort, 19 of 19 studies reported OS in all-comers. 
This analysis compared 8 experimental treat-
ments, with 7,053 patients, to a chemotherapy 
control arm with 5,700 patients (see Table II). Re-
sults based on the OS-NMA estimates (Figure 2) 
between each of the experimental arms showed 
that pembrolizumab/chemotherapy (HR=0.63; 
95%CrI, 0.55-0.74) had a 37% lower risk of death 
versus chemotherapy, performing favorably com-
pared to the other experimental treatments. Pem-
brolizumab/chemotherapy had the highest prob-
ability (87%) of ranking as the best treatment 
(Supplementary Table II). Nivolumab/ipilim-
umab had the highest probability (38%) of rank-
ing as the second best treatment, with a 27% low-
er risk of death versus chemotherapy (HR=0.73, 
95%CrI, 0.64-0.84). Pembrolizumab (HR=0.74; 
95%CrI, 0.68-0.81), atezolizumab (HR=0.77; 
95%CrI, 0.67-0.89), nivolumab (HR=0.81; 
95%CrI, 0.75-0.89), nivolumab/chemotherapy 

(HR=0.81; 95%CrI, 0.68-0.97), and atezolizumab/
chemotherapy (HR=0.85; 95%CrI, 0.76-0.95) all 
performed better than chemotherapy. Durvalum-
ab was the only ICI regimen that did not have a 
statistically significant benefit over chemotherapy 
(HR=0.92, 95%CrI, 0.79-1.10).

In the indirect analysis, pembrolizumab/che-
motherapy performed better than atezolizum-
ab/chemotherapy, nivolumab monotherapy, and 
durvalumab. Durvalumab was inferior to nivolum-
ab/chemotherapy, pembrolizumab, and pembroli-
zumab/chemotherapy. No other significant differ-
ences were observed between treatments. All the 
comparisons are shown in Figure 2.

Progression-Free Survival in All-Comers 
Cohort

In the NMA for PFS in the all-comers cohort, 
18 of 19 studies reported PFS of overall patients. 
This analysis compared 8 experimental treat-
ments, with 6,856 patients, to the control arm 
with 5,328 patients. In the direct comparisons, all 
PD-1/PD-L1 immune checkpoint inhibitor regi-
mens in the experimental arms, except nivolumab 
and durvalumab, evidenced significantly greater 
PFS benefit than chemotherapy (Supplementary 
Figure 3A). Compared with chemotherapy, pem-
brolizumab/chemotherapy (HR=0.52; 95% CrI, 
0.46-0.60) had the greatest benefits in PFS. 

Figure 1. Network of eligible 
comparisons. The size of the 
nodes is proportional to the num-
ber of patients randomized to 
receive the treatment. The width 
of the lines is proportional to the 
number of trials comparing the 
connected treatments. Abbrevia-
tions: Pem, pembrolizumab; Ate, 
atezolizumab; Dur, durvalumab; 
Ipi, ipilimumab; Niv, nivolumab; 
Chemo, chemotherapy.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Tables-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-Art.-10543.pdf
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Study	 Treatment	 Line of	  	                      OS-HR (95%CrI)			                        	PFS-HR(95%CrI)			  Grade ≥
	   details	   treatment									         TRAEs %
			   Overall	 PD-L1	 PD-L1	 PD-L1	 Overall	 PD-L1	 PD-L1	 PD-L1
				    ≥50%	 1%-49%	 <1%		  ≥50%	 1%-49%	 <1%

KN-010	 Pem	 Second									         16.1%
	 Chemo	   or later	 0.69 (0.60-0.80)	 0.53 (0.42-0.66)	 0.78 (0.65-0.94)	 NA	 0.83 (0.72-0.96)	 0.57 (0.45-0.71)	 1.02 (0.85-1.24)	 NA	 36.6%

KN-024	 Pem	 First-line	 0.62 (0.48-0.81)	 0.62 (0.48-0.81)	 NA	 NA	 0.50 (0.37-0.68)	 0.50 (0.37-0.68)	 NA	 NA	 31.2%
	 Chemo										          53.3%

KN-033	 Pem	 Second	 0.75 (0.60-0.95)	 0.83 (0.61-1.14)	 N/A	 N/A	 0.84 (0.66-1.08)	 0.76 (0.54-1.07)	 N/A	 N/A	 11%
	 Chemo	   or later									         47%
KN-042	 Pem	 First-line	 0.82 (0.71-0.93)	 0.70 (0.58-0.86)	 0.91 (0.77-1.09) 	 NA	 1.05 (0.93-1.19)	 0.83 (0.69-1.00)	 1.27 (1.08-1.50)	 NA	 18%
	 Chemo										          41%
KN-189	 Pem+Chemo 	First-line	 0.56 (0.45-0.70)	 0.59 (0.39-0.88)	 0.62 (0.42-0.92)	 0.52 (0.36-0.74)	 0.48 (0.40-0.58)	 0.36 (0.26-0.51)	 0.51 (0.36-0.73)	 0.64 (0.47-0.89)	 71.9%†
	 Chemo										          66.8%†
KN-407	 Pem+Chemo	First-line	 0.71 (0.58-0.88)	 0.79 (0.52-1.21)	 0.59 (0.42-0.84)	 0.79 (0.56-1.11)	 0.57 (0.47-0.69)	 0.43 (0.29-0.63)	 0.52 (0.38-0.71)	 0.67 (0.49-0.91)	 56.5%
	 Chemo										          55.7%
CM 017	 Niv	 Second	 0.62 (0.48-0.80)	 0.68 (0.27-1.66)	 NA	 0.60 (0.40-0.90)	 0.63 (0.48-0.83)	 NA	 NA	 0.66 (0.44-1.01)	 6.9%
	 Chemo	 or later									         57.4%
CM 026	 Niv	 First-line	 1.08 (0.87-1.34)	 0.90 (0.63-1.29)	 NA	 NA	 1.19 (0.97-1.46)	 1.07 (0.77-1.49)	 NA	 NA	 18.4%
	 Chemo										          51.7%
CM 057	 Niv	 Second 	 0.74 (0.62-0.89)	 0.35 (0.22-0.55)	 NA	 0.91 (0.68-1.21)	 0.89 (0.75-1.07)	 NA	 NA	 1.19 (0.88-1.61) 	 10.5%
	 Chemo	 or later									         53.7%
CM 078	 Niv	 Second	 0.75 (0.61-0.93)	 NA	 NA	 0.73 (0.53-1.02)	 0.79 (0.65-0.98)	 NA	 NA	 0.77 (0.56-1.07)	 13.4%
	 Chemo	 or later									         49.4%
CM 227 	 Niv+Ipi	 First-line	 0.73 (0.64-0.84)	 0.70 (0.55-0.90)	 NA	 0.62 (0.48-0.78)	 0.79 (0.69-0.91)	 0.62 (0.49-0.79)	 NA	 0.75 (0.59-0.96)	 34.2%
 (Part 1)	 Chemo										          37.0%
	 Niv	 First-line	 0.88 (0.75-1.04)	 NA	 NA	 NA	 0.99 (0.84-1.17)	 NA	 NA	 NA	 19.9%
	 Chemo										          37.0%
	 Niv+Chemo	 First-line	 NA	 NA	 NA	 0.78 (0.62-0.98)	 0.74 (0.58-0.94)	 NA	 NA	 0.73 (0.56-0.95)	 58.1%
	 Chemo										          37.0%
CM 277 	 Niv+Chemo	 First-line	 0.81 (0.67-0.97)	 NA	 NA	 NA	 0.62 (0.52-0.73)	 NA	 NA	 NA	 NA
 (Part 2)	 Chemo										          NA
OAK	 Ate	 Second 	 0.75 (0.64-0.89)	 0.40 (0.27-0.61)	 NA	 0.77 (0.61-0.97)	 0.93 (0.80-1.08)	 0.62 (0.43-0.89)	 NA	 1.00 (0.80-1.24)	 14.9%
	 Chemo	 or later									         42.6%
IMpower	 Ate	 First-line	 0.83 (0.65-1.07) 	 0.59 (0.40-0.89) 	 1.04 (0.76-1.44)	 NA	 0.77 (0.63-0.94)	 0.63 (0.45-0.88)	 0.90 (0.71-1.15)	 NA	 12.9%
  110	 Chemo										          44.5%
IMpower	 Ate+Chemo 	First-line	 0.79 (0.64-0.98)	 0.84 (0.51-1.39)	 0.70 (0.45-1.08)	 0.81 (0.61-1.08)	 0.64 (0.54-0.77)	 0.51 (0.34-0.77)	 0.61 (0.43-0.85)	 0.72 (0.56-0.91)	 74.8%
  130	 Chemo										          60.7%
IMpower	 Ate+Chemo 	First-line	 0.88 (0.73-1.05)	 0.48 (0.29-0.81) 	 1.08 (0.81-1.45)	 0.87 (0.67- 1.13) 	 0.71 (0.60-0.85)	 0.41 (0.25-0.68) 	 0.70 (0.54-0.91) 	 0.82 (0.65-1.04)	 69.2%
  131	 Chemo										          58.4%
IMpower	 Ate+Chemo	 First-line	 0.86 (0.71-1.06)	 0.73 (0.31-1.73)	 1.18 (0.80-1.76)	 0.67 (0.46-0.96)	 0.60 (0.49-0.72)	 0.46 (0.22-0.96)	 0.80 (0.55-1.16)	 0.45 (0.31-0.64)	 58.4% 
  132	 Chemo										          43.1%
MYSTIC	 Dur	 First-Line	 0.96 (0.81-1.13)	 0.76 (0.55-1.04)	 NA	 1.18 (0.86-1.62)	 NA	 NA	 NA	 NA	 14.9%
	 Chemo										          33.8%
ARCTIC	 Dur	 Third-line	 0.80 (0.59-1.08)	 NA	 NA	 0.80 (0.53-1.22)	 0.87 (0.65-1.16)	 NA	 NA	 0.76 (0.51-1.15)	 12.8%
(Study B)	 Chemo	 or later									         36.4%

Table II. Extracted outcome data from all included trials.

Abbreviations: KN: KEYNOTE; CM: CheckMate; NA: not available; TRAEs: Treatment-Related Adverse Events; Ate: atezolizumab; Pem: pembrolizumab; Ipi: ipilimumab; Niv: nivolumab; 
Dur: durvalumab; Chemo: chemotherapy. Notes: †Treatment-related adverse events were not available, so data on all Grade ≥3 adverse events was used
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Results from the indirect comparisons NMA 
found that pembrolizumab/chemotherapy was es-
timated to be consistently better than all the other 
ICI treatments evaluated: atezolizumab (HR=0.60; 
95%CrI, 0.50-0.72), atezolizumab/chemother-
apy (HR=0.80; 95%CrI, 0.68-0.95), nivolum-
ab (HR=0.57, 95%CrI, 0.49-0.67), nivolumab/
chemotherapy (HR=0.79; 95%CrI, 0.65-0.96), 
and nivolumab/ipilimumab (HR=0.66; 95%CrI, 
0.55-0.80; Supplementary Figure 3A). Further, 
when compared to pembrolizumab/chemotherapy, 
durvalumab had worse PFS outcomes (HR=1.70; 
95%CrI, 1.20-2.30; Supplementary Figure 3A).

Treatment-Related Adverse Events 
(Grade-3 or Greater) in the All-Comers 
Cohort

Table II summarizes the incidence of grade-3 or 
greater treatment-related adverse events (TRAEs) in 
each trial. Compared to chemotherapy, the odds of 
grade-3 or greater treatment-related adverse events 
were lower for nivolumab (OR=0.15; 95%CrI, 0.09-
0.26), atezolizumab (OR=0.21; 95%CrI, 0.09-0.47), 
pembrolizumab (OR=0.28; 95%CI, 0.15-0.49), and 
durvalumab (OR=0.30; 95%CrI, 0.13-0.67) monother-
apies (Figure 3). These comparisons included 2,878, 
1,404, 3,037, and 981 patients, respectively. The risk 

Figure 2. Network Meta-Analysis of Overall Survival (OS-NMA) in the all-comers cohort. Abbreviations: Pem, pembroli-
zumab; Ate, atezolizumab; Dur, durvalumab; Ipi, ipilimumab; Niv, nivolumab; Chemo, chemotherapy.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-Art.-10543.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-Art.-10543.pdf
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of grade-3 or greater TRAEs increased significantly 
with combination regimens (Figure 3): pembrolizum-
ab/chemotherapy (OR=4.10; 95%CrI, 1.50-11.0, when 
compared to pembrolizumab), nivolumab/ipilimum-
ab (OR=5.80; 95%CrI, 1.60-21.0, when compared 
to nivolumab), nivolumab/chemotherapy (OR=16.0; 
95%CrI, 4.40-56.0, when compared to nivolumab), 
or atezolizumab/chemotherapy (OR=8.60; 95%CrI, 
3.00-25.0, when compared to atezolizumab).

NMA by PD-L1 Expression Cohorts

PD-L1 ≥50% cohort
The OS-NMA for the PD-L1 ≥50% cohort 

was based on 18 trials evaluating 7 experimen-
tal treatment regimens with 1,896 patients, and 
1,596 in the chemotherapy control arm. Results 
from the NMA show that all ICI regimens, ex-
cept durvalumab, were significantly better than 

Figure 3. Network Meta-Analysis of the odds of grade 3 or greater treatment-related adverse events compared with chemo-
therapy in the all-comers cohort. Abbreviations: Pem, pembrolizumab; Ate, atezolizumab; Dur, durvalumab; Ipi, ipilimumab; 
Niv, nivolumab; Chemo, chemotherapy.
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chemotherapy in terms of OS (Supplementary 
Figure 4A). Atezolizumab yielded the great-
est benefit in OS over chemotherapy (HR=0.49; 
95%CrI, 0.37-0.65) with the highest probability 
of ranking the best (79%; Supplementary Table 
III). When we explored indirect comparisons, no 
other significant differences were found between 
ICI regimens.

The PFS-NMA for the PD-L1 ≥50% cohort 
was based on 13 trials evaluating 6 experimen-
tal treatment regimens with 1,695 patients in 
the experimental arms, and 1,431 patients in the 
control arms. Results from direct comparisons 
between experimental arms and control arms 
show that all ICI treatments, except nivolumab, 
had significantly better PFS outcomes than che-
motherapy (Supplementary Figure 3B). When 
compared directly to chemotherapy, pembroli-
zumab/chemotherapy had the greatest PFS benefit 
(HR=0.39; 95%CrI, 0.30-0.50). Based on indirect 
comparisons, pembrolizumab/chemotherapy also 
had significant PFS benefits compared to all other 
treatments (Supplementary Figure 3B). While 
nivolumab/ipilimumab was still inferior to pem-
brolizumab/chemotherapy, it did show a statisti-
cally significant benefit over nivolumab mono-
therapy (HR=0.58; 95%CrI, 0.39-0.87).

PD-L1 1%-49% cohort
The OS-NMA for the PD-L1 1%-49% cohort 

is based on 8 trials and 4 experimental treatments 
in 1,464 patients, and 1,132 patients in the non-ICI 
control arms. Results from direct comparisons 
showed that, of the 4 ICI treatments, only pem-
brolizumab/chemotherapy (HR=0.60; 95%CrI, 
0.46-0.79) and pembrolizumab monotherapy 
(HR=0.85; 95%CrI, 0.75-0.96) performed better 
than chemotherapy. Neither atezolizumab mono-
therapy nor atezolizumab/chemotherapy had 
any statistically significant difference in surviv-
al compared to chemotherapy (Supplementary 
Figure 4B). Indirect estimates showed that pem-
brolizumab/chemotherapy had improved overall 
survival compared to pembrolizumab (HR=0.71; 
95%CrI, 0.53-0.95), atezolizumab/chemotherapy 
(HR=0.60; 95%CrI, 0.43-0.84), and atezolizum-
ab monotherapy (HR=0.58; 95%CrI, 0.38-0.88). 
Pembrolizumab/chemotherapy had a 98% proba-
bility of ranking as the best treatment (Supple-
mentary Table IV).

The PFS-NMA for the PD-L1 1%-49% cohort 
is based on 8 trials evaluating 4 experimental treat-
ments with 1,464 patients in the experimental arm, 
with 1,123 patients in the control arms. Results 

from direct comparisons shows pembrolizumab/
chemotherapy (HR=0.52; 95%CrI, 0.41-0.65) and 
atezolizumab/chemotherapy (HR, 0.70; 95%CrI, 
0.58-0.83) both had statistically better PFS out-
comes compared chemotherapy (Supplemen-
tary Figure 3C). Pembrolizumab monotherapy 
(HR=1.20; 95%CrI, 1.00-1.30) and atezolizumab 
monotherapy (HR=0.90; 95%CrI, 0.71-1.10) had no 
statistically significant benefits over chemotherapy. 
Based on the indirect estimates, pembrolizumab/
chemotherapy displayed statistically significant 
PFS benefits over atezolizumab and pembrolizum-
ab, but not over atezolizumab/chemotherapy (Sup-
plementary Figure 3C).

PD-L1 <1% cohort
The OS-NMA for the PD-L1 <1% cohort is 

based on 12 trials evaluating 7 experimental 
treatments in 1,696 patients, with 1,274 patients 
in the non-ICI control arms (Supplementary 
Figure 4C). According to the results of direct 
comparisons, all of the experimental ICI treat-
ments, except durvalumab, evidenced better OS 
outcomes than chemotherapy. Based on indirect 
comparisons NMA, the only statistically signifi-
cant differences between ICI treatments were ob-
served for durvalumab, which had a higher risk 
of death compared to pembrolizumab (HR=1.70; 
95%CrI, 1.20-2.40) and pembrolizumab/chemo-
therapy (HR=1.60; 95%CrI, 1.10-2.20; Supple-
mentary Figure 4C). Nivolumab/ipilimumab 
had the highest probability of ranking as the best 
treatment (54%) with a 38% reduction in risk 
of death compared to chemotherapy (HR=0.62; 
95%CrI, 0.49-0.79, while pembrolizumab/chemo-
therapy had the highest probability of ranking as 
the second-best treatment (37%) with a 35% re-
duction in risk of death compared to chemothera-
py (HR=0.65; 95%CrI, 0.51-0.83; Supplementary 
Figure 4C and Supplementary Table V)

The PFS-NMA for the PD-L1 <1% cohort 
is based on 11 trials evaluating 7 experimental 
treatments in 1,601 patients, with 1,191 patients 
in the non-ICI control arms (Supplementary 
Figure 3D). According to the direct compari-
sons, pembrolizumab/chemotherapy (HR=0.66; 
95%CrI, 0.52-0.82), atezolizumab/chemotherapy 
(HR=0.70; 95%CrI, 0.60-0.82), nivolumab/che-
motherapy (HR=0.73; 95%CrI, 0.56-0.95), and 
nivolumab/ipilimumab (HR=0.75; 95%CrI, 0.59-
0.96) showed statistically significant PFS benefits 
over chemotherapy. None of the monotherapies 
(atezolizumab, nivolumab, or durvalumab) had 
any statistically significant differences in out-

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Tables-Art.-10543.pdf
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comes compared to chemotherapy. According to 
the analysis of indirect comparisons, there were 
no statistically significant differences between 
any of the combination therapies (Supplementa-
ry Figure 3D).

Subgroup Analysis Based on Histology 
Type and Treatment Line Setting

NMA by histology type
Information of histology type is reported in all 

19 trials: 12 trials had mixed histology types, 4 
had only non-squamous NSCLC patients, and 3 
had only squamous NSCLC patients.

The subgroup of non-squamous NSCLC pa-
tients included 4 trials evaluating 3 experimental 
treatments in 1,445 patients, with 1,010 patients 
in the non-ICI control arms (Table I). In the anal-
ysis of direct comparisons for OS in non-squa-
mous NSCLC patients (Supplementary Figure 
5A), all the experimental treatments show great-
er OS compared to chemotherapy. Compared to 
chemotherapy, pembrolizumab/chemotherapy 
had the greatest OS benefit (HR=0.56; 95%CrI, 
0.45-0.70), followed by nivolumab monotherapy 
(HR=0.74; 95%CrI, 0.62-0.89), and atezolizum-
ab/chemotherapy (HR=0.83; 95%CrI, 0.71-0.96). 
In the indirect comparisons analysis, pembroli-
zumab/chemotherapy displayed greater OS ben-
efits over atezolizumab/chemotherapy (HR=0.68; 
95%CrI, 0.52-0.88), but no other significant dif-
ferences were found between the ICI treatments. 
In the analysis of direct comparisons for PFS in 
non-squamous NSCLC patients (Supplemen-
tary Figure 5C), when compared to chemo-
therapy, the greatest benefit in progression-free 
survival was seen with pembrolizumab/che-
motherapy (HR=0.48; 95%CrI, 0.40-0.58), fol-
lowed by atezolizumab/chemotherapy (HR=0.62; 
95%CrI, 0.55-0.71). No significant benefit over 
chemotherapy was seen with nivolumab mono-
therapy (HR=0.89; 95%CrI, 0.74-1.10). In the in-
direct comparisons analysis, nivolumab displayed 
worse PFS outcomes compared to other regimens. 

The subgroup of squamous NSCLC patients 
included 3 trials evaluating 3 ICI treatments in 756 
patients, with 758 patients in the chemotherapy 
control arm (Table I). Direct comparisons demon-
strated pembrolizumab/chemotherapy (HR=0.71; 
95%CrI, 0.58-0.87) and nivolumab (HR=0.62; 
95%CrI, 0.48-0.80) performed better than che-
motherapy in terms of OS, but atezolizumab/
chemotherapy did not (Supplementary Figure 
4B). No significant difference was observed in 

OS between nivolumab and pembrolizumab/
chemotherapy. Based on the direct comparisons 
for PFS, nivolumab (HR=0.63; 95%CrI, 0.48-
0.83), pembrolizumab/chemotherapy (HR=0.57;  
95%CrI, 0.47-0.69), and atezolizumab/chemother-
apy (HR=0.71; 95%CrI, 0.60-0.85) all displayed 
PFS benefits in comparison to chemotherapy 
(Supplementary Figure 5D). However, based on 
the indirect comparisons analysis, there were no 
significant differences among them (Supplemen-
tary Figure 5D).

NMA by treatment line setting
Of the 19 included trials, 12 investigated ICIs 

in the first-line setting and 7 were in the setting of 
second-line or later (one of which was only in the 
third-line or later setting).

In the first-line setting subgroup, the 12 trials 
investigated 8 ICI treatment regimens in 6,620 
patients, with 4,009 patients in the non-ICI con-
trol arms. In the OS analysis of the all-comers 
cohort in the first-line setting (Supplementary 
Figure 6A), five regimens showed statistically 
significant benefits over chemotherapy: pembroli-
zumab/chemotherapy (HR=0.64; 95%CrI, 0.55-
0.74), nivolumab/ipilimumab (HR=0.73; 95%CrI, 
0.64-0.84), pembrolizumab (HR=0.77; 95%CrI, 
0.69-0.87), nivolumab/chemotherapy (HR=0.81; 
95%CrI, 0.67-0.98), and atezolizumab/chemo-
therapy (HR=0.85; 95%CrI, 0.76-0.95). Atezoli-
zumab, nivolumab, and durvalumab showed no 
statistically significant benefit over chemother-
apy. Among the regimens which showed bene-
fit over chemotherapy, the indirect comparisons 
analysis showed that pembrolizumab/chemother-
apy had statistically significant OS benefits over 
atezolizumab/chemotherapy (HR=0.75; 95%CrI, 
62-0.91; Supplementary Figure 6A). However, 
there were no significant differences when com-
pared to pembrolizumab, nivolumab/ipilimumab, 
nivolumab/chemotherapy, or atezolizumab/che-
motherapy (Supplementary Figure 6A). Pem-
brolizumab/chemotherapy had the highest prob-
ability (86%) of ranking as the best treatment for 
all-comers in the first-line setting subgroup (Sup-
plementary Table VI).

When stratifying the analysis for treatments 
in the first-line setting by PD-L1 expression, the 
findings differed. For the PD-L1≥50% cohort in 
the first-line setting (Supplementary Figure 6B), 
all the experimental treatments except nivolumab 
and durvalumab had statistically significant OS 
benefits over chemotherapy. While there were no 
significant OS differences between the experimen-
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tal treatments, atezolizumab (HR=0.59; 95%CrI, 
0.40-0.88, when compared to chemotherapy) was 
the most favorable treatment with a 47% of prob-
ability of ranking the best (Supplementary Table 
VII). For the PD-L1 1-49% cohort in the first-line 
setting Supplementary Figure 6C), only pem-
brolizumab/chemotherapy (HR=0.60; 95%CrI, 
0.46-0.78) showed significant OS benefits over che-
motherapy and had the highest probability (99%) 
of ranking as the best treatment (Supplementa-
ry Table VIII). For the PD-L1<1% cohort in the 
first-line setting (Supplementary Figure 6D), 
nivolumab/ipilimumab (HR=0.62; 95%CrI, 0.49-
0.79), pembrolizumab/chemotherapy (HR=0.65; 
95%CrI, 0.51-0.83), nivolumab/chemotherapy 
(HR=0.80; 95%CrI, 0.68-0.95), and atezolizumab/
chemotherapy (HR=0.80; 95%CI, 0.68-0.95) all 
had statistically significant OS benefits over che-
motherapy, but durvalumab did not. Among the 
regimens which performed better than chemother-
apy in the direct analysis, there were no statistical-
ly significant differences when comparing them in 
the indirect analysis. Nivolumab/ipilimumab had 
the highest probability (57%) of ranking as the best 
treatment, while pembrolizumab/chemotherapy 
had the highest probability (45%) of ranking as the 
second best (Supplementary Table IX).

In the second-line or later subgroup, the 7 tri-
als investigated 4 ICI treatment regimens in 2,208 
patients, with 1,691 patients in the chemotherapy 
control arms. In terms of OS of all-comers in the 
second-line or later treatment setting subgroup, 
pembrolizumab (HR=0.71; 95%CrI, 0.63-0.80), 
nivolumab (HR=0.71; 95%CrI, 0.63-0.81), and 
atezolizumab (HR=0.75; 95%CrI, 0.64-0.88) all 
showed statistically significant OS benefits when 
compared to chemotherapy (Supplementary 
Figure 6E). However, durvalumab (HR=0.80; 
95%CrI, 0.59-1.10) did not (Supplementary 
Figure 6E). The indirect comparisons analysis 
found no statistically significant differences be-
tween any other treatments. Pembrolizumab and 
nivolumab had similar OS benefits and similar 
ranking probabilities as the best treatment (38% 
and 31%, respectively), so either could be consid-
ered the best treatment choice for second-line or 
later therapies (Supplementary Table X). 

Discussion

This novel NMA assessed the comparative 
efficacy and safety of anti-PD-L1/anti-PD-1 im-
mune checkpoint inhibitor (ICI) treatments for 

advanced NSCLC patients, with numerous sub-
group analyses. In our NMA, all ICI treatment 
regimens, except durvalumab, showed promising 
overall survival benefits over chemotherapy for 
advanced NSCLC patients. Our NMA presented 
preferred ranking probabilities for each treatment 
to determine which treatment regimen would 
rank as the best in our cohort of all-comers, as 
well as in specific subgroups. We further evaluat-
ed treatment performance in the first-line setting 
and in the second-line-or-later setting.

In the NMA of all-comers, the pembroli-
zumab/chemotherapy combination was found to 
be more effective than other PFS and OS treat-
ments. When conducting subgroup analyses of 
treatments in patients grouped by PD-L1 expres-
sion levels, different preferences emerged. In the 
subgroup of patients with high PD-L1 expression 
(≥50%), atezolizumab had the highest probabili-
ty of ranking as the best treatment for OS when 
looking at all treatment lines and when looking 
at only first-line settings. This finding is signifi-
cant because it contrasts with a previous network 
meta-analysis. Dafni et al54 found that pembroli-
zumab and pembrolizumab/chemotherapy were 
the best treatments in the PD-L1 ≥50% cohort in 
the first-line setting, though they did not evalu-
ate atezolizumab monotherapy here. Importantly, 
our results include more recent data and more tri-
als than previous NMAs, including IMpower110 
(comparing atezolizumab and chemotherapy) 
and KEYNOTE-042 (comparing pembrolizum-
ab and chemotherapy). That said, we did not find 
any statistically significant OS differences be-
tween atezolizumab, atezolizumab/chemother-
apy, nivolumab/ipilimumab, pembrolizumab, or 
pembrolizumab/chemotherapy. In the context of 
these previous findings, we believe atezolizumab 
might become the preferred treatment in the first-
line setting of patients with high PD-L1 expres-
sion (≥50%), though this should be interpreted 
with caution until the IMpower110 trial publishes 
their final OS results. Furthermore, since pem-
brolizumab and pembrolizumab/chemotherapy 
still show similar benefits and have been studied 
in a greater number of patients, their use in this 
patient population and treatment line is still ac-
ceptable. Given the significant increase in treat-
ment-related adverse events in ICI/chemotherapy 
combinations, the benefit of combination thera-
pies should be weighed against the considerably 
higher risk of adverse events. While we did not 
compare treatments in the second-line or later 
setting for patients with PD-L1 ≥50% expression, 
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Kim et al55 found that nivolumab was the best 
ranked treatment for this cohort, though they did 
not find a significant difference between atezoli-
zumab and nivolumab.

In the cohort of patients with intermediate PD-
L1 expression (1%-49%), pembrolizumab/chemo-
therapy combination had overwhelmingly favor-
able performance over chemotherapy and most 
other ICIs treatment both in OS and PFS, making 
it the preferred treatment for this cohort. When 
evaluating OS in only the first-line setting, pem-
brolizumab/chemotherapy still ranked the better 
than chemotherapy and all ICIs it was compared 
against (atezolizumab/chemotherapy, atezolizum-
ab, and pembrolizumab). 

For the cohort of patients with low PD-L1 ex-
pression (<1%), the nivolumab/ipilimumab combi-
nation had the highest probability of ranking best 
in terms of OS. While pembrolizumab/chemother-
apy had the greatest PFS benefit, it did not differ 
in a statistically significant way from nivolumab/
ipilimumab. When evaluating OS in only the first-
line setting, nivolumab/ipilimumab was also found 
to be the most preferred treatment. It is possible 
that the PD-L1/PD-1 inhibitors’ mechanism of ac-
tion could result in an influx of inflammatory cells 
to the cancer site, leading to ‘pseudo-progression’, 
as Kazandjian et al56 have reported in their study. 
As such, we believe nivolumab/ipilimumab to be 
the preferred treatment in patients with low PD-
L1 expression (<1%) in the first-line setting. None 
of the included studies evaluated this treatment in 
second-line or greater setting. Again, however, it 
is important to recognize the significantly higher 
risk of treatment-related adverse events when us-
ing combination therapies.

In a network meta-analysis of ICI treatments in 
the first-line setting of wild-type EGFR/ALK pa-
tients, Liu et al57 suggested that pembrolizumab/
chemotherapy combination seemed to be a more 
effective regimen for patients with PD-L1 expres-
sion of <50%. This supports our findings for pa-
tients with intermediate PD-L1 expression (1-49%) 
but contrasts with our findings for patients with 
low PD-L1 expression (<1%). As we look at both 
1%-49% and <1% in the first-line setting, we con-
sider our findings more specific and are thus one of 
our strengths in determining the ideal treatment.

We conducted a subgroup analysis of OS in the 
second-line or later setting, finding that pembroli-
zumab, atezolizumab, and nivolumab all demon-
strated similar benefit over chemotherapy. While 
there were no significant differences among the 
three regimens, pembrolizumab had a higher 

probability of ranking best. It is a limitation of our 
study to not stratify second-line results by PD-L1 
expression level, and so the clinical usefulness 
of our rankings for second-line or later settings 
is limited. We suggest clinicians refer to the net-
work meta-analysis by Kim et al55 for treatment 
preferences by PD-L1 expression subgroups in 
the second-line or later setting. As this is a rapidly 
developing field, an updated network meta-anal-
ysis looking at second-line or later settings may 
soon be warranted.

Squamous cell carcinoma is a much more 
complicated disease, probably because of the in-
fluence of tobacco in most of these patients that 
causes an extremely high rate of mutations and 
other genetic changes. In contrast, non-squamous 
cell carcinoma is a less complicated form of the 
disease that tends to derive from those single 
driver mutations. Thus, the options for upfront 
genotyping in squamous NSCLCs are much more 
limited58, and so are the targeted therapies. We 
re-evaluated the efficacies according to histology 
type, comparing nivolumab, pembrolizumab/che-
motherapy, and atezolizumab/chemotherapy in 
both squamous and non-squamous cohorts. In the 
non-squamous cohort, all three ICIs treatments 
showed statistically significant OS benefit over 
chemotherapy and, among them, pembrolizumab/
chemotherapy evidenced the greatest OS benefits 
over chemotherapy. In the squamous cohort, only 
nivolumab and pembrolizumab/chemotherapy ev-
idenced (comparable) benefits over chemotherapy. 
Identification of the preferred ICI treatments in 
patients with squamous tumor histology requires 
further exploration given their limited represen-
tation in trials. We hope our findings will encour-
age future exploration of this issue to find more 
conclusive evidence of how to best incorporate 
tumor histology in treatment selection.

Ipilimumab is an anti-CTLA-4 antibody, 
with a mechanism of action that is distinct from 
nivolumab but seen to be complementary. Ac-
cording to Larkin et al59 and Motzer et al60, this 
combination evidenced longer overall survival in 
patients with melanoma and renal-cell carcinoma. 
In our study, we evaluated this combination of two 
antibodies with different targets indirectly with 
monotherapy. When all treatment-line settings 
were assessed, nivolumab/ipilimumab combina-
tion therapy did not improve OS over nivolumab 
monotherapy when compared in all-comers or in 
patients with PD-L1≥50% and <1%. In only the 
first-line setting, the combination did improve 
OS over nivolumab monotherapy when assessed 
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in all-comers, but not when assessed in patients 
with PD-L1 ≥50%. Moreover, the combination 
had considerably increased the risk of grade-3 or 
greater treatment-related adverse events. Despite 
this, we should not stop exploring combination 
immunotherapy, particularly considering we will 
need ways to manage cancers which develop re-
sistance to immunotherapy, or to manage patients 
which may otherwise not respond to monothera-
py. The dual immune checkpoint inhibitor combi-
nation may indeed be worth exploring, particular-
ly considering it appeared to be the best-ranked 
treatment for first-line patients with PD-L1 ex-
pression of <1%, though there were no nivolum-
ab monotherapy trials to compare it with in this 
setting.

While durvalumab is only currently only 
FDA-approved for unresectable Stage III NSCLC 
based on the phase 3 PACIFIC and CASPIAN tri-
als results, we decided to include this drug into 
our analysis to evaluate its role in advanced NS-
CLC61. While there were only two trials (MYS-
TIC and ARCTIC Study B) evaluating durvalum-
ab in advanced NSCLC, neither of these showed 
any benefit over chemotherapy, and so it does not 
appear to be a promising therapy. While we did 
not extract the durvalumab/tremelimumab arms 
from these two studies, they also did not show any 
statistically significant benefits over chemothera-
py in these studies41,62.

The field of immunotherapies in NSCLC is rap-
idly evolving, with more trials of different ICIs and 
ICI combination regimens ongoing. One emerg-
ing trend is to combine an ICI with bevacizumab 
and chemotherapy. Bevacizumab is a ‘man-made’ 
monoclonal antibody that selectively blocks human 
VEGF, which theoretically could suppress VEGF’s 
immunomodulatory effects, thereby amplifying 
the benefits of immunotherapy. This has shown 
promising results for atezolizumab/bevacizum-
ab/chemotherapy in the IMpower150 trial63,64 and 
for nivolumab/bevacizumab/chemotherapy in the 
preliminary results from the TASUKI-52 trial65. 
These two trials were not included in this network 
meta-analysis as our inclusion criteria pre-speci-
fied that the comparison treatment had to be che-
motherapy, though we recognize our study is at a 
disadvantage for not doing so.

There are several limitations in our study. 
First of all, there is no perfect measure of effi-
cacy for ICI treatment. We evaluate both overall 
survival and progression-free survival, though 
we focus primarily on results observed in overall 
survival analyses when recommending preferred 

treatments. These two outcomes are important, 
but they are not the only important measures. 
For example, health-related quality of life also 
has value, particularly to patients, as an efficacy 
measure.

Secondly, we note that we cannot ignore the 
heterogeneity that results from pooling first-line 
and second-line or later settings, especially since 
the immunogenic chemotherapy can sensitize 
the tumor to checkpoint inhibitor therapy66. This 
might also explain why we often saw greater ef-
ficacy when ICI treatments were combined with 
chemotherapy. Additionally, trials often allowed 
patients to crossover when disease progression 
occurs, which could lead to bias and underesti-
mating treatment benefits in our analysis. There 
is also heterogeneity in pooling results across all 
PD-L1 expression cohorts. For these reasons, we 
believe that the results obtained from our sub-
group analyses, particularly by PD-L1 expression 
in only the first-line setting, offer the most clin-
ically meaningful outcomes for informing treat-
ment choice.

Thirdly, we only looked at the effect of PD-L1 
expression on outcomes, even though other mark-
ers may also be relevant. The meta-analysis and 
individual patient-level analysis by Yu et al67 also 
used the TMB as predictor for immunotherapy, 
finding that the joint use of PD-L1 expression and 
TMB to be a promising predictor of patient sur-
vival and response to precision immunotherapy, 
and the combination of CD8+T-cell TILs, PD-L1 
expression, and TMB were reliably associated 
with prognosis. The independent PD-L1 expres-
sion biomarker by itself may, therefore, be inad-
equate for identifying patients who could derive 
the greatest therapeutic benefit.

Apart from the limitations mentioned above, 
we believe our study also has several strengths. 
Recently, several NMA evaluated the efficacy and/
or safety of ICIs treatments for advanced NSCLC 
patients, but most of them only estimated the first-
line setting54,57, and only one study has included 
second-line setting trials into their analysis55. Our 
study included multiple subgroup analyses, which 
reduces heterogeneity and provides more clinical-
ly useful data for treatment selection based on pa-
tient characteristics. Furthermore, various other 
network meta-analyses performed analysis of PD-
L1 expression subgroups differently: one based 
on<1%, 1%, ≥5%, and ≥50% groupings68, one in 
only the PD-L1 expression <1% subgroup69. In 
contrast, we divided all-comers into three cohorts 
by PD-L1 expression ≥50%, 1%-49%, and <1%. 
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In this way, we avoided the risk of overlapping 
and while also providing more practical evidence. 
We also believe our results to be more compre-
hensive, given the large number of included trials 
and most recent results, as well as the number of 
subgroup analyses we have performed to reduce 
the heterogeneity in our analysis.

Conclusions

Overall, pembrolizumab/chemotherapy com-
bination was found to be the most effective thera-
py in the cohort of all-comers. When we grouped 
patients by different characteristics, the prevail-
ing treatments were diverse. As for the different 
PD-L1 expression cohorts, we would suggest that 
atezolizumab, the pembrolizumab/chemothera-
py combination, and the nivolumab/ipilimumab 
combination to be the preferred treatments for 
the PD-L1≥50%, PD-L1 1-49%, and PD-L1<1% 
cohorts, respectively. However, it is important to 
note that these are based on results from use in 
both first and second-line or later settings, though 
these same treatment preferences emerged when 
we evaluated only studies in the first-line setting. 
When we performed subgroup analysis by tumor 
histology, we found that pembrolizumab/chemo-
therapy performed best in non-squamous cancers 
while nivolumab monotherapy and pembroli-
zumab/chemotherapy had similar advantages 
over chemotherapy in squamous cancers. As for 
safety outcomes, all four ICI monotherapies re-
duced the risk of grade 3 or greater treatment-re-
lated adverse events compared to chemotherapy, 
with nivolumab proving the best. With the addi-
tion of chemotherapy or a CTLA-4 antibody to 
any ICI treatment, the risk of treatment-related 
adverse events increased in a considerable and 
statistically significant way. As such, in clinical 
decision-making, we should also consider patient 
and tumor characteristics, tolerance, and safety. 
Currently, while more researchers are working on 
testing new ICIs and combination regimens, there 
is still a long way to go in determining the best 
therapeutic regimen for different patients, and we 
encourage more research focusing on identifying 
ideal biomarkers to aid in prognostication and 
treatment selection.
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