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Background: We conducted a meta-analysis to assess the efficacy of immune checkpoint inhibitors (ICIs) 
(PD-1/L1 and CTLA-4 inhibitors) in first and subsequent lines in East Asians and non-East Asians.
Methods: We searched PubMed-MEDLINE, Embase and Scopus, from inception to 20 Sep 2019, and 
reviewed major conferences’ abstracts, for randomised controlled trials of ICI in advanced-stage NSCLC 
(Stage IIIB or IV) without EGFR mutation that reported hazard ratios (HRs) stratified by geographical 
region including the region “Asia” or “East Asia”. The primary outcome measures were overall survival (OS) 
and progression-free survival (PFS). The pooled HR and its 95% confidence interval (CI) for OS and PFS in 
East Asians and non-East Asians were calculated using a random effect model and the difference compared 
using an interaction test.
Results: A total of 5,465 patients from 7 randomised controlled trials involving CTLA-4 and/or PD-1/L1  
inhibitors were included, with 1,740 (32%) East Asians and 3,725 (68%) non-East Asians. ICI was associated 
with an improvement in OS and PFS for both East Asian (OS HR, 0.74; 95% CI, 0.65–0.85; PFS HR, 0.56; 
95% CI, 0.40–0.79) and non-East Asian patients (OS HR, 0.78; 95% CI, 0.72–0.85; PFS HR, 0.69; 95% CI, 
0.56–0.85), with no significant difference between the two groups (Pinteraction=0.55 for OS; Pinteraction=0.33 for 
PFS). Subgroup analyses showed a statistically significant superior PFS (but not OS) for East Asians than 
non-East Asians in trials that used immune checkpoint inhibitor in the first-line treatment (Pinteraction=0.02). 
No significant regional difference was found in further subgroups of pure ICI and combination of ICI with 
chemotherapy.
Conclusions: There is no significant difference in response to ICI between East Asians and non-East 
Asians with advanced stage NSCLC, and the statistically significant subgroup difference in PFS in the first 
line use of ICI may not be clinically significant.
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Introduction

The advent of immune checkpoint inhibitors (ICIs) in the 
past decade has altered the treatment paradigm in patients 
with advanced non-small cell lung carcinoma (NSCLC), 
leading to ICIs being incorporated into clinical practice 
guidelines (1,2). However, the majority of these guidelines 
are based on clinical trials that focused on mainly non-
East Asian populations (3). It is well-known that East Asian 
NSCLC patients possess a different clinical and genetic 
profile from non-East Asians, leading to different treatment 
recommendations (4-6). In terms of environmental factors, 
studies have shown that East Asian NSCLC patients are 
more likely to be non-smokers than non-East Asians (7), 
and never-smokers have been shown to respond poorer to 
ICI (8).

In terms of genomic differences, East Asian patients 
have been found to have up to 2.5 times higher rate of 
Epidermal Growth Factor Receptor (EGFR) mutations 
than non-East Asians (9). Current evidence suggests that 
ICIs are ineffective in such patients as oncogene-addicted 
NSCLC tends to be less immunogenic with an uninflamed 
tumour micro-environment (10-12). As such, ICI are not 
recommended as the first line therapy for patients with 
oncogene mutation (13). Apart from the prevalence of 
oncogene mutation, there are other genetic predictive 
factors that may differ between East Asians and non-
East Asians, such as programmed death ligand 1 (PD-L1)  
expression, tumour mutation burden (TMB) and gene 
expression profile score (6,14). Other potentially predictive 
biological factors, such as immune cell populations, 
development of anti-drug antibodies and the microbiome may 
differ between East Asians and non-East Asians as well (15,16).

Despite existing evidence that NSCLC in East Asians 
is different from that in non-East Asians, few studies have 
directly compared the response to ICIs between East Asian 
and non-East Asian populations, likely due to the lack of 
patient enrolment from Asian region (17).

Therefore, in this meta-analysis, we aim to evaluate whether 
ICIs (PD-1/L1 and CTLA-4 inhibitors) exhibit different 
efficacies in EGFR wild-type East Asian versus non-East Asian 
advanced NSCLC patients, measured in terms of overall 
survival (OS) and progression-free survival (PFS).

Methods

Search strategy

Our systemic review and meta-analysis followed the 

Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines (18). Detailed 
information on methods is available in the Supplementary 
material. 

Two investigators (SP and AFY) independently searched, 
without language restriction, PubMed-MEDLINE, Embase 
and Scopus for Phase II and III randomised controlled 
trials (RCTs) published since the inception of each database 
to 20 September 2019. In addition, we reviewed abstracts 
and presentations from major conference proceedings such 
as the American Society of Clinical Oncology, the World 
Conference on Lung Cancer and the European Society for 
Medical Oncology from 2013 to September 2019 to identify 
unpublished studies.

Selection criteria

We included Phase II and III RCTs that: (I) recruited 
East Asian and non-East Asian patients aged 18 and above 
with advanced NSCLC (Stage IIIB and IV) without 
EGFR mutation; (II) evaluated the efficacy of ICIs 
either administered alone or in combination with other 
ICIs or chemotherapy, as compared to that of standard 
chemotherapy; and (III) reported outcomes that include 
subgroup OS or PFS classified by geographical regions 
including the region “East Asia” or “Asia”.

Trials were excluded if they were single-arm studies, 
enrolled patients with EGFR mutation, conducted only 
in East Asian or non-East Asian regions, did not report 
a subgroup outcome from Asia, used a combination of 
ICIs with other targeted therapy or radiotherapy in the 
intervention arm, or compared different regimens of ICI or 
one ICI versus another type of ICI. For trials that did not 
report outcomes by regions, we attempted to contact the 
authors for the information, failing which the trials were 
excluded from quantitative analysis. We also compiled a 
table of ongoing studies that fulfilled our inclusion criteria 
but have yet to complete recruitment or publish regional 
survival data.

Data extraction

The same investigators independently extracted data 
from the selected studies and discrepancies were resolved 
by consensus of all investigators. Information extracted 
include: trial name, name of first author, year of publication, 
type of ICI, line of therapy, histology, stage of NSCLC, 
level of PD-L1 expression, median or minimum duration of 
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follow-up, median age, the original regional classification, 
all the countries of recruitment, total number of patients as 
well as number in East Asian and non-East Asian subgroups, 
and the hazard ratio (HR) estimate of treatment effect 
for OS and PFS in East Asians or non-East Asians. We 
searched for but could not find regional subgroup data of 
Objective Response Rate in the included trials. “East Asia” 
is defined as the countries or regions from Eastern Asia with 
or without those from South-Eastern Asia (19). “Non-East 
Asia” is defined as the sum of all the other regions, such 
as North America, Europe, and South America. We have 
compiled a list of all the patient recruitment sites classified 
by region for the included studies (Tables S1,S2). 

Quality assessment

The study quality was assessed using the Risk of Bias Tool (20)  
in Review Manager version 5.3 (RevMan 5.3) software 
by Nordic Cochrane Centre, and scored according to the 
domains of selection bias, performance bias, detection 
bias, attrition bias and reporting bias. Publication bias was 
evaluated by funnel plots.

Data analysis

The primary endpoint was the efficacy of ICIs between East 
Asians and non-East Asians, measured in terms of HR for 
OS and PFS, respectively.

We used RevMan 5.3 to calculate the pooled HR for OS 
and PFS for the East Asians and non-East Asians via the 
inverse variance technique. First, in studies that did not have 
a single “non-East Asian” subgroup, we used fixed effect 
models to obtain a pooled estimate of survival HR from 
different regions within a single study. Then, we applied 
random effects models to generate the forest plots across all 
the included studies, in view of clinical heterogeneity due 
to different trial designs. Lastly, we conducted the test of 
interaction to determine if a significant subgroup difference 
exists between the pooled HR for East Asians versus non-
East Asians.

Further pre-specified subgroup analyses (21) were 
conducted to assess the potential association of effect 
modifiers with region and survival outcome. Subgroups 
analysed include the line of therapy (first line or second 
line and beyond) and the type of therapy (ICI monotherapy 
or doublet therapy versus ICI in combination with 
chemotherapy). This was done via the test of interaction 
(test of subgroup differences) that produced the interaction 

P value and I2 for heterogeneity. All reported P values were 
2-sided and P=0.05 indicated statistical significance.

Results

Study selection

We obtained 4,465 publications from the literature search 
and three additional records from conference proceedings. 
After abstract review and removal of duplicates, 21 
potentially relevant articles were selected 22 for full text 
screen. A further 15 trials were excluded: two trials included 
patients with EGFR mutation, three did not recruit patients 
from East Asia, two did not have a distinct East Asia or 
Asia regional subgroup, and eight others lacked regional 
subgroup data. Figure 1 shows the seven RCTs included in 
the final analysis (22-29). Out of these seven studies, two of 
them included updated subgroup results from conference 
presentations, namely both OS and PFS in IMpower 
132 (22) and CheckMate-078 (29). The remaining five 
published their most updated results in journals, namely 
PFS in CheckMate-227 (24), OS in KEYNOTE-042 (25),  
both OS and PFS in KEYNOTE-407 (26), both OS and 
PFS in JAVELIN Lung 200 (23), as well as both OS (27) 
and PFS (28) in KEYNOTE-024. Of note, although 
CheckMate-227 published updated OS results in November 
2019, there was no available regional subgroup data (30). 
Also, although KEYNOTE-042 reported the final OS 
analysis after 6 additional calendar months of follow-up at 
the European Lung Cancer Congress 2019 (31), the regional 
subgroup information was incomplete and insufficient for 
analysis. Hence, we used the preliminary but complete data 
from the original paper for KEYNOTE-042 (25). 

In view of the rapidly expanding literature, we also created a 
“watch-list” of ongoing trials that recruited patients from East 
Asian countries, available in Table S3 (32-40).

Study characteristics

The study characteristics are presented in Table 1. All 
trials were Phase III involving patients with advanced 
stage NSCLC (Stage IIIB or Stage IV or recurrent) 
without EGFR mutation. The median follow-up time 
was about 11 months, with the longest follow-up being 
KEYNPTE-024 OS (27) with 25.2 months and the shortest 
being KEYNOTE-407 with 7.8 months (26). In terms 
of choice of inhibitor, there were four trials using PD-1 
inhibitors: one on nivolumab, CheckMate-078 (29) and 
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three on pembrolizumab, KEYNOTE-024, 042 and 407 
(25-28). There were two trials using PD-L1 inhibitors: one 
on atezolizumab, IMpower 132 (22) and one on avelumab, 
JAVELIN Lung 200 (23). There was also one trial using 
a combination of PD-1 inhibitor nivolumab and CTLA-4 
inhibitor ipilimumab, CheckMate-227 (24).

A total of 5,465 patients (median age 64 years, consistent 
across studies) were included, of which 1,740 (32%) were 
East Asians and 3,725 (68%) were non-East Asians. Most 
trials consisted of predominantly non-East Asian patients 
except CheckMate-078 (29), which had a predominantly 
Chinese population. The non-East Asia category is a 
heterogeneous group that consists of the sum of different 
original regional classifications adopted by the trials, which 
sometimes overlap, such as non-East Asia (56%), United 

States and Western Europe (3%), Rest of the world (3%) 
and Europe (3%) (Table S1 and Figure S1). Six trials provided 
regional subgroup data on OS (5,166 patients) and six trials 
on PFS (2,774 patients). Stratified randomisation by region 
was conducted in three trials, namely KEYNOTE-024, 
KEYNOTE-042, and KEYNOTE-407 (25-28).

In terms of outcomes reported, most of the trials 
reported superior outcomes, be it PFS and/or OS, for 
ICIs over chemotherapy. However, IMpower 132 reported 
superiority of atezolizumab combined with chemotherapy 
in PFS but not in OS (22). KEYNOTE-042 reported 
superiority of pembrolizumab monotherapy in OS but not 
in PFS (25). In addition, JAVELIN Lung 200 reported 
that the use of anti-PD-L1 avelumab was not superior to 
chemotherapy for both OS and PFS (23).
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Figure 1 PRISMA flow diagram for the meta-analysis.
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Quality assessment (Risk of bias)

All trials included random sequence generation and 
allocation concealment (except unreported information in 
one trial) to reduce selection bias (Figure S2). However, six 
trials did not blind the treatment allocation to participants 
and personnel, leading to a higher risk of performance 
bias. Blinding of outcome assessment was implemented in 
a total of four trials, but not in the remaining three trials, 
leading to risk of detection bias. All trials were at low risk of 
attrition and reporting bias. The funnel plots for both OS 
(Figure S3A) and PFS (Figure S3B) are largely symmetrical, 
indicating minimal publication bias. 

Quantitative analysis

In the six studies that reported OS, the statistical 
heterogeneity was low in both the East Asian group (I2=0%) 
and the non-East Asian group (I2=0%) (Figure 2A), compared 
with chemotherapy, ICIs showed an improvement in OS in 
both East Asians [HR, 0.74; 95% confidence interval (CI), 
0.65–0.85] and non-East Asians (HR, 0.78; 95% CI, 0.72–
0.85). There was no difference in OS benefit between East 
Asians and non-East Asians (P for interaction =0.55).

In the six studies that reported PFS, there was moderate 
statistical heterogeneity within both the East Asian group 
(I2=67%) and the non-East Asian group (I2=66%) (Figure 2B).  
An improvement in PFS was observed in both East Asians 
(HR, 0.56; 95% CI, 0.40–0.79) and non-East Asians (HR, 
0.69; 95% CI, 0.56–0.85) treated with ICI. There was 
no significant difference in PFS benefit between the East 
Asians and non-East Asians (P for interaction =0.33).

Compared to OS,  the heterogeneity  in PFS is 
much higher. The largest trial included in our study, 
KEYNOTE-042 (25) which reported only OS, recruited far 
more patients (n=2,691) than all the other trials (n=299–578). 
Hence, the heterogeneity in OS is very low (overall I2=0%) 
(Figure 2A). However, for PFS (Figure 2B), the weight 
distribution is more evenly distributed across the various 
trials, including an additional trial CheckMate-227 (24).  
Hence, the heterogeneity in PFS is much higher (overall 
I2=64%). In addition, there is less inter-study variation 
in OS than PFS. In East Asians, the 95% CI for OS was  
0.65–0.85 as compared to that of 0.40–0.79 for PFS. In 
non-East Asians, the 95% CI for OS was 0.72–0.85 as 
compared to that of 0.56–0.85 for PFS. Possible reasons 
include higher risk of assessment bias in PFS analysis, such 
as lack of blinding in most trials and different timings of 

tumour imaging to assess disease progression. 

Subgroup analysis

Line of therapy
Of the eight studies included in the meta-analysis, six 
examined the use of ICI in the first-line setting. Further 
subgroup analysis by the line of treatment for response 
in terms of OS (Figure 3A) did not show any regional 
differences. In first line, both East Asians (HR, 0.65; 
95% CI, 0.47–0.90) and non-East Asians (HR, 0.76; 95% 
CI, 0.69–0.83) saw an improvement in OS, with P for 
interaction =0.37. In second or higher lines, East Asians 
(HR, 0.75; 95% CI, 0.63–0.91) saw a statistically significant 
improvement to their OS, while non-East Asians (HR, 0.93; 
95% CI, 0.73–1.19) did not, although this difference was 
not statistically significant (P for interaction =0.17).

Looking at first line therapy in terms of PFS (Figure 3B), 
East Asians (HR, 0.42; 95% CI, 0.32–0.56) saw a statistically 
significant benefit (P for interaction =0.02) as compared 
to non-East Asians (HR, 0.60; 95% CI, 0.53–0.68). This 
significance was not seen in subsequent lines; both East 
Asians (HR, 0.83; 95% CI, 0.59–1.18) and non-East Asians 
(HR, 1.00; 95% CI, 0.78–1.27) saw a non-statistically 
significant improvement in their PFS.

Type of therapy
Of the included trials, four of them examined ICI 
monotherapy  (CheckMate-78 ,  KEYNOTE-024 , 
KEYNOTE-042, and JAVELIN Lung 200) (23,25,27-29),  
one examined ICI doublet therapy (CheckMate-227) (30),  
and the last two examined ICI in combination with 
chemotherapy (KEYNOTE-407 and IMpower 132) (26,41). 
Further subgroup analysis was performed stratifying by 
whether the trial examined pure ICI (both monotherapy and 
doublet therapy) or ICI in combination with chemotherapy.

In the pure ICI subgroup, both East Asians (HR, 0.76; 
95% CI, 0.67–0.87) and non-East Asians (HR, 0.79; 95% 
CI, 0.71–0.87) saw an improvement to their OS (Figure 4A),  
but there was no difference between the two subgroups  
(P for interaction =0.72). Similarly, in the ICI-chemotherapy 
combination subgroup, the OS was similar between East 
Asians (HR, 0.56; 95% CI, 0.36–0.89) and non-East Asians 
(HR, 0.77; 95% CI, 0.63–0.93), with P for interaction =0.22.

In terms of PFS (Figure 4B), there was suggestion of 
improvement in the pure ICI subgroup for both East Asians 
(HR, 0.64; 95% CI, 0.41–0.99) and non-East Asians (HR, 
0.76; 95% CI, 0.52–1.09), but there was no difference 
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Figure 2 Comparison of regional subgroup difference in OS (A) and PFS (B). 

A

B
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Figure 3 Comparison of regional subgroup difference in OS (A) and PFS (B) according to first versus subsequent lines of therapy. 

A
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Figure 4 Comparison of regional subgroup difference in OS (A) and PFS (B) according to pure ICI versus combination therapy.
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between the two groups (P for interaction =0.57). Similarly, 
in the ICI-chemotherapy combination subgroup, both East 
Asians (HR, 0.45; 95% CI, 0.33–0.61) and non-East Asians 
(HR, 0.62; 95% CI, 0.53–0.71) showed improved PFS with 
no difference between the two groups (P for interaction =0.07).

Discussion

To the best of our knowledge, this is the first meta-analysis 
comparing the outcomes of immunotherapy in patients of 
advanced stage NSCLC from different geographical region. 
Our meta-analysis of seven RCTs showed that East Asian 
and non-East Asian patients responded similarly to ICI 
treatment, with no evidence of difference in the treatment 
effect. Our findings are consistent with a recently-published 
review paper that compared trial-level outcomes between 
studies done in predominant Caucasian populations with 
that in Asian (or Japanese) populations and concluded a 
lack of influence of ethnicity on response rate or survival 
outcomes (42).

There are multiple possible explanations for this. Firstly, 
due to the exclusion of EGFR/ALK mutation, which are 
more prevalent in East Asian patients and associated with 
poorer response to ICI (8,10), the other differences between 
East Asian and non-East Asians were not significant 
enough to cause differential treatment response to ICIs. 
Alternatively, in the absence of the two predominant 
oncogene mutations, other potential predictors such as 
PD-L1 expression, TMB, tumour micro-environment 
and immune cell infiltration could have counteracted one 
another, thus giving East Asians the same response to ICIs 
as their non-East Asian counterparts. In addition, real world 
data has shown that PD-L1 expression is largely similar 
between East Asian and non-East Asian advanced NSCLC 
patients, giving rise to similar response to ICI (43).

Nonetheless, we recognise that there could potentially 
be unevaluated genetic differences between East Asian and 
non-East Asian advanced NSCLC patients that could lead 
to differential response to ICI. A recent analysis by Qian  
et al. using individual patient data from OAK and POPLAR 
(44,45) has shown that Asians with previously-treated 
advanced NSCLC demonstrate longer OS (but not PFS) 
when treated with the PD-L1 antagonist atezolizumab, 
despite characteristics typically associated with lower 
immunogenicity such as a higher prevalence of EGFR 
mutation in Asians and a higher prevalence of smokers with 
higher blood TMB, PD-L1 expression and baseline sum of 
the longest tumour diameters in Whites (46). Qian proposes 

that this could be attributed to racial differences in genomic 
profiles, where the higher prevalence of serine/threonine 
kinase 11 (STK11) mutations in Caucasian patients (47) 
could result in their poorer response. However, the study 
was limited by the relatively small sample size and restricted 
genomic data that did not include deletion or copy number 
variations, and further studies are needed to explore race-
related genetic predictive factors of ICIs. 

Next, it is possible that the small sample size within 
individual studies, with their wide CIs, may bias our results 
towards the null hypothesis (48). However, this is less likely 
because across the seven trials in this study, 32% of the 
patients (n=1,740) are East Asians. Furthermore, our results 
are in line with data from trials with substantial East Asian 
recruitment, such as CheckMate-078 which comprises 
89% East Asians (29). Last but not least, it is possible that 
dilution effect may have occurred due to crossovers, since 
several of the included trials allow crossover between the 
control and experimental arms, and it is plausible that the 
rate of crossover may differ between geographical regions. 
However, we do not have the breakdown of crossover rates 
in East Asians and non-East Asians.

In further subgroup analysis, we noted that the East 
Asians seemed to exhibit better PFS than the non-East 
Asian when it came to first-line ICI therapy with an 
interaction P=0.02 (Figure 3B). However, there was no 
significant regional difference in terms of OS among the 
same trials (Figure 3A). Although this was a pre-specified 
subgroup analysis, the result is limited by the small 
sample size and the lack of strong pre-existing biological 
rationale or correlation between similar survival outcomes. 
Therefore, while it is possible that there is some yet-
unknown mechanism that could explain the difference, it 
is far more likely that this statistical significance is due to 
chance (49).

The strengths of this meta-analysis include the strict 
inclusion criteria that required the comparison between 
immunotherapy and chemotherapy, rather than other 
targeted therapy or combination with radiation therapy, 
among patients with only Stage IIIB or IV NSCLC 
without EGFR mutation, and the rigorous up-to-date 
literature search. In addition, by pooling regional subgroups 
outcomes from individual RCTs, we were able to conduct 
more reliable comparisons where the East Asians and non-
East Asians had been randomised similarly in each trial (50).  
This is superior to comparing outcomes between trials 
conducted in purely one region versus another. Furthermore, 
we reduced inter-study heterogeneity by excluding trials 
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with unclear definition of “Asia”. This is necessary as we 
were unable to obtain individual patient data, we had to 
rely on the original regional classification adopted in each 
trial. Therefore, studies that did not have a pure Asia 
classification were excluded, for example, CheckMate-57 
classified Latin America and Asia together in a subgroup 
called “Rest of the world” (51), while IMpower 131 classified 
Australia together with Asia under “Asia-Pacific” (52).  
We further provided the country of recruitment classified 
under Asia or East Asia, and noted the majority involved 
China, Japan and Korea (Table S2). Our analysis is also 
comprehensive as data was pooled from seven RCTs 
comprising 5,419 patients, with inclusion of trials with 
large number of East Asians like KEYNOTE-42 and 
CheckMate-078 (25,29). As such, we can provide a specific 
yet comprehensive review that is up to date. Our method 
can also be applied to future meta-analysis when more data 
is available from the upcoming trials (Table S3).

This study has several limitations common to most meta-
analysis and subgroup analyses (49). First, it used summary 
data rather than individual patient data. As a result, multiple 
Cox regression analysis to analyse the predictive effect of 
various biological or demographic confounders, such as 
histological subtypes, driver mutations, PD-L1 expression, 
age, sex and smoking status, could not be conducted. 
Second, analysis can only be conducted on published trials, 
thus introducing an inherent positive publication bias, 
since many trials that failed to reach the primary end-point 
of overall improvement in OS and/or PFS do not publish 
their results (53,54). In addition, due to the relatively small 
number of trials available for further stratified subgroup 
analyses, meta-regression was not possible and our further 
subgroup outcomes may not be sufficiently powered to draw 
convincing conclusions (21). Lastly, within the broad East 
Asian versus non-East Asian classification, there are many 
different ethnic groups with different genetic and socio-
environmental make-up. Therefore, we need to exercise 
caution in applying population-level results to individual 
patients. 

Conclusions

In summary, although East Asian advanced NSCLC 
patients possess a different clinical and genetic profile that 
has affected their response to some anti-cancer therapeutics, 
they respond well to CTLA-4 and PD-1/L1 inhibitors. 
However, the limitations of our study and the growing field 
of pharmacoethnicity highlight the increasing need for 

clinical trials in diverse populations to stratify results based 
on region or ethnicity in order to tease out sub-population 
level response to ICI.
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Supplementary

Data sources and searches

Two independent researchers (PS and AYF) conducted a comprehensive literature search in three databases: PubMed-
MEDLINE, Embase and Scopus. The dates searched were from the inception of each database to 20 September 2019.

We also reviewed abstracts and presentations from major conference proceedings in the past 5 years, including American 
Society of Clinical Oncology, World Conference on Lung Cancer and European Society for Medical Oncology from 2013 to 
September 2019.

When there are multiple reports of the same trial, we selected the most recent cohort with the largest sample size for 
analysis.

Differences in opinion were reconciled through discussion and consultation with an independent third party. 
The search terms included: 
•	 (“carcinoma, non-small-cell lung” OR “non-small cell lung cancer” OR “nsclc”);
•	 (“CTLA-4” OR “cytotoxic T-lymphocyte-associated protein 4” OR “PD-1” OR “PD-L1” OR “programmed death 

receptor 1” OR “immune checkpoint inhibitor” OR “ipilimumab” OR “tremelimumab” OR “nivolumab” OR 
“pembrolizumab” OR “atezolizumab” OR “durvalumab”).

The following filters were used in the respective databases

Engine PubMed (21) Embase (21) Scopus (55)

Filter (randomized controlled 
trial[pt] OR controlled 
clinical trial[pt] OR 
randomized[tiab] OR 
placebo[tiab] OR 
drug therapy[sh] OR 
randomly[tiab] OR 
trial[tiab] OR groups[tiab] 
NOT (animals [mh] NOT 
humans [mh])) 
OR meta- analysis [pt] 
OR meta-analys*

'crossover procedure':de 
OR 'double-blind 
procedure':de OR 
'randomized controlled 
trial':de OR 'single-
blind procedure':de OR 
(random* OR factorial* 
OR crossover* OR cross 
NEXT/1 over* OR placebo* 
OR doubl* NEAR/1 blind* 
OR singl* NEAR/1 blind* 
OR assign* OR allocat* OR 
volunteer*):de,ab,ti 
NOT ([animals]/lim NOT 
[humans]/lim)

(INDEXTERMS ("clinical trials" OR "clinical trials as a topic" OR 
"randomized controlled trial" OR "Randomized Controlled Trials as 
Topic" OR "controlled clinical trial" OR "Controlled Clinical Trials" OR 
"random allocation" OR "Double-Blind Method" OR "Single-Blind 
Method" OR "Cross-Over Studies" OR "Placebos" OR "multicenter 
study" OR "double blind procedure" OR "single blind procedure" OR 
"crossover procedure" OR "clinical trial" OR "controlled study" OR 
"randomization" OR "placebo" ) ) OR ( TITLE-ABS-KEY ( ( "clinical 
trials" OR "clinical trials as a topic" OR "randomized controlled trial" 
OR "Randomized Controlled Trials as Topic" OR "controlled clinical 
trial" OR "Controlled Clinical Trials as Topic" OR "random allocation" 
OR "randomly allocated" OR "allocated randomly" OR "Double-Blind 
Method" OR "Single-Blind Method" OR "Cross-Over Studies" OR 
"Placebos" OR "cross-over trial" OR "single blind" OR "double blind" 
OR "factorial design" OR "factorial trial" ) ) ) OR ( TITLE-ABS ( clinical 
trial* OR trial* OR rct* OR random* OR blind* ) )

Study selection and data extraction

We selected all phase II and III Randomized Controlled Trials (RCT) that compared the use of Immune Checkpoint 
Inhibitors (ICI), either as monotherapy or in combination with another ICI or chemotherapy, versus chemotherapy.

The following inclusion criteria were applied with explanations provided for trials that were rejected:
(I)	 RCTs that recruited patients with advanced stage NSCLC (receiving palliative treatment).
The PACIFIC trial (56,57) was excluded as it included patients with Stage III NSCLC who had received prior curative 

chemo-radiotherapy.
(II)	 RCTs evaluating in the treatment arm PD-1 and/or CTLA-4 inhibitors or their combination with ICI or 

chemotherapy.
Trials are excluded if they included in the treatment arm combination of ICI with other targeted therapy, e.g., combination 

of atezolizumab and bevacizumab in the treatment arm in IMpower 150 (58).
(III)	 RCTs comparing ICI with standard chemotherapy.
Trials are excluded if they compared the efficacy of one ICI versus another or different dosing of the same ICI agent, e.g., 



comparison of different duration and dosing of nivolumab treatment in CheckMate-153 (59) and CheckMate-384 (60) 
respectively.

(IV)	 Data available on hazard ratio (HR) for either OS or PFS or both according to regional subgroups in a single trial. 
Trials that did not enroll any patients from East Asian regions were excluded, e.g., IMpower 130 (61), POPLAR (44) and 

CheckMate 17 (62).
Trials that were only conducted within a single country/region were excluded, e.g., Japanese only studies (63,64) or isolated 

report of a single subgroup outcome [Japanese outcome in the OAK study (65)].
Trials that did not provide subgroup data by region despite enrollment from both East Asian and non-East Asian countries 

were excluded, e.g., KEYNOTE-10 (66), KEYNOTE-21G (67,68), KEYNOTE-189 (69), CheckMate-26 (70), ARCTIC (71) 
and a trial evaluating the effect of ipilimumab by Lynch et al. (72).

(V)	 RCT that recruited patients with EGFR/ALK mutation.
CheckMate-57 (51) and OAK (73) were excluded as they included patients with EGFR/ALK mutation and prior treatment 

with tyrosine kinase inhibitors.
(VI)	 RCT that did not have a pure “Asian” regional classification.
CheckMate-57 classified Latin America and Asia together in a subgroup called “Rest of the world” (51), while CA 184-

104 (Govindan et al.) (74) classified Asia under the “Other” category which include Australia and countries in Asia, Eastern 
Europe, or South America. Both trials were excluded.

IMpower 131 (52) and OAK (73) classified Australia and New Zealand respectively with Asia under “Asia-Pacific” and were 
excluded.

(VII)	After the initial submission of our manuscript, we noted additional overall subgroup data of overall survival from the 
MYSTIC trial (75) newly published in April 2020. However, as the trial found both the Asian (HR 0.69; 95% CI, 
0.43–1.09) and non-Asian (HR 0.79; 95% CI, 0.57–1.07) subgroups responded similarly (P for interaction =0.64) to 
durvalumab as compared to chemotherapy, and that it was only published after our writing, we did not include the 
result for analysis. 

Risk of bias assessment

The study quality was assessed using the Risk of Bias tool (20) in Review Manager version 5.3 (RevMan 5.3) software, 
and scored according to the domains of selection bias, performance bias, detection bias, attrition bias and reporting bias. 
Publication bias was evaluated by funnel plots.

Data synthesis and analysis

Null hypothesis: there is no subgroup difference between patients from East Asia (EA) versus non-East Asia (non-EA), in 
terms of survival outcome of using Immune Checkpoint Inhibitors (ICI) as compared to chemotherapy in advanced Non-
Small Cell Lung Cancer (NSCLC).

We extracted the HR and 95% CI for Overall Survival (OS) and Progression Free Survival (PFS) separately for patients 
from all regional subgroups in each study. HR and CIs were log transformed and the corresponding variances obtained for 
calculating the pooled HR.

For studies that had more than two regional subgroups, we combined relevant groups into two big categories i.e., EA and 
non-EA, by using the fixed effect model to obtain a pooled estimate of survival (OS, PFS or both) from relevant regions. The 
fixed effect model was used in view of the general homogeneity within studies.

Then we pooled the HR for OS and PFS from various studies in EA and non-EA subgroups, using random-effect model. 
The log (HR) of each study was weighted by the inverse of its variance.

We used the Q-test to assess between study heterogeneity, which is presented in terms of I2 of heterogeneity.
To test the main hypothesis, we used the test of subgroup differences (chi square test) to determine if the P value of 

interaction was significant between the EA and non-EA subgroups in terms pooled HR for OS and PFS.
Lastly, we conducted further pre-specified subgroup analyses to explore the variation of the effect of region on the 



immunotherapy efficacy by the following variables:
(I)	 Line of therapy: first line vs. subsequent lines;
(II)	 Combination of treatment: pure immunotherapy (either single ICI or double ICI) vs. combination of immunotherapy 

with chemotherapy;
(III)	 Inclusion of patients with EGFR/ALK mutations.
All reported P values are 2-sided. A P value of less than 0.05 was considered to indicate statistical significance. All analyses 

were performed with the RevMan 5.3 software.
A review protocol was created prior to the intervention but not registered online. 
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Table S1 Original regional distribution breakdown by region as described in the study

Trial
Total 

number
Asia

Non-East 
Asia

Rest of the 
world

USA & Western 
Europe

North America Europe Eastern Europe

CheckMate 227 299 53 NA 52‡ NA 30 164 NA

CheckMate 078 504† 451† 53 NA NA NA NA NA

KEYNOTE-024 305 40 265 NA NA NA NA NA

KEYNOTE-042 2,691 805 1,886 NA NA NA NA NA

KEYNOTE-407 559 106 453 NA NA NA NA NA

JAVELIN Lung 200 529 149 NA 132§ 141 NA NA 107

IMpower 132 578 136 442 NA NA NA NA NA

Sum of region 5,465 1,740 3,099 184 141 30 164 107

Percentage of total 100% 32% 57% 3% 3% 1% 3% 2%
†, Chinese, non-Chinese classification; ‡, rest of the world in in CM227 [2018]: Argentina, Australia, Brazil, Chile, Colombia, Israel, Lebanon, 
Mexico, Peru, Turkey and South Africa; §, rest of the world in JAVELIN Lung 200 [2018]: South America and Africa. NA, not applicable.

Figure S1 Original regional classification by trials.



Figure S2 Risk of bias summary.

Figure S3 Analysis of publication bias (funnel plot): OS (A) and PFS (B) in East Asian versus non-East Asian.
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Table S2 Original regional distribution

Trials East Asia or Asia-Pacific* Oceania North/Western Europe Eastern Europe/Middle East North America Latin America Africa

CheckMate 227 Japan, Republic of Korea, Taiwan Australia Austria, Belgium, Finland, France, Germany, Ireland, Italy, 
Netherlands, Spain, Switzerland, UK

Poland, Hungary, Greece, Czech Republic, Israel, 
Lebanon, Turkey, Russian Federation, Romania

USA, Canada Argentina, Brazil, Chile, Colombia, Mexico, 
Peru

South Africa

CheckMate 078 China, Singapore Russian Federation

KEYNOTE-024 Japan Australia, New 
Zealand

Austria, Belgium, France, Germany, Ireland, Italy, 
Netherlands, Spain, UK

Hungary, Israel USA, Canada

KEYNOTE-407 China, Japan, Republic of Korea, Thailand Australia France, Germany, Italy, Netherlands, Spain Hungary, Poland, Turkey, Russian Federation USA, Canada Mexico

KEYNOTE-042 China, Hong Kong, Japan, Malaysia, Philippines, Republic of 
Korea, Taiwan, Thailand, Vietnam

Estonia, Latvia, Lithuania, Portugal, Sweden, Switzerland Czech Republic, Hungary, Romania, Ukraine, Russian 
Federation, Turkey

Canada Argentina, Brazil, Bulgaria, Chile, Mexico, 
Peru, Guatemala, Colombia

South Africa

JAVELIN Lung 200 Japan, Republic of Korea, Taiwan Australia Italy, UK, Belgium, France, Spain, Denmark, Estonia, 
Switzerland, Latvia

Turkey, Romania, Russian Federation, Bulgaria, Croatia, 
Poland, Hungary, Czech Republic

USA Chile, Peru, Colombia, Mexico, Brazil, 
Argentina

South Africa

IMpower 132 China, Japan, Republic of Korea, Malaysia, Taiwan Australia Austria, Belgium, France, Ireland, Italy, Latvia, Lithuania, 
Netherlands, Portugal, Spain, UK

Bulgaria, Hungary, Israel, Romania, Russian Federation, 
Ukraine

USA Argentina, Chile, Peru



Table S3 Upcoming trials that recruited from Asia

Study NCT # Phase
Comparison 

groups
Line Stage

EGFR/ALK 
mutation

PD-L1 
expression

Total 
patients

Primary 
outcome

Estimated 
completion 

date

KeyNote-033 
(40)

NCT02864394 3 Pembrolizumab >1 IIIB/IV or 
recurrent 

None Positive 425 OS, PFS Oct 2020

RATIONALE 
001 (34)

NCT03358875 3 Chemotherapy >1 IIIB or IV None Any 800 OS (2nd: PFS) Dec 2020

Tislelizumab

EMPOWER-
Lung 1 (38)

NCT03088540 3 Chemotherapy 1 IIIB, IIIC, 
IV

None (also 
no ROS1)

≥50% 700 PFS (2nd: OS) Feb 2023

Cemiplimab

EMPOWER-
Lung 2 (36)

EudraCT 2017-
001041-27

3 Pembrolizumab 1 IIIB, IV Any ≥50% 585 PFS Feb 2023

Cemiplimab + 
Ipilimumab

Cemiplimab 
+ Platinum 

chemotherapy

EMPOWER-
Lung 3 (32)

NCT03409614 3 Chemotherapy + 
placebo

1 IIIB, IIIC, 
IV

None (also 
no ROS1)

<50% 810 PFS, OS Feb 2023

Cemiplimab + 
Chemotherapy

Cemiplimab 
+ abbreviated 

chemotherapy + 
Ipilimumab

JAVELIN  
Lung 100 (35)

NCT02576574 3 Chemotherapy 1 IV or 
recurrent

None Positive 1,224 PFS, OS Jun 2020

Avelumab

IMpower  
110 (37)

NCT02409342 3 Atezolizumab 1 IV None TC or IC 
≥1%

554 OS Interim results 
at ESMO 2019

Chemotherapy

PEARL (39) NCT03003962 3 Chemotherapy 1 IV None High 669 OS (2nd: PFS) Jan 2021

Durvalumab

POSEIDON 
(33)

NCT03164616 3 Chemotherapy 1 IV None Positive 1,000 PFS, OS Apr 2021

Durvalumab + 
Chemotherapy

Chemotherapy 
+ Durvalumab + 
Tremelimumab
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