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ABSTRACT
Background: Subgroup analysis of clinical trials of PD-1/PD-L1 inhibitors have reported ethnic differences 
in outcomes. We systematically collected published data and performed a meta-analysis to compare 
therapeutic efficacy in Asian and non-Asian patients receiving PD-1/PD-L1 inhibitors.
Methods: Eligible studies included phase II and III prospective clinical trials with available subgroup data 
on Asian versus non-Asian populations. Overall survival (OS) and progression-free survival (PFS) were used 
to evaluate differences in outcome between Asian versus non-Asian cancer patients.
Results: A total of 11,020 cancer patients from 19 prospective randomized controlled clinical trials were 
included. The overall estimated HR for OS was 0.69 with 95% CI of 0.61–0.77 in Asian versus 0.82 with 95% 
CI of 0.77–0.88 in non-Asian patients. The estimated hazard ratio (HR) for PFS measured 0.54 (95% CI, 
0.32–0.76) and 0.69 (95% CI, 0.54–0.85) in Asian and non-Asian patients, respectively. Pooled ratios of OS 
HRs and PFS HRs reported in Asian versus non-Asian cancer patients were 0.84 (95% CI, 0.75–0.94) and 
0.78 (95% CI, 0.59–0.97), respectively.
Conclusions: This meta-analysis shows for the first time that Asian cancer patients have a significantly 
improved survival benefit than non-Asian patients receiving PD-1/PD-L1 inhibitor-based therapy.
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Introduction

Treatment modalities for cancer have undergone a drastic evolu-
tion changing from conventional drugs targeting the tumor itself 
to immune checkpoint inhibitors (ICIs) that typically modulate 
T-cell function, targeting relevant mechanisms of immuno- 
resistance, including inhibitory molecules.1,2 The often- 
impressive efficacies of these anti-PD-1/PD-L1 agents have been 
tested across various cancer types.3

Generally, clinical trials for approval are conducted in wes-
tern countries first and then evaluated in other ethnicities 
subsequently. Drug efficacy and toxicity vary greatly among 
different ethnicities for a variety of both known and unknown 
reasons. Among the drugs approved by the Food and Drug 
Administration (FDA), more than 20% reported ethnic differ-
ences in pharmacokinetics, safety, efficacy or pharmacoge-
nomics .4 Ethnic differences in treatment response in the field 
of oncology are also known .5 A meta-analysis compared ethnic 
differences in survival of advanced stage non-small cell lung 
cancer (NSCLC) patients receiving chemotherapy, and found 
that ethnic differences exist in terms of both survival and 
response rate, 6 and of course other treatments such as anti- 
EGFR therapeutics have effects based on differences of muta-
tion/deletion prevalence.

Some clinical trials involving only Asian patients have 
reported a numerical longer PFS and OS than likewise 
designed trials in Caucasian patients. Due to different enroll-
ment criteria and patient baselines amongst clinical trials, 
direct comparisons of median survival times and hazard ratios 
may not lead to correct conclusions. For example, an expan-
sion cohort of Chinese subgroup in KEYNOTE-407 study has 
a longer survival data than the entire patient population.7 

However, in KEYNOTE-407, there is no allocation of α value 
and statistical comparisons for the Chinese sub-group, so data 
differences are only numerical and may not have significance. 
Researchers have understandably questioned whether Asian 
patients have a better prognosis than non-Asian patients 
receiving immune checkpoint inhibitors (ICIs).8 Data are 
mixed and some clinical studies reported subgroup efficacies 
regarding ethnic differences in ICI treatment, but no compre-
hensive analysis is available at present. We propose here that 
pooled analyses of subgroup results of Asian versus non-Asian 
efficacy of the studies could provide a better understanding on 
the potential efficacy difference in Asian versus non-Asian 
cancer patients receiving PD-1/PD-L1 inhibitor. We system-
atically collected available published data and performed 
a study-level meta-analysis to compare efficacy outcomes in 
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Asian versus non-Asian cancer patients enrolled in clinical 
trials of PD-1/PD-L1 inhibitors.

2. Materials and methods

2.1. Search strategy

A literature search was conducted using the following electro-
nic databases, including PubMed, Embase, and Cochrane data-
bases. The upper date limit of Feb 29th, 2020 was applied, with 
no lower date limit. Our search strategy included the following 
Medical Subject Headings (MeSH) terms and keywords: “can-
cer”, “tumor”, “PD-1”, “programmed death receptor 1”, “PD- 
L1”, “programmed death-ligand 1”, “nivolumab”, “pembroli-
zumab”, “avelumab”, “durvalumab”, “atezolizumab” and 
“cemiplimab”. Searches were performed using the filter “clin-
ical trial”. We also reviewed abstracts and presentations from 
conference proceedings, including American Society of 
Clinical Oncology (ASCO), World Conference on Lung 
Cancer (WCLC), European Society for Medical Oncology 
(ESMO), European Lung Cancer Conference (ELCC), 
American Association for Cancer Research (AACR). The refer-
ences cited by the included studies were also used to complete 
the search.

2.2. Study selection

Eligible criteria for inclusion in this meta-analysis were:1 pro-
spective phase II and III randomized controlled clinical trials 
(RCTs) in patients with metastatic solid cancer;2 random 
assignment of participants to treatment group containing 
PD-1 or PD-L1 inhibitor to a non- PD-1/PD-L1 inhibitor;3 

the language was restricted in English;4 subgroup data available 
regarding Asian versus non-Asian population, and5 in cases of 
duplicate publications, only the most complete, recent and 
updated report of the clinical trial were also included. Review 
articles, non-randomized trials, and observational studies, 
non-English studies were excluded from the analysis. Phase 
I trials and single arm trials were omitted due to lack of 
controls. The selection process is shown in Figure 1.

Studies involving use of ICIs in hematologic malignancies 
were excluded. Abstracts of all candidate articles were read by 
two independent readers (LP and BDQ). Articles that could not 
be categorized based on title and abstract alone were retrieved 
for full-text review. Disagreements were resolved by consensus 
between two authors. To determine the issue of multiple pub-
lications from the same data sets, we confirmed clinical trial 
information such as the trial number and the time period of 
patient recruitment of the articles. Two further authors inde-
pendently assessed the eligibility of the articles and abstracts 
identified by the search, and discrepancies were resolved by 
consensus.

2.3. Data extraction

Meta-analysis was performed based on outcomes coming from 
the included studies. Data extracted from eligible studies 
including the following items: study name, year of publication, 
publication source, tumor type, number of patients, treatment 

line, phase of trial, sample size, treatment arm and control arm. 
In the case of trials that did not include survival subgroup 
analysis by Asian versus non-Asian, we reviewed each pub-
lished trial’s supplement. If data from any of the above cate-
gories were not reported in the study, items were treated as NR 
(not reported). The primary variables of interest were HRs with 
95% confidence intervals (CIs) for OS or PFS in Asian and 
non-Asian patients.

2.4. Quality assessment of primary studies

The Jadad scoring system was used to assess the methodologi-
cal quality of the included studies to evaluate the quality of 
factors. This provides a summary numeric quality score with 
a range of 0–5. Two authors (LP and BDQ) checked and 
confirmed the final results, and any disagreements were 
resolved by consensus with a third-party author (SX).

2.5. Statistical analysis

The primary endpoint of this study-level meta-analysis was the 
ratio of the HR for OS and PFS in Asian patients to the same 
HR in non-Asian patients, which showed the difference in 
efficacy of PD-1/PD-L1 inhibitor-based therapy between 
Asian versus non-Asian patients. Altogether, three meta- 
analyses were conducted. The first meta-analysis calculated 
the pooled HR for OS and PFS in the total population of the 
included studies. The second meta-analysis focused on the 
efficacy of PD-1/PD-L1 inhibitor-based therapy in Asian and 
non-Asian cancer patients, respectively. The third meta- 
analysis focused on the difference in efficacy of PD-1/PD-L1- 
based therapy versus control arm between patients in Asian 
versus non-Asian patients based on the pooled trial-specific 
ratios of HRs. We calculated the ratio of HR from each study 
based on the HR reported of Asian versus non-Asian cancer 
patients. Then, we combined the trial-specific ratios of HRs 

Figure 1. Selection process for the trials included in the meta-analysis.
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across trials using a fixed-effects model.9,10 If the pooled-HR 
ratio was <1, it indicated a better treatment effect in Asian 
patients; if it was >1, it showed a better treatment effect in non- 
Asian patients.

Between-study heterogeneity was estimated using the χ2- 
based Q statistic .11 Heterogeneity was considered statistically 
significant when P < .10 or I2 > 50%. In the absence of hetero-
geneity, a fixed effects model was used. If heterogeneity existed, 
data were analyzed using a random effects model. To calculate 
the pooled hazard ratio, an inverse variance statistical method 
with a standard P < .05 considered significant. To assess the 
stability of results, sensitivity analysis was carried out by 
sequential omission of individual studies. The presence of 
publication bias was evaluated by using the Begg’s and 
Egger’s tests.12,13 All calculations were performed by STATA 
version 14.0 (Stata Corporation, College Station, TX).

3. Results

3.1. Study selection and characteristics

Our search strategy yielded a total of 1,975 potentially relevant 
articles. After initial exclusion of duplicate and non- 
randomized studies, 19 original studies were considered eligi-
ble for the meta-analysis, comprising 11,020 patients for final 
analysis (Figure 1). The major baseline characteristics of the 19 
eligible studies were represented in Table 1, all of which being 
phase III clinical trials. Thirteen of them were involved with 
first-line treatment, and the rest 6 trials were performed 
at second or later lines. Studies involving anti-CTLA4 were 
excluded.

All 19 RCTs investigated the efficacy of PD-1/PD-L1 inhibi-
tors in cancer. Ten studies focused on a PD-1 inhibitor, while the 
other 9 focused on a PD-L1 inhibitor. Nine RCTs were con-
ducted in patients with NSCLC, 4 RCTs in gastric cancer, 2 
RCTs with small-cell lung cancer (SCLC), 1 RCT in head and 
neck cancer, 1 RCT in breast cancer, and 1 RCT in hepatocellular 
carcinoma (HCC). Thirteen RCTs compared the efficacy of PD- 
1/PD-L1 against control group in cancer, and 5 RCTs compared 
immunotherapy plus chemotherapy with control, and 1 RCT 

compared PD-1 plus CTLA-4 inhibitor. The sample size of the 
included studies ranged from 204 to 1,274 patients (median 
sample size, 585 patients). The studies were published between 
2016 and 2020. Studies were chosen and systemically reviewed in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.32 The Jadad 
scores ranged from 3 to 5. No trial received a low-quality Jadad 
score (i.e., 1–2), validating our selection criteria.

3.2. Pooled HRs for PD-1/PD-L1 inhibitors in the overall 
patient population

Sixteen and 6 studies investigated the efficacy in terms of OS and 
PFS of PD-1/PD-L1 inhibitor monotherapy or combination 
stratified by Asian versus non-Asian, respectively. The HR of 
the individual studies and the combined results based on the 
random-effects models are summarized in Figure 2. The ratios 
presented compare PD-1/PD-L1 inhibitor-based therapy against 
control arm in the total population. The overall estimated, ran-
dom-effects HR for OS is 0.79 with 95% CI of 0.72–0.86 with 
significant heterogeneity (I2 = 57.9%, P = .002, Figure 2a). Based 
on the selected trials, there is evidence of a statistically significant 
21% reduction in the hazard of death with PD-1/PD-L1 inhibi-
tor-based therapy compared with control. In Asian patients, the 
meta-analysis showed that PD-1/PD-L1 inhibitor-based therapy 
could decrease the risk of death of Asian patients by 31%, and the 
pooled HR for PFS was 0.69 (95% CI 0.61–0.77) without hetero-
geneity (I2 = 23.0%, P = .193; Figure 2b). Similarly, in non-Asian 
patients, the analysis demonstrated that PD-1/PD-L1 inhibitor- 
based therapy could decrease the risk of death by 18% 
(HR = 0.82; 95% CI, 0.77–0.88; Figure 2c) without heterogeneity 
(I2 = 28.9%, P = .134).

The HR for PFS of the individual studies and the combined 
results based on the random-effects models are summarized in 
Figure 3. The overall estimated, random-effects HR is 0.72 with 
95% CI of 0.55–0.90 (Figure 3a). Based on the selected trials, 
there is evidence of a statistically significant, 28% reduction in the 
hazard of a PFS event with PD-1/PD-L1 compared with control 
arm. In consistent with OS, the analysis also demonstrated that 
PD-1/PD-L1 inhibitor-based therapy could significantly prolong 

Table 1. Main characteristics and results of the eligible studies.

No. Study Year Title Sample End Line Phase Tumor Drug Treatment Comparator

1 CheckMate 14114 2016 NEJM 361 OS 2 3 Head & Neck Nivolumab ICI Chemo
2 KEYNOTE-02415 2016 NEJM 305 OS, PFS 1 3 NSCLC Pembrolizumab ICI Chemo
3 PACIFIC16 2017 NEJM 709 OS 1 3 NSCLC Durvalumab ICI Placebo
4 CheckMate 227-Part 1a17 2018 NEJM 299 PFS 1 3 NSCLC Nivolumab+Ipilimumab ICI+ICI Chemo
5 IMPassion13018 2018 NEJM 451 PFS 1 3 Breast Atezolizumab ICI+Chemo Chemo
6 IMpower13219 2018 WCLC 578 PFS 1 3 NSCLC Atezolizumab ICI+Chemo Chemo
7 JAVELIN Gastric 30020 2018 Ann Oncol 459 OS, PFS 3 3 Gastric Avelumab ICI Chemo
8 JAVELIN Lung 20018 2018 Lancet Oncol 792 OS 2 3 NSCLC Avelumab ICI Chemo
9 KEYNOTE-06121 2018 Lancet Oncol 592 OS 2 3 Gastric Pembrolizumab ICI Chemo
10 KEYNOTE-40722 2018 NEJM 559 OS, PFS 1 3 NSCLC Pembrolizumab ICI+Chemo Chemo
11 CASPIAN23 2019 Lancet Oncol 268 OS 1 3 SCLC Durvalumab ICI+Chemo Chemo
12 CheckMate 33124 2019 ESMO-IO 547 OS 2 3 SCLC Nivolumab ICI Chemo
13 CheckMate 45925 2019 ESMO 743 OS 1 3 HCC Nivolumab ICI VEGFR TKI
14 IMpower110-TC3/IC326 2019 ESMO-Asia 204 OS 1 3 NSCLC Atezolizumab ICI Chemo
15 IMpower131-B vs C27 2019 WCLC 683 OS 1 3 NSCLC Atezolizumab ICI+Chemo Chemo
16 KEYNOTE-04228 2019 ELCC 1274 OS 1 3 NSCLC Pembrolizumab ICI Chemo
17 KEYNOTE-06229 2019 ASCO 763 OS 1 3 Gastric Pembrolizumab ICI Chemo
18 KEYNOTE-18130 2019 ASCO-GI 628 OS 2 3 Esophageal Pembrolizumab ICI Chemo
19 JAVELIN Gastric 10031 2020 ASCO-GI 805 OS 2 3 Gastric Avelumab ICI Chemo/Placebo

Summary table of studies included in the meta-analysis. Abbreviations: Chemo, chemotherapy; ICI, immune checkpoint inhibitor; TKI, tyrosine kinase inhibitor.
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PFS in Asian and non-Asian cancer patients (HR = 0.54; 95% CI 
0.32–0.76 for Asian and HR = 0.69; 95% CI, 0.54–0.85 for non- 
Asian patients, respectively) (Figure 3b,c).

3.3. Pooled HR ratios for patients in Asian versus 
non-Asian patients

The pooled ratio of OS HRs reported in Asian cancer 
patients versus non-Asian patients in each trial was 0.84 
(95% CI, 0.75–0.94) (Figure 4a). This indicated a greater 
OS benefit from PD-L1/PD-L1-based therapy compared 
with control. The same results could also be observed in 
the PFS HR ratio: the pooled ratio was 0.78 (95% CI, 
0.59–0.97) (Figure 4b), suggesting a greater benefit from 
PD-1/PD-L1-based therapy between Asian versus non- 
Asian cancer patients. When grouped according to tumor 
type and PD-1/PD-L1 drug, a similar trend was observed 
in lung cancer and other tumor types, as well as different 
PD-1/PD-L1 drugs (Figure 4c,d).

3.4. Sensitivity analysis

We performed sensitivity analyses to examine the stability and 
reliability of the pooled HRs by sequential omission of indivi-
dual studies. Our results of OS and FPS are statistically stable 
(Figure 5a,b).

3.5. Publication bias

Begg’s funnel plot and Egger’s test were performed to evaluate 
the publication bias of the eligible studies. Altogether, 16 and 6 
studies investigating OS and PFS yielded an Egger’s test scores 
of P = .860 and P = .594, respectively, indicating the absence of 
publication bias in the studies (Figure 6a,b).

4. Discussion

The majority of clinical trials of ICIs have been undertaken in 
Caucasians patients, by understandable virtue of the fact they 
are performed in English-speaking countries. Clinical trials of 
multiple races usually included a small portion of Asian 
patients, and results were calculated for the intent-to-treat 
cohort without any ethno-specific conclusions. Due to the 
unique biology of the host and the tumors from different sub- 
populations, it is critical to confirm a given therapy fits all 
relevant patient populations in the real world.33

One study investigated population-based differences in the 
outcome of metastatic NSCLC, and found that Asian population 
had a better adjusted OS in the stage IV lung cancer patients.34 

Intriguingly, it is also reported that adverse events between 
ethnicities exist, such as the tyrosine kinase inhibitors.35 

Nowadays, use of anti-PD-1/PD-L1 agents in Asian populations 
have been gradually increased, for both domestically trialed 
molecules and the larger international pharmaceutical ones. 

Figure 2. Hazard ratios of OS in patients receiving PD-1/PD-L1 inhibitor-based therapy versus control in the overall population, Asian and non-Asian patients. Each study 
is shown by the name of the study name and year of publication. For each trial the position of the square denoted the value of HR, horizontal lines represent 95% CI, and 
diamond plot represents overall results of the included trials. Plots are arranged as follows: (a) HR of OS in the entire population; (b) HR of OS in Asian patients; (c) HR of 
OS in non-Asian patients.

Figure 3. Hazard ratios of PFS in patients receiving PD-1/PD-L1 inhibitor-based therapy versus control in the overall population, Asian and non-Asian patients. Each 
study is shown by the name of the study name and year of publication. For each trial the position of the square denoted the value of HR, horizontal lines represent 95% 
CI, and diamond plot represents overall results of the included trials. Plots are arranged as follows: (a) HR of PFS in the entire population; (b) HR of PFS in Asian patients; 
(c) HR of PFS in non-Asian patients.
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Subgroup analysis such as this provides timely information 
whether different ethnic groups have similar survival trend of 
the entire population receiving immunotherapy.

The present meta-analysis has combined 19 publications, all 
of which are randomized controlled phase III trials. The first 
and second meta-analysis investigated the survival benefit of 

Figure 4. Ratio of OS HR (a) and PFS HR (b) between Asian and non-Asian cancer patients. Ratio of OS HR subgroup analysis of tumor type (c) and PD-1/PD-L1 drug (d).

Figure 5. Sensitivity analysis. (a) Sensitivity analysis of HR ratios of OS; (b) Sensitivity analysis of HR ratio of PFS.
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entire population, Asian and non-Asian populations in terms 
of OS and PFS. Both ethnic groups benefit from PD-1/PD-L1- 
based therapy compared with control group. However, pooled 
analyses HRs of Asian and non-Asian group cannot be com-
pared directly. Therefore, the third meta-analysis compared the 
ratio of HRs of each study in terms of subgroup HR benefit. 
These data demonstrated that compared with non-Asian popu-
lation, Asian cancer patients have an improved OS and PFS 
benefit receiving immunotherapy. Ratio of HRs of Asian versus 
non-Asian patients in terms of OS and PFS benefits are similar, 
indicating a consistent survival advantage. When the OS ben-
efit was grouped according to tumor type and drug, different 
tumor type and different PD-1/PD-L1 inhibitor have a similar 
trend of OS benefit.

A study compared Asian versus non-Asian patients from 11 
metastatic NSCLC trials which were submitted to FDA and 
found that Asian patients of metastatic NSCLC patients have 
a better survival than non-Asian patients, which corresponded 
to our meta-analysis.36 Other than clinical trials, real-world 
studies have confirmed the benefit of Asian versus non-Asian 
patients receiving PD-1/PD-L1 patients. Real-world data of 
nivolumab in Asian population have a higher ORR than non- 
Asian cohorts.37-39 However, due to different baseline and 
other confounding factors, the numerical data again cannot 
be compared directly and of course one would caution inter- 
trial comparisons for this reason, thus necessitating our meta- 
analysis.

Although the exact mechanisms underlying the reasons why 
Asian populations might benefit more from immunotherapy 
are unclear, there are several possible explanations. An ancil-
lary analysis of individual patient data in the OAK and 
POPLAR studies suggested that baseline characteristics and 
genetic mutations may account for the differences of outcome 
for Asian and non-Asian patients receiving atezolizumab.40 

Ethnic differences in somatic mutations such as STK11, TP53 
and EGFR were associated with treatment responses or survi-
val. For example, the mutation rate of STK11 differs among 
Asian (1.6%) and non-Asian patients (12.3%), which was 
reported previously to affect efficacy of ICI.41,42 Therefore, in 
NSCLC patients receiving atezolizumab, different clinic- 
pathologic features including tumor mutation profiles may 

explain the ethnic differences of efficacy though we are una-
ware of an “Asian signature”. Other purported mechanisms 
center round previous studies which have reported that PD-1 
antibody clearance was a predictor of OS in several cancers .43 

According to population PK analyses, ethnicity (Asian vs 
Caucasian) is a key factor that may affect antibody 
clearance44 but others have suggested that efficacy in different 
ethnicities are unrelated to antibody clearance.45

In our meta-analysis, we did not rule out the studies of non- 
significant trials, because treatment effects may still not be 
homogeneously absent across the study population.44 

However, the overall type I error could be substantially 
inflated. Further subgroup analyses of clinical trials are needed, 
as multiple distinct mechanisms could underscore reasons why 
Asian populations benefit more. Questions include whether 
this benefit relates to tumor type, PD-L1 expression and gene 
mutation profiling, amongst others. Other than reporting sub-
group analysis data, clinical trials should also report interaction 
P values. Furthermore, underlying factors from individual 
patient data would give information of cofounding factors of 
different ethnic groups.

This is the first meta-analysis of racial disparities of efficacy 
in cancer patients receiving PD-1/PD-L1 inhibitor. Our meta- 
analysis has several limitations. First, the meta-analysis was 
based on published literature, not individual patient data. It is 
not possible for us to adjust for baseline factors and other 
differences existed among the clinical trials from which the 
data were pooled. Second, this meta-analysis aims to investi-
gate if there is an overall benefit for Asian patients regardless of 
tumor type, however, published data are still limited other than 
lung and gastric cancer. In our meta-analysis, the clinical 
studies included only 2 SCLC trials, 1 head and neck, 1 breast, 
1 HCC and 1 esophageal cancer. Due to limited trials in certain 
tumor types or histologies, further subgroup analysis is not 
possible. Third, in the original studies, ethnicity was self- 
reported, and there were no standardized definitions across 
trials. Some trials defined ethnicity based on country or region 
of accrual, which were analyzed according to primary study 
subgroup information.

In summary, our meta-analysis is the first study to system-
atically estimate the efficacy associated with racial difference in 

Figure 6. Publication bias. (a) Begg’s funnel plot of HR ratios of OS; (b) Begg’s funnel plot of HR ratio of PFS.
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cancer patients receiving PD-1/PD-L1 inhibitor. Our data 
showed that Asian patients was associated with a higher OS 
and PFS benefit compared with non-Asians.
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