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ABSTRACT

Introduction: The available approved anticancer drugs for
Chinese patients are relatively limited because of China’s
low participation rate in international clinical trials.
Therefore, a focus on approved anti–programmed cell death
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1)
drugs in China is needed. This study aims to assess the
heterogeneity of anti–PD-1/PD-L1 antibodies manufactured
in China (domestic PD-1/PD-L1) and overseas (imported
PD-1/PD-L1) when combined with chemotherapy as the
first-line treatment of NSCLC.

Methods: A systematic search was performed using PubMed,
EMBASE, and Cochrane Library of publications up to July 13,
2023. Meta-analysis was applied to compare the efficacy and
safety profile between anti–PD-1/PD-L1 antibodies plus
chemotherapy (PD-1/PD-L1þChemo) and chemotherapy
alone using STATA software. Pooled hazard ratios for
progression-free survival and overall survival, odds ratios for
objective response rate, and incidence rate of grade greater
than or equal to three treatment-related adverse events with
95% confidence intervals were calculated in the domestic
group and imported group by a random-effects model, and the
heterogeneity between the two estimates was assessed.

Results: There were 14 eligible clinical studies with a total
of 3951 patients involved in this analysis, including eight
studies of domestic PD-1/PD-L1þChemo and six studies of
imported PD-1/PD-L1þChemo. The study revealed that
there was no significant difference between domestic and
imported PD-1/PD-L1þChemo in overall survival (p ¼ 0.80),
progression-free survival (p ¼ 0.53), and incidence rate of
grade greater than or equal to three treatment-related
adverse events (p ¼ 0.10). Nevertheless, the objective
response rate of imported PD-1/PD-L1þChemo was
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significantly higher than that of domestic PD-1/PD-
L1þChemo (p ¼ 0.03).

Conclusions: Domestic anti–PD-1/PD-L1 antibodies plus
chemotherapy were found to have comparable efficacy and
safety to those combined with imported anti–PD-1/PD-L1
antibodies based on current evidence.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Anti–PD-1/PD-L1 antibody; Non–small cell lung
cancer; Efficacy; Safety; China

Introduction
Lung cancer is still one of the leading causes of cancer

morbidity and mortality worldwide. It is also prevalent in
China, accounting for 29.71% and 22.92% of cancer deaths
for males and females, respectively.1,2 NSCLC is the most
common histologic subtype of lung cancer, contributing to
more than 85% of the cases.3 Owing to the late diagnosis
related to advanced disease and drug resistance, the
prognosis for patients with NSCLC is poor, with a 5-year
overall survival (OS) rate of merely 24%.4 Recently, the
excellent progress in immune checkpoint inhibitors (ICIs)
has resulted in a considerable improvement in patient
outcomes. Among the ICIs, anti–programmed cell death
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) an-
tibodies are the most studied ones. For driver gene-
negative advanced NSCLC, anti–PD-1/PD-L1 treatment
with or without platinum-based chemotherapy as the first-
line strategy has been found to have great benefits.5

Currently, four anti–PD-1/PD-L1 antibodies, nivolumab,
pembrolizumab, atezolizumab, and durvalumab, have been
approved by the China National Medical Products Admin-
istration (NMPA) to treat NSCLC.6 Nevertheless, there is still
a huge unmet need for anti–PD-1/PD-L1 antibodies in this
country owing to its largest population in the world.7 On
the basis of GLOBOCAN 2020, China is estimated to have
approximately 37% of the global annual burden of lung
cancer incidence and 39.8% of lung cancer deaths8

(Supplementary Fig. 1). Despite these, there is lagging ac-
cess of China to cancer drugs caused by a backlog of ap-
plications or delays in the approval process. The obvious
gap in participation rates in international clinical trials be-
tween China and the United States means a lack of clinical
data on Chinese patients in international clinical trials.9 The
unique needs in China related to its specific cancer spec-
trum, ethnic diversity, genetic mutation profile, and clinical
practices were not visible and well presented.10,11

As a result of a series of health care reform policies,
China has seen its drug research and development
accelerate in the past decade.12 Since the launch of the first
domestic PD-1 antibody, toripalimab, at the end of 2018,13

studies on domestic anti–PD-1/PD-L1 drugs in China have
exploded. In NCT03594747, the addition of tislelizumab
improved progression-free survival (PFS) in patients with
squamous NSCLC receiving chemotherapy, which laid the
foundation for its indication in squamous NSCLC.14 Cam-
relizumab, in combination with carboplatin and peme-
trexed, was approved by the NMPA as a first-line therapy to
treat advanced or metastatic NSCLC that is EGFR negative
and ALK negative, based on the phase 3 CameL study.15 To
date, toripalimab, sintilimab, camrelizumab, tislelizumab,
and sugemalimab have been approved by the NMPA for the
treatment of patients with unresectable, locally advanced or
metastatic, non–oncogene-addicted NSCLC.6 The relevant
studies involved only Chinese patients, and the five medi-
cations had not only superior antitumor effects in clinical
trials with manageable adverse effects but also economic
advantages over imported drugs, which are of great sig-
nificance to patients affected by cancer in China. Therefore,
whether domestic drugs’ efficacy is comparable to imported
drugs is a matter of concern. The effective and affordable
domestic medications available in China can benefit more
patients affected by cancer than those imported.

In this study, we focused on anti–PD-1/PD-L1 anti-
bodies available for Chinese patients and assessed the
efficacy and safety profile of the combination treatment
of chemotherapy and anti–PD-1/PD-L1 antibodies
approved by NMPA in the first-line treatment of NSCLC.
Considering the potential ethnic differences that would
affect results, outcome data from Chinese or Asian pa-
tients were retrieved and synthesized to ensure speci-
ficity to the Chinese population.

Methods
This study was conducted following the Preferred

Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guideline (see Supplementary Data 1). The
protocol was registered in the International Prospective
Register of Systematic Reviews database (PROSPERO:
CRD42022347563).
Search Strategy and Selection Criteria
A systematic search of the literature was conducted in

PubMed, Embase, and Cochrane Library up to July 13,
2023. The following keywords were adopted: “non-small-
cell lung cancer, clinical trial, sintilimab, camrelizumab,
tislelizumab, sugemalimab, toripalimab, pembrolizumab,
atezolizumab, nivolumab, durvalumab.” The detailed
search strategies are listed in Supplementary Table 1.

The inclusion criteria for published studies were as
follows: (1) Enrolled patients with histologically or cyto-
logically confirmed NSCLC without known EGFR and ALK
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alteration, having received no previous systemic treatment;
(2) Phase III randomized controlled trials (RCTs)
comparing chemotherapy alone or in combination with
anti–PD-1/PD-L1 antibodies approved by NMPA as first-
line therapy; (3) Reported at least one of the following
clinical outcomes: PFS, OS, objective response rate (ORR),
and the incidence rate of grade greater than or equal to
three treatment-related adverse events (trAEs) for Chinese
or Asian cohort. The exclusion criteria were as follows: (1)
studies only in the form of conference abstracts, posters,
and presentations of ongoing trials; (2) reviews, letters,
case reports, or commentaries; (3) studies of quality-of-life
outcomes or cost-effectiveness analyses only.

Three investigators (QC, KM, and LZ) screened the
identified articles to select studies that meet the eligi-
bility criteria outlined previously. The disagreements
regarding the eligibility of specific studies were resolved
through discussions with the other authors (YG).
Data Collection and Risk of Bias Assessment
Data are extracted using a predefined data extraction

form. The following information was extracted: trial
name, National Clinical Trials identification number,
number of patients, treatment compound, age, gender,
histologic type, PD-L1 expression, Eastern Cooperative
Oncology Group performance status (ECOG PS), smoking
status, and median follow-up time. QC and KM inde-
pendently did the data extraction. Any discrepancies
were resolved through discussion with a third reviewer
(LZ).

The Cochrane risk of bias tool 2.0 was used to assess
the quality of each included study. The risk of bias was
assessed by two investigators (QC and KM) indepen-
dently, and the discrepancies were resolved through
discussion with a third reviewer (LZ).
Statistical Analysis
The primary outcomes of interest were PFS and OS,

and the secondary outcomes were ORR, incidence rate of
all-grade trAEs, and grade greater than or equal to three
trAEs. Hazard ratios (HRs) for PFS and OS, odds ratios
(ORs) for ORR, incidence rate of all-grade trAEs, and
grade greater than or equal to three trAEs with 95%
confidence intervals (CIs) were calculated separately for
domestic anti–PD-1/PD-L1 antibody plus chemotherapy
and imported anti–PD-1/PD-L1 antibody plus chemo-
therapy using a random effects model. We assessed the
differences between-group using a test for heterogeneity
between groups.

Meta-analyses were performed with RevMan (version
5.3), and the effect size was summarized within the forest
plot. Heterogeneity was assessed by Cochrane’s Q test and
the inconsistency test (I2). An I2 value of less than 50%
suggests a low probability of heterogeneity, whereas I2

greater than 50% indicates significant heterogeneity.
The publication bias was evaluated by Egger’s test and

visualized through funnel plots. Predefined subgroup
analyses were performed based on histologic type, PD-L1
expression level, target of intervention agents, blinding of
participants and personnel, and median follow-up dura-
tion. Sensitivity analysis was performed to verify the
stability of results by omitting studies one by one.

Informed Consent Statement
No informed consent is required.

Results
Study Selection and Characteristics

We identified 548 relevant articles by searching
PubMed, Embase, and Cochrane Central databases ac-
cording to the search strategy found in Supplementary
Table 1. After the removal of duplicate records, 303 re-
cords were excluded following a screening of titles and
abstracts. The remaining 24 full-text articles were assessed
for eligibility. Finally, a total of 14 studies involving 3951
patients were eligible for this meta-analysis (Fig. 1). Update
analyses of the incorporated studies were manually
searched to ensure that the latest results were included.

Table 1 and Table 2 reveal the baseline characteristics
of the included studies and patients. All included studies
were phase III RCTs, eight of which evaluated anti–PD-1/
PD-L1 antibodies manufactured in China plus chemo-
therapy (domestic PD-1/PD-L1þChemo) versus chemo-
therapy alone14–26 and six evaluated anti–PD-1/PD-L1
antibodies manufactured overseas plus chemotherapy
(imported PD-1/PD-L1þChemo) versus chemotherapy.27–32

Domestic PD-1/PD-L1 used in eligible studies included
camrelizumab, sintilimab, sugemalimab, tislelizumab, and
toripalimab; imported PD-1/PD-L1 included atezolizu-
mab, pembrolizumab, and durvalumab (Supplementary
Table 2). Of the included studies, five RCTs involved
only patients with squamous NSCLC (CameL-sq, ORIENT-
12, RATIONALE-307, KEYNOTE-407, and IMPOWER-131)
and six RCTs involved only patients with nonsquamous
NSCLC (CameL, ORIENT-11, RATIONALE-304, IMPOWER-
132 with China cohort, IMPOWER-132 with Japan cohort,
and KEYNOTE-189 with Japan cohort), whereas the
remaining three involved mixed histology types
(GEMSTONE-302, CHOICE-01, and POSEIDON).

The details of the bias assessment are found in
Supplementary Figure 2.

Efficacy Analysis
Overall, PD-1/PD-L1þChemo significantly improved

PFS (HR ¼ 0.51, 95% CI: 0.45–0.58, I2 ¼ 55%), OS (HR ¼
0.69, 95% CI: 0.62–0.77, I2 ¼ 29%), and ORR (OR ¼ 2.61,



Figure 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.
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95% CI: 2.21–3.08, I2 ¼ 23%) in comparison to chemo-
therapy (Fig. 2A–C). Domestic PD-1/PD-L1þChemo and
imported PD-1/PD-L1þChemo were found to provide
clinically comparable survival in terms of PFS ([HR ¼ 0.49,
95% CI: 0.45–0.55, I2 ¼ 28%] versus [HR ¼ 0.55, 95% CI:
0.40–0.77, I2 ¼ 70%], test for subgroup difference: p ¼
0.53) and OS ([HR ¼ 0.67, 95% CI: 0.61–0.75, I2 ¼ 0%]
versus [HR ¼ 0.71, 95% CI: 0.50–1.00, I2 ¼ 60%], test for
subgroup difference: p¼ 0.80). Nevertheless, imported PD-
1/PD-L1þChemo yielded better ORR benefits than do-
mestic PD-1/PD-L1þChemo ([OR ¼ 4.01, 95% CI: 2.66–
6.06, I2 ¼ 0%] versus [OR ¼ 2.42, 95% CI: 2.06–2.85, I2 ¼
12%], test for subgroup difference: p ¼ 0.03).
Safety Analysis
As for safety, ICIs added to chemotherapy were

associated with higher toxicity as the OR of the inci-
dence rate of all-grade trAEs and grade greater than
or equal to three trAEs for PD-1/PD-L1þChemo were
3.18 (95% CI: 1.34–7.53, I2 ¼ 0%) (Supplementary
Fig. 3) and 1.43 (95% CI: 1.14–1.81, I2 ¼ 50%)
(Fig. 2D), respectively. There was no significant differ-
ence in the incidence rate of all-grade trAEs and grade
greater than or equal to three trAEs between domestic
and imported immunochemotherapies (all-grade trAEs,
p ¼ 0.98; grade �3 trAEs, p ¼ 0.10). The incidences of
frequently described organ-specific immune-related
adverse events (colitis, hepatitis, pneumonitis, and hy-
pothyroidism)33 in domestic PD-1/PD-L1þChemo and
imported PD-1/PD-L1þChemo were also analyzed
(Supplementary Table 3).

Subgroup Analysis by Histologic Type
For the squamous NSCLC, domestic PD-1/PD-

L1þChemo significantly prolonged PFS (HR ¼ 0.43,
95% CI: 0.37–0.52, I2 ¼ 44%) and OS (HR¼ 0.65, 95% CI:
0.53–0.80, I2 ¼ 36%). Similar improvements were
observed with imported PD-1/PD-L1þChemo in PFS
(HR ¼ 0.48, 95% CI: 0.25–0.94, I2 ¼ 77%) but not in OS
(HR ¼ 0.74, 95% CI: 0.26–2.16, I2 ¼ 87%) (Fig. 3A and B).



Table 1. Baseline Characteristics of Included Studies

Trial Name Registered ID Blinding

Number
(Treatment/
Control) Histology Intervention Arm Control Arm

Median
Follow-Up
Time (Month)

CameL-sq NCT03668496 Double-blind 389 (193/196) Squamous Camrelizumab þ chemotherapy Chemotherapy 13.5 for PFS and 23.7
for OS

CameL NCT03134872 Open-label 412 (205/207) Nonsquamous Camrelizumab þ chemotherapy Chemotherapy 11.9 for PFS and 19.3
for OS

ORIENT-11 NCT03607539 Double-blind 397 (266/131) Nonsquamous Sintilimab þ chemotherapy Chemotherapy 8.9 for PFS and 22.9
for OS

ORIENT-12 NCT03629925 Double-blind 357 (179/178) Squamous Sintilimab þ chemotherapy Chemotherapy 12.9 for PFS and 8.0
for OS

GEMSTONE-302 NCT03789604 Double-blind 479 (320/159) Nonsquamous (287) Sugemalimab þ chemotherapy Chemotherapy 17.8
Squamous (192)

RATIONALE-304 NCT03663205 Open-label 334 (223/111) Nonsquamous Tislelizumab þ chemotherapy Chemotherapy 9.8
RATIONALE-307 NCT03594747 Open-label 360 (120/119/121) Squamous Tislelizumab þ chemotherapy Chemotherapy 8.6
CHOICE-01 NCT03856411 Double-blind 465 (309/156) Nonsquamous (245) Toripalimab þ chemotherapy Chemotherapy 7.1 for PFS and 16.2

for OS
Squamous (220)

IMPOWER-131 NCT02367794 Open-label 78 Squamous Atezolizumab þ chemotherapy Chemotherapy —

IMPOWER-132 China
cohort

NCT02657434 Open-label 163 (82/81) Nonsquamous Atezolizumab þ chemotherapy Chemotherapy 11.7

IMPOWER-132 Japan
cohort

NCT02657434 Open-label 101 (48/53) Nonsquamous Atezolizumab þ chemotherapy Chemotherapy 17.5 for PFS and 31.7
for OS

KEYNOTE-189 Japan
cohort

NCT02775435 Double-blind 40 (25/15) Nonsquamous Pembrolizumab þ chemotherapy Chemotherapy —

KEYNOTE-407 China
cohort

NCT02775435 Double-blind 125 (65/60) Squamous Pembrolizumab þ chemotherapy Chemotherapy 28.1

POSEIDON NCT03164616 Open-label 251 (123/128) Mix Arm A: Tremelimumab þ
durvalumab þ chemotherapy

Chemotherapy —

Arm B: Durvalumab þ
chemotherapy

PFS, progression-free survival; OS, overall survival.
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Table 2. Patient Characteristics of Included Trials

Trial Name Arm
Age
(Median) Male, n (%)

Smoking Status, n (%) PD-L1 TPS, n (%) ECOG PS, n (%)

Current/Former Never <1% 1%–49% �50% 0 1

CameL-sq Intervention 64 179 (93) 171 (89) 22 (11) 91 (47.2) 58 (30.1) 37 (19.2) 38 (19.7) 155 (80.3)
Control 62 180 (92) 173 (88) 23 (12) 97 (49.5) 49 (25.0) 44 (22.5) 43 (21.9) 153 (78.1)

CameL Intervention 59 146 (71) 127 (62) 78 (38) 49 (23.9) 108 (52.7) 30 (14.6) 48 (23.4) 157 (76.6)
Control 61 149 (72) 130 (63) 77 (37) 69 (33.3) 97 (46.9) 20 (9.7) 36 (17.4) 171 (82.6)

ORIENT-11 Intervention 61 204 (76.7) 171 (64.3) 95 (35.7) 85 (32.0) 74 (27.8) 107 (40.2) 76 (28.6) 190 (71.4)
Control 61 99 (75.6) 87 (66.4) 44 (33.6) 44 (33.6) 26 (19.8) 61 (46.6) 34 (26.0) 97 (74.0)

ORIENT-12 Intervention 64 163 (91.1) 155 (86.6) 24 (13.4) 59 (33.0) 62 (34.6) 58 (32.4) 30 (16.8) 149 (83.2)
Control 62 164 (92.1) 147 (82.6) 31 (17.4) 63 (35.4) 52 (29.2) 63 (35.4) 22 (12.4) 156 (87.6)

GEMSTONE-302 Intervention 62 254 (79) 232 (73) 88 (27) 124 (38.8) 92 (28.8) 104 (32.5) 59 (18.4) 261 (81.6)
Control 64 129 (81) 119 (75) 40 (25) 64 (40.3) 48 (30.2) 47 (29.9) 25 (15.7) 134 (84.3)

RATIONALE 304 Intervention 60 168 (75.3) 147 (65.9) 76 (34.1) 96 (43.0) 53 (23.8) 74 (33.2) 54 (24.2) 169 (75.8)
Control 61 79 (71.2) 66 (59.4) 45 (40.5) 48 (43.2) 27 (24.3) 36 (32.4) 24 (21.6) 87 (78.4)

RATIONALE 307 Intervention 60 107 (89.2) 96 (80.0) 24 (20.0) 48 (40.0) 30 (25.0) 42 (35.0) 31 (25.8) 89 (74.2)
Control 62 111 (91.7) 98 (81.0) 23 (19.0) 49 (40.5) 31 (25.6) 41 (33.9) 32 (26.4) 89 (73.6)

CHOICE-01 Intervention 63 247 (79.9) 213 (68.9) 96 (31.1) 108 (35.0) — — 66 (21.4) 243 (78.6)
Control 61 130 (83.3) 107 (68.6) 49 (31.4) 53 (34.0) — — 36 (23.1) 120 (76.9)

IMPOWER-131 Intervention — — — — — — — — —

Control — — — — — — — — —

IMPOWER-132
China

Intervention 61 60 (73.2) 52 (63.4) 30 (36.6) — — — 22 (26.8) 60 (73.2)

Control 61 59 (72.8) 54 (66.7) 27 (33.3) — — — 22 (27.2) 59 (72.8)
IMPOWER-132
Japan

Intervention 65 31 (64.6) 39 (81.3) 9 (18.8) 13 (27.1) — 7 (14.6) 21 (43.8) 27 (56.3)

Control 66 39 (73.6) 48 (90.6) 5 (9.4) 14 (26.4) — 1 (1.9) 22 (41.5) 31 (58.5)
KEYNOTE-189
Japan

Intervention 64 19 (76) 18 (72) 7 (28) 14 (56) — — 15 (60) 10 (40)

Control 66 12 (80) 12 (80) 3 (20) 6 (40) — — 9 (60) 6 (40)
KEYNOTE-407
China

Intervention 63 62 (95.4) 60 (92.3) 5 (7.7) 25 (38.5) 15 (23.1) 22 (33.8) 20 (30.8) 45 (69.2)

Control 63 57 (95.0) 54 (90.0) 6 (10.0) 23 (38.3) 20 (33.3) 15 (25.0) 11 (18.3) 49 (81.7)
POSEIDON Intervention — — — — — — — — —

Control — — — — — — — — —

PD-L1, programmed death-ligand 1; TPS, tumor cell proportion score; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Figure 2. Pooled results of (A) PFS, (B) OS, (C) ORR, and (D) incidence rate of grade greater than or equal to three trAEs as
per treatment group. CI, confidence interval; HR, hazard ratio; OR, odds ratio; ORR, objective response rate; OS, overall
survival; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival; trAEs,
treatment-related adverse events.
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For the nonsquamous NSCLC, the domestic PD-1/PD-
L1þChemo yielded a statistically significant improve-
ment in PFS (HR ¼ 0.54, 95% CI: 0.48–0.61, I2 ¼ 0%)
and OS (HR ¼ 0.69, 95% CI: 0.59–0.81, I2 ¼ 27%)
compared with chemotherapy, respectively. Similar im-
provements in PFS (HR ¼ 0.53, 95% CI: 0.30–0.92, I2 ¼
68%) and OS (HR ¼ 0.62, 95%CI: 0.42–0.92, I2 ¼ 0%)
were observed with imported PD-1/PD-L1þChemo
compared with chemotherapy alone (Fig. 3C and D).

Furthermore, both domestic and imported immu-
nochemotherapies had clinical comparability to each other
in squamous (PFS, p ¼ 0.77; OS, p ¼ 0.82) and non-
squamous NSCLC (PFS, p¼ 0.92; OS, p¼ 0.63) (Fig. 3A–D).

Subgroup Analysis by PD-L1 Expression Level
In the PD-L1 less than 1% subgroup, pooled HR for

PFS in domestic PD-1/PD-L1þChemo was 0.58 (95% CI:
0.50–0.66, I2 ¼ 0%), whereas in imported PD-1/PD-
L1þChemo was 0.42 (95% CI: 0.22–0.79) (Fig. 4A);
pooled HR for OS in domestic PD-1/PD-L1þChemo was
0.69 (95% CI: 0.58–0.82, I2 ¼ 0%), whereas in imported
PD-1/PD-L1þChemo was 0.50 (95% CI: 0.25–1.00)
(Fig. 4B).
In the PD-L1 1% to 49% subgroup, pooled HR for PFS
in domestic PD-1/PD-L1þChemo was 0.52 (95% CI: 0.45–
0.62, I2 ¼ 20%), whereas in imported PD-1/PD-L1þChemo
was 0.38 (95% CI: 0.17–0.85) (Fig. 4C); pooled HR for OS in
domestic PD-1/PD-L1þChemo was 0.67 (95% CI: 0.55–
0.81, I2 ¼ 0%), whereas in imported PD-1/PD-L1þChemo
was 0.36 (95% CI: 0.15–0.87) (Fig. 4D).

In the PD-L1 greater than or equal to 50% subgroup,
pooled HR for PFS in domestic PD-1/PD-L1þChemo was
0.39 (95% CI: 0.32–0.46, I2 ¼ 0%), whereas in imported
PD-1/PD-L1þChemo was 0.29 (95% CI: 0.14–0.61)
(Fig. 4E); pooled HR for OS in domestic PD-1/PD-
L1þChemo was 0.50 (95% CI: 0.38–0.66, I2 ¼ 0.0%),
whereas in imported PD-1/PD-L1þChemo was 0.44
(95% CI: 0.17–1.14) (Fig. 4F).

No significant difference was observed between do-
mestic and imported immunochemotherapies in all
subgroups (Fig. 4A–F).
Subgroup Analyses by Methodological Factors
There was no significant difference between domestic

and imported immunochemotherapies for other



Figure 3. Pooled analysis of efficacy in different histology types. (A) Pooled HR for PFS in squamous NSCLC cohort. (B) Pooled
HR for OS and in squamous NSCLC cohort. (C) Pooled HR for PFS in nonsquamous NSCLC cohort. (D) Pooled HR for OS in
nonsquamous NSCLC cohort. CI, confidence interval; HR, hazard ratio; OS, overall survival; PD-1, programmed cell death
protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival.
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subgroups, including the target of immune checkpoints,
blinding of participants and personnel, and median
follow-up duration. The detailed results of additional
analyses are found in Supplementary Table 4.
Publication Bias and Sensitivity Analysis
The funnel plots provided in Supplementary Figure 4

and the p value from Egger’s test suggested that no
obvious publication bias existed. Sensitivity analysis
revealed that the results of PFS, OS, ORR, and incidence
rate of grade greater than or equal to three trAEs were
stable (Supplementary Fig. 5A–D).

Discussion
Despite the fact that pembrolizumab, nivolumab,

atezolizumab, and durvalumab were found to have
potent antitumor effects in conclusive clinical trials, it is
important to note that China’s large population of pa-
tients affected by cancer has different economic back-
grounds from those in developed western countries. The
overall cost of cancer therapy is an important, some-
times decisive, factor in patients’ choice of the appro-
priate treatments. Currently, the NMPA has included
camrelizumab, tislelizumab, and sintilimab into the Na-
tional Directory of Medical Insurance, and the overall
costs of domestic PD-1/PD-L1 antibodies are generally
lower than those of the other four drugs mentioned
previously34,35 (e.g., $441.69 per 100 mg for sintilimab
versus $2783.78 per 100 mg for pembrolizumab35).
Thus, these domestic drugs might substantially improve
the situation of cancer therapy and provide more
acceptable choices for Chinese patients.

In this study, we included studies comparing im-
ported or domestic anti–PD-1/PD-L1 antibodies plus
chemotherapy versus chemotherapy for the first-line
treatment of Asian patients with non–oncogene-addic-
ted NSCLC. According to the results from meta-analysis,
we found that both imported and domestic anti–PD-1/
PD-L1 combination treatment regimens were associated
with superior clinical benefits over chemotherapy alone.
Notably, there was no significant difference between
domestic and imported PD-1/PD-L1 combination thera-
pies, with the exception of the ORR. There are several
possible factors that might contribute to the improve-
ment in ORR in the imported group compared with the
domestic group. First, the sample size in the imported
group was relatively small, which may introduce selec-
tion bias and influence the estimation of ORR. Second,
three open-label studies, IMpower-132, Japan cohort in
IMpower-132, and Chinese cohort in IMpower-132, only
reported investigator-assessed ORR, suggesting that
there was potential detection bias. Third, differences in
the prevalence of some baseline characteristics were



Figure 4. Pooled analysis of efficacy in different PD-L1 expression levels. (A) Pooled HR for PFS in the PD-L1 less than 1%
cohort. (B) Pooled HR for OS and in the PD-L1 less than 1% cohort. (C) Pooled HR for PFS in the PD-L1 1% to 49% cohort. (D)
Pooled HR for OS in the PD-L1 1% to 49% cohort. (E) Pooled HR for PFS in the PD-L1 greater than or equal to 50% cohort. (F)
Pooled HR for OS in the PD-L1 greater than or equal to 50% cohort. CI, confidence interval; HR, hazard ratio; OS, overall
survival; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival.
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observed between the Chinese studies and the global
studies. Patients in the Chinese studies had a higher
prevalence of ECOG PS of 1 than in the global studies
(Table 2), which may suggest that patients in the im-
ported group had a lesser disease burden. Besides,
there are unbalanced baseline characteristics between
treatment groups in global studies. In the Japanese
cohort of IMpower-132, the proportion of patients with
high PD-L1 expression (TC3 or IC3) was higher in the
combination therapy arm than in the monotherapy arm
(14.6% versus 1.9%). In the Chinese cohort of KEYNOTE-
407, the proportion of patients with an ECOG PS of 1 was
higher in the monotherapy arm than in the combination
treatment arm (81.7% versus 69.2%). Considering these
potential biases, future studies with a large sample size
are needed to investigate the ORRs of domestic and im-
ported anti–PD-1/PD-L1 antibodies.

As for subgroup analysis, the domestic PD-1/PD-L1
combination regimens not only provided significant
PFS and OS benefits for patients with positive PD-L1
(PD-L1 � 1%) but also for patients with PD-L1 of less
than 1%, a population deemed to have limited benefit
from PD-1/PD-L1 antibodies previously.36,37 When
grouped by histologic type, domestic PD-1/PD-L1 com-
bination regimens provided PFS and OS benefits in pa-
tients with squamous and nonsquamous NSCLC. Of note,
the pooled OS of the imported combination regimens in
the squamous NSCLC cohort revealed great heterogene-
ity and failed to reach statistical significance. Besides, the
patient number was relatively small in the PD-L1 greater
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than or equal to 50% cohort in KEYNOTE-407, and the CI
of OS was wide, precluding more definitive conclusions in
the imported combination group. On the basis of the
comprehensive results of this study, domestic anti–PD-1/
PD-L1 antibodies plus chemotherapy are recommended
for the first-line treatment of non–oncogene-addicted
NSCLC in China.

The value of this topic is obvious. First, previous
studies have not analyzed the comparative efficacy of
domestic anti–PD-1/PD-L1 antibodies on Chinese pop-
ulations. There has been an acknowledgment of China’s
low participation rate in international clinical trials.
Among the clinical trials involving 954 new anticancer
drugs led by the top 20 pharmaceutical companies
globally from 2011 to 2021, only 8.8% of drugs have not
been tested in the USA, whereas up to 79.4% of drugs
have never been tested in China.9 The disparity has led
to obvious drug lag, defined as the time between a new
drug being approved by the U.S. FDA and approved in
China.38 Although having been reduced tremendously in
the past 10 years,38 drug lag has lowered the availability
of global anticancer drugs for Chinese patients. There-
fore, our study focused on drugs approved by the NMPA,
which are available to Chinese patients. Second, we
retrieved the latest survival data from updated outcome
results, which had not been included in previously
published meta-analyses.

Studies have reported that Asians may have different
tumor mutation profiles and thereby experience
different clinical responses from non-Asians when
receiving immunotherapy.39–42 Because of China’s low
participation rate in early phase trials and in synchro-
nous trials compared with the USA,9 we included only
five international clinical trials that reported clinical
outcomes of the Asian cohort for this study in an effort to
minimize heterogeneity. Li et al.43 have evaluated PD-1
inhibitors versus platinum-based chemotherapy as
first-line treatment for advanced NSCLC. They found that
the combination of chemotherapy with PD-1/PD-L1 in-
hibitors enhanced survival benefits at the cost of an in-
crease in adverse events, which was consistent with our
results. Nevertheless, this study only evaluated imported
anti–PD-1/PD-L1 antibodies. Zhao et al.44 conducted a
network meta-analysis to compare the efficacy and
safety of first-line immunochemotherapy for advanced
NSCLC in China. Nevertheless, this study only focused on
squamous NSCLC and incorporated results from global
patients without considering ethnic differences. Liu
et al.45 also explored the comparative efficacy and safety
of ICI-based treatments, but the latest research, such as
Camel-sq, GEMSTONE-302, and CHOICE-01, was not
included.

Other domestic anti–PD-1/PD-L1 antibody-based
combination treatment strategies, such as combinations
of anti–PD-1/PD-L1 antibody and anti-VEGFR antibody,
and combinations of domestic anti–PD-1/PD-L1 anti-
body and anti-TIGIT antibody, have not been included in
our analysis due to their early stages and immature
results.

Several international studies have been conducted
combining anti–PD-1/PD-L1 antibodies with anti-VEGFR
antibodies, including anti–CTLA-4 antibodies. In
CheckMate-227, nivolumab plus ipilimumab, a CTLA-4
inhibitor, resulted in a longer OS duration compared
with chemotherapy in patients with NSCLC.46 The results
of IMpower-150 revealed that the addition of atezolizu-
mab to bevacizumab plus chemotherapy significantly
improved PFS and OS among patients with metastatic
nonsquamous NSCLC.47 In light of these results, such
combination regimens are highly promising, and the ef-
ficacy of domestic anti–PD-1/PD-L1 antibody-based
combination treatments is yet to be determined.

Studies have reported that Asian patients exhibit
significantly different tumor mutation profiles than
White patients. Specifically, upward of 47.9% of
Asians harbor the EGFR mutation, whereas approxi-
mately 15% of White patients do.48 Whether this
population can benefit from the PD-1/PD-L1 anti-
bodies is a concern of great importance. Researchers
found that nivolumab plus chemotherapy would not
provide a better PFS than chemotherapy for EGFR-
mutated metastatic NSCLC previously treated with
EGFR tyrosine kinase inhibitors in a global phase III
trial, CheckMate-722.49 Besides, the KEYNOTE-789
trial reported that pembrolizumab plus chemo-
therapy did not significantly improve PFS and OS
versus chemotherapy in patients with tyrosine kinase
inhibitor-resistant, EGFR-mutated metastatic non-
squamous NSCLC.50 Nevertheless, an interim result
suggested that sintilimab plus bevacizumab bio-
similar IBI305 and chemotherapy prolonged PFS for
patients with EGFR-mutated nonsquamous NSCLC.51

Longer follow-up is necessary to confirm the effi-
cacy of this triplet combination treatment. Apart
from this, domestic clinical trials are also actively
investigating the combination of ICIs and radio-
therapy/chemoradiotherapy for the treatment of
NSCLC. The combination of these therapies and
immunotherapy is also an important part of this
topic and will be studied separately in our future
work.

This study has the following limitations. First, in
terms of indirect comparison between domestic and
imported immunochemotherapies, this study estimated
the relative treatment effects based on the constant
hazard ratio. Nevertheless, ICI trials often observed with
long tails and crossovers in the survival curves may
cause time-varying risks, leading to misinterpretation of
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clinical significance.52 To reduce this bias, we conducted
a subgroup analysis based on follow-up duration to find
no significant difference between domestic and imported
immunochemotherapies in short-term and long-term
periods. Considering that the follow-up time of
different RCTs is not the same, future investigations may
compare the relative treatment effects of these in-
terventions based on the unified research time frame
and survival curves. Second, studies on imported anti–
PD-1/PD-L1 antibodies provided limited stratified out-
comes based on clinicopathologic characteristics, such as
age, smoking status, and metastasis status, which made it
difficult to analyze heterogeneity adequately. Third, only
five international clinical trials that reported clinical
outcomes from the Asian cohort were eligible for this
analysis. Phase III clinical trials IMpower-130,20

IMpower-150,47 and CheckMate-227,46 which enrolled
17 (2.3%), 102 (12.8%), and 347 (20.0%) Asian patients,
respectively, were not included in this meta-analysis
because they did not report Asian patient nor Chinese
patient data specifically. Studies such as IMPOWER-131
and IMPOWER-132 are limited in sample size and have
a high crossover rate after treatment, which can lead to
heterogeneity and negative results. Advantages might be
observed when expanding the sample size. To overcome
these limitations, large-scale studies with more compa-
rable baseline information or even head-to-head trials
are necessary to verify these findings.

In conclusion, based on the present limited data, the
current meta-analysis suggested that domestic PD-1/PD-
L1 antibodies plus chemotherapy were promising ther-
apies compared with chemotherapy alone for the first-
line treatment of Chinese patients with advanced
NSCLC. More importantly, domestic PD-1/PD-L1 anti-
bodies are not second to imported ones in clinical effi-
cacy and safety. Our results inform clinical decision-
making regarding the first-line use of domestic anti–
PD-1/PD-L1 antibodies plus chemotherapy for patients
with advanced NSCLC in China.
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