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Background: While the efficacy of immune checkpoint inhibitors (ICls) is
increasingly recognized in advanced gastric cancer (aGC), overall survival
(OS) has not been consistently improved across the different randomized
controlled trials (RCTs). This meta-analysis aimed to quantify the efficacy and
safety of ICl and explore potential predictive tumor tissue biomarkers in aGC.

Methods: A random-effect pairwise meta-analysis was used to evaluate the
primary outcome of OS. Sensitivity analysis was performed to investigate
the effects of ICIs on PD-L1 status, TMB, MSI-H, and the Asian patient
population. We extracted the OS Kaplan—Meier curves from the included trials
to compare the effect of PD-L1 status on response to ICls using Digitizelt 2.5
and Guyot's algorithm.

Results: A pairwise meta-analysis of seven RCTs included in this study showed
that ICls were more effective than the comparator in improving OS (pooled HR:
0.84). We demonstrated that PD-1 ICls were additive when combined with the
comparator arm (pooled HR: 0.79). A sensitivity analysis showed that PD-1 ICls
were associated with better OS outcomes in the Asian patient population as
monotherapy (pooled HR: 0.66) or in combination with chemotherapy (pooled
HR: 0.83). We demonstrated that tumors with PD-L1 >1 (P = 0.02) and PD-L1 >10
(P = 0.006) derived OS benefit from ICI monotherapy. Equally, MSI-H
(P <0.00001) and TMB-high (P <0.0001) tumors derived favorable survival
benefits from ICls.
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Conclusions and relevance: The results of this meta-analysis suggest that ICls
result in improved OS outcomes in aGC. The benefits varied with different
ethnicities, class of ICI, PD-L1 expression, MSI status, and TMB

Systematic Review Registration: https://www.crd.york.ac.uk/prospero,
identifier (CRD42019137829).

KEYWORDS

advanced gastric adenocarcinoma, immune checkpoint inhibition (ICl), PD-L1, tumor
mutational burden (TMB), microsatellite instability (MSI)

Introduction

The high mortality rate associated with gastric cancer (GC)
(1) highlights the unmet need for novel treatment strategies that
harness a personalized approach. Asia accounts for
approximately 60% of the world’s current population (2) and
has the highest age-standardized incidence of GC (27.3-31.0 per
100,000 population) (3). It is the fourth leading cause of cancer
deaths worldwide (1). More importantly, GC mortality rates are
highest in eastern Asia (4, 5), representing the second most
common cause of death after lung cancer (6) within the region.

Immunotherapy, through the inhibition of immune
checkpoints, such as the interaction between the tumor-
derived programmed death ligand-1 (PD-L1) and the
programmed death-1 (PD-1) receptor on T cells, is a rapidly
expanding field for all solid cancers and now plays an essential
role in the management of GC (7). However, the clinical efficacy
of immune checkpoint inhibitors (ICIs) in GC is marred by a
predominantly immune cold or immune-excluded tumor
microenvironment, with the exception of the microsatellite
instability-high (MSI-H) and Epstein-Barr virus (EBV)
molecular subtypes (8). There are controversies regarding the
use of an appropriate clinically validated predictive biomarker to
select the right patient population that will confer response from
ICIs in GC.

Seven phase IIT randomized controlled trials have evaluated
the role of ICIs in managing advanced GC. The clinical efficacy
of nivolumab was highlighted in three distinct clinical settings.
Firstly, ATTRACTION-2 (9) addressed the role of single-agent
nivolumab in managing treatment-refractory GC. It
demonstrated a statistically significant improvement in overall
survival (OS) in the nivolumab alone group in comparison to the
placebo group (hazard ratio (HR) of 0.63; 95% confidence
interval (CI): 0.51-0.78; P <0.0001) (9). Conversely,
CheckMate-649 (10) validated the clinical efficacy of
nivolumab combined with chemotherapy in treatment-naive
advanced GC. There was also a statistically significant
improvement in OS among advanced GC patients with a PD-
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L1 combined positive score (CPS) status of >5 (HR: 0.71; 98.4%
CI: 0.59-0.86; P <0.0001). Importantly, OS was significantly
improved in all enrolled patients (HR: 0.80; 99.3% CI: 0.68-0.94;
P = 0.0002) (10). However, conflicting results were shown in
ATTRACTION-04 (11), conducted among Asian patients. It
was demonstrated that nivolumab did not improve OS (HR:
0.90; 95% CI 0.75-1.08; P = 0.26) in patients with previously
untreated, HER2-negative, advanced GC or gastro-esophageal
junction (GEJ) cancer (11). In the KEYNOTE-061 trial,
treatment with pembrolizumab failed to show a significant
survival benefit compared with paclitaxel chemotherapy, based
on PD-L1 CPS =1 (HR: 0.82; 95% CI: 0.66-1.03; P = 0.042), in
patients who have failed first-line treatment (12). In KEYNOTE-
062, pembrolizumab monotherapy demonstrated non-
inferiority to chemotherapy in patients with chemotherapy
naive PD-L1 CPS >1 advanced GC (HR: 0.91; 99.2% CI: 0.69-
1.2) (13). Similarly, when
combined with chemotherapy, pembrolizumab was not
superior to chemotherapy (PD-L1 CPS >1: HR: 0.85; 95% CI,
0.70-1.03; P = 0.05; PD-L1 CPS 210: HR: 0.85; 95% CI: 0.62—
1.17; P = 0.16) (13). Interestingly, pembrolizumab monotherapy
resulted in a prolonged OS (HR: 0.69; 95% CI: 0.49-0.97) in
patients with a PD-L1 CPS 210 (13). The clinical significance of
avelumab, an IgG1 monoclonal antibody targeting PD-L1, was
evaluated in JAVELIN Gastric 300 and JAVELIN Gastric 100.
The JAVELIN Gastric 300 trial failed to demonstrate the clinical
efficacy of avelumab in the>third-line setting (HR: 1.1; 95% CI:
0.9-1.4; P = 0.81) (14). This observation was further
strengthened in the JAVELIN Gastric 100 trial, in which
maintenance avelumab did not demonstrate superior OS both
in the overall population (HR: 0.91; 95% CIL: 0.74-1.11; P =
0.178) and the predefined PD-LI positive population (HR: 1.13;
95% CI: 0.57-2.23; P = 0.635) compared with chemotherapy
(15). In most of the trials discussed above, patients with higher

1.18; non-inferiority margin =

PD-L1 expression showed a trend toward better survival
following treatment with immune checkpoint inhibitors.

To date, nivolumab has received regulatory approval from
the US Food and Drug Administration (FDA) as a first-line
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therapy in combination with chemotherapy for advanced or
metastatic GC, GE] cancer, and esophageal adenocarcinoma
(16). The FDA licensed pembrolizumab to manage recurrent,
locally advanced or metastatic gastric or GEJ adenocarcinoma
whose tumors express PD-L1 (=1) following >two lines of
standard of care chemotherapy (17). In addition, the FDA
approved the frontline clinical use of pembrolizumab in
combination with trastuzumab, fluoropyrimidine- and
platinum-containing chemotherapy in advanced unresectable
or metastatic HER2-positive gastric or GEJ adenocarcinoma
(18). In Europe, nivolumab has been approved in the first-line
setting in patients with advanced or metastatic gastric tumors
expressing PD-L1 CPS >5.

We identified a need to streamline the trial findings and,
therefore, performed a comprehensive meta-analysis to quantify
the impact of PD-L1 status, MSI, tumor mutational burden
(TMB), and ethnicity on survival outcomes following treatment
with ICIs.

Methods

We performed a systematic review and meta-analysis
of the RCTs that compared the efficacy of ICIs as
monotherapy or in combination with standard of care
treatment, as defined in current, evidence-based guidelines
for systemic therapy, of patients with either locally advanced
or metastatic gastric cancer. Our study was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (19). A
prospective protocol was registered in PROSPERO
(CRD42019137829) (20). Details of the literature search
strategy, data collection, and assessment of study quality are
described in the Supplementary Methods.

Data extraction

We established a data abstraction method to effectively
collect the necessary information from our search strategy that
was pilot-tested ahead of time (see Supplementary Methods for
details). Furthermore, we received further information to
comprehensively conduct the meta-analysis for the
ATTRACTION-02 trial from Professor Narikazu Boku and
JAVELIN Gastric 300 from Professor Markus Mdohler and the
EMD/Merck group.

Statistical analysis
Pairwise meta-analyses for the primary outcome of OS in the

intention-to-treat population, tissue biomarkers (PD-L1, MSI-
H, and TMB), and safety assessments were performed using
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RevMan v5.4. A random-effects model was planned for this
study. Sensitivity analysis on OS was conducted by focusing on i)
the Asian population, ii) PD-L1 expression, iii) MSI-H, and iv)
TMB. Subgroup analysis was conducted by stratifying OS into
three groups: i) PD-1 ICI monotherapy versus comparator; ii)
PD-1 ICI combined with comparator versus comparator; and iii)
PD-L1 ICI monotherapy versus comparator. This systematic
review defined the comparator as the active treatment in the
control arm or delivered in combination with immunotherapy.
We used pooled hazard ratios (HRs) with 95% confidence
intervals (CIs) to express the primary outcome. However, we
reported our findings for the secondary outcome of
immunotherapy-related adverse events using a risk ratio. The
corresponding forest plots were illustrated. Statistical
heterogeneity was evaluated using the Q test and the
inconsistency index (I*). As per the Cochran definition,
Cochran’s Q test is the traditional test for heterogeneity in
meta-analyses (21). A P-value of <0.10 indicates significant
heterogeneity. I> estimates the percentage of variability in
results across studies due to real differences and not due to
chance (21). I* values with <25% were regarded as low
heterogeneity, 25%-50% as moderate level, and >50% as high
level (22).

Using Digitizelt 2.5 software (https://www.digitizeit.xyz)
and Guyot’s algorithm, we extracted the OS survival curves
from the trials included in our study. Using this method, we
compared the effects of PD-L1 <1, PD-L1 =1, and PD-L1 >10
status on response to single-agent ICI (23, 24). The Cox
regression model stratified by the study was used to model the
survival data. P-values for the two individual curves (PD-L1 >1
and PD-L1 >10) were generated, taking the group of PD-LI <1
as the reference. The corresponding Kaplan-Meier (KM)
survival curves were illustrated.

Results
Systematic review and characteristics

A total of 1,047 publications were identified through the
initial literature search, and 997 studies remained after
duplications were excluded. Following the title and abstract
screens, 945 publications were removed because they did not
meet this study’s hypothesis or were abstracts of full-text
publications included in the eligible article review. Fifty-two
potentially relevant articles were identified for the
comprehensive review (Supplementary Figure 1). Following
this process, seven multicenter phase III RCTs with a total
number of 5,023 patients (median: 592; range: 371-1,581) were
analyzed in this meta-analysis. The primary trial outcomes and
trial characteristics are summarized in Table 1.

A total of 2,724 patients (median: 277; range: 185-789)
recruited were randomized to receive ICIs. Previous use of
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TABLE 1 Characteristics of randomized controlled trials. In the meta-analysis.

Trial Title Disease

Setting

Study ID Immunotherapy

Target

JAVELIN
Gastric 300

Advanced
Gastric/
Gastro-
esophageal
Cancer

NCT02625623 PD-L1

ATTRACTION- NCT02267343 PD-1 Unresectable

2 or recurrent
Gastric/
Gastro-
esophageal
Cancer

KEYNOTE-061 NCT02370498 PD-1 Locally
advanced,
unresectable,
or metastatic
Gastric

Cancer

KEYNOTE-062 NCT02494583 PD-1 Locally
advanced,
unresectable,
or metastatic
Gastric

Cancer

Treatment
Sequence

Third Line
Treatment

> 2 Prior
lines of
treatment

Second-Line

First-Line

Randomization Cri-
teria

PD-L1 status not
required for
randomization

PD-L1 status not
required for
randomization

PD-L1 CPS <1; PD-
L1 CPS 21
(Recruitment
restricted to patients
with PD-L1 >1 after
an interim outcome
analysis)

PD-L1 CPS =1

Intervention

Arm A:
avelumab

Arm B:
Drug:
irinotecan
Drug:
paclitaxel
Drug: BSC
Arm A:
nivolumab

Arm B: placebo

Arm A:
pembrolizumab

Arm B:
paclitaxel

Arm A:
pembrolizumab

Arm B:
pembrolizumab
Drug: cisplatin
Drug: 5-FU
Drug:
capecitabine

Patents Patients
Recruited Recruited
(n) per study
arm (n)
371 185
186
493 330
163
592 296
296
763 256
257

Median  Hazard
(O8] Ration
[Months (95%
(95% CI)] CI)

4.6 (3.6 1.1

5.7) (0.9-

1.4); P
=0.81
5.0 (4.5-

6.3)

5.26 0.63
(4.60- (0.51-
6.37) 0.78); P

<0.0001

4.14

(93.42-

4.86)

9.1 (6.2— 0.82

10.7) (0.66-

1.03); P
0.0421
8.3 (7.6-

9.0)

PD-L1 21: PD-L1
10.6 (7.7- =1: HR-
13.8) 0.91

(0.69-
1.18)
PD-L1 PD-L1
>1:12.5  21: HR-
(10.8- 0.85
13.9) (0.70-
1.03); P
=0.05

Median
PES

[Months

(95%
Cn]

14 (14-
1.5)

2.7 (1.8-
2.8)

1.61
(1.54-
2.30)

145
(1.45-
1.54)

1.5 (14~
2.0)

4.1 (3.1-
4.2)

PD-L1
>1: 2.0
(1.5-2.8)

PD-L1
21: 6.9
(5.7-7.3)

Hazard
Ration
(95%
CI)

1.73
(1.4~
2.2); P
>0.99

0.60
(0.49-
0.75); P
<0.0001

1.27
(1.03-
1.57)

PD-L1
>1: HR
=166
(1.37-
2.01)

PD-L1
>1: HR-
0.84
(0.70-
1.02); P
=0.04

Asian
Population

47

47

330

163

88

89

62

64

Median Hazard
oS Ratio
[Months (95 CI)
(95 CI)]
5.7 1.25
(0.79-
1.98)
7
5.26 0.63
(4.60-  (0.51-
6.37) 0.78); P
<0.0001
4.14
(93.42—
4.86)
NR 0.90
(0.59-
1.38)
NR
PD-L1 PD-L1
>1:22.7 21:0.54
(143-  (0.35-
28.5) 0.82)
NR PD-L1
>1: 0.78
(0.53—
1.16)

(Continued)
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Trial Title Study ID Immunotherapy Disease Treatment Randomization Cri-  Intervention Patents Patients  Median Hazard Median Hazard Asian Median Hazard
Target Setting Sequence teria Recruited Recruited (O8] Ration PFS Ration Population oS Ratio
(n) per study [Months (95% [Months (95% [Months (95 CI)
arm (n)  (95% CI)] CI) (95% CI) (95 CI)]
CI)]
Arm C: 250 PD-L1 PD-L1 61 PD-L1
Drug: cisplatin >1:11.1 >1: 6.4 >1:13.8
Drug: 5-FU (9.2-12.8) (5.7-7.0) (10.5-
Drug: & PD-L1 & PD-L1 16.9)
capecitabine >10: 10.8 >10: 6.1
Drug: placebo (8.5-13.8) (5.3-6.9)
CheckMate 649 NCT02872116 PD-1 Locally First-Line PD-L1 status not Arm A: 1,581 789 13.8 0.8 7.7 0.77 186 NR 0.73
advanced, required for nivolumab (12.6- (99.3 (0.68- (0.57-
unresectable, randomization 14.6) CL: 0.87) 0.93)
or metastatic 0.68-
Gastric 0.94); P
Cancer =
Arm B: 792 1.6 00002 69 189 NR
chemotherapy (10.9-
12.5)
JAVELIN NCT02625610 PD-L1 Locally First-Line PD-L1 status not Arm A: 499 249 10.4 (9.1- 091 32 1.04 57 10.8 (9.0 0.90
Gastric 100 advanced, maintenance required for avelumab 12.0) (0.74 to (0.85- to 16.1) (0.59-
unresectable, randomization maintenance 1.11) 1.28) 1.36)
or metastatic
Gastric
Cancer
Arm B: 250 10.9 (9.6- 44 57 11.9 (9.5
chemotherapy 12.4) to 15.0)
maintenance
ATTRACTION- NCT02746796 PD-1 Unresectable  First-Line PD-L1 status was Arm A: 724 362 17-45 0-90 10-94 HR 0-68 362 17-45 0-90
04 or recurrent required prior to nivolumab plus (15-67- (0-75- (8-44- (98:51% (15-67- (0-75-
Gastric/ randomization investigator’s 20-83) 1.08); P 14.03)  CI0-51- 20-83) 1.08); P
Gastro- choice of =026 0-90); P =0-26
esophageal chemotherapy = 0-0007
Cancer
Arm B: placebo 362 1715 841 362 17-15
plus (15-18- (7-03- (15-18-
chemotherapy 19-65) 9-69) 19-65)

PD-L1, programmed cell death ligand 1; PD-1, programmed cell death 1; CPS, combined positive score; ERBB2, human epidermal growth factor receptor 2; OS, overall survival; PFS, progression free survival; ORR, objective response rate; HR, hazard ratio;

CI, confidence interval; 5-FU, 5-fluorouracil; BSC, best supportive care; IV, intravenous.
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ICIs was reported as a universal exclusion criterion across all
seven included RCTs. KEYNOTE-061 (12) mandated recruiting
patients with PD-L1 CPS >1 following an interim review of
outcome data. Furthermore, KEYNOTE-062 (13) randomized
patients based on PD-L1 CPS >1.

Three comparator treatment interventions were analyzed:
placebo, best supportive care, and chemotherapy (cisplatin, 5-
FU, capecitabine, S-1, irinotecan, oxaliplatin, and paclitaxel).
The immune checkpoint inhibitors used were pembrolizumab
[two trials (12, 13)], nivolumab [three trials (9-11)], and
avelumab [two trials (14, 15)]. Both experimental and
comparator arms were administered until disease progression,
unacceptable toxicity, or withdrawal of study consent. Most of

10.3389/fonc.2022.908026

the included studies (85.7%) had a low overall risk of bias
(Supplementary Table 1; Supplementary Table 2).

Pooled analysis for OS

Results of the meta-analysis in the overall study population
demonstrated that GC patients randomized to the ICI arm had
significantly better OS than patients in the comparator arm
(pooled HR: 0.85; 95% CI: 0.77-0.94; P = 0.002; I* = 49%)
(Figure 1A). We performed a subgroup analysis to determine the
efficacy of the class of ICI agents. We demonstrated that PD-1
ICIs had an additive effect when combined with the comparator

A
Immunotherapy Control Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI
ATTRACTION-04 -0.1054 0.093 362 362 142% 0.90(0.75,1.08]
ATTRACTION-2 -0.462 0109 330 163 121% 063(0.51,0.78) =
CheckMate 649 -0.2231 0.0823 789 792 157% 0.800.68, 0.94] ==
JAVELIN Gastric 100 -0.0943 01014 249 250 13.0% 0.91(0.75,1.11]
JAVELIN Gastric 300 00953 0123 185 186 10.6% 1.10(0.86, 1.40]
KEYNOTE-061 -0.1985 0.1163 196 193 11.3% 0.82(0.65,1.03)
KEYNOTE-062 (Arm A) -0.0943 01326 256 250 96% 0.91(0.70,1.18]
KEYNOTE-062 (Arm B) -0.1625 0.098 257 250 135% 0.85(0.70,1.03]
Total (95% Cl) 2624 2452 100.0% 0.85[0.77, 0.94] L 2
Heterogeneity: Tau?= 0.01; Chi*= 1367, df= 7 (P = 0.06); = 49% o o5 1 3 t
Testfor overall effect Z= 3.1 (P = 0.002) Favours Immunotherapy] Favours [Control]
B Immunotherapy Control Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI

PD-1 Immune C| int Inhibitor: versus C
KEYNOTE-061 -0.0943 01339 196 193 89% 0.91(0.70,1.18) —
KEYNOTE-062 (Arm A) -0.0726 0.0642 256 250 17.3% 0.93(0.82,1.05] 5
Subtotal (95% CI) 452 449 26.2% 0.93[0.83, 1.04] <
Heterogeneity. Tau®= 0.00; Chi*= 0.02, df=1 (P = 0.88), F= 0%
Test for overall effect Z=1.32 (P=0.19)

PD-1 Immune Checkpoint Inhibitor: Combined with Comparator versus Comparator
ATTRACTION-04 -0.1054 0.093 362 362 132% 0.90(0.75,1.08] T
ATTRACTION-2 -0.462 01078 330 163 11.4% 0.63(0.51,0.78] —_—
CheckMate 649 -0.2231 0.0829 789 792 146% 0.80[0.68, 0.94] ——
KEYNOTE-062 (Arm B) -0.1625 0.0991 257 250 12.4% 0.85(0.70,1.03] =
Subtotal (95% ClI) 1738 1567 51.7% 0.79[0.69, 0.91] L 2
Heterogeneity. Tau*= 0.01, Chi*= 6.89, df= 3 (P = 0.08), = 56%
Testfor overall effect Z=3.21 (P = 0.001)

PD-L1 Immune C| Inhibitor: versus C
JAVELIN Gastric 100 -0.0943 0.0987 249 250 125% 0.91(0.75,1.10] i d
JAVELIN Gastric 300 00953 0.1256 185 186  96% 1.10(0.86,1.41] >
Subtotal (95% CI) 434 436 22.1% 0.98[0.82,1.18] L 2
Heterogeneity: Tau*= 0.01; Chi*= 1.41, df=1 (P = 0.24), F= 29%
Test for overall effect Z=0.16 (P = 0.87)
Total (95% CI) 2624 2452 100.0% 0.87 [0.79, 0.96] <*
Heterogeneity: Tau*= 0.01; Chi*= 1506, df= 7 (P = 0.04); F= 54% + + t é

Test for overall effect Z= 2.85 (P = 0.004)
Testfor subaroup differences: Chi*= 419, df= 2 (P=0.12), F= 52.3%

FIGURE 1

0. 05 2
Favours Immunotherapy] Favours [Control]

Overall Survival Analysis in the intention to treat population. (A) Pooled analysis forest plot to demonstrate the median Overall Survival (OS) in
the intention to treat population. (B) Subgroup analysis forest plot illustrates the impact of the class of ICI studied, as monotherapy or in
combination with the comparator arm, on the median OS of the intention to treat population. Comparator arm: the active treatment in the
control arm as defined by the study methods. Cl, confidence interval; SE, standard error.
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arm among GC patients (pooled HR: 0.79; 95% CI: 0.69-0.91;
P =0.001; I = 56%) (Figure 1B).

Efficacy of ICls in the Asian
patient subpopulation

A pre-planned sensitivity analysis was performed to
determine the potential impact of the class of ICIs studied on
the Asian sub-population. We demonstrated a statistically
significant improvement in OS benefit with PD-1 ICIs in the
Asian subpopulation, used as monotherapy (pooled HR: 0.66;
95% CI: 0.52-0.84; P = 0.0007; I = 37%) or in combination with
chemotherapy (pooled HR: 0.83; 95% CI: 0.72-0.95; P = 0.008;
I? = 0%) (Figure 2).

Association of tissue biomarkers on
response to ICls: Impact of PD-L1 status

We performed a pre-planned sensitivity analysis to assess the
impact of PD-L1 on the response to ICIs compared to the
comparator arm. We report that patients with PD-L1 >1 and
PD-L1 =10 derive OS benefit from ICI monotherapy versus the
comparator (PD-L1 >1: pooled HR: 0.84; 95% CI: 0.72-0.97;
P =0.02; I? = 0%; PD-L1 =10: pooled HR: 0.70; 95% CI: 0.54-0.90;
P =0.006; Z = 0%), with a low level of heterogeneity (Figure 3A).

Furthermore, patients with PD-L1 >1 who received ICI and
chemotherapy showed significantly better OS than those
undergoing chemotherapy alone (pooled HR: 0.82; 95% CI:
0.73-0.94; P = 0.003; I’ = 0%), with a low level of
heterogeneity (Figure 3A). In patients with PD-L1 <1, ICIs
used as monotherapy versus chemotherapy showed no
significant impact on OS (pooled HR: 1.19; 95% CI: 0.97-1.45;
P =0.09; 7 = 0%) (Figure 3A).

Immunotherapy Control

10.3389/fonc.2022.908026

Interestingly, we constructed the time-to-event curve from
extracted OS KM curve data in the ICI monotherapy arm. We
further demonstrated that GC patients with PD-L1 =1
(Stratified analysis P <0.0001) and PD-L1 210 (Stratified
analysis P = 0.0142) derived statistically significant OS
benefits to ICI monotherapy when compared to PD-L1
<1 (Figure 3B).

Association of tissue biomarkers on
response to ICls: Impact of MSI-H and
TMB status

In a preplanned sensitivity analysis, we evaluated the roles
of both MSI-H and TMB as predictive biomarkers for
response to ICIs in GC. Patients with MSI-high tumors
derived a significant favorable OS benefit from ICI
compared with the chemotherapy arm (ICI monotherapy:
pooled HR: 0.30; 95% CI: 0.16-0.58; P = 0.0003; I = 0%; ICI
plus chemotherapy: pooled HR: 0.33; 95% CI: 0.20-0.54; P
<0.00001; I? = 0%) (Figure 4A). Remarkably, in patients with a
TMB =10, ICIs were associated with a statistically significant
improvement in OS when compared with the comparator
(pooled HR: 0.46; 95% CI: 0.32-0.66; P <0.0001; F =
0%) (Figure 4B).

Safety analysis

All seven RCTs reported grade >3 immune treatment-
related adverse events (TRAEs). We demonstrated that ICIs
did not confer increased TRAEs compared to the control arm
(pooled RR: 0.74; 95% CI: 0.42-128; P = 0.28; I> = 97%),
although there was a presence of substantial heterogeneity
(Supplementary Figure 2).

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] __SE Total _ Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
PD-1 Immune Checkpoint Inhibitors, monotherapy
ATTRACTION-2 -0.462 0.1078 330 163 17.9%  063(0.51,0.78) —
KEYNOTE-061 -0.1054 0.2154 88 89 92%  0.90(058,137] —
KEYNOTE-062 (Arm A) -06162 02069 62 61  97%  054(0.36,081] ——
Subtotal (95% Cl) 480 313 368%  0.66[0.52,0.84] R
Heterogeneity: Tau*= 0.02; Chi*= 3.17, df= 2 (P = 0.21); F= 37%
Test for overall effect Z= 3.40 (P = 0,0007)
PD-1 Immune Checkpoint Inhibitors combined with chemotherapy
ATTRACTION-04 01054 0.093 362 362 19.4%  090[0.75,1.08] —r
CheckMate 649 -0.3147 01262 186 189 16.0%  073(0.57,0.93 —
KEYNOTE-062 (Arm B) -0.2485 0.2089 64 61 97%  078[052,117] —
Subtotal (95% Cl) 612 612 452%  0.83[0.72,0.95] >
Heterageneity: Tau®= 0.00; Chi*= 1.88, df= 2 (P = 0.39); F= 0%
Testfor overall effect: Z= 2.66 (P = 0.008)
PD-L1 Immune Checkpoint Inhibitors
JAVELIN Gastric 100 -0.1054 02069 57 57 97%  0.90[0.60,135] —T
JAVELIN Gastric 300 02231 0.2341 47 47 83%  1.25[0.79,1.98 e
Subtotal (95% Cl) 104 104 18.0%  1.04[0.76,1.43] s
Heterogeneity: Tau?= 0.01; Chi=1.11, df=1 (P = 0.20); = 10%
Test for overall effect: Z= 0.25 (P = 0.80)
Total (95% CI) 1196 1029 100.0% 0.79 [0.67,0.92] -
Heterogeneity: Tau®= 0.03; Chi*= 14.70, df = 7 (P = 0.04); = 52% 3

Testfor overall effect Z= 2.93 (P = 0.003)
Test for subaroun differences: Chi*= 5.30. df= 2 (P = 0.07). F= 62.3%

FIGURE 2

0.2 05 2
Favours Immunotherapy] Favours [Control]

Overall survival response analysis of ICls in the Asian patient population. This figure illustrates the pre-planned sensitivity analysis forest plot to
demonstrate the impact of ICl as monotherapy or in combination with the comparator on the median overall survival in Asian patients” intention

to treat population.
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Immunotherapy Control Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Monotherapy: PD-L1 CPS <1
JAVELIN Gastric 300 01989 0.1496 m 121 9.1% 1.22(0.91,1.64] -
KEYNOTE-061 01484 01409 99 96 9.8% 1.16(0.88,1.53] i -y
Subtotal (95% CI) 210 217 18.8% 1.19[0.97, 1.45] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.06, df=1 (P=0.81), F= 0%
Test for overall effect Z= 1.68 (P = 0.09)
Monotherapy: PD-L1CPS =1
JAVELIN Gastric 100 -0.3285 0.1964 74 63 6.1% 0.72(0.49,1.06] —T
JAVELIN Gastric 300 -0.0619 0.2552 46 33 4.0% 0.94[0.57,1.55] —
KEYNOTE-061 -0.1985 0.1107 196 199 129% 0.82[0.66,1.02] —
KEYNOTE-062 (Arm A) -0.0943 01412 256 250 9.8% 0.91[0.69,1.20] — 1
Subtotal (95% CI) 572 551 32.8% 0.84[0.72,0.97] <>
Heterogeneity: Tau?= 0.00; Chi*=1.18, df= 3 (P = 0.76), F= 0%
Test for overall effect Z= 2.31 (P=0.02)
Monotherapy: PD-L1 CPS =10
JAVELIN Gastric 100 -0.0726 0.3592 22 il 22% 0.93[0.46,1.88]
KEYNOTE-061 -0.4463 0.2272 53 55  49% 0.64[0.41,1.00
KEYNOTE-062 (Arm A) -0.3711 0.1746 92 a0 7.3% 0.69 (0.49, 0.97] —
Subtotal (95% CI) 167 166 14.4%  0.70[0.54,0.90] i
Heterogeneity: Tau*= 0.00; Chi*= 0.79, df= 2 (P = 0.67), F= 0%
Test for overall effect: Z= 2.76 (P = 0.006)
plus Cl :PD-L1CPS =1
ATTRACTION-04 00583 0.2341 58 56  46% 1.06[0.67,1.68] —
CheckMate 649 -0.2614 0.0943 641 655 15.0% 0.77(0.64,0.93] ———
KEYNOTE-062 (Arm B) -0.1625 0.0991 257 250 14.3% 0.85(0.70,1.03] i
Subtotal (95% CI) 956 961  34.0% 0.82[0.73,0.94] -
Heterogeneity: Tau®= 0.00; Chi*= 1.77, df= 2 (P = 0.41); = 0%
Test for overall effect Z= 2.94 (P = 0.003)
Total (95% CI) 1905 1895 100.0%  0.87[0.78,0.97] >
Heterogeneity: Tau*= 0.01; Chi*=16.75, df= 11 (P = 0.12), F= 34% 0'5 :7 155 é
Testfor overall effect Z=2.43 (P = 0.02) Favours Immunotherapy] Favours [Control]
Testfor subaroup differences: Chi*= 12.95, df= 3 (P = 0.005). F= 76.8%
B
Strata == PDLACPS <1 = PDL1CPS>=1 == PDL1CPS>= 10
1.00
g 075
=
©
s
o 0.50
©
2
=
5
@ 025 g =
Stratified analysis
P=0.0142
0.00
0 10 20 30 40
Time
Number at risk
s 1CPS <1 324 72 12 ( 0
§ PDL1CPS>=1 542 265 129 23 0
O PDL-1 CPS 1( 167 97 58 13 0
0 10 20 30 40
Time
FIGURE 3

Clinical utility of PD-L1 as a biomarker for response to ICls in advanced gastric cancer. (A) sensitivity analysis forest plot to demonstrate the
impact of PD-L1 CPS on Overall Survival following treatment immunotherapy either as monotherapy or in combination with the comparator.
(B) Kaplan—Meier overall survival curve illustrating the clinical relevance of PD-L1 in determining response to single-agent immunotherapy. PD-
L1, programmed cell death ligand-1; CPS, combined positive score; Cl, confidence interval.

Discussion

ICIs have demonstrated promising OS benefits among
advanced GC patients in first-line through third-line settings
(25). However, as presented in this study, irrespective of the
trend towards enriched survival outcomes with ICIs, it is
imperative that we identify the appropriate clinical setting and
predictive tissue biomarkers which correlate with response to
ICIs. Results presented in this study suggest that MSI-H, TMB-
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H, and PD-L1 CPS =1 tumors should be offered ICIs as they are
associated with clinically significant survival outcomes (26). The
cut-off for PD-L1 CPS as a biomarker to determine the eligibility
of patients for ICI therapy has been controversial. However,
there is some consensus in the guidelines that endorse using ICIs
in tumors with a PD-L1 CPS>5 (27, 28). Despite the evidence
reported in the CheckMate-649 trial, we could not assess the
clinical relevance of the CPS cut-off of>5 in this current study,
primarily because the data for this PD-L1 CPS cut-off sub-group
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is underpowered and may not adequately reflect the clinical trial
observations. Additionally, in the trials included in this meta-
analysis, diverse PD-L1 testing methods were employed, namely,
Dako 28-8 and Dako 22C3, which added another layer of
complexity across all seven trials. Therefore, as ICIs are now
becoming the standard of care in advanced GC, if we aim to
utilize PD-L1 status as a biomarker for patient selection, there is
an unmet need to regulate and harmonize the PD-L1 testing
methods globally (29).

Nevertheless, a molecularly stratified approach using
predictive immune biomarkers will aid in justifying the
exposure of patients to potentially substantial immune-related
toxicities and fatalities (30, 31). Interestingly, we highlighted that
the immune checkpoint target being pursued plays an important
role when interpreting the potential survival impact of ICIs in
advanced GC. When combined with the comparator arm, we
demonstrated that PD-1 ICIs were associated with improved OS
rates (pooled HR: 0.79; 95% CI: 0.69-0.91; P = 0.001; I* = 56%)
(Figure 1B). However, these results must be interpreted with
caution given the RCT sample size in each cohort.

10.3389/fonc.2022.908026

We identified that the Asian patient population represented
43.08% of our study cohort and ascertained a potentially
clinically meaningful improvement in OS with PD-1 inhibitors
(monotherapy: pooled HR: 0.66; 95% CI: 0.52-0.84; P = 0.0007;
I? = 37%; combined with chemotherapy: pooled HR: 0.83; 95%
CL: 0.72-0.95; P = 0.008; I° = 0%) (Figure 2) in this patient
population. However, we must interpret these results cautiously
since the small sample size may increase the likelihood of type I
error. Notably, in the KEYNOTE-062, pembrolizumab
monotherapy was associated with preferential survival benefit
in the Asian patient subgroup with a PD-L1 CPS =1 (HR: 0.54;
95% CI: 0.35-0.82) and PD-L1 CPS >10 (HR: 0.43; 95% CI:
0.21-0.89) (32). Conversely, the survival benefit reported in the
Asian patient subgroup of KEYNOTE-062 was not observed in
KEYNOTE-061 (HR: 0.90; 95% CI: 0.59-1.38) (12).

Irrespective of the patient’s ethnicity, the prognostic
significance of PD-L1 CPS status in advanced GC remains
controversial. Kim et al. illustrated that patients with PD-L1-
positive tumors had a higher ORR (50% versus 0%, P <0.001) than
PD-L1-negative tumors to PD-1 inhibition (7). In line with these

A
Immunotherapy Control Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total  Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Monotherapy: MSI-high
JAVELIN Gastric 100 -1.3093 0.7674 8 5 68% 027(006,122) ¥
KEYNOTE-061 -1.1087 0.5605 15 12 127% 033(0.11,099 4
KEYNOTE-062 (Arm A- PD-L1 CPS 21) -1.2379 04946 14 19 16.3% 029[0.11,0.76) &¥——=—
Subtotal (95% CI) 37 36 358%  0.30[0.16,058] — —onm—
Heterogeneity. Tau*= 0.00; Chi*= 0.05, df= 2 (P = 0.97); F= 0%
Testfor overall effect. Z= 3.61 (P = 0.0003)

Immunotherapy plus Chemotherapy: MSI-high
CheckMate 649 -0.9943 04277 23 21 218% 0.37[0.16, 0.86) . E—
CheckMate 649 (PD-L1 CPS z5) -1.1087 04946 18 16 16.3% 033(013,087) — =
KEYNOTE-062 (Arm B- PD-L1 CPS z1) -0.9943 04959 17 19 162% 037[014,098) —*——|
KEYNOTE-062 (Arm B- PD-L1 CPS 210) -1.5606 0.6392 10 8 98% 0.21[0.06,0.74) &¥—————
Subtotal (95% CI) 68 64 64.2% 0.33[0.20, 0.54] —~
Heterogeneity: Tau*= 0.00; Chi*= 0.62, df= 3 (P = 0.89), F= 0%
Test for overall effect Z= 4.45 (P < 0.00001)
Total (95% CI) 105 100 100.0% 0.32[0.22,0.47] e
Heterogeneity: Tau®= 0.00; Chi*= 0.73, df= 6 (P = 0.99); = 0% o2 o ) 3
Test for overall effect Z=5.72 (P < 0.00001) F - h E I
Test for subaroup differences: Chi*= 0.05, df=1 (P = 0.82), F= 0% SRS IMMINIONcaH]. Fabours IC0og

B
Immunotherapy Control Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI

TMB <10
KEYNOTE-061 -0.0305 0.1649 20 15 195% 0.97(0.70,1.34) —
KEYNOTE-062 (Arm A) 03436 0.1654 89 82 195% 1.41(1.02,1.95) [
KEYNOTE-062 (Arm B) 0.01 0.0879 85 82 227% 1.01(0.85,1.20] -+
Subtotal (95% CI) 194 179 616%  1.09[0.89,1.34] -
Heterogeneity: Tau*= 0.01; Chi*= 3.56, df= 2 (P = 0.17); F= 44%
Testfor overall effect Z=0.82 (P=0.41)

T™B =10
ATTRACTION-2 -0.6539 0.6014 9 6 58% 0.52(0.16,1.69] —_— T
KEYNOTE-061 -1.0788 0.4554 20 15  85% 034[014,083 ——————
KEYNOTE-062 (Arm &) -1.0788 0.4492 18 17 87% 034[014,082) ——————
KEYNOTE-062 (Arm B) -06162 0.2549 15 17 154% 0.54(0.33,0.89) —
Subtotal (95% Cl) 62 55 38.4% 0.46 [0.32, 0.66] ~
Heterogeneity: Tau®= 0.00, Chi*=1.33, df=3 (P=0.72), F= 0%
Testfor overall effect: Z= 4.13 (P < 0.0001)
Total (95% CI) 256 234 100.0% 0.77 [0.56, 1.07] <
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FIGURE 4

Favours Immunotherapy] Favours [Control]

Role of tissue biomarkers on response to ICls in advanced gastric cancer. (A) Forest plot to demonstrate the impact of MSI on Overall Survival in
the intention to treat population. (B) Forest plot to demonstrate the effect of TMB on the Overall Survival in the intention to treat population.
MSI, microsatellite instable; TMB, tumor mutational burden; Cl, confidence interval.
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findings, we have demonstrated an association between PD-L1
expression and response to ICIs. Furthermore, we established that
PD-L1 CPS 21 and >10 enriched for better response to ICIs as
monotherapy and in combination with chemotherapy, compared
to PD-L1 CPS <1 (Figure 3). We demonstrated that ICIs used as
monotherapy in patients with PD-L1S CPS <1 had no significant
impact on OS compared with chemotherapy (pooled HR: 1.19;
95% CI: 0.97-1.45; P = 0.09; Figure 3A), although its benefit over
best supportive care was shown in salvage line treatment (9). We
highlighted that ICIs might exert an additional survival benefit
when combined with the comparator arm, such as
ATTRACTION-2 (nivolumab with best supportive care) (9),
CheckMate-649 (nivolumab plus chemotherapy) (10),
ATTRACTION-04 (nivolumab plus chemotherapy) (11), and
KEYNOTE-062 (pembrolizumab plus chemotherapy) (13). A
head-to-head comparison between ICI monotherapy and the
comparator arm did not demonstrate a substantial OS benefit in
the intention-to-treat group (Figure 1B).

The incidence of TMB-high and MSI-H tumors in our study
cohort was 2.7% and 4.7%, respectively. Irrespective of the small
sample size, data presented in our systematic review suggested that
the subgroup of advanced GC with an MSI-H (Monotherapy:
P = 0.0003, Combination of ICI and chemotherapy: P <0.00001,
Figure 4A) or TMB-high (TMB 210) (P <0.0001, Figure 4B)
genomic profile demonstrated better OS outcomes. The tumor
mutational load was previously reported as an independent
predictor for response to ICIs (33). Wang et al. (34)
demonstrated that advanced GC classified as PD-LI-positive
and TMB-high were associated with superior PFS (HR: 0.45;
95% CI: 0.24-0.85; P = 0.014) and OS (HR: 0.47; 95% CI: 0.24—
0.92; P = 0.027) when compared to PD-L1-negative and TMB-low
tumors (34). Yu et al. demonstrated that in NSCLC, TMB-high or
PD-L1-high tumors were associated with better response rates
(62.5%) and durable clinical benefit (77.3%) (35). It is important
to note that neither trial was statistically powered to assess the
predictive value of TMB and MSI status on PD-L1 expression.
However, these outcomes were consistent with findings in other
solid tumors, which led to the accelerated FDA approval of
pembrolizumab and nivolumab for patients with MSI-H/
mismatch repair (MMR)-deficient (AIMMR) metastatic solid
cancer (36). Furthermore, Kim et al. demonstrated a positive
correlation between TMB and pembrolizumab response (AUC:
0.74; P = 0.006) (7). Our findings were consistent with those
reported by Pietrantonio et al. (37), which illustrated that the MSI-
H subgroup conferred OS benefit from ICIs compared to
chemotherapy (HR: 0.34; 95% CI: 0.21-0.54; P = 0.003) (37).
The findings reported by Shitara et al. demonstrated that whole-
exome sequencing (WES) of tumoral TMB (tTMB) was associated
with favorable clinical outcomes in pembrolizumab-treated
patients (one-sided p: <0.001) (38). Importantly, the clinical
benefit of pembrolizumab persisted in microsatellite stable
(MSS) WES tTMB-high (=175 mut/exome) (38). We advocate
for a novel, stratified trial design incorporating TMB and MSI for
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patient stratification to harness a precision oncology approach in
advanced gastric cancer and to explore their predictive role in
ICI response.

We conducted a literature search to identify whether any
relevant meta-analysis in the setting of advanced GC had been
published prior to reporting this study and identified six
studies of interest (Supplementary Table 3) (37, 39-43).
However, we have identified heterogeneity in the results
across the six studies. The inconsistencies in these studies
may be explained by insufficient data available at the time of
publication. The data reported in our meta-analysis is the most
comprehensive. It incorporates data from all the published
clinical trials that have shifted the treatment paradigm for
advanced GC. Our study has incorporated a novel survival
curve reconstruction to emphasize the impact of PD-L1 status
on survival (24, 44). In addition, we performed a thorough
analysis to demonstrate the survival impact of tumoral PD-L1
expression, TMB, and MSI on response to immune
checkpoint inhibitors.

Nonetheless, although the role and clinical indications of
ICIs in advanced GC are rapidly evolving, we have identified
some significant limitations to this study. Firstly, this study is
limited by the paucity of clinical data to comprehensively
explore the conclusive impact of TMB on OS outcomes in
advanced GC following treatment with immune checkpoint
inhibitors. A collaborative approach combining MSI data and
TMB across all clinical trials would offer a more meaningful
assessment of MSI-H and TMB in GC. Secondly, given the
relatively limited number of randomized ICI trials conducted
among treatment refractory and treatment naive GC patients, we
need to be cautious when inferring these observations. Of
importance, the pooled OS of all included trials in this study
reported a heterogeneity score of I* = 49% (p = 0.06), which
indicates there was moderate variability. Hence, as the number
of randomized control ICI trials continues to expand in
advanced GC, we propose that there should be a follow-up
meta-analysis to continually monitor the relevance and clinical
efficacy of ICIs across the treatment paradigm of advanced
gastric cancer.

In conclusion, this study indicates that ICIs may be essential
in managing advanced GC. In particular, clinical efficacy of ICIs
was observed in PD-LI-positive, MSI-H, and TMB-high
advanced GC. Thus, our data and the clinical studies described
above collectively support the rationale for routine testing for
MSI, TMB, and PD-L1 status in all newly diagnosed locally
advanced, unresectable, or metastatic GC.
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