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Objectives. Recent trials have shown an overall survival (OS) benefit in 10-40% advanced cancer patients treated with programmed
cell death 1 (PD-1) or programmed death-ligand 1 (PD-L1) inhibitors. Here, we aimed to evaluate the relationship between PD-L1
expression and the therapeutic efficacy of PD-1 or PD-L1 inhibitors in patients with cancer with recurrent or metastatic disease,
compared with control treatments. Methods. We systematically searched Medline (PubMed), Embase, and Cochrane Library
databases up to Jan 2019 and pooled the treatment effects (hazard ratio or relative ratio) of PD-1/PD-L1 inhibitors in patients
with different PD-L1 expression. Results. Overall, twenty-four qualifying trials with over 14,860 subjects were eligible in this
study. Compared with conventional agents, anti-PD/PD-L1 drugs significantly reduced the risk of death (hazard ratio 0.72, 95%
CI 0.66 to 0.78), irrespective of the tumor type. Additionally, when PD-L1 expression >1% was defined as positive, anti-PD-
1/PD-L1 monotherapy correlated with prolonged overall survival in patients with nonsmall cell lung cancer (NSCLC) (0.72, 0.61
to 0.86) and other cancer types (0.66, 0.57 to 0.76) patients with PD-L1 positive, rather than those with PD-L1 negative (hazard
ratio for NSCLC and other cancer types: 0.84 and 0.87, respectively; all P > 0.05). The subgroup analyses to experimental agents,
PD-1/PD-L1 inhibitors, PD-L1 antibody clone, and type of IHC scoring method validated the robustness of these findings.
However, anti-PD-1/PD-L1 combination therapies can reduce the risk of death for patients with different cancer types,
regardless of PD-L1 expression (P < 0.05 for all PD-L1 expression status). Conclusions. We recommend PD-L1 expression as a
predictive biomarker in patient selection for anti-PD-1/PD-L1 monotherapy, but not for combination therapies.

1. Introduction

Over the recent decades, the therapeutic blockade of immune
checkpoints has led to one of the most unprecedented break-
throughs in cancer treatment, especially for advanced, meta-
static, or recurrent solid tumors [1, 2]. The immune
checkpoint inhibitors fight against cancers by enhancing

antitumor immunity based on a series of coinhibitory and
costimulatory receptors and their ligands, known as immune
checkpoints. In 2011, the United States Food and Drug
Administration (FDA) approved the first immune check-
point inhibitor, ipilimumab, a monoclonal antibody target-
ing cytotoxic T lymphocyte-associated antigen 4 (CTLA-4),
for the treatment of metastatic melanoma. However, the
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more promising immunotherapy is now programmed death
1 (PD-1) or PD ligand 1 (PD-L1) inhibitors, since the
PD1/PD-L1 axis plays a key role in physiological immune
homoeostasis and tumor immune evasion. The development
and application of antibodies targeting PD-1 (nivolumab and
pembrolizumab) and PD-L1 (atezolizumab, avelumab, and
durvalumab) have yielded favourable therapeutic effects on
various solid tumors, such as lung cancer, melanoma, renal
cell carcinoma, Hodgkin’s lymphoma, urothelial cancer,
head and neck cancer, gastric cancer, Merkel cell carcinoma,
and mismatch repair deficiency or microsatellite instable-
high solid tumors [3-6]. At present, PD-1 and PD-L1 inhib-
itors have been licensed to treat a variety of cancers and are
being investigated in more than 1000 clinical trials.

Although PD-1/PD-L1 inhibitors exerted a revolution-
ary effect on cancer treatment, there are several critical
issues restricting the extensive clinical utility of PD-
1/PD-L1 inhibitors. For one, only a minority of patients
(varying from 10% to 40%) exhibited durable antitumor
responses and favourable long-term outcomes after receiv-
ing PD-1/PD-L1 inhibitors, and intrinsic drug resistance is
common [7]. Additionally, immunotherapy is associated
with several immune-related adverse events and can be very
costly. Therefore, there is a critical issue under investigation
[7]: how to predict the response and survival outcome before
the initial therapeutic use of a PD-1-PD-L1 blockade. Cur-
rently, several biomarkers, such as PD-L1 expression, tumor
mutation burden [8], virus infection [9], and genetic muta-
tions within cancer cells [10], have been investigated to
determine if they are associated with the treatment efficacy
of PD-1/PD-L1 inhibitors. Among these biomarkers, overex-
pressing PD-L1 expression on the one side is associated with
worse prognosis in cancer patients [11] and on the other
hand is considered a biologically plausible and targetable
available biomarker in predicting the tumor response and
survival prognosis. Several randomized controlled trials
[12] have shown a higher overall response rate to PD-
1/PD-L1 inhibitors and prolonged overall survival in patients
who are PD-L1 positive, rather than those who are PD-L1
negative. Considering the mechanism of the PD-1/PD-L1
inhibitor treatment, it seems logical that PD-L1 expression
should be correlated with clinical outcomes. However, the
proposition to use PD-L1 expression status for predicting
anti-PD-1/PD-L1 immunotherapy is challenging for several
reasons; this includes the reporting of different cut-offs for
definitions of positive and negative expression, which is fur-
ther compounded by the possibility of interlaboratory varia-
tion. Therefore, it is essential to perform a pooled analysis to
clarify the utility of PD-L1 expression in predicting the effi-
cacy of anti-PD-1/PD-L1 immunotherapy.

Based on this premise, Shen et al. [13] performed a meta-
analysis to evaluate the efficacy of PD-1 or PD-L1 inhibitors
in patients with cancer that were PD-L1 positive and PD-L1
negative; they concluded that PD-L1 expression could not
sufficiently predict the therapeutic efficacy of PD-1/PD-L1
inhibitors. However, they pooled the results through only a
small number of trials (8 randomized trials) of various cancer
types, which could confound and bias their results. Addition-
ally, they set a cut-off value of >1% as the definition of PD-
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L1-positive expression, and it remains uncertain whether
1% was the optimal cut-off value. Here, with the accumulated
evidence, we conduct a systematic review and meta-analysis
to evaluate the relationship between PD-L1 expression and
the efficacy of anti-PD-1/PD-LI therapy.

2. Methods

We conducted this study in adherence with the Cochrane
Handbook for Systematic Reviews of Interventions and
reported our findings based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [14].

2.1. Search Strategy and Selection Criteria. Two authors (XJC
and JLD) electronically searched the Medline (PubMed),
Embase, ClinicalTrials.gov, and Cochrane Library databases
to identify randomized controlled trials that compared anti-
PD-1/PD-L1 drugs to control drugs for solid tumors from
inception up to Jan 2019 with no restriction on language.
We used a manual search strategy to review references of
the included trials and abstracts of two conference proceed-
ings (2019 American Society of Clinical Oncology [ASCO]
annual meeting and the European Society for Medical Oncol-
ogy [ESMO] 2018 congress) to retrieve additional studies.
We searched for the following concepts and linked them
together with the OR/AND operator: nivolumab, pembroli-
zumab, avelumab, atezolizumab, durvalumab, PD-1, PD-L1,
checkpoint inhibitors, and randomized controlled trial [15].
The complete list of search terms is shown in Box 1 (supple-
mentary materials).

The purpose of this study was to evaluate the relationship
between PD-L1 expression and the efficacy of anti-PD-1/PD-
L1 therapy and identify the potential cut-off value for PD-L1
expression to distinguish the efficacy of anti-PD-1/PD-L1
therapy. We therefore prespecified the inclusion criteria
according to population-intervention-comparison-outcome
(PICO) guidelines. Foremost, for the participant: the PD-L1
expression status of the included participants (aged >18
years) was assessed; PD-L1 expression was defined as the per-
centage of tumor cells or tumor and immune cells that were
PD-L1 stained by immunohistochemistry (IHC) methods.
Next, for the intervention: treatment with anti-PD-1/PD-L1
drugs irrespective of monotherapy or combinational therapy.
Then, for the comparison: conventional treatment without
anti-PD-1/PD-L1 drugs. Lastly, for the outcome: primary
outcome was overall survival calculated as hazard ratio
(HR) stratified by PD-L1 expression status.

We excluded reviews, commentaries, retrospective stud-
ies, phase 1 or nonrandomized phase 2 studies, studies not
published as full-text articles, quality of life studies, cost effec-
tiveness analyses, studies in which the effect of the drug could
not be ascertained, such as when the control was a different
dose of the same drug, and studies without a report of overall
survival by PD-L1 expression.

2.2. Data Extraction and Quality Assessment. Two authors
(XJC and SQY) extracted the following characteristics for
each trial: phase of study (phase 2 or 3), included population,
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line of therapy, treatment regimen, type of PD-L1 antibody
clone, PD-L1 THC scoring method, number of the patients
by PD-L1 expression, median follow-up time, and HR for
overall survival and relative risk (RR) for objective response
rate according to different PD-L1 expression (Table 1). Two
authors (SQY and SC) used the Cochrane Risk of Bias Tool
to evaluate the risk of bias in all the included trials in this
review [16]. Discrepancies in the literature search and data
extraction were resolved by two independent authors (ZWZ
and YFL). Differences were resolved by consensus.

2.3. Data Synthesis and Analysis. The primary endpoint of
our study was the overall survival, defined as the time from
randomization to death from any cause. The secondary end-
point was objective response rate, measured as the propor-
tion of confirmed complete response or partial response at
the best response. Tumor responses were assessed by the
Response Evaluation Criteria in Solid Tumours (RECIST)
version 1.1 criteria [17]. Accordingly, we calculated the HR
and 95% confidence intervals (CI) for overall survival and
the RR and 95% CI for objective response rate in each study
separately in patients with different PD-L1 expression.

We used the I? index and the Cochran Q statistic to
assess the heterogeneity between different trials, with I* >
50% and P < 0.1 indicating significant heterogeneity [18]. If
the trial was considered homogeneous (P> 0.1), pooled
treatment effects (HR/RR and 95% CI) were calculated
through a fixed effects model using the inverse variance
method; otherwise, a random effects model was preferred.
For studies reporting more than one intervention arm
(CheckMate 067 [19]: nivolumab plus ipilimumab arm and
nivolumab arm), we compared the intervention arms with
the control arm separately. We performed subgroup analyses
to evaluate studies by different tumor types (nonsmall cell
lung cancer (NSCLC) and other cancer types) and treatment
strategies (monotherapies and combination therapies) in
different PD-L1 expression status. Additionally, subgroup
analyses stratified by experimental agents, PD-1/PD-L1
inhibitors, PD-L1 antibody clone, and type of IHC scoring
method were conducted. An interaction test was used to
evaluate the heterogeneity of efficacy between subgroups,
expressed as P for interaction. We assessed the potential
publication bias by funnel plots and evaluated the data
through the Egger and Begg tests, with P < 0.1 considered
significant [20, 21]. All statistical analyses were performed
using Stata version 12.0 (StataCorp, College Station, TX).
Two-sided P < 0.05 was considered statistically significant.

3. Results

Figure S1 shows that we identified 486 related studies after
the initial search strategy; 436 studies were further excluded
after screening the title and abstract. After review of the
full-text of 50 articles, 23 studies meet the inclusion criteria.
We then performed a careful manual search and identified
one study for inclusion. Hence, a total of 24 trials were
included for the quantitative synthesis and meta-analysis
[19, 22-44]. All the included studies were published
between January 2015 and October 2018. The funnel plot

and Begg rank correlation test (P=0.137) indicated no
obvious publication bias (Figure S2).

3.1. Study Characteristics. Table 1 shows the detailed infor-
mation of the eligible studies. All the included trials were
international multicentre studies funded by the pharmaceuti-
cal industry, including 2 phase 2 trials, 1 phase 2/3 trial, and
21 phase 3 trials, with the sample sizes ranging from 142 to
945 subjects. The median follow-up time of the included tri-
als varied from 5.1 months to 38 months. All the 24 trials
were conducted in metastatic or recurrent settings, among
which twelve were performed in NSCLC [22, 23, 26, 28, 30,
32, 34, 36, 40-42, 44], five in melanoma [19, 25, 29, 35, 37],
two in renal cell carcinoma [24, 38], two in gastric or gastro-
esophageal junction cancer [33, 39], one each in head and
neck cancer [27], urothelial carcinoma [31], and triple-
negative breast cancer [43]. Patients in the experimental
arm received nivolumab in 11 trials [19, 22-25, 27, 29, 32,
33, 37, 38], pembrolizumab in 7 trials [28, 30, 31, 35, 36,
39, 42], atezolizumab in 4 trials [26, 34, 43, 44], and avelumab
[41] and durvalumab [40] in 1 trial each. Six trials evaluated
the combination of anti-PD-1/PD-L1 drugs with ipilimumab
[29, 38] and chemotherapy [36, 42-44] compared with con-
ventional treatment; seventeen trials assessed the efficacy of
anti-PD-1/PD-L1 monotherapies [22-28, 30-35, 37, 39-
41]; one trial, namely, CheckMate 067 [19], was purposed
to evaluate the therapeutic effect of nivolumab monotherapy
or combination therapy with nivolumab plus ipilimumab in
melanoma compared with ipilimumab. The threshold of
PD-L1-positive expression was defined as 1% in eighteen tri-
als [19, 22-24, 26-28, 33-36, 38-44], 5% in four trials [25, 29,
32, 37], and 10% [31] and 50% [30] in one trial each.

The risk of bias assessments for the included trials is
shown in Table S1. All studies but one generated the
randomized treatment allocation sequences. The quality of
the included trials was considered moderate to good; the
main factor impacting the quality was the open-label design
of most of the included trials.

3.2. Therapeutic Efficacy of Anti-PD-1/PD-L1 Drugs. The 24
eligible trials to evaluate the therapeutic efficacy of anti-PD-
1/PD-L1 drugs comprised a total of 14,860 patients, with
8212 subjects in the intervention arms (nivolumab: 3310,
pembrolizumab: 2654, atezolizumab: 1376, avelumab: 396,
and durvalumab: 476) and 6648 subjects in the control arms
(chemotherapy: 4459, ipilimumab: 955, targeted drug: 833,
and placebo: 401).

We observed significant heterogeneity (I> = 61.5%, P <
0.001) among the eligible studies. A random effects model
with an inverse variance method was therefore preferred in
the present meta-analysis. Overall, we noted that anti-
PD/PD-L1 drugs increased tumor response (RR 1.91, 95%
CI 1.62-2.26, P < 0.001; Figure S3) and reduced the risk of
death significantly (HR 0.72, 95% CI 0.66-0.78, P < 0.001;
Figure 1), irrespective of tumor type, compared with the
control treatment.

3.3. PD-L1 Expression to Predict the Therapeutic Efficacy.
Next, we examined the relationship between PD-L1
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No. of patients Overall survival ) Overall survival
Non-ICI hazard ratio Weolght hazard ratio
Study ICI group (95% CI) (%) (95% CI)
group
1. NSCLC
CheckMate 057 292 290 — 4.95 0.73 (0.59 to 0.90)
CheckMate 017 135 137 —— 3.72 0.59 (0.44 to 0.79)
KEYNOTE-010 690 343 —— 5.37 0.67 (0.56 to 0.80)
POPLAR 144 143 |—.—q 3.48 0.73 (0.53 to 1.00)
KEYNOTE-024 154 151 —.— 2.72 0.60 (0.41 to 0.88)
OAK 425 425 —l— 5.51 0.73 (0.62 to 0.87)
Checkmate-026 271 270 l—I—d 4.76 1.07 (0.86 to 1.33)
KEYNOTE-189 410 206 —— 4.14 0.49 (0.38 to 0.64)
PACIFIC 476 237 D—.—( 2.82 0.68 (0.47 to 0.99)
JAVELIN Lung 200 396 396 D—.—-—i 5.31 0.90 (0.75 to 1.08)
KEYNOTE-407 278 281 —— 3.94 0.64 (0.49 to 0.84)
IMpower150 356 336 D—I—i 4.99 0.78 (0.64 to 0.96)
Subtotal (P = 0.001, I> = 64.7%) 4027 3215 HIlH 51.71 0.72 (0.64 to 0.80)
2. Other type cancers
CheckMate 066 210 208 —— 1.73 0.42 (0.25 to 0.72)
CheckMate 069 95 47 ——— 1.72 0.74 (043 t0 1.27)
CheckMate 067 314 315 i 4.82 0.55 (0.44 to 0.68)
CheckMate 067 316 315 —— 4.94 0.65 (0.53 to 0.80)
CheckMate 037 272 133 '_._‘ 4.08 0.95 (0.73 to 1.24)
CheckMate 025 410 411 —— 4.36 0.73 (0.57 to 0.93)
CheckMate 141 240 121 '—.—' 3.44 0.70 (0.51 to 0.96)
KEYNOTE-045 270 272 —— 4.78 0.73 (0.59 to 0.91)
ATTRACTION-2 330 164 —— 4.84 0.63 (0.51 to 0.78)
CheckMate 214 425 422 —— 3.05 0.63 (0.44 to 0.90)
KEYNOTE-061 296 296 '_."_‘ 5.43 0.94 (0.79 to 1.12)
IMpassion130 451 451 '_._" 5.10 0.84 (0.69 to 1.02)
Subtotal (P = 0.003, I = 61.4%) 3629 3155 L g 4829 0.71 (0.63 to 0.80)
Overall (P < 0.001, I = 61.5%) 7656 6370 L 100.00 0.72 (0.66 to 0.78)
0.5 1 1.5

F1GURE 1: Forest plot of overall survival in patients treated with anti-PD-1/PD-L1 drugs versus control. PD-1: programmed death 1; PD-LI:

programmed death-ligand 1.

expression and the efficacy of anti-PD/PD-L1 immunother-
apy. Given that there may be heterogeneity between trials,
we performed subgroup analyses stratified by different tumor
types (NSCLC and other cancer types) and treatment strate-
gies (monotherapies and combination therapies).

For NSCLC patients, anti-PD-1/PD-L1 monotherapy
was superior to control treatment in terms of objective
response rate (RR;o, 1.61 [1.33-1.95] vs. RRq,, 2.12 [1.49-
3.00] vs. RRqo, 1.76 [1.11-2.81] vs. RRg, 2.35 [1.41-3.91];
all P<0.05, Figure S4A) and overall survival (HR;, 0.72
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Heterogeneity
Overall survival Pooled within subgroups
No. of No. of hazard ratio hazard ratio -
Cutoff of PD-L1 status comparisons  patients (95% CI) (95% CI) Pvalue I*(%) P value
PD-L1 status (>1% cutoff)
Positive 8 3429 . 0.72 (0.61t0 0.86) <0.001  68.50%  0.002
Negative 5 934 '—I—d 0.84 (0.67 to 1.06)  0.147  43.00% 0.135
Subgroup difference: P = 0.292
PD-L1 status (=5% cutoft)
Positive 5 1055 —— 0.63 (0.44t00.89)  0.008  78.20%  0.001
Negative 2 418 o—I—c 0.85(0.62to 1.15)  0.277  40.80% 0.194
Subgroup difference: P = 0.210
PD-L1 status (=10% cutoff)
Positive 2 234 —— 0.43 (0.31t00.59) <0.001  0.00%  0.528
Negative 2 446 ’—.—‘ 0.84 (0.62to 1.14) 0274 46.00% 0.174
Subgroup difference: P = 0.003
PD-L1 status (=50% cutoff)
Positive 4 1276 il 0.62 (0.51t00.75) <0.001 44.60% 0.144
Negative 2 1052 -—-—« 0.92(0.64t01.33) 0.661  81.00% 0.022
Subgroup difference: P = 0.061 :
0 0.5 1 1.5
(a)
Al cval led Heterogeneity
No. of No. of OEZI;ar;l;;ZiIZa hai):r(:i 61:‘atio within subgroups
Cutoff of PD-L1 status comparisons  patients (95% CI) (95% CI) P value I»  Pvalue
PD-L1 status (>1% cutoff)
Positive 3 1145 — 0.62 (0.47 t0 0.82)  0.001 56.70% 0.004
Negative 3 722 i 0.72 (0.58 t0 0.89)  0.002 4.40% 0.351
Subgroup difference: P = 0.404
PD-L1 status (=50% cutoff)
Positive 2 348 i 0.65(0.53t0 0.81)  0.001 22.60% 0.256
Negative 2 393 — 0.56 (0.40 to 0.78)  0.001 0.00% 0.917
Subgroup difference: P = 0.460 0 05 1 s

(b)

F1GURE 2: (Forest plot of overall survival comparing anti-PD-1/PD-L1 drugs to control treatments in NSCLC patients with different PD-L1
expression statuses. NSCLC: nonsmall cell lung cancer; PD-1: programmed death 1; PD-L1: programmed death-ligand 1.

[95% CI 0.61-0.86] vs. HRy, 0.63 [0.44-0.89] vs. HR, ,, 0.43
[0.31-0.59] vs. HRgy, 0.62 [0.51-0.75]; all P<0.01,
Figure 2(a)) in patients who were PD-LI positive, but not
in those who were PD-L1 negative (objective response rate
RR,,, 0.84 vs. RRy,, 0.84 vs. RR,,,, 1.01 vs. RR,,, 0.96; all P
> 0.05, Figure S4A; overall survival HR,,, 0.84 vs. HR,, 0.85
vs. HR, g, 0.84 vs. HRy,, 0.92; all P> 0.05, Figure 2(a)).
Moreover, we noted a dose-response relation with a higher
cut-off improving survival in PD-L1 positive NSCLC patients
(HRo, 0.72 vs. HRy,, 0.63 vs. HRp, 0.43vs. HRsoo, 0.62;
interaction test P =0.050, Figure 2(a)). In terms of objective
response rate, anti-PD-1/PD-L1 antibody in combination
with other conventional drug increased tumor response in
patients who were PD-L1 positive (RR;,, 1.83 vs. RRyy, 2.17;

all P <0.05, Figure S4B) rather than those who were PD-L1
negative (RR,,, 1.41 vs. RRyy,, 1.64; all P> 0.05, Figure S4B);
nonetheless, these combination therapy was associated with
prolonged overall survival regardless of PD-L1 expression
(HR for PD-L1 <1% vs. >1% [0.72 vs. 0.62], <50% vs. >50%
[0.56 vs. 0.62]; all P < 0.01, Figure 2(b)).

For patients with other cancer types, anti-PD-1/PD-L1
monotherapy was associated with increased tumor response
in patients with PD-L1 expression >1% (RR 2.62 [1.47-4.68];
P=0.001, Figure S5A) but not in those with PD-L1
expression <1% (RR 0.95 [0.30-2.97]; P = 0.930, Figure S5A).
We then pooled the overall survival and found that anti-PD-
1/PD-L1 monotherapy reduced the risk of death in patients
with PD-L1 expression >1% (HR 0.66 [0.57-0.76]; P < 0.001,
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Heterogeneity
Overall survival Pooled within subgroups
No. of No. of hazard ratio hazard ratio -
Cutoff of PD-L1 status comparisons patients (95% CI) (95% CI) Pvalue  I*(%) P value
PD-L1 status (>1% cutoff)
Positive 7 1997 HH 0.66 (0.57 t0 0.76) ~ <0.001 19.80%  0.278
Negative 7 1725 n—.—c 0.87 (0.74 to 1.03) 0.098 34.80% 0.016
Subgroup difference: P = 0.013
PD-L1 status (=5% cutof)
Positive 5 686 i 0.56 (0.43t0 0.73)  <0.001 21.50%  0.227
Negative 5 1717 '_._‘ 0.76 (0.60 to 0.96) 0.021 65.70%  0.02
Subgroup difference: P = 0.091
PD-LI status (>10% cutoft)
Positive 3 349 - 0.59 (0.45t0 0.78)  <0.001 0.00%  0.916
Negative 2 788 ’_._' 0.78 (0.62 to 0.97) 0.023 0.00% 0.699
Subgroup difference: P = 0.123 0 0.5 1 15
(@)
) Heterogeneity
Overall surV}val Pooled 4 within subgroups
Cutoff of PD-LI status No. cf)f Nc.). of hazard ratio hazard ratio —_—
comparisons patients (95% CI) (95% CI) P value r P value
PD-L1 status (>1% cutoff)
Positive 3 902 i : 0.55(0.451t0 0.68)  <0.001 0.00%  0.524
Negative 2 788 | 0.67 (0.54 t0 0.83)  <0.001 0.00%  0.337
Subgroup difference: P = 0.194
PD-L1 status (>5% cutoff)
Positive 2 226 '—I—! 0.62 (0.39 to 0.98) 0.040 0.00%  0.654
Negative 2 447 —— 0.52 (0.32 to 0.83) 0.006 49.20% 0.16
Subgroup difference: P = 0.603
PD-L1 status (=10% cutoff)
Positive 1 100 —— 0.51 (0.27 to 0.95) 0.033 - -
Negative 1 455 —— 0.58 (0.45 to 0.75) <0.001 - -
Subgroup difference: P = 0.710
0 0.5 1 1.5

(b)

F1GURE 3: Forest plot of overall survival comparing anti-PD-1/PD-L1 drugs to control treatments in patients with other cancer types with
different PD-L1 expression statuses. PD-1: programmed death 1; PD-L1: programmed death-ligand 1.

Figure 3(a)) but not for those with PD-L1 expression <1% (HR
0.87 [0.74-1.03]; P = 0.098, Figure 3(a)). By setting 5% or 10%
as the cut-off point for positive PD-L1 expression, we noted
that anti-PD-1/PD-L1 monotherapy could prolong the
overall survival of both PD-L1-positive and PD-L1-negative
patients (HR for PD-L1 <5% vs. =5% [0.76 vs. 0.56], < 10%
vs. 210% [0.78 vs. 0.59]; all P<0.05, Figure 3(a)). Like
NSCLC, anti-PD-1/PD-L1 combination therapy correlated
with prolonged overall survival of these patients regardless of
PD-L1 expression (HR for PD-L1 <1% vs. >1% [0.67 vs.

0.55], <5% vs. >5% [0.52 vs. 0.62], < 10% vs. >10% [0.58 vs.
0.51]; all P < 0.05, Figure 3(b)).

In summary, by setting 1% as the cut-oft for positive PD-
L1 expression, we noted that anti-PD-1/PD-L1 monothera-
pies increased the tumor response and prolonged the overall
survival in patients who were PD-L1 positive but not in those
who were PD-LI negative, compared with control treatments,
indicating that 1% may be the suitable cut-off value for patient
selection. Therefore, we further performed subgroup analyses
to experimental agents, PD-1/PD-L1 inhibitors, PD-L1
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Heterogeneity

Overall survival Pooled o
Subgroup No. 9f No. of hazard ratio hazard ratio M
comparisons patients (95% CI) (95% CI) Pvalue I’ (%) P value
Drug
Nivolumab 3 906 — 0.77 (0.50 to 1.16) 0.212 82.20% 0.004
Pembrolizumab 1 1033 _— 0.67 (0.56 to 0.80)  <0.001 - -
Atezolizumab 2 658 - — 0.69 (0.57 t0 0.85)  <0.001 0.00% 0.318
Durvalumab 1 303 —m— 0.53 (0.36 to 0.78) 0.001 - -
Avelumab 1 529 ._._. 0.90 (0.73 to 1.11) 0.335 - -
Subgroup difference: P = 0.105
PD-1 or PD-L1 inhibitors
PD-1 4 1939 D—I—t 0.74 (0.56 to 0.99) 0.041 79.50%  0.002
PD-L1 4 1490 il 0.70 (0.56 to 0.86) 0.003 60.30% 0.056
Subgroup difference: P = 0.760
PD-L1 antibody clone
28-8 3 906 D—I—l 0.77 (0.50 to 1.16) 0.212 82.20% 0.004
SP142 2 658 i 0.69 (0.57 t0 0.85)  <0.001 0.00%  0.318
SP263 1 303 —— 0.53 (0.36 to 0.78) 0.001 - -
73-10 1 529 '—I—d 0.90 (0.73 to 1.11) 0.335 - -
22C3 1 1033 o 0.67 (0.56 to 0.80)  <0.001 - -
Subgroup difference: P = 0.105
Type of immunohistochemical scoring method
Tumor cell 6 2744 i 0.74 (0.59 to 0.91) 0.006 75.50%  0.001
Tumor and immune cell 2 685 i 0.69 (0.57 to 0.85)  <0.001 0.00% 0.318
Subgroup difference: P = 0.268
0.5 1 1.5
(@
Overall survival Pooled HeFerogeneity
Subgroup No. <')f No. of hazard ratio hazard ratio M
comparisons patients (95% CI) (95% CI) Pvalue I’ (%) P value
Drug
Nivolumab 3 330 - 0.74 (0.50 to 1.09) 0.123 51.10% 0.153
Atezolizumab 2 471 '—I—‘ 0.81 (0.62 to 1.07) 0.139 20.00% 0.264
Durvalumab 1 148 D—I—l 1.36 (0.79 to 2.34) 0.267 - -
Subgroup difference: P = 0.175
PD-1 or PD-L1 inhibitors
PD-1 2 330 - 074 (050t01.09) 0123  51.10% 0.153
PD-L1 3 619 —— 0.96 (0.66t0 1.36)  0.805  55.20% 0.107
Subgroup difference: P = 0.337
PD-L1 antibody clone
28-8 2 330 p—.—-c 0.74 (0.50 to 1.09) 0.123 51.10% 0.153
SP142 2 471 p-.-q 0.81 (0.62 to 1.07) 0.139 20.00% 0.264
SP263 1 148 p—.—c 1.36 (0.79 to 2.34) 0.267 - -
Subgroup difference: P = 0.175
Type of immunohistochemical scoring method
Tumor cell 3 478 ._.._q 0.86 (0.57 to 1.31) 0.493 64.30% 0.061
Tumor and immune cell 2 471 |-.—q 0.81 (0.62 to 1.07) 0.139 20.00% 0.264
Subgroup difference: P = 0.813 E
0 05 1 15 2 25

(b)

FIGURE 4: Subgroup analyses for overall survival comparing anti-PD-1/PD-L1 drugs to control treatments in NSCLC patients with PD-L1
expression statuses >1% (a) and <1% (b). NSCLC: nonsmall cell lung cancer; PD-1: programmed death 1; PD-L1: programmed death-

ligand 1.



10

Disease Markers

Overall survival Pooled He.temgeneny
Subgroup No. gf N(.>. of hazard ratio hazard ratio M
comparisons patients (95% CI) (95% CI) Pvalue  I*(%) P value
Drug
Nivolumab 4 701 —— : 0.60 (0.49 to 0.73) <0.001 0.00%  0.457
Pembrolizumab 3 1296 ] 0.69 (0.57 to 0.84) <0.001 39.70% 0.190
Subgroup difference: P = 0.325
PD-LI antibody clone
28-8 4 701 —— 0.60 (0.49 to 0.73) <0.001 51.10% 0.153
22C3 3 1296 —— 0.69 (0.57 to 0.84) <0.001 20.00% 0.264
Subgroup difference: P = 0.325
Type of immunohistochemical scoring method
Tumor cell 5 1372 i 0.61 (0.52 to 0.71) <0.001 0.00%  0.608
Tumor and immune cell 2 625 '—'—‘ 0.73 (0.57 t0 0.97) 0.029 49.50% 0.159
Subgroup difference: P = 0.253
04 0.7 1 1.3
(@)
Overall survival Pooled HeFerogeneity
Subgroup No. (.)f Nc?, of hazard ratio hazard ratio M
comparisons patients (95% CI) (95% CI) Pvalue  I*(%) Pvalue
Drug
Nivolumab 4 1082 - 0.79 (0.67 to 0.93) 0.004 0.00%  0.889
Pembrolizumab 3 643 |—.—| 0.99 (0.71 to 1.38) 0.938 62.00% 0.072
Subgroup difference: P = 0.233
PD-L1 antibody clone
28-8 4 1082 — 0.79 (0.67 to 0.93) 0.004 0.00%  0.889
22C3 3 643 !—I—l 0.99 (0.71 to 1.38) 0.938 62.00% 0.072
Subgroup difference: P = 0.233
Type of immunohistochemical scoring method
Tumor cell 5 1232 i 0.79 (0.67 to 0.92) 0.002 0.00%  0.954
Tumor and immune cell 2 493 '—I—' 1.09 (0.72 to 1.65) 0.679 70.50%  0.065
Subgroup difference: P = 0.155
04 07 1 13 1.6

(b)

FIGURE 5: Subgroup analyses for overall survival comparing anti-PD-1/PD-L1 drugs to control treatments in patients with other cancer types
with PD-L1 expression statuses >1% (a) and <1% (b). PD-1: programmed death 1; PD-LI: programmed death-ligand 1.

antibody clone, and type of IHC scoring method that may
affect outcomes. Overall, for these subgroups, patients that
were PD-LI positive (Figure 4(a), Figure 5(a)) rather than
PD-L1 negative (Figure 4(b), Figure 5(b)) could benefit from
anti-PD-1/PD-L1 monotherapies.

4. Discussion

PD-1/PD-L1 inhibitors rely heavily on the tumor microenvi-
ronment to work. Theoretically, only patients with inflamed
tumors should benefit from immunotherapy; those with
other immune types, such as the immune-desert phenotype

and immune-excluded tumors, have poor response to immu-
notherapy due to the absence of immune effector cells in the
tumor microenvironment or obstruction between the immune
effector cells and tumor cells [45]. Hence, a priority is to
identify those patients who could potentially benefit from
receiving anti-PD-1/PD-L1 immunotherapy. To address this
urgent need, we relied on the data from 24 high-quality, ran-
domized controlled trials that comprised 14,860 subjects and
performed pooled analysis to assess the predictive value of
PD-L1 expression for anti-PD-1/PD-L1 immunotherapy
under different positive expression thresholds. Our findings
suggest that patients with different PD-L1 expression levels
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have different outcomes for anti-PD-1/PD-L1 monothera-
pies. Overall, we noted that anti-PD-1/PD-L1 monotherapies
prolonged the overall survival of patients with PD-L1 expres-
sion >1%, rather than those with PD-L1 expression <1%,
indicating that the therapeutic efficacy of anti-PD-1/PD-L1
monotherapies relied on the expression of PD-L1, and eligi-
ble patients were required to have PD-L1 expression levels
of at least 1%. Nonetheless, when anti-PD-1/PD-L1 inhibi-
tors were combined with other therapies, favourable out-
comes were observed in patients without the restriction of
PD-L1 expression.

Among the emerging immune-relevant biomarkers for
anti-PD-1/PD-L1 immunotherapy, the expression of PD-L1
on tumor and immune cells is one of the most plausible bio-
markers, since it represents the extent of T cell infiltration in
the tumor microenvironment [46-48]. Several studies have
reported an association between the efficacy of anti-PD-
1/PD-L1 therapy and PD-L1 expression [9, 47]. Taking
advanced NSCLC as an example, anti-PD-1/PD-L1 mono-
therapy can improve the tumor response and overall survival
of patients with higher PD-L1 expression (KEYNOTE-024
study) [30], but not patients with low PD-L1 expression
(CheckMate 026) [32], when compared with platinum-
based chemotherapy. Similarly, Kim and colleagues reported
that the objective response rate of PD-L1 (+) gastric cancer
was significantly higher than that of PD-L1 (-) gastric cancer
(50.0% versus 0.0%, P < 0.001) [9]. Despite these favourable
results, some issues still remain, such as the heterogeneity
between the primary tumors and metastatic sites and the
dynamic changes of the tumor environment [49]. Hence, it
is still debatable whether the PD-L1 expression of archival
biopsies at specific time points is predictive during the
long-term treatment process; even if it is, the suitable cut-
off point remains unknown. A suitable cut-off value of PD-
L1 expression should be set based on the conditions that
PD-L1-positive, but not PD-L1-negative, patients could ben-
efit from PD-1/PD-L1 inhibitors and that the PD-L1-positive
population should be as large as possible. To address these
urgent issues, we performed pooled analyses based on 24
high-quality randomized controlled trials with over 14,860
subjects and performed subgroup analyses with respect to
different cancer types to verify the robustness of our findings.
In summary, our findings demonstrated that patients with
different PD-L1 expression levels are associated with discrep-
ant outcomes for anti-PD-1/PD-L1 monotherapies. When
we defined PD-L1 >1% as positive expression, patients who
were PD-L1-positive pretreatment benefitted from the anti-
PD-1/PD-L1 monotherapies, indicating that PD-L1 expres-
sion is an effective predictive biomarker of anti-PD1/PD-L1
monotherapy response and that 1% may be the suitable
cut-off value.

Considering the low response rate of immunotherapy,
oncology researchers are now investigating anti-PD1/PD-
L1 combination therapies, such as anti-PD-1/PD-L1 agents
in combination with chemotherapy [36, 42-44], ipilimumab
[29, 38], or bevacizumab [10], for the treatment of cancers.
However, while the anti-PD-1/PD-L1 combination therapies
prolonged the survival of more but not all treated patients,
and these combination therapies increased the number of
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immune-related adverse events [36, 50]; hence, it is still
urgently needed to seek effective biomarkers to distinguish
the responders from nonresponders before initial combina-
tion therapies. In the present study, we explored the validity
of PD-L1 expression as a predictor for anti-PD-1/PD-L1
combination therapies and found that anti-PD-1/PD-L1
combination therapies can prolong the overall survival in
patients with either high or low PD-L1 expression, indicating
that anti-PD-1/PD-L1 combination therapy is effective
regardless of pretreatment PD-L1 expression. Thus, PD-L1
expression cannot be recommended as a prognostic bio-
marker to select patients to receive anti-PD-1/PD-L1 combi-
nation therapy. It is known that the interaction between
cancer and the immune system is a dynamic process [51];
the expression of PD-LI can be regulated at the transcrip-
tional, posttranscriptional, and protein levels [7], and the
combination of other therapies may promote the activation
of dendritic cells, the infiltration of T cells, and the exposure
of neoantigens, which result in increases in PD-L1 expression
and facilitate the efficacy of the PD-1/PD-L1 blockade. This is
one possible reason why patients with little or no PD-L1
expression in baseline tumor biopsies can still benefit from
anti-PD-1/PD-L1 combination therapies.

Our results have several clinical and research implica-
tions. Foremost, while the PD-1/PD-L1 inhibitors have
favourable effects on survival, it also comes with trade-offs
in immune-related side effects [15]. The average wholesale
price for one dose of anti-PD-1/PD-L1 agent has been as high
as $5732, which creates tremendous medical costs for
patients, families, and the National Health Service annually
[52]. Our results showed that PD-L1 expression is a predictor
of patient survival and patient response to anti-PD-1/PD-L1
monotherapy and that 1% may be the suitable cut-oft value.
These findings may facilitate the administration of anti-PD-
1/PD-L1 agents, avoid unnecessary immunotherapy for can-
cer patients, and assist in recruiting eligible patients for
future clinical trials. Additionally, PD-L1 expression is not
an adequate predictor for anti-PD-1/PD-L1 combination
therapies and thus cannot be the routine marker in clinical
practice for patient selection for combination therapies.
Finally, our results can spur the exploration of other bio-
markers, such as PD-L1 expression on circulating tumor cells
or exosomes, and tumor mutation burden to enhance the
predictive power for combination therapies.

Our study has several notable limitations. First, we
observed obvious heterogeneity among the eligible studies.
We believe that the heterogeneity was mainly due to the mul-
tiple cancer types and multiple-line therapies used in these
trials. Hence, we used a random effects model in this study
and performed subgroup analyses stratified by different can-
cer types and treatment strategies to minimize the heteroge-
neity and verify the robustness of our results. Moreover, no
publication bias was observed in this study. Our findings
confirmed the correlations between PD-L1 expression and
the efficacy of anti-PD-1/PD-L1 immunotherapy. Second,
not all the included trials reported PD-L1 expression cut-
offs of 1%, 5%, 10%, and 50%; thus, the pooled results in sev-
eral subgroup analyses were conducted through limited tri-
als. Third, our study only focused on one factor: PD-L1
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expression. We recognized that other clinical parameters that
may affect outcomes. Thus, we also performed subgroup
analyses to experimental agents, PD-1/PD-L1 inhibitors,
PD-L1 antibody clone, and type of IHC scoring method to
further validate the robustness of our findings. Fourth, this
study was not designed based on an a priori protocol, indicat-
ing the potentially biased methods. Finally, our study was
carried out at the trial level instead of at the individual level.
Therefore, we failed to test the correlations between PD-L1
expression and efficacy in specific subgroups according to
clinicopathological characteristics.

5. Conclusions

Compared with conventional therapy, anti-PD-1/PD-L1
monotherapies prolonged the overall survival of patients
with PD-L1 expression >1%, but not those with PD-LI
expression <1%, regardless of cancer type; anti-PD-1/PD-
L1 combination therapies reduced the risk of death in differ-
ent cancer types, regardless of PD-L1 expression. Therefore,
we recommend PD-L1 expression as a predictive biomarker
in patient selection for anti-PD-1/PD-L1 monotherapies,
but not for combination therapies. In the future, researchers
should consider the impact of PD-L1 expression to better
design the anti-PD1/PD-L1 clinical trials.
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Supplementary Materials

Box 1: PubMed search terms. Table S1: risk of bias of the
included trials. Figure S1: study flow diagram of included
studies in this systematic review and meta-analysis. A total
of 486 related studies after the initial search strategy; 436
studies were further excluded after screening the title and
abstract. After review of the full-text of 50 articles, 27 studies
were further excluded because of the following reason: non-
comparative trial (n=21) [25-45], no report of OS (n=3)
[46-48], and no report of OS by PD-L1 expression (n=3)
[49-51]. We then performed a careful manual search and
identified one study for inclusion. Hence, a total of 24 trials
were included for the quantitative synthesis and meta-
analysis. Figure S2: Begg’s funnel plot for publication bias test
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(P =0.137). Each circle represents a separate study for indi-
cated association, and horizontal line represents the mean
effect size. Figure S3: forest plot of objective response rate
in patients treated with anti-PD-1/PD-L1 drugs versus con-
trol. Figure S4: forest plot of objective response rate compar-
ing anti-PD-1/PD-L1 drugs to control treatment in NSCLC
patients with different PD-L1 expression status. NSCLC:
nonsmall cell lung cancer; PD-1: programmed death 1;
PD-L1: programmed death-ligand 1. Figure S5: forest plot
of objective response rate comparing anti-PD-1/PD-L1
drugs to control treatment in patients with other cancer
types with different PD-L1 expression status. PD-1: pro-
grammed death 1; PD-L1: programmed death-ligand 1.
(Supplementary Materials)
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