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Abstract

Background and Aim: Programmed death 1 (PD-1) and programmed death li-
gand 1 (PD-L1) inhibitors have transformed the treatment landscape of advanced
hepatocellular carcinoma (HCC), but consistent responses are not observed in
all patients, and prognostic biomarkers to guide treatment decisions are lacking.
We aimed to evaluate the predictive value of PD-L1 expression in advanced HCC
patients treated with PD-1/PD-L1 inhibitors.

Methods: A comprehensive search of PubMed, Embase, Web of Science, and
the Cochrane Library was conducted. Studies comparing the objective response
rate (ORR) and/or disease control rate (DCR) based on the tumor PD-L1 status of
HCC were included.

Results: Eleven studies with 1,330 HCC patients treated with PD-1/PD-L1 in-
hibitors were included. Pooled odds ratio (OR) analysis demonstrated a signifi-
cantly improved ORR in PD-L1-positive patients compared with PD-L1-negative
patients (OR, 1.86, 95% CI, 1.35-2.55). Similar results were observed in the anti-
PD-1 treatment (p<0.001) and anti-PD-1/PD-L1 monotherapy (p <0.001) sub-
groups. The pooled ORRs in the PD-L1-positive and PD-L1-negative groups were
26% (95% CI, 20%-32%) and 18% (95% CI, 13%-22%), respectively. For DCR, the
pooled OR analysis showed no significant difference between PD-L1-positive
patients and PD-L1-negative patients (66% [95% CI, 55%—76%] vs. 69% [95% CI,
62%-76%]; OR, 0.92, 95% CI, 0.59-1.44). The results were consistent across the
drug target and combination treatment subgroups.

Conclusion: Positive PD-L1 expression is associated with a better ORR in ad-
vanced HCC patients treated with anti-PD-1/PD-L1-based therapies. This fea-
ture can help to identify HCC patients who will benefit most from PD-1/PD-L1
inhibitors.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer and is associated with in-
creasing incidence and high mortality." Due to the occult
onset, high degree of malignancy and fast progression of
HCQC, it is often diagnosed at an intermediate-advanced
stage, at which point there is no chance for radical treat-
ment.> Although many systemic therapeutic strategies,
such as chemotherapy, radiotherapy, and molecular tar-
geted therapies, have been developed and extensively used
in clinics in recent decades, the prognosis of patients with
advanced HCC remains unsatisfactory. The recent advent
of immunotherapy, especially immune checkpoint inhib-
itors (ICIs), has dramatically transformed the treatment
landscape for advanced HCC.?

ICIs are monoclonal antibodies that target tumor
immune escape factors, that is, immune checkpoints.
Programmed cell death 1 (PD-1), which is mainly expressed
on immune cells, and its ligand programmed death ligand
1 (PD-L1), which is expressed on tumor cells, are two key
immune checkpoints. Using antibodies to block PD-L1
or PD-1 can reverse T-cell dysfunctionality and mount
an effective antitumour response.* In recent years, many
clinical trials with ICIs for HCC have been conducted, and
promising effects have been reported. In 2017 and 2018,
the Food and Drug Administration (FDA, USA) granted
accelerated approvals for the PD-1 inhibitors nivolumab
and pembrolizumab in advanced HCC based on results
from the CheckMate040° and Keynote224° trials, respec-
tively. Recently, camrelizumab and sintilimab have been
approved for clinical use for HCC in China.” In addition,
the PD-L1 inhibitor atezolizumab combined with the
VEGF inhibitor bevacizumab has been recommended as
a first-line regimen for the treatment of advanced HCC
based on the results of the IMbrave150 study.® Other PD-
L1 inhibitors, including avelumab”'® and durvalumab,"!
are being studied either alone or in combination in HCC.

Although PD-1/PD-L1 inhibitors have exhibited dra-
matic success in cancer treatment, patients show a highly
heterogeneous response to the treatment, ranging from
sustained complete remission to rapid disease progression.
Additionally, such treatments are very expensive and may
be associated with a broad spectrum of immune-related
adverse effects.> Therefore, exploring a potential pre-
dictive biomarker to identify patients who would benefit
the most from ICIs is crucial. Considering the underlying

mechanism of PD-1/PD-L1 inhibitor treatment, PD-L1
expression may be the most promising biomarker of the
response to ICIs.

Many studies have shown the predictive value of
tumor PD-L1 expression in various cancers, including
melanoma,'? renal cell cancer,'* and non-small cell lung
cancer (NSCLC).'>!¢ However, the value of PDL1 expres-
sion in predicting the efficacy of PD1/PDL1 inhibitor
monotherapy or combination therapies in HCC remains
controversial.'”'® The results from CheckMate040 re-
ported that clinical treatment responses were observed
irrespective of PD-L1 expression, but patients with PD-
L1>1% tended to exhibit a higher overall response rate
(ORR) than patients with PD-L1<1%.> A similar trend
was observed in patients with HCC treated with pem-
brolizumab.® However, in a small cohort of patients with
HCC treated with avelumab, no significant difference in
ORR was observed between PD-L1>1% and PD-L1<1%
patients.’® Therefore, we performed this study to assess
the value of PD-L1 expression for predicting the clinical
response or survival outcome of HCC patients treated
with PD-1/PD-L1 inhibitors.

2 | METHODS

2.1 | Study design and search strategy
This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. The protocol was registered on PROSPERO, the
international prospective register of systematic reviews
(CRD42021288493). We performed a comprehensive lit-
erature search of PubMed, EMBASE, Web of Science, and
the Cochrane Library from inception through February
28, 2022. The main key search words were “hepatocel-
lular carcinoma”, “PD-1”, “PD-L1”, and “clinical trial”.
Table S1 shows the detailed literature search strategy.
In addition, the references of relevant articles were also
manually searched.

2.2 | Study eligibility

Two reviewers (YY and ZBG) independently screened ar-
ticles for inclusion, and disagreements were resolved by
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TABLE 1 Characteristics of the included trials.
Registration Trial Line of Drug name

Study (year) Trial name number Phase Region/Center therapy (drug target)
2017, El-Khoueiry =~ CheckMate 040 NCT01658878 1/2 Globally, multicenter  1st or 2nd Nivolumab (PD-1)
2018, Zhu KEYNOTE-224 NCT02702414 2 Globally, multicenter 2nd Pembrolizumab (PD-1)
2019, Feun NA NCT02658019 2 USA, single center 2nd Pembrolizumab (PD-1)
2020, Lee, M.S G030140 NCT02715531 1b Globally, multicenter  1st Atezolizumab (PD-L1)
2020, Qin NA NCT02989922 2 China, multicenter 2nd or later Camrelizumab (PD-1)
2020, Yau CheckMate 040 NCT01658878 1/2 Globally, multicenter 2nd Nivolumab (PD-1)
2021, Kelley NA NCT02519348 1/2 Globally, multicenter 2nd Durvalumab (PD-L1)
2021, Kudo VEGF Liver 100 NCT03289533 1b Japan, multicenter 2nd or later ~ Avelumab (PD-L1)
2021, Lee, D.W NA NCTO03389126 2 Korea, single center 2nd Avelumab (PD-L1)
2021, Yau CheckMate 459 NCT02576509 3 Globally, multicenter  1st Nivolumab (PD-1)
2021, Xu RESCUE NCT03463876 2 China, multicenter 1st or 2nd Camrelizumab (PD-1)

Abbreviations: IHC, immunohistochemistry; NA, not available; Type I, PD-L1 expression on tumor cells; Type II, PD-L1 expression on tumor-infiltrating
immune cells; Type III, PD-L1 expression on tumor cells and/or tumor-infiltrating immune cells.

discussion and consensus and subsequently confirmed
by a third reviewer (CDB). The inclusion criteria were
as follows: (1) Studies of patients with advanced HCC
treated with PD-1 or PD-L1 inhibitors were included.
(2) The PD-L1 status of the included patients was ex-
amined by immunohistochemistry staining methods.
The threshold for PD-L1 positive or negative expression
for HCC was defined as PD-L1-stained cells accounting
for 1% of tumor cells, tumor-infiltrating immune cells,
or both. Studies with other cut-off values were only in-
cluded in the qualitative analysis. (3) Studies reporting
at least one objective evaluation of the following out-
comes were included: ORR, disease control rate (DCR),
progression-free survival (PFS), or overall survival (OS)
according to different PD-L1 statuses. (4) Clinical tri-
als irrespective of trial phase were included. The exclu-
sion criteria were as follows: (1) studies of patients with
multiple malignancies or metastatic liver tumors in ad-
dition to HCC; (2) observational studies, reviews, meta-
analyses, comments, case reports, editorials and letters;
and (3) studies not published in English. When multiple
studies reported data from the same clinical trial, the
higher quality, or most complete reporting study, or
both studies were included.

2.3 | Data extraction and
quality assessment

Data extraction and quality assessment of the included
studies were carried out by the same two authors (YY and
ZBG). Any disagreements were resolved by discussion
and consensus. The following information was extracted:
first author name; trial name, registration number, and
phase; line of treatment; study region; PD-1 or PD-L1
inhibitor(s) used; drug dose; method for PD-L1 detection;
number of patients; characteristics of the patients and tu-
mors; median follow-up time; ORR; DCR; OS; PFS, etc.
We attempted to contact the authors through email when
data were insufficient or missing.

The risk of bias for each study was assessed by the
Cochrane Collaboration Tool.' The assessment items in-
cluded selection bias, performance bias, attrition bias, de-
tection bias, reporting bias, and other biases.

2.4 | Statistical analysis

The meta-analysis was performed with STATA 16.0 ac-
cording to the Cochrane Handbook for Systematic Reviews
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PD-L1 IHC
Combination antibody scoring PD-L1 Median follow-up  Response
Doses therapy clone method  cutoff Sample time evaluation
0.1-10 mg/kg Q2W; NA clone 28-8  Typel 1% 44 in dose NA RECIST v1.1
3 mg/kg Q2W escalation
cohort, 174
in dose
expansion
cohort
200mg Q3W NA 22C3 Type I 1% 52 12.3 (IQR, 7.6-15.1)  RECIST v1.1
200mg Q3W NA 22C3 NA 1% 10 17 (95% CI, 8.0-22.0) RECISTv1.1
1200mg Q3W Bevacizumab SP263 Type 111 1% 86 in group A 12.4 (IQR, 8.0-16.2)  RECIST v1.1
95 in group F
3 mg/kg Q2-3W NA SP142 Type I 1% 30 NA RECIST v1.1
1 mg/kg Q3W, Ipilimumab clone 28-8  Typel 1% 49 in arm A NA RECIST v1.1
3 mg/kg Q3W, 48 in arm B
3 mg/kg Q2W 48 inarm C
1500 mg D4W Tremelimumab  SP263 Type III 1% 65in T300+D NA RECIST v1.1
90in D
72 in T75+D
10 mg/kg Q2W Axitinib SP263 Type II 1% 20 Minimum 18.0 RECIST v1.1
10 mg/kg Q2W NA SP263 Typel 1% 27 13.9 RECIST v1.1
240mg Q2W NA NA Type I 1% 366 Minimum 22.8 RECIST v1.1
200mgor 3 mg/kg  Apatinib 22C3 Type I 1% 54 16.7 for first-line; RECIST v1.1
Q2w 14.0 for second-line
of Interventions.?’ We extracted data from the anti-PD-1/ 3 | RESULTS
PD-L1 treatment arm to calculate response rates (ORR
and DCR). ORR was defined as the portion of patients 3.1 | Study selection and characteristics

who achieved complete response and partial response,
while DCR was defined as the ORR plus the stable disease
rate. The odds ratio (OR) and 95% confidence interval (CI)
were calculated to compare the ORR and DCR between
different PD-L1 expression groups. If a trial evaluated the
same PD-1/PD-L1 inhibitors with different doses or with
different combination therapies, we considered each to be
a single study cohort and analyzed it accordingly.

We used the Cochran's Q test and Higgins' I” statistic
to determine the heterogeneity between studies. Fixed or
random effects models were selected to pool data accord-
ing to the level of heterogeneity. The fixed effects model
was used when p>0.05 and I* < 50%. Otherwise, the ran-
dom effects model was selected. A Z-test was used to de-
termine the significance of pooled ORs, and p <0.05 was
considered statistically significant.

Subgroup analysis was conducted by drug target, ther-
apy type (combination therapy or monotherapy), drug and
line of treatment. Sensitivity analysis was performed to
observe the impact of each study or a certain drug on the
overall results. Funnel plots and Egger's and Begg's tests
were performed to assess publication bias.

Our search strategy identified a total of 5,625 studies. After
removing duplicates, 4124 articles were screened. Thirteen
studies that evaluated the effects of anti-PD-1/PD-L1 therapy
for HCC on clinical responses or survival by PD-L1 status were
ultimately included in the qualitative analysis.>”*"**#""?” The
study selection process is presented in Figure S1. Since the
JVDJ trial®® defined high or low PD-L1 expression with a
cut-off value of 25% tumor or immune cell staining for the
HCC cohort, it was only included in the qualitative analysis.
El-Khoueiry et al.” and Sangro et al.”’ reported outcomes of
the same patient cohorts from Checkmate040, but Sangro
et al reported the OS outcome by PD-L1 status for patients,
so it was included in the qualitative analysis. Ultimately, 11
studies with 1330 patients with advanced HCC were included
in the meta-analysis. All tumors were advanced, metastatic,
or unresectable. Of the included patients, 459 (34.5%) pa-
tients were PD-L1 positive, and 871 (65.5%) patients were
PD-L1 negative; 845 (63.5%) patients were treated with an ICI
alone, and 485 (36.5%) patients were treated with ICI-based
combinations. Table 1 demonstrates the main characteristics
of the included trials, and the characteristics of the included
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patients are provided in Table S2. All included trials were
judged to have a high risk of performance bias for blinding of
participants and staff because they were open-label trials. The
details of the quality assessment are presented in Table S3.

3.2 | Meta-analysis outcomes

3.2.1 | Objective response rate
Eleven studies with 16 patient cohorts reported the ORR
according to PD-L1 expression among patients with
HCC.> 7912125 A total of 1,235 patients (397 patients
were PD-L1 positive, 838 patients were PD-L1 negative)
were included in the meta-analysis. The pooled OR analy-
sis revealed a significantly improved ORR in patients with
PD-L1-positive HCC compared with patients with PD-
L1-negative HCC (OR, 1.86, 95% CI, 1.35-2.55; p<0.001)
(Figure 1). The heterogeneity between studies was ex-
tremely low (Cochrane's Q test p = 0.972, I? =0.0%), so the
fixed effects model was used. The pooled ORRs in the PD-
L1-positive group and PD-L1-negative group were 26% (95%
CIL, 20%-32%) and 18% (95% CI, 13%—22%), respectively.
Figure 2 summarizes the results of the subgroup analyses
for ORR. For all subgroups, including drug target (PD-1 or
PD-L1), therapy type (monotherapy or combination therapy),
drug type and different lines of treatment subgroups, the PD-
L1-positive HCC patients had a higher ORR than the PD-L1-
negative HCC patients; statistical significances were observed
in the PD-1 target subgroup, monotherapy subgroup,
nivolumab subgroup, and first-line treatment subgroup.

3.2.2 | Disease control rate

Six studies with seven patient cohorts reported outcomes
of disease control according to PD-L1 expression.>” 02325
A total of 444 patients (165 patients were PD-L1 positive,
279 patients were PD-L1 negative) were included in the
meta-analysis. The pooled OR analysis demonstrated no
significant difference in DCR between PD-L1-positive pa-
tients and PD-L1-negative patients (OR, 0.92; 95% CI, 0.59-
1.44, I =0.0%) (Figure 3). This finding was consistent in all
subgroups. Figure 4 shows the detailed results of subgroup
analyses for DCR. The pooled DCRs in the PD-L1-positive
group and PD-L1-negative group were 66% (95% CI, 55%-
76%) and 69% (95% CI, 62%—-76%), respectively.

3.2.3 | Sensitivity analyses and
publication bias

First, sensitivity analysis was performed for ORR and
DCR by deleting each study individually, and the results

did not change significantly. In addition, to rule out
the effect of nivolumab on the overall ORR, sensitiv-
ity analysis was also performed by excluding patients
treated with nivolumab, and the ORR did not change
significantly.

The funnel plots suggested no evidence of publication
bias for ORR and DCR, as shown in S2 and S3, and the re-
sults of Begg's test (p = 0.964) and Egger's test (p = 0.208)
also showed no publication bias.

3.2.4 | Overall survival and progression-
free survival

Six studies reported OS and/or PFS outcomes based
on PD-L1 status. However, due to the relatively small
number of eligible studies and the lack of essential
data for meta-analysis, only quantitative analysis was
performed for OS and PFS. The median OS time in the
PD-L1-positive group ranged from 10.2 to 28.1 months,
while the median OS time in the PD-L1-negative group
ranged from 8.0 to 22.2 months. In addition, the results
of the Checkmate040 trial showed that tumor PD-L1
positivity was significantly associated with a longer
OS (p = 0.032). The median PFS time was similar in
the two groups. The detailed results are summarized
in Table 2.

4 | DISCUSSION
We performed a comprehensive systematic review and
meta-analysis to evaluate the value of PD-L1 expression
for predicting the clinical response to PD-1/PD-L1 in-
hibitors in clinical trials including patients with advanced
HCC. The meta-analysis revealed that in HCC patients
treated with PD-1/PD-L1 inhibitors, a significantly higher
ORR was observed in PD-L1-positive patients than in PD-
L1-negative patients (26% vs. 18%). The meta-analysis in-
dicated that there was no significant difference between
the two patient populations in DCR (66% vs. 69%).
Among a variety of potential prognostic biomarkers
for the efficacy of anti-PD-1/PD-L1 therapy, PD-L1 ex-
pression on tumor and/or immune cells is one of the most
plausible indicators. Currently, immunohistochemically
positive or high expression of PD-L1 is sometimes a pre-
requisite for the use of anti-PD-1/PD-L1 immunotherapy
in several types of malignant tumors. For example, regard-
ing triple-negative breast cancer and NSCLC, the PD-L1
inhibitor atezolizumab and the PD-1 inhibitor pembroli-
zumab are only indicated for patients whose tumors ex-
press PD-L1.***° Some meta-analyses have also shown a
correlation between PD-L1 expression and improved re-
sponse rates for melanoma,® renal cell carcinoma,'* and
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Study Events, Events, %
ID Treatment Control OR (95% Cl)  Weight
i
2017, El-Khoueiry (dose esclation cohort) | - 37 8/37 2.72(0.50, 14.72) 2.68
2017, El-Khoueiry (dose expansion cohort) —_— 9/35 25/139 1.58(0.66,3.78) 13.77
i
2018, Zhu : —- 3/13 4/39 2.63(0.50, 13.72) 2.84
2019, Feun - : 13 317 0.67 (0.04, 11.29) 2.21
1
2020, Lee, M.S. (group A) —— 25/32  36/54 1.79(0.65,4.91) 10.80
1
2020, Qin + - 4/6 7/24 4.86(0.72,32.87) 1.72
1
2020, Yau (arm A) —— : 3/15 7/34 0.96 (0.21,4.38) 6.32
| 1
2020, Yau (arm B) + X 3/15 7/33 0.93(0.20,4.23) 6.45
2020, Yau (arm C) I : —- 4/15 4/33 2.64 (0.56, 12.42) 3.38
1
2021, Kelley (T300+D) —*—:— 8/18 19/47  1.18(0.39,3.53) 10.77
2021, Kelley (Durvalumab) o 8/11 47/79  1.82(0.45,7.37) 5.77
1
2021, Kelley (T75+D) —— : 5/8 36/64 1.30(0.29,5.89) 5.53
2021, Kudo t: > 313 14/17  1.69(0.07, 40.83) 1.21
1
2021, Lee, D.W - : 113 7/24 1.21(0.09, 15.66) 1.91
|
2021, Xu —— 7113 15/41  2.02(0.57,7.14) 6.14
'
2021, Yau —:+— 20/56  51/310 2.82(1.51,5.26) 18.49
Overall (I-squared = 0.0%, p = 0.972) <> 107/253 290/982 1.86 (1.35,2.55) 100.00
1
Weights are from fixed effects analyais 1
I
T T

.0245 1
Favours PD-L1 negative

Favours PD-L1 positive

FIGURE 1 Forest plot of the comparison of ORR between the PD-L1-positive and PD-L1-negative groups.

urothelial carcinoma.’ However, no study has explored
the value of PD-L1 expression in predicting the efficacy of
PD-1/PD-L1 inhibitor therapy. To the best of our knowl-
edge, our study is the first study on this topic to date. Our
systematic review and meta-analysis, including 1,330 pa-
tients with HCC from 11 prospective clinical trials, found
that PD-L1 expression is significantly associated with an
improved objective response to anti-PD-1/PD-L1 therapy.
In addition, heterogeneity between studies was low, and
sensitivity analyses suggested that the pooled result was
stable. Possibly due to the limited number of analyzed pa-
tients, the difference in ORR between PD-L1-positive and
PD-L1-negative patients treated with PD-L1 inhibitors did
not reach statistical significance.

Our subgroup analyses indicated that positive PD-
L1 expression was significantly associated with a higher
ORR than negative PD-L1 expression in patients treated
with anti-PD-1/PD-L1 monotherapy. However, in patients
treated with anti-PD-1/PD-L1-based combination therapy,
positive PD-L1 expression was associated with a higher
ORR than negative PD-L1 expression, but the difference
did not reach statistical significance. In recent years, many
preclinical models and clinical trials have demonstrated

that combining anti-angiogenic agents (including tyrosine
kinase inhibitors and anti-VEGFR monoclonal antibodies)
with ICIs can modulate the tumor microenvironment and
immunometabolism and increase PD-L1 expression in tu-
mors, thus leading to a strong and sustained antitumour
effect.**>* Another promising combination therapy com-
promises PD-1/PD-L1 inhibitors plus inhibitors targeting
another immune checkpoint, cytotoxic T lymphocyte-
associated protein 4 (CTLA-4). The combination of PD-1/
PD-L1 inhibitors and CTLA-4 inhibitors (e.g., nivolum-
ab+ipilimumab and durvalumab+tremelimumab) can
stimulate antitumour immune responses through differ-
ent and complementary mechanisms targeting different
signaling pathways. These addictive or synergistic effects
of antiangiogenic or anti-CTLA-4 agents may have re-
sulted in a lack of significant difference in ORR between
the PD-L1-positive and PD-L1-negative groups. Further
studies are required to explore the predictive value of PD-
L1 expression in the response to PD-1/PD-L1-based com-
bination therapy.

Our meta-analysis supports the predictive value of
tumor PD-L1 expression for HCC patients treated with
PD-1/PD-L1 inhibitors. One noteworthy point is that
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Subgroup :;';fms ORR(PD-L1+ %)  ORR (PD-L1 -, %)
Overall 1235 26% (20%-32%) 18% (13%-22%)
Drug target

anti-PD-1 360 29% (22%-37%) 19% (14%-25%)

anti-PD-L1 875 21% (11%-33%) 14 (7%-23%)
Combined drug

Monotherapy 793 23% (16%-29%) 13% (10%-17%)

+anti—angiogenetic agent 160

33% (20%-46%)

19% (9%-31%)

+anti—-CTLA-4 mAb 282 25% (13%-40%) 25% (17%-33%)
Drug

Nivolumab 729 28% (21%-37%) 20% (14%-28%)
Camrelizumab 84 33% (17%-51%) 15% (6%—27%)
Pembrolizumab 62 36% (8%—-69%) 22% (11%-36%)
Avelumab 47 16% (3%—34%) 5% (0%—23%)
Atezolizumab 86 41% (30%-54%) 28% (14%-48%)
Durvalumab 227 17% (9%—27%) 14% (5%—27%)
Non-nivolumab 506 28% (21%-37%) 24% (16%-34%)
Line of treatment

first-line 452 34% (26%—-42%) 13%(9%—17%)
second-line or beyond 511 21% (14%—-29%) 19%(13%-26%)

0Odds ratio (95% Cl)

Significance Heterogeneity

FIGURE 2 Subgroup analyses for the comparison of ORR between patients with positive PD-L1 expression and negative PD-L1

expression.

Study

1
1
2017, El-Khoueiry (dose esclation cohort) :
1
1
1

p value 12 p value
1
| —— 1.86 (1.35-2.55) <0.001 0.0% 0.972
1
1
1
D === 2.06 (1.41-3.00) <0.001 0.0% 0.832
H—— 1.50 (0.85-2.66) 0.165 0.0% 0.994
1
| —e—— 2.25(1.48-3.42) <0.001 0.0% 0.897
——— 1.86 (0.86-4.01) 0.113 0.0% 0.987
1
l—:—.—l 1.26 (0.68-2.34) 0.466 0.0% 0.884
1
1
| —— 2.00 (1.31-3.05) 0.001 0.0% 0.612
——e&—— 264 (0.93-7.49) 0.068 0.0% 0.453
—e 1.77 (0.43-7.27) 0.430 0.0% 0.411
e 1.40 (0.20-9.98) 0.738 0.0% 0.874
—e——————— 179 (0.65-4.91) 0.261 NA NA
1
-—:—o—c 1.37 (0.65-2.89) 0.402 0.0% 0.890
——i 1.71 (1.07-2.75) 0.026 0.0% 0.980
1
, — 2.44 (1.42-4.18) 0.001 0.0% 0.448
—e—i 1.52 (0.93-2.47) 0.093 0.0% 0.958
00 10_ 20 50
Favours PD-L1 +
Events, Events, %
Treatment Control OR (95% CI) Weight

3/26 8/18 0.16 (0.04, 0.75) 20.98

2017, El-Khoueiry (dose expansion cohort) —_ 251113 9/61 1.64 (0.71, 3.78) 22.84
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FIGURE 3 Forest plot of the comparison of DCR between the PD-L1-positive and PD-L1-negative groups.

therapeutic responses were also seen in PD-L1-negative
patients, and this should be considered when formulating
treatment plans. The underestimation of PD-L1 expres-
sion by sample error in heterogeneous tumors, dynamic
changes in PD-L1 expression under different tumor micro-
environments, and possible expression of PD-L2 might ex-
plain this result. 8 Of course, further studies are needed

to fully explore the possible mechanism. Therefore, the
expression of PD-L1 in tumor tissues may not serve as an
independent marker for eligibility for anti-PD-1/PD-L1
treatment, but it may represent a marker of better thera-
peutic response.

When comparing DCR between the patients with
positive and negative PD-L1 expression, no significant
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Subgroup No._of DCR (PD-L1+,%) DCR (PD-L1 -, %) 0dds ratio (95% CI) Significance Heterogeneity
patients p value 12 p value
|
Overall 444 66% (55%-76%) 69% (62%-76%) -a— 0.92 (0.59-1.44) 0.723 37.0% 0.146
1
Drug target !
anti-PD-1 302 64% (43%-82%) 70% (61%—-78%) =O== 0.66 (0.24-1.83) 0.428 58.9% 0.063
anti-PD-L1 142 65% (54%-75%) 67% (47%—84%) —— 1.10 (0.52-2.32) 0.796 0.0% 0.382
Combined drug ,
Monotherapy 275 66% (42%-86%) 71% (61%-80%) —— 0.71(0.23-2.18) 0.546 56.2% 0.077
+anti-angiogenetic agent 74 64% (54%-73%) 67% (47%-84%) e 1.44 (0.15-14.17)  0.756 62.4% 0.103
1
Drug :
Nivolumab 218 63% (48%=77%) 64% (57%-71%) - 0.57 (0.06-5.41) 0.622 85.3% 0.009
Camrelizumab 84 70% (53%-85%) 79% (66%—89%) o 0.64 (0.23-1.76) 0.392 0.0% 0.753
Avelumab 47 76% (57%-92%) 76% (53%-94%) —e 1.67 (0.36-7.68) 0.510 36.0% 0.211
Atezolizumab 95 60% (47%~71%) 61% (44%~-75%) —— 0.96 (0.41-2.28) 0.930 NA NA
Line of treatment i
first-line 95 60% (47%-71%) 61% (44%~-75%) —— 0.96 (0.41-2.28) 0.930 NA NA
1
second-line or beyond 77 78% (62%-91%) 79% (59%-95%) o 1.30 (0.39-4.31) 0.669 0.0% 0.398
r T T 1
00 1.0 20 5.0
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FIGURE 4 Subgroup analyses for the comparison of DCR between patients with positive PD-L1 expression and negative PD-L1

expression.

TABLE 2 Summary of studies that reported overall survival and progression-free survival by tumor PD-L1 status.

Study (year) Trial name Drug
2020, Sangro Checkmate040 Nivolumab
2020, Lee.M.S-  G0O30140 Atezolizumab + Bevacizumab
group F
2020, Lee.M.S- G030140 Atezolizumab
group F
2020, Yau-arm  Checkmate040 Nivolumab +Iipilimumab
A
2020, Yau-arm  Checkmate040 Nivolumab +Iipilimumab
B
2020, Yau-arm  Checkmate040 Nivolumab + Iipilimumab
©
2021, Kudo VEGF Liver 100  Avelumab + Axitinib
2021, Yau Checkmate459 Nivolumab
2020, Bang JVDJ Durvalumab + Ramucirumab

Median OS time (95% CI, Median PFS time (95% CI,
month) month)

PD-L1 PD-L1 PD-L1 PD-L1
positive negative positive negative
28.1(14.2-NE)  16.6 (14.2-20.2) NA NA

NA NA 5.6(2.6-NE) 5.7 (2.2-NE)
NA NA 2.1(1.7-5.6)  4.0(1.8-7.4)
18.8 (2.5-NE) 22.2 (9.4-NE) NA NA

10.2 (2.0-NE) 12.5(8.0-16.5) NA NA

NE (0.6-NE) 10.4 (6.8-33.0) NA NA

NE (8.7-NE) 8.0 (6.1-NE) 5.6(1.9-9.2)  5.5(1.8-9.2)
16.1 (8.4-22.3) 16.7 (13.9-18.6) 3.8 (2.1-7.6) 3.6 (2.4-3.8)
16.5(5.1-18.4)"  5.7(1.9-14.4)* 5.6 (1.5-NE)*  2.8(0.7-5.5)"

Abbreviations: NA, not available; NE, not estimable.

In Bang's study, HCC patients were divided into high PD-L1 cohort and low PD-L1 cohort by cut-off value of 25%.

difference was found, and this result was consistent across
subgroups. Since the PD-L1-positive patients possessed a
higher ORR than the PD-L1-negative patients, the lack
of difference in DCR between these two patient popu-
lations might indicate a better stable disease rate in PD-
L1-negative patients. However, it is important to note the
correlation between tumor PD-L1 expression and clinical
and histological features. Several studies have shown that
positive tumor PD-L1 expression is associated with more
aggressive biological behaviors (such as high serum AFP

levels, poor differentiation, and vascular invasion).3*

Therefore, patients with negative PD-L1 expression might
be less prone to tumor progression. These findings may ex-
plain the lack of difference in DCR, but additional studies
are necessary.

Before PD1/PD-L1 immunotherapy was used in the
HCC field, several studies showed that positive PD-L1 ex-
pression is associated with poor DFS and OS in HCC pa-
tients.*** However, a post hoc analysis of Checkmate040
with 195 HCC patients treated with nivolumab showed
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that patients with PD-L1>1% had significantly bet-
ter OS than patients with PD-L1<1% (28.1 months vs.
16.6 months, p = 0.032). In addition, Bang et al. reported
that durvalumab and ramucirumab treated patients with
high PD-L1 expression had a better prognosis than pa-
tients with low PD-L1 expression when a cut-off value
of 25% was used.’ These results again demonstrate the
clinical benefit that PD-1/PD-L1 inhibitors can bring to
advanced HCC patients. However, based on the latest
released results of Checkmate459, tumor cell PD-L1 ex-
pression was not predictive for OS or PFS. To date, com-
parisons of the long-term outcomes of patients treated
with ICI therapies based on PD-L1 expression are still
insufficient. Furthermore, although several studies have
compared such outcomes, the follow-up duration was not
long enough to observe possible differences. Therefore, a
meta-analysis could not be performed and we compre-
hensively summarized the correlation of PD-L1 expres-
sion and survival of HCC patients who underwent PD-1/
PD-L1 inhibitors. Of course, multiple clinical trials as-
sessing the efficacy of ICIs in HCC are ongoing, and we
believe that more relevant results will be reported in the
near future.

There are several limitations in our study. This meta-
analysis was carried out at the trial level, and individual
patient clinicopathological characteristics and response
data were not available. Furthermore, most of the trials
were at an early phase for evaluating efficacy and safety,
and the data presented in these trials may need to be fur-
ther validated in subsequent large-sample studies. Finally,
the sample size in some subgroups was small. Further
high-quality RCTs with large sample sizes are needed.

5 | CONCLUSION

This systematic review and meta-analysis shows that posi-
tive PD-L1 expression is associated with a better ORR in
advanced HCC patients treated with PD-1 or PD-L1 in-
hibitors. PD-L1 expression may help to identify HCC pa-
tients who will benefit most from PD-1/PD-L1 inhibitors.
Further studies are needed to provide more evidence.
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