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Purpose: Accumulating studies have investigated the prognostic and clinical significance
of programmed death ligand-1 (PD-L1) expression in patients with hepatocellular carcinoma
(HCC); however, the results were conflicting and inconclusive. We conducted a meta-analysis
to combine controversial data to precisely evaluate this issue.

Methods: Relevant studies were thoroughly searched on PubMed, Web of Science, and Embase
until April 2016. Eligible studies were evaluated by selection criteria. Hazard ratio (HR) with
95% confidence interval (CI) was used to estimate the prognostic role of PD-L1 for overall
survival (OS) and disease-free survival (DFS)/recurrence-free survival (RFS). Odds ratio (OR)
with 95% CI were selected to assess the relationship between PD-L1 and clinicopathological
features of HCC patients. Publication bias was tested using Begg’s funnel plot.

Results: A total of seven studies published from 2009 to 2016 were included for meta-analysis.
The data showed that high PD-L1 expression was correlated to shorter OS (HR =2.09,
95% CI: 1.66-2.64, P<<0.001) as well as poor DFS/RFS (HR =2.3, 95% CI: 1.46-3.62, P<<0.001).
In addition, increased PD-L1 expression was also associated with tumor differentiation
(HR =1.51, 95% CI: 1-2.29, P=0.05), vascular invasion (HR =2.16, 95% CI: 1.43-3.27,
P<0.001), and a-fetoprotein (AFP; HR =1.46, 95% CI: 1-2.14, P=0.05), but had no association
with tumor stage, tumor size, hepatitis history, sex, age, or tumor multiplicity. No publication
bias was found for all analyses.

Conclusion: This meta-analysis revealed that overexpression of PD-L1 was predictive for
shortened OS and DFS/RFS in HCC. Furthermore, increased PD-L1 expression was associated
with less differentiation, vascular invasion, and AFP elevation.

Keywords: programmed death ligand-1, hepatocellular carcinoma, prognosis, meta-analysis

Introduction

Hepatocellular carcinoma (HCC) is the main form of liver malignancy as well as
the fifth most prevalent neoplasm and the third most common cause of cancer death
worldwide.'? In developing countries, HCC represents a much heavier health care bur-
den, especially for males.! Hepatitis B or C virus (HBV or HCV) infection is a major
cause of HCC; in addition, HBV/HCV-infected cohorts have a significantly increased
risk of HCC incidence compared with HBV/HCV-negative cohorts.>* Growing
evidence indicates that the chronic inflammation caused by virus infection plays an
important role in HCC development.® Persistent expression of various cytokines in
the process of chronic inflammation and recruitment of immune cells to tumor milieu
confer an immunosuppressive microenvironment in the liver, which in turn promotes
tumorigenesis and metastasis.®®
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Recent attention had been attracted by a series of mol-
ecules named “immune inhibitory checkpoints,” such as
programmed death 1 (PD-1) and programmed death ligand-1
(PD-L1).° PD-L1, also known as B7 homologue 1 (B7-H1),
is one of the ligands of PD-1. PD-1 belongs to B7-CD28
superfamily and is mainly expressed on the surface of T-, B-,
and NK cells,' whereas PD-L1 is known to be expressed on
different malignant tumor cells and a variety of other con-
ventional immune cells.!! The combination and interaction
between PD-1 and PD-L1 deliver negative costimulatory
signals and thus protect tumor cells from immune attacks.'?
Overexpression of PD-L1 has been reported to be linked
with worse prognosis in various cancer types, including
non-small-cell lung cancer,'® renal cell carcinoma,'* gastric
carcinoma,'® brain tumors,'® and breast cancer.!” Different
research groups have investigated the prognostic role of
PD-L1 expression in HCC;'*2* however, the results were
inconclusive. Some studies'®2° showed that upregulated
PD-L1 expression predicted poor survival in HCC, whereas
other reports?>?** presented negative results. Therefore, there
is a need to combine the conflicting data to have an explicit
clarification. In this study, we employed a meta-analysis and
collected results from eligible studies to explore prognostic
value of PD-L1 expression for HCC patients; furthermore,
the relationship between PD-L1 expression and clinicopatho-
logical features in HCC was also evaluated.

Materials and methods
PRISMA guidelines

This meta-analysis was performed in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines,? and the PRISMA checklist
is presented in Table S1.

Literature search

The electronic databases of Embase, Web of Science, and
PubMed were comprehensively searched (up to April 2016).
The search terms were: “hepatocellular carcinoma” (MeSH
terms), “hepatocellular cancer,” “HCC,” “liver cancer,” “pro-
grammed cell death-ligand 1,” “PD-L1,” “B7 homolog 1,”
“B7-H1,” “cluster of differentiation 274,” and “CD274.”
References from retrieved articles were also screened for

potential studies.

Study selection

To be included studies had to meet the following criteria:
1) HCC was histopathologically diagnosed; 2) the expres-
sion of PD-L1 was determined by immunohistochemistry

(IHC) or other methods; 3) data concerning the relationships
between PD-L1 and survival including overall survival (OS)
and disease-free survival (DFS)/recurrence-free survival
(RFS) and/or clinical features in HCC was reported or could
be computed according to Tierney’s method;* 4) patients
were stratified in two categories classified as PD-L1 positive
(high) or PD-L1 negative (low); 5) published as full-text
articles; and 6) published in English. The following articles
were excluded: 1) meeting abstracts, reviews, case reports,
or letters; 2) nonhuman studies; and 3) absence of necessary
data for hazard ratio (HR) and 95% confidence interval (CI)
or odds ratio (OD) and 95% CI estimation.

Data extraction

Two investigators (XB Gu and XS Gao) independently
extracted the following information from included studies:
first author’s name, year of publication, country, histological
type, tumor stage, differentiation, treatment methods, sample
size, detection approach for PD-L1, and HRs and 95% Cls
for OS, DFS, and RFS, if provided. Discrepancies between
the two reviewers were settled by discussion.

Statistical analysis

HR with 95% CI was utilized to evaluate the association
between elevated PD-L1 expression and OS, DFS, and RFS.
If the data were not directly provided in text, then they were
calculated from the survival curves by Tierney’s method.?
OR with 95% CI were calculated to assess the effects of
PD-L1 expression on clinicopathological features. Hetero-
geneity was examined by using Q and 7 test. If >50% or
P, <0.1, which indicated significant heterogeneity, a random-
effects model was used; otherwise, a fixed-effects model was
adopted. Potential risk of publication bias was estimated
using Begg’s funnel plot. All analyses were performed using
Stata version12.0 (Stata Corporation, College Station, TX,
USA). P-value <0.05 indicates statistically significant.

Results

Characteristics of included publications

Through initial database searching, 198 records were identi-
fied. After removing duplicates, 134 records were screened
for eligibility by title/abstract reading; then, 121 articles
were discarded because they were carried out in animals,
were irrelevant, or were not published in English (one was
in Chinese and one was in Polish), or a combination of them.
Subsequently, 13 records were left for eligibility evaluation.
Thereafter, six records were excluded due to insufficient
data for HR and 95% CI and OR and 95% CI calculation.
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Studies included in meta-analysis
(n=7)

Figure | Flow diagram showing literature filtration process.

Finally, seven studies'®?* published from 2009 to 2016 were
included in this meta-analysis. The literature confirmation
process is shown in Figure 1. The total sample size of seven
studies was 901, ranging from 58 to 240. Five studies'®?
were conducted in Asian countries and two studies®** were
performed in Western countries. The detailed information
of the included studies is depicted in Table 1.

Prognostic role of PD-LI expression for
OS and DFS/RFS

All of the seven studies'®?* (comprising 901 patients) inves-
tigated the association between PD-L1 expression and OS
in HCC. The pooled HR was 2.09, with 95% CI: 1.66-2.64,
P<0.001; in addition, there was no heterogeneity (/*=0,
P.=0.701; Figure 2). For DFS/RFS, there were four studies
with 487 patients that explored the correlation. The combined
HR and 95% CI were: HR =2.3, 95% CI: 1.46-3.62, P<<0.001,
although with heterogeneity (/=56.4%, P,=0.076; Figure 2).

Association between PD-L| expression

and clinicalpathological factors
ORs and 95% Cls were calculated to evaluate the association
between PD-L1 expression and clinicopathological factors,

A 4

insufficient data (n=6)

including age, sex, tumor stage, tumor differentiation, tumor
size, vascular invasion, hepatitis history, a-fetoprotein (AFP),
and tumor multiplicity. At least three studies were included
for analysis of each parameter. As listed in Table 2, the results
demonstrated that PD-L1 overexpression was correlated with
poor tumor differentiation (HR =1.51, 95% CI: 1-2.29, P=0.05;
P=31.7%, P,=0.222), vascular invasion (HR =2.16, 95% CI:
1.43-3.27, P<0.001; ’=42.3%, P,=0.158), and AFP (HR =1.46,
95% CI: 1-2.14, P=0.05; I’=0, P,=0.527). However, there was
no association between PD-L1 expression and tumor stage,
tumor size, hepatitis history, sex, age, or tumor multiplicity.

Publication bias

Begg’s funnel plot was utilized to test potential publication
bias. The results showed that there was no publication bias
for OS or DFS/RFS analysis (Begg’s test: P=0.368 for OS
and P=0.734 for DFS/RFS; Figure 3). Moreover, there was
no publication bias for the analysis of clinicopathological
features (Table 2).

Discussion
A number of studies have investigated the clinical signifi-
cance of PD-L1 expression in patients with HCC, but the
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HR and 95% CI
estimation

HR and 95% CI
Survival curves

OS, DFS, CSS

Survival
analysis
os

PD-LI +n (%)

60 (25)

Detection
method

Treatment

Surgery
Surgery

Patients (n)

240
71

Stage
-1l

-V

Histological
type
CcC
HCC
HCC
HCC
HCC
HCC
HCC

H

People’s Republic of China

Country

Year
2009

Table | Main characteristics of eligible studies included in the meta-analysis

Study
Gao et al'®

35 (49.3)
47 (43.1)

People’s Republic of China

2009

Wau et al"?

HR and 95% CI
HR and 95% CI
HR and 95% CI
HR and 95% CI

Survival curves

OS, DFS

os

Cryoablation

Surgery
Surgery
Mixed

109

A-B*

People’s Republic of China

105 (82)
43 (53.8)
63 (29.3)

128
80

=\%
-V
A-D*
-V

People’s Republic of China

OS, RFS

os

ELISA
IHC

215
58

OS, RFS

19 (32.8)

Surgery

United States

Zeng et al®

Kan and Dong?'

Umemoto et al??

Finkelmeier et al®

Gabrielson et al**

Note: *BCLC staging.

Abbreviations: HCC, hepatocellular carcinoma; IHC, immunohistochemical staining; PD-L1+, programmed death ligand- | positive; ELISA, enzyme-linked immunosorbent assay; OS, overall survival; DFS, disease-free survival; CSS, cancer-

specific survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; BCLC, Barcelona Clinic Liver Cancer.

results were inconclusive. In this study, we collected data
from seven eligible studies and assessed the prognostic and
clinical value of PD-L1 for HCC. Our results showed that
high PD-L1 expression predicted poor OS and DFS/RFS in
HCC; in addition, high PD-L1 expression was associated
with tumor differentiation, vascular invasion, and AFP. The
results suggested that PD-L1 expression had diagnostic value
for poor differentiation and neovascularization; meanwhile,
it provided implications for shortened survival to stratify risk
patients. To our knowledge, this was the first meta-analysis
exploring both the prognostic and clinical value of PD-L1
expression for HCC patients as an individual study.

PD-1 and its two ligands PD-L 1 and PD-L2 could combine
to limit the activity of peripheral T-cells in chronic inflamma-
tion and autoimmunity.'?”?° The PD-1/PD-1 ligand system is
an intrinsic mechanism in physiological conditions that main-
tains balance between proinflammatory and anti-inflammatory
activity and protects our bodies from harmful adverse effects
caused by immune responses. Unfortunately, this system is
aberrantly activated in cancer patients and promotes toler-
ance to tumor antigens, resulting in immune suppression in
the tumor microenvironment.*® At the same time, PD-1/PD-1
ligand system is also a promising target to activate antitumor
immunity. Monoclonal antibodies targeting PD-1 and PD-L1
have showed encouraging effects and prolonged the stabi-
lization of disease for a variety of cancer types, including
melanoma, non-small-cell lung cancer, renal cell carcinoma,
colorectal cancer, and gastric cancer.>*? In addition, PD-L1
expression was also explored as a prognostic biomarker for
different cancers including HCC. PD-1 and PD-L1 interaction
could render immune suppression in multiple ways such as
suppressing T-cell activation, inducing CD8* cell apoptosis,
and recruiting immunosuppressive cells.?

Previous studies have investigated the prognostic value
of PD-L1 in various solid tumors including non-small-cell
lung cancer,'® gastric carcinoma,' and breast cancer.!” Our
results showed that elevated PD-L1 expression was cor-
related with poor survival, which was in accordance with
the findings in other cancers.!>4343 Furthermore, we also
investigated the clinical significance of PD-L1 expression,
through which we found that PD-L1 was correlated with
poor differentiation, vascular invasion, and AFP. The cancer
immunoediting theory suggested that an immunosuppres-
sive environment had already existed during the initiation
of tumor occurrence;*® therefore, PD-L1 was likely to be
expressed in poorly differentiated HCC. Additionally,
evidence showed that VEGF overexpression could promote
accumulation of immunosuppressive cells, which may further
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A Study ID ES (95% Cl) Weight (%)
Gao et al™® —+—'— 1.61 (1.04-2.50) 27.96
Wu et al'® —- 2.49 (1.20-5.16) 10.11
Zeng et al?® - 2.65 (1.30-5.40) 10.61
Kan and Dong?' —4— 2.12 (1.32-3.38) 24.33
Umemoto et al?? ~— 1.94 (1.00-3.76) 12.25
Finkelmeier et al® : - 3.34 (1.61-6.93) 10.08
Gabrielson et al* + l 1.66 (0.57-4.87) 4.67
Overall (P=0.0%, P=0.701) <> 2.09 (1.66-2.64) 100

T : I
0.144 1 6.93

B study D ES (95% CI) Weight (%)
Gao et al™® —u— 1.79 (1.18-2.70) 33.78
Zeng et al?® -*—o— 3.89 (2.15-7.00) 26.19
Umemoto et al?? —-o—f— 1.58 (0.94-2.65) 29.23
Gabrielson et al* 3.87 (1.15-13.00) 10.80
Overall (?=56.4%, P=0.076) <> 2.30 (1.46-3.62) 100

* T

T
0.0769

1

13

Figure 2 Forrest plot of HRs for the association of PD-L| expression with (A) OS and (B) DFS/RFS in HCC patients.
Note: Weights are from random effects analysis.
Abbreviations: HRs, hazard ratios; OS, overall survival; PD-LI, programmed death ligand-1; DFS, disease-free survival; RFS, recurrence-free survival; HCC, hepatocellular
carcinoma; Cl, confidence interval; ES, effect size.

Table 2 Association between PD-L| expression and clinical features of HCC patients in meta-analysis

Factors Studies Patients Analytical OR (95% CI) P-value Heterogeneity Publication
(n) (n) model r%) P, bias Begg’s P

Tumor stage (I1I-IV vs I-l) 5 615 REM 1.13 (0.47-2.74)  0.784 735 0.005  0.806

Tumor differentiation (poor vs 4 506 FEM 1.51 (1-2.29) 0.05 317 0222 0.734

moderate/high)

Vascular invasion (yes vs no) 4 487 FEM 2.16 (1.43-3.27)  <0.001 42.3 0.158  0.497

Tumor size (>5 cm vs <5 cm) 4 557 REM 1.66 (0.6—4.57) 0.329 829 0.001 0.734

Hepatitis history (yes vs no) 4 557 REM 1.8 (0.8-4.08) 0.158 61.5 0.05 |

AFP (>20 ng/mL vs <20 ng/mL) 4 557 FEM 1.46 (1-2.14) 0.05 0 0.527 |

Sex (male vs female) 4 557 FEM 0.95 (0.59-1.53) 0.833 0 0534 |

Age (>median vs <median) 3 477 FEM 0.82 (0.55-1.22)  0.329 0 0876 |

Tumor multiplicity (multiplicity vs single) 3 429 FEM 1.23 (0.8-1.89) 0.338 0 0715 |

Notes: P-values were obtained by using the ‘metan’ programm in STATA V.12.0. P-value<<0.05 was considered as statistically significant.
Abbreviations: PD-L|, programmed death ligand-1; FEM, fixed-effects model; REM, random-effects model; AFP, o-fetoprotein; HCC, hepatocellular carcinoma; OR, odds
ratio; Cl, confidence interval.
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Figure 3 Begg’s funnel plot for publication bias tests in (A) OS and (B) DFS/RFS in HCC.
Abbreviations: OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival; HCC, hepatocellular carcinoma; SE, standard error; Inhr, natural logarithm

of hazard ratio.

induce PD-L1 expression.’*® We have noticed that a few
studies®”*? had investigated the prognostic role of PD-L1
in HCC using meta-analysis. However, these studies only
enrolled HCC as a small part of their studies, along with
other solid tumors. Each study only included two studies of
HCC for analysis. Compared with these studies, our meta-
analysis containing seven studies published up to 2016 was
more comprehensive and timely. Therefore, our results are
more reliable and persuasive.

Several limitations need to be pointed out. First, hetero-
geneity still existed for DFS/RFS analysis, which may be
caused by different patient selection standards and different
antibodies for IHC use. Second, in our meta-analysis, only
articles published in English were included. In the literature
selection process of this meta-analysis, two studies published
in languages other than English were excluded, but one of
them was an animal study and the other was an irrelevant
study. So, these two studies would have been eliminated
for other reasons besides language. Therefore, inclusion of
English papers did not substantially introduce potential pub-
lication bias, as suggested by Begg’s test (all P-value >0.05
for publication bias tests). Third, six studies used IHC to
detect PD-L1 expression, while one study selected the
enzyme-linked immunosorbent assay method, which may
cause slight heterogeneity. Therefore, further studies using
uniform criteria are needed.

Conclusion

This meta-analysis revealed that high expression of PD-L1
was predictive for poor OS and DFS/RFS in HCC patients.
Furthermore, high PD-L1 expression was associated with
poor tumor differentiation, vascular invasion, and AFP eleva-
tion. Our results suggest that PD-L1 is an effective prognosis
biomarker for HCC. However, because of limitations of this

study, well-designed investigations using uniform criteria
are warranted to verify our results.
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Table S1 PRISMA checklist

Section/topic Number  Checklist item Reported on

page number

Title

Title | Identify the report as a systematic review, meta-analysis, or both. |

Abstract

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data 2,3
sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known. 4,5

Objectives 4 Provide an explicit statement of questions being addressed with reference to 4,5
participants, interventions, comparisons, outcomes, and study design (PICOS).

Methods

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (eg, Web address), 5
and, if available, provide registration information including registration number.

Eligibility criteria 6 Specify study characteristics (eg, PICOS, length of follow-up) and report 56
characteristics (eg, years considered, language, publication status) used as criteria for
eligibility, giving rationale.

Information sources 7 Describe all information sources (eg, databases with dates of coverage, contact with 5
study authors to identify additional studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, including any limits 5
used, such that it could be repeated.

Study selection 9 State the process for selecting studies (ie, screening, eligibility, included in systematic 56
review, and, if applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (eg, piloted forms, independently, 6
in duplicate) and any processes for obtaining and confirming data from investigators.

Data items Il List and define all variables for which data were sought (eg, PICOS, funding sources) 6
and any assumptions and simplifications made.

Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual studies (including 6,7

studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (eg, risk ratio, difference in mean values). 6,7

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, 6,7
including measures of consistency (eg, I*) for each meta-analysis.

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence 6,7
(eg, publication bias, selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (eg, sensitivity or subgroup analyses, meta- 6,7
regression), if done, indicating which were pre-specified.

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, 7
with reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (eg, study size, 7
PICOS, follow-up period) and provide the citations.

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level 89
assessment (see item |2).

Results of individual 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple 7,8

studies summary data for each intervention group, (b) effect estimates and confidence
intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 7,8
measures of consistency.

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 8,9

Additional analysis 23 Give results of additional analyses, if done (eg, sensitivity or subgroup analyses, meta- 8
regression [see Item 16]).
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Table S| (Continued)

Section/topic Number  Checklist item Reported on
page number

Discussion

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main 9,10
outcome; consider their relevance to key groups (eg, health care providers, users,
and policy makers).

Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), and at review-level I
(eg, incomplete retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and I
implications for future research.

Funding

Funding 27 Describe sources of funding for the systematic review and other support (eg, supply 12

of data); role of funders for the systematic review.

Notes: Reproduced from Moher D, Liberati A, Tetzlaff ], Aitman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Medicine. 2009;6(7): Epub July 2009." For more information, visit: www.prisma-statement.org.
Abbreviations: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PICOS, Participants, Intervention, Control, Outcome, Study design.
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