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Abstract
Background  Significant improvement of objective response rate and overall survival period has been achieved in several 
types of solid tumors by treatment with PD-1/PD-L1 inhibitors, which shed some light on hepatocellular carcinoma (HCC). 
Currently, a number of clinical trials concerning the application of checkpoint inhibitors in HCC are ongoing, some of which 
have shown favorable expectations. Hereby, we conducted a meta-analysis of existing studies to reveal the efficacy and safety 
of checkpoint inhibitors in advanced HCC.
Methods  Medline, Embase, Cochrane Library, and Web of Science were searched from inception to January 31, 2020. The 
clinical trials reporting the efficacy of PD-1/PD-L1 inhibitors in advanced HCC patients were eligible. Overall results of 
complete response (CR), partial response (PR), stable disease (SD), progression of disease (PD), objective response rate 
(ORR), disease control rate (DCR), overall survival (OS), progression-free survival (PFS) and rate of adverse events (AE) 
with their 95% confidence intervals (95%CI) were calculated as the primary focus of the meta-analysis. Subgroup analyses 
were conducted primarily according to the categories of PD-1 inhibitor or PD-L1 inhibitor and combination therapy or 
monotherapy. In addition, pooled results of PD-1/PD-L1 monoclonal antibodies (mAb) combining with anti-VEGF agents 
were calculated separately.
Results  A total of 20 studies with 1232 patients were included. The overall CR, PR and SD rate were 0.01 (95% CI 0.01–
0.03), 0.17 (95% CI 0.14–0.22) and 0.39 (95% CI 0.34–0.43), respectively. The overall ORR and DCR were 0.20 (95% CI 
0.16–0.24) and 0.60 (95% CI 0.54–0.67), respectively. The overall PFS and OS were 3.58 months (95% CI 2.65–4.50) and 
12.24 months (95% CI 10.48–14.00), respectively. For patients treated with PD-1/PD-L1 mAb combing with anti-VEGF 
agent, ORR was 29% (95% CI 0.15–0.43) and DCR was 77% (95% CI 0.70–0.84). For all included studies, the overall rate 
of AE was 0.63 (95% CI 0.45–0.78) and serious adverse events (SAE) was 0.11 (95% CI 0.06–0.22).
Conclusions  PD-1/PD-L1 inhibitors showed favorable outcomes concerning response rates and survival periods in advanced 
HCC. Updated results from high-quality clinical trials are expected to validate these findings.

Keywords  PD-1 · PD-L1 · Monoclonal antibody · Nivolumab · Pembrolizumab · Anti-VEGF agent · Objective response 
rate · Disease control rate · Overall survival · Progression-free survival · Adverse event · Meta-analysis

Introduction

Hepatocellular carcinoma (HCC) is currently the third 
leading cause of cancer-related death worldwide and its 
incidence has been increasing rapidly in recent years [1]. 
Surgical resection remains the major treatment option for 
early-stage HCC, meanwhile a lot of therapeutic strategies 
like trans-arterial chemoembolization (TACE), radiofre-
quency ablation (RFE), and stereotactic body radiation ther-
apy (SBRT) which constituted system therapy were mature 
and extensively used in clinics [2]. However, the clinical 
benefit for patients with advanced HCC is still far from 
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satisfactory [3]. Sorafenib is the currently best performing 
first-line molecular targeted drug for HCC, yet its efficacy 
is still not satisfactory [4, 5]. Thus, improving the outcome 
of therapies for HCC is still a major healthcare challenge 
for the world.

Since 2010, when Hodi et.al [6] first reported the appli-
cation of CTLA4 monoclonal antibody (mAb) in patients 
with metastatic melanoma, the immune checkpoint inhibi-
tors have shown significant improvement regarding objec-
tive response and overall survival in a variety of advanced 
solid malignant tumors (e.g., lung cancer, melanoma, urothe-
lial and renal carcinomas, ovarian cancer, bladder cancer, 
Hodgkin’s lymphoma and tumors originated from digestive 
system) [7, 8]. PD-L1, also called B7-H1 or CD274, is a 
molecule expressed on the surface of several types of cells 
(including cancer cell) and can lead to the exhaustion of 
T cells [9]. In addition, overexpression of PD-L1 on can-
cer cells was related to poor prognosis [10]. A proposed 
mechanism for this phenomenon was that immune activa-
tion to cancer cells was impaired and immune tolerance was 
induced by interaction between PD-1 and PD-L1 receptor, 
which induced cancer cells to evade the immune surveil-
lance [11]. PD-1/PD-L1 monoclonal antibodies can spe-
cifically block the PD-1/PD-L1 signaling pathway, restore 
the sensitivity of immune response and lead to an increase 
in anticancer activity. The success of PD-1/PD-L1 inhibi-
tors in solid tumors has shed some light on the treatment of 
advanced HCC [12].

Until now, final or interim results of studies focusing on 
the efficacy of PD-1/PD-L1 mAbs in advanced HCC patients 
were reported in about 20 clinical trials or case series stud-
ies, and several randomized control trials (RCTs) are ongo-
ing [13]. The efficacy of nivolumab, the first-reported PD-1/
PD-L1 mAbs for the treatment of HCC, was evaluated in 
CA209-040 trials in 2015. In this Phase I/II study, nine of 
39 advanced HCC patients achieved objective response 
(CR + PR) [14]. Nivolumab was also assessed in Check-
Mate-040 trial [15] as well as other clinical trials with larger 
sample size.

These clinical trials were different on clinical phases, 
sample size and response evaluation criteria. To estimate 
the overall benefit and overcome the limitations of individual 
studies, we conducted this systematic review and meta-anal-
ysis to assess the efficacy of PD-1 and PD-L1 inhibitors in 
advanced HCC patients.

Methods

Data source and literature search strategy

Online databases including Medline, Embase, Cochrane 
Library, and Web of Science were searched from inception 

to January 31, 2020, for eligible studies. The search terms 
used to define the therapy included “programmed death-
ligand 1”, PD-L1, “programmed death receptor-1”, PD-1, 
nivolumab, opdivo, pembrolizumab, keytruda, atezolizumab, 
tecentriq, sintilimab, IBI-308, imfinzi, durvalumab, SHR-
1210, camrelizumab, bavencio, avelumab, toripalimab, 
tislelizumab, and cemiplimab. The terms used to define the 
disease included "hepatocellular carcinoma", “HCC”, "liver 
cancer", “liver cell carcinoma”, “hepatic cellular cancer”, 
hepatoma, “hepatic malignancy”, and “hepatic malignant 
tumors”. In addition, we also checked the reference lists of 
all relevant articles to identify additional studies.

Study selection

Studies were included if they met the following criteria: (1) 
published in English; (2) study type being clinical trials, 
retrospective studies, and case series; (3) study including 
patients with advanced HCC, which can be described as 
“unresectable”, “metastasis”, “first-line treatment failure”, 
etc.; (4) study focusing on the efficacy of checkpoint inhibi-
tors of PD-L1 or PD-1 (but not CTLA4) such as nivolumab, 
pembrolizumab, atezolizumab, sintilimab, durvalumab, 
camrelizumab, avelumab, toripalimab, tislelizumab, or 
cemiplimab. PD-1/PD-L1 used in monotherapy or combi-
nation therapy was all included. Combination therapy refers 
to PD-1 or PD-L1 inhibitor combined with non-checkpoint-
inhibitor agents, while monotherapy refers to only receive 
PD-1 or PD-L1 inhibitor therapy; (5) data for complete 
response (CR), partial response (PR), stable disease (SD), 
progression of disease (PD), objective response rate (ORR), 
disease control rate (DCR), overall survival (OS), progres-
sion-free survival (PFS), or median time to progression 
(TTP) were reported or calculable. Studies with sample 
size less than 10 patients were excluded. For the repetitive 
studies based on the same study patients, the latest or most 
comprehensive data were included.

Data extraction

Study selection and data extraction were performed by two 
investigators (Q. R. and M. L.) independently according to 
Quality of Reporting of Meta-Analyses (QUORUM) guide-
lines. Any disagreement on study inclusion or interpretation 
of data was resolved by consulting a senior investigator (Z. 
Z.). The following information was extracted for each study: 
data source, title of article, first author, year of publication, 
National Clinical Trials (NCT) registry number, country, 
applied agents (anti-PD-1/PD-L1 mAb), combination ther-
apy, phase of the trial, evaluation criterion, sample size, pri-
mary disease of HCC, adverse events, rate of CR, PR, SD, 
PD, ORR, DCR, OS, PFS and median time to progression.
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Quality assessment

Quality of the included studies was assessed as reported in 
the literature, which consists of 20 items [16]. The checklist 
examines the main domains including study design, popu-
lation, intervention, outcome measures, statistical analysis, 
results/conclusions, competing interest, and sources of finan-
cial support.

Statistical analysis

Characteristics of included studies were described. Random-
effect models were adopted for all meta-analyses because of 
the clinical heterogeneity inherent to the data. Heterogeneity 
among studies was quantified by I2 test, and I2 > 50% was 
considered substantial heterogeneity. To reveal the high het-
erogeneity, subgroup analyses were performed on the basis 
of clinical consideration. Stratification factors included type 
of therapy (monotherapy vs. combination therapy), target 
of drug (PD-1 vs. PD-L1), evaluation criteria (RECIST vs. 
mRECIST), region of study (Global vs. Local), primary 
disease of HCC (HBV/HCV etiology ≤ 50% vs. > 50%), and 
CTP class (Mixture of CTP A/B/C vs. CTP A only). In addi-
tion, pooled results of studies focusing on two most tested 
drugs (nivolumab and pembrolizumab), and studies of PD-1/
PD-L1 combining with anti-VEGF agent were pooled sepa-
rately and respectively.

Egger’s test was performed to evaluate publication bias 
[17]. Stata Software, version 15.0 (StataCorp, College Sta-
tion, TX) was used for meta-analysis. p value < 0.05 was 
considered statistically significant.

Results

Study selection and characteristics of eligible 
studies

The initial search identified 420 articles in Medline, 63 arti-
cles in Embase, 126 articles in Cochrane Library and 708 
articles in Web of Science. After title and abstract review, 
157 studies were selected for full-text review. Then 135 arti-
cles were further excluded for inconsistency with eligibility 
criteria. Additionally, one article was identified during refer-
ence review of included studies. Finally, a total of 23 studies 
were included in this meta-analysis. The selection process 
is shown in Fig. 1.

Among the 23 included studies, 3 were phase III RCTs 
and 20 were single-arm trials (Tables S1, S2). The 20 single-
arm studies were all published in the last 5 years: 8 were 
published in 2019, 7 in 2018, 4 in 2017, and 1 in 2015, 
indicating rapid development of immune checkpoint inhibi-
tor in HCC treatment. There were 15 and 5 studies focusing 

on PD-1 mAb and PD-L1 mAb, respectively. Thirteen stud-
ies adopted monotherapy with PD-1/PD-L1 inhibitor and 7 
adopted combination therapy. A total of 8 different PD-1/
PD-L1 inhibitors were involved, with 5 PD-1 mAbs (cam-
relizumab, nivolumab, pembrolizumab, tislelizumab, cemi-
plimab) and 3 PD-L1 mAbs (durvalumab, atezolizumab, 
avelumab).

A total of 1232 patients were included in the meta-anal-
ysis, in which 502 patients received nivolumab. Majority of 
included patients were male (81%). Mean age was approxi-
mately 64 years, with a range from 49 to 68 years.

Response rate of CR, PR, SD, and PD

All the 20 single-arm studies reported response rate (CR, 
PR, SD, and PD). For patients who received anti-PD-1/
PD-L1 mAb therapy, CR was achieved in 28/1232 patients 
(0.01, 95% CI 0.01–0.03), PR was achieved in 219/1232 
patients (0.17, 95% CI 0.14–0.22), SD was obtained in 
478/1232 patients (0.39, 95% CI 0.34–0.43), and PD was 
observed in 445/1232 patients (0.33, 95% CI 0.26–0.40). 
For patients who received monotherapy and combination 
therapy, CR was achieved in 23/975 patients (0.02, 95% CI 
0.01–0.04) vs 5/257 patients (0.01, 95% CI 0.00–0.08), PR 
was achieved in 147 /975 patients (0.15, 95% CI 0.13–0.18) 
vs 72/257 patients (0.24, 95% CI 0.15–0.36), SD was 
obtained in 362/975 patients (0.35, 95% CI 0.30–0.41) vs 
116/257 patients (0.45, 95% CI 0.39–0.51), and PD was 
observed in 395/975 patients (0.39, 95% CI 0.33–0.46) vs 
50/257 patients (0.20, 95% CI 0.13–0.30), respectively. 
In patients receiving PD-1 inhibitor and PD-L1 inhibitor 
therapy, CR was achieved in 27/1054 patients (0.02, 95% 
CI 0.01–0.04) vs 1/178 patients (0.01, 95% CI 0.00–0.04), 
PR was achieved in 186/1054 patients (0.18, 95% CI 
0.14–0.23) vs 33/178 patients (0.14, 95% CI 0.07–0.26), SD 
was obtained in 403/1054 patients (0.38, 95% CI 0.33–0.42) 
vs 75/178 patients (0.43, 95% CI 0.33–0.54), and PD was 
observed in 382/1054 patients (0.32, 95% CI 0.25–0.40) 
vs 63/178 patients (0.36, 95% CI 0.22–0.54), respectively. 
However, substantial heterogeneity was observed (Table 1).

Rate of ORR and DCR

20 studies reported ORR and DCR. As shown in Table 1, 
the overall ORR was 0.20 (95% CI 0.16–0.24) and DCR 
was 0.60 (95% CI 0.54–0.67). Between monotherapy and 
combination therapy, ORR were 0.17 (95% CI 0.14–0.20) 
and 0.25 (95% CI 0.13–0.37), and DCR were 0.54 (95% 
CI 0.47–0.61) and 0.75 (95% CI 0.68–0.82), respectively. 
For PD-1 and PD-L1 inhibitors, ORR were 0.21 (95% CI 
0.16–0.26) and 0.15 (95% CI 0.04–0.25), and DCR were 
0.61 (95% CI 0.53–0.68) and 0.59 (95% CI 0.41–0.77) in 
both groups. There was significant heterogeneity in ORR 
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(I2 = 67.0%, p < 0.01) and DCR (I2 = 81.0%, p < 0.01) 
(Fig. 2).

PFS and OS

Ten studies reported the duration of PFS and 5 stud-
ies reported duration of OS. The overall PFS was 
3.58 months (95% CI 2.65–4.50), and the overall OS was 
12.24 months (95% CI 10.48–14.00). For patients receiv-
ing anti-PD-1/PD-L1 mAb monotherapy, the PFS and OS 

were 3.32 months (95% CI 2.34–4.29) and 12.36 months 
(95% CI 10.54–14.18), respectively (Table 2). Subgroup 
of combination therapy was not analyzed due to limited 
number of studies. For patients receiving PD-1 and PD-L1 
mAb, PFS was 3.42 vs 3.58 months, and OS was 12.31 
vs 11.82 months (Table 2). Significant heterogeneity was 
observed in overall result of PFS (I2 = 71.5%, p < 0.01). 
However, there was no evidence of heterogeneity between 
studies for OS (I2 = 0.0%, p = 0.69) (Fig. 3).

Fig. 1   Flowchart of study selection
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The pooled PFS rates at 6  months, 9  months and 
12 months were 0.44 (95% CI 0.28–0.60), 0.29 (95% CI 
0.23–0.34) and 0.21 (95% CI 0.08–0.34), respectively. And 
the pooled OS rates at 6 months, 9 months, and 12 months 
were 0.76 (95% CI 0.70–0.82), 0.70 (95% CI 0.63–0.77), 
and 0.51 (95% CI 0.42–0.59), respectively (Figs. S1, S2).

Subgroup analysis

In studies regarding PD-1/PD-Ll inhibitor combination 
therapy, seven different combination drugs were reported: 
apatinib, bevacizumab, ramucirumab, axitinib, lenvatinib, 
codrituzumab, and FOLFOX/GEMOX, of which five were 
anti-VEGF agents, thus constituting PD-1/PD-L1 inhibitors 
plus anti-VEGF agent subgroup. In this subgroup, CR was 
achieved in 5/203 patients (0.02, 95% CI 0.00–0.09), PR was 
achieved in 62/203 patients (0.27, 95% CI 0.17–0.41), SD 
was obtained in 88/203 patients (0.43, 95% CI 0.37–0.50), 
PD was observed in 36/203 patients (0.18, 95% CI 
0.10–0.31), ORR was 0.29 (95% CI: 0.15–0.43), and DCR 
was 0.77 (95% CI 0.70–0.84). PD-1 and PD-L1 inhibitors 
were also analyzed separately (Table 3). Pooled analysis of 
OS and PFS was not conducted in this subgroup due to insuf-
ficiency of studies reporting the two indicators.

In studies reporting PD-1 inhibitors, 7 studies includ-
ing 8 datasets were about nivolumab, and 3 studies were 
about pembrolizumab. For nivolumab, CR was achieved in 
21/502 patients (0.03, 95% CI 0.01–0.06), PR was achieved 
in 77/502 patients (0.15, 95% CI 0.11–0.21), SD was 
obtained in 199/502 patients (0.39, 95% CI 0.32–0.47), PD 
was observed in 172/502 patients (0.33, 95% CI 0.29–0.37), 
ORR was 0.17 (95% CI 0.10–0.24) and DCR was 0.56 (95% 
CI 0.47–0.66) (Table S3). The heterogeneity between studies 
was decreased as reflected by I2 value. The pooled PFS and 
OS were 3.34 months (95% CI 1.44–5.24) and 12.34 months 
(95% CI 8.64–16.04), respectively (Table S4). Analysis 
results regarding pembrolizumab are demonstrated in Tables 
S3 and S4.

Further, subgroup analyses stratified by primary disease 
of HCC, CTP class, evaluation criteria, and region of study 
are shown in Tables S5 and S6.

Adverse events

The overall rate of adverse events (AE) was 0.63 (95% 
CI: 0.45–0.78) and AE with grade ≥ 3 was 0.18 (95% CI 
0.11–0.29). The rate of serious adverse events (SAE) was 0.11 
(95% CI 0.06–0.22) and SAE with grade ≥ 3 was 0.05 (95% 
CI 0.04–0.08). The rate of any immune-related adverse events 
(irAE) was 0.09 (95% CI 0.03–0.22). For irAE grade ≥ 3, the 
rate was 0.05 (95% CI 0.02–0.09). The overall rate of fatigue, 
rash, pruritus, increased AST and increased ALT (common 
adverse event) were 0.17 (95% CI 0.10–0.27), 0.15 (95% CI Ta
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0.11–0.20), 0.14 (95% CI 0.10–0.19), 0.16 (95% CI 0.12–0.22) 
and 0.13 (95% CI 0.09–0.20), respectively. There was signifi-
cant heterogeneity in AE (AE: I2 = 95.0%, p < 0.01; AE with 
grade ≥ 3: I2 = 91.0%, p < 0.01), SAE (I2 = 89.0%, p < 0.01) 
and irAE (I2 = 84.0%, p < 0.01), but no heterogeneity was 
observed in SAE with grade ≥ 3 (I2 = 0%, p = 0.63) and irAE 
with grade ≥ 3 (I2 = 0%, p = 0.41) (Table S7).

Assessment of study quality and publication bias

Quality assessment of 20 single-arm studies is summarized 
in Table S8. No evidence of publication bias was observed 
via Egger’s tests in the pooled analysis of ORR, DCR, PR, 
SD, OS, PFS, and MTP, whereas significant publication bias 
was observed in the meta-analysis of CR and PD (Table S9).

Discussion

For advanced HCC patients, options on effective treatment 
strategies were still limited. Since FDA’s (United States 
Food and Drug Administration) approval of sorafenib, a 

multi-targeted kinase inhibitor, for the systemic treatment 
therapy with advance HCC in 2007, the average duration 
of overall survival was improved by 2.3–2.8 months [2, 4]. 
Nowadays the options of candidate drugs have expanded to 
include lenvatinib, regorafenib, and so on [18, 19]. How-
ever, the expectant survival still remains no more than 
1 year [20]. In recent years, immunotherapy has attracted 
increasing attention due to its sensitivity, specificity, and 
self-renewing capacity of the immune system. However, 
different from other organs, liver sustained an immunosup-
pressive milieu because of a series of regulatory mechanisms 
including inherent tolerogenicity, chronic HBV- or HCV-
mediated immunosuppression, and HCC immune escape 
[21]. Therefore, conventional immunotherapy had limited 
effect in HCC. On the other hand, immunotherapies medi-
ated by checkpoint inhibitors (CTLA4, PD-1, and PD-L1 
mAb) have demonstrated preliminary therapeutic benefit in 
solid tumors. For HCC, a series of clinical trials on PD-1/
PD-L1 inhibitors showed favorable results which may start 
a new chapter on the treatment of advanced HCC [13].

Our meta-analysis calculated the overall CR, PR, SD, PD, 
ORR, DCR, PFS, and OS of existing evidence, involving 

Fig. 2   Overall results of objective response rate (ORR) and disease control rate (DCR) for patients with advanced hepatocellular carcinoma 
receiving PD-1/PD-L1 inhibitor therapy. The size of the data markers reflects the weight. Error bars indicate 95% confidence interval
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more than 1200 advanced HCC patients with PD-1/PD-L1 
inhibitor therapy. The analysis of the 20 included studies 
estimated an ORR of 20% and a DCR of 60%. The overall 
PFS was 3.58 months and overall OS was 12.08 months. 
Currently, partial results of 3 phase III RCTs have been 
published (Table S2). Finn et al. [22] reported a consist-
ently favorable risk-to-benefit ratio for pembrolizumab in 
advanced HCC. However, the OS and PFS failed to reach 
statistical significance. Yau T’s et al. reported that nivolumab 
achieved clinically meaningful improvements in OS, ORR, 
and CR for advanced HCC, compared to sorafenib. However, 
the OS also failed to reach statistical significance as com-
pared to sorafenib [23]. In the third study, the combination 
therapy of atezolizumab plus bevacizumab demonstrated sta-
tistically significant and clinically meaningful improvement 
in both OS and PFS in the first-line treatment of unresectable 
HCC, as compared to sorafenib [24]. Still, more data from 
updated clinical trials are needed to further understand the 
potential benefit of checkpoint inhibitors.

Since heterogeneity between different studies is inevita-
ble, random-effect models were adopted and subgroup anal-
ysis was performed. Compared to monotherapy, combination 
therapy showed an improvement in ORR (17% vs 25%) and 
DCR (54% vs 75%). In addition, PFS for monotherapy and 
combination therapy were 3.32 months (95% CI 2.34–4.29) 
and 4.80 months (95% CI 3.17–6.43), respectively, which 
showed an improvement. However, PFS was only reported 
in two studies for combination therapy, and more data were 
needed. ORR of PD-1 and PD-L1 subgroup were 21% vs 
15%, respectively, whereas DCR of the two subgroups were 
similar. For clinical consideration, therapies with nivolumab, 
pembrolizumab, and PD-1/PD-L1 mAb + anti-VEGF agent 
were also analyzed separately as different subgroups. For 
combination therapy, it was shown in Shigeta et al.’s study 
[25] that a combination of anti-PD-1 and VEGFR-2 agents 
has a consistent vessel fortification effect in HCC and can 
overcome treatment resistance, as compared to monothera-
pies with either of the two agents. In addition, the combi-
nation of anti-PD-1 and VEGFR-2 agents increases overall 
survival in both anti-PD-1 therapy-resistant and anti-PD-1 
therapy-responsive HCC models. In our study, combina-
tion therapy of PD-1/PD-L1 mAb + anti-VEGF agent also 
showed a favorable outcome in HCC. In addition, in the 
study of Lee et al., combination therapy of atezolizumab 
plus bevacizumab was compared with atezolizumab mon-
otherapy, where combination therapy showed a statisti-
cally significant improvement in PFS (5.6 vs 3.4 months, 
HR 0.55, p < 0.05) [26]. Moreover, the IMbrave150 trial, 
a phase III RCT, showed significantly better OS and PFS 
outcomes with atezolizumab plus bevacizumab than with 
sorafenib in patients with unresectable HCC. This combi-
nation therapy also demonstrated statistically significant 
and clinically meaningful improvement in both ORR and Ta
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Fig. 3   Overall results of progression free survival (PFS) and overall survival (OS) for patients with advanced hepatocellular carcinoma receiving 
PD-1/PD-L1 inhibitor therapy. The size of the data markers reflects the weight. Error bars indicate 95% confidence interval. a PFS, b OS



773Hepatology International (2020) 14:765–775	

1 3

DCR, showing promising clinical efficacy of PD-1/PD-L1 
mAb + anti-VEGF therapy in the treatment of advance HCC 
[24]. CTLA4 was another common target of checkpoint 
inhibitor. Currently, several studies on the combination of 
multiple immune checkpoints are ongoing. The efficacy 
and safety of combination therapy consisting of nivolumab 
(anti-PD-1 mAb) plus ipilimumab (anti-CTLA4 mAb) was 
studied in advanced HCC [27]. In this study, 148 patients 
refractory to sorafenib were randomized. The minimum 
follow-up for OS (from last patient randomization date to 
data cutoff) was 24 months. Overall, ORR of the combina-
tion therapy was twice that of nivolumab monotherapy (31% 
and 14%, respectively). Moreover, the DCR was 49% and OS 
rate at 24 months was 40%, which showed an encouraging 
outcome. Subgroup analyses according to different RECIST 
criteria (RECIST vs. mRECIST) and different regions of the 
study (global vs. local) were also performed, which showed 
similar results of DCR, but some difference in ORR, PFS, 
and OS.

Time to progression (TTP) was an alternative endpoint 
when the follow-up was not long enough, so TTP is widely 
used for early-phase trials to evaluate the treatment efficacy 
[28]. In this meta-analysis, TTP in four studies with five 
sets of data was analyzed. The overall TTP was 3.94 months 
(95% CI 2.79–5.10), which was a favorable result (Fig. S3).

Regarding adverse effects, Feng et al.’s study demon-
strated comparable incidence rates for treatment-related 
adverse events (TrAEs) between PD-1/PD-L1 mAb cohort 
and sorafenib cohort, and an increased incidence of ≥ grade 
3 TrAEs was observed in the combination cohort [29]. In 
this meta-analysis, the pooled rate of fatigue, rash, pru-
ritus, increased AST and increased ALT were 0.17 (95% 
CI 0.10–0.27), 0.15 (95% CI 0.11–0.20), 0.14 (95% CI 
0.10–0.19), 0.16 (95% CI 0.12–0.22) and 0.13 (95% CI 
0.09–0.20), respectively. Rate of immune-related adverse 
events (irAE) was 0.09 (95% CI 0.03–0.22), and rate of 
irAE grade ≥ 3 was 0.05 (95% CI 0.02–0.09).There was 
significant heterogeneity in AE and SAE, but no hetero-
geneity was observed in SAE with grade ≥ 3. Subgroup 
analysis was conducted according to type of therapy 

(monotherapy/combination) and type of agents (PD-1/
PD-L1 mAb). As indicated by the results of subgroup anal-
ysis, PD-L1 mAb and combination therapy both had an 
increased rate of AE, compared to their respective coun-
terparts (Table S7). However, due to the small number of 
studies for combination therapy and PD-L1, further study 
is still needed to clarify these concerns.

What were the reasons that affect the response of PD-1/
PD-L1 inhibitor for HCC patients? The answer may be the 
key for the development of HCC immunotherapy. By sub-
group analyses of primary disease of HCC and Child–Tur-
cotte–Pugh grading (CTP) of included patients, we found 
that mostly patients were complicated with assorted pri-
mary diseases or conditions, e.g., HBV, HCV, NAFLD, 
alcohol liver disease, etc. Thus, we stratified studies by 
the proportion of patients with HBV/HCV infection (cut-
off value 50%). Subgroup analysis indicated that studies 
with proportion of HBV/HCV-infected patients > 50% had 
a relatively higher rate of CR, PR, SD, ORR and DCR. 
In addition, these studies reported relatively longer OS, 
but shorter PFS. These findings indicated that the primary 
disease of HCC might influence the benefit of PD-1/PD-L1 
inhibitors. However, there was no study that was special-
ized in the etiology of liver cancer and the treatment of 
inhibitors. In addition, studies only included patients with 
CTP A reported relatively higher rates of CR, PR, SD, 
ORR, and DCR, and a lower rate of PD. Similarly, pooled 
duration of OS and PFS of studies with CTP A patients 
only were slightly longer, indicating that disease severity 
may have an impact on the clinical effect of PD-1/PD-L1 
inhibitor therapy. Less serious patients might achieve 
more benefit from the PD-1/PD-L1 inhibitor therapy. 
Nevertheless, regarding the factors that may have poten-
tial influences on the efficacy of PD-1/PD-L1 inhibitors: 
the complex immune microenvironment of the liver can-
cer, expression of PD-L1 on the surface of hepatocellular 
carcinoma cells, the selection of checkpoint inhibitors, 
the selection of combination therapy drugs (chemother-
apy drugs, anti-VEGF agents or another checkpoint inhibi-
tor), starting point of treatment, previous treatment, and 

Table 3   Subgroup analysis of combination therapy of PD-1/PD-L1 mAb + anti VEGF agents

Outcome PD-1/PD-L1 mAb + anti-VEGF PD-1 mAb + anti-VEGF PD-L1 mAb + anti-VEGF

No. of 
studies

Rate (95% CI) I2 (%) No. of 
studies

Rate (95% CI) I2 (%) No. of 
studies

Rate (95% CI) I2 (%)

CR 5 0.02 (0.00–0.09) 25 2 0.05 (0.02–0.12) 0 3 0.01 (0.00–0.06) 0
PR 5 0.27 (0.17–0.41) 66 2 0.40 (0.30–0.51) 0 3 0.19 (0.10–0.36) 52
SD 5 0.43 (0.37–0.50) 0 2 0.38 (0.28–0.48) 0 3 0.47 (0.39–0.56) 0
PD 5 0.18 (0.10–0.31) 70 2 0.08 (0.04–0.16) 0 3 0.26 (0.16–0.41) 52
ORR 5 0.29 (0.15–0.43) 80 2 0.45 (0.34–0.55) 0 3 0.20 (0.05–0.36) 75
DCR 5 0.77 (0.70–0.84) 21 2 0.82 (0.74–0.91) 0 3 0.72 (0.61–0.82) 26
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management of adverse effects should also be considered 
and explored [30].

Our study may have some limitations. First, the included 
studies exhibited a high level of heterogeneity and a certain 
level of publication bias. Second, studies of the PD-1/PD-L1 
in HCC were still in its early phase and more RCTs were 
needed as higher level evidences. Third, most of the stud-
ies showed interim results and published with abstract or 
poster; relevant information is not sufficient and thorough. 
Lastly, the number of studies for PD-1 is much larger than 
that of PD-L1, and all anti-PD-L1 drugs were published as 
abstracts, which may be a possible source of bias.

Conclusion

In conclusion, our meta-analysis suggested that PD-1/PD-L1 
inhibitors improved the outcomes of response rates and sur-
vival time in advanced HCC. PD-1/PD-L1 inhibitors have 
generally changed the situation of HCC systemic therapy, 
and further the greater changes in this field of research may 
still be on the way.
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