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INTRODUCTION

ji’epatocellular carcinoma (HCC) is one of the malignant
tumors with the highest

mortality rate and the

ABSTRACT

Objectives: This study aimed to investigate the efficacy and safety of programmed cell
death-1 (PD-1)/programmed death ligand 1 (PD-L1) inhibitors in patients with advanced
hepatocellular carcinoma (HCC). Materials and Methods: PubMed, EMBASE, and the
Cochrane Library were searched for articles published until November 2022. Studies
reporting the efficacy of PD-1/PD-L1 inhibitors in patients with advanced HCC were
eligible for inclusion. The outcomes were objective response rate (ORR), disease control
rate (DCR), progression-free survival (PFES), overall survival (OS), and > Grade 3
treatment-related adverse events (TrAEs). Results: Fourteen trials with 4515 patients
with HCC were included. Our results showed that treatment with PD-1/PD-L1 inhibitors
was associated with better ORR and DCR than that with control (placebo or sorafenib
or lenvatinib) (odds ratio [OR], 3.89; 95% confidence interval (CI), 2.55-5.95 and OR,
1.47; 95% CI, 1.11-1.95, respectively). The overall hazard ratio (HR) of PFS and OS were
0.66 (95% CI 0.56-0.78) and 0.65 (95% CI 0.55-0.77), respectively. In subgroup analysis,
PD-1/PD-L1 inhibitor combination therapy had an advantage in terms of PFS (HR: 0.57 vs.
0.81) compared to that of PD-1/PD-L1 monotherapy. The incidence of grade 3—5 TrAEs
was not significantly higher with PD-1/PD-L1 inhibitors than that with the control (OR,
1.12; 95% CI, 0.70-1.81). However, the combination of PD-linhibitor with higher
incidence of Grade 3—5 TrAEs (OR: 2.04, 95% CI 0.66—6.32) than the combination PD-L1
inhibitor (OR: 0.95, 95% CI 0.50-1.81). Conclusion: The combination of PD-1/PD-L1
inhibitors and targeted agents significantly improved the clinical outcomes in patients
with advanced HCC. However, the incidence of Grade 3—5 TrAEs with PD-1 inhibitor
combination therapy was higher than the combination PD-L1 inhibitor.

KEYWORDS: Hepatocellular carcinoma, Meta-analysis, Programmed cell death-1,
Programmed death ligand 1

Among  ICls,  anti-programmed cell death 1
(anti-PD-1)/programmed cell death ligand 1 (PD-L1) are novel
and promising therapies that have been effective in prolonging
survival in patients with advanced HCC [7,8]; however, they
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fourth-leading cause of cancer-related death worldwide [1].
Systemic therapy is standard treatment for unresectable or
metastatic HCC. Sorafenib is the first targeted therapy drug
approved by the US Food and Drug Administration and is the
first-line treatment drug for HCC. Lenvatinib was approved
in 2017 as the first-line treatment for HCC after sorafenib;
however, its efficacy remains unsatisfactory [2,3].

Immunotherapy has achieved significant clinical success in
cancer treatment. To date, many clinical trials have shown that the
survival rate of patients with advanced cancer can be improved
by treatment with immune checkpoint inhibitors (ICIs) [4-6].
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have not replaced the traditional first-line treatment drugs
sorafenib or lenvatinib. In addition, several single-arm clinical
trials have reported the efficacy of PD-1/PD-L1 inhibitors in
advanced HCC [9-11]. These clinical trials differed in their
clinical stage, sample sizes, and response assessment criteria.
Furthermore, the efficacy of single-drug therapy for HCC is
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limited, and the possible combination of different ICIs and
ICIs with targeted agents has been investigated in many
clinical trials [12].

Recently, many randomized controlled trials
(RCTs) [7,8,13-15] and observational studies [16-18]
have been reported. Therefore, we performed an updated
meta-analysis to elucidate the effects of PD-1/PD-L1 inhibitors
in patients with advanced HCC.

MATERIALS AND METHODS
Research strategy and study selection

This systematic review and meta-analysis was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [19]. The
present study was prospectively registered in the PROSPERO
registry (registration number: CRD42023387214).

We included RCTs and observational  studies
(either cohort or case—control) that evaluated the effects

of PD-1/PD-L1 inhibitors in patients with advanced
HCC. These included PD-1 inhibitors (nivolumab,
pembrolizumab, camrelizumab, cemiplimab, penpulimab,
tislelizumab, toripalimab, and sintilimab) and PD-LI1

inhibitors (atezolizumab, durvalumab, and avelumab). We
searched the PubMed, Cochrane Library, and EMBASE
databases, limiting the search to human patients published
until November 30, 2022. The search strategy is presented in
Box 1. All retrieved articles were reviewed. Two reviewers
(L. J. Y. and T. R. P.) independently screened all titles and
abstracts and evaluated relevant articles. T. W. W serves as the
final reviewer when L. J. Y. and T. R. P. disagree.

Inclusion and exclusion criteria

We adopted the following inclusion criteria: (1) study
type of literature was a prospective clinical trial or real-world
study; (2) PD-1/PD-L1 inhibitor monotherapy or combination
with other therapy as intervention treatments; (3) enrolled
patients with advanced HCC; and (4) the collected data
were sufficient to evaluate treatment efficacy including
overall response rate (ORR), disease control rate (DCR),
progression-free survival (PFS), overall survival (OS), and
treatment-related adverse events (TrAEs). Studies with any
of the following features were excluded: (1) single-arm
study, (2) no related data, and (3) monotherapy with cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4) inhibitors.

Data extraction

Data were independently extracted, analyzed, and recorded
on a predeveloped data extraction sheet by two reviewers
(L. J. Y. and T. R. P.). The final decision was reached after
consultation with a third reviewer and a team consensus. We
extracted the first author, published year, study registration
number, study design, treatment regimen, number of patients,
measured outcomes (ORR, DCR, OS, and PFS), and TrAEs
from the studies. The hazard ratios (HRs) of the time-to-event
variables (OS and PFS) were directly extracted from the
original studies or estimated indirectly using the reported
number of events and the corresponding P values for the
log-rank statistics.

Quality of included studies

Two authors (T. W. W. and L. J. Y.) separately assessed the
quality of the included studies. For RCTs, bias was categorized
as low, unclear, or high (green, yellow, or red) in each study,
using the revised risk-of-bias 2.0 method (version 2.0).
We determined the risk of bias for domain allocation
concealment, randomization, blinding, incomplete outcome
data, selective outcome reporting, and other biases. We
used the Newcastle-Ottawa scale to assess the quality of
observational studies [20]. The total score of this scale is
9 points. High-quality research results are rated >6 points.
This scale evaluates quality based on the following three
domains: Reporting of participant selection, comparability, and
outcome assessment.

Statistical analyses

We calculated the pooled odds ratio (OR) and 95%
confidence interval (CI) for ORR, DCR, and TrAEs, as well
as the pooled HRs and 95% CI for OS and PFS. The pooled
ORs and HRs were calculated using the DerSimonian and
Laird random-effects meta-analysis [21] under the assumption
of significant heterogeneity. Heterogeneity among studies
was quantified using the P test, and I* >50% was considered
substantial heterogeneity. P < 0.10 was considered statistically
significant. We constructed a funnel plot and performed
Egger’s and Begg’s tests to assess publication bias. The
Egger’s and Begg’s tests results showed no publication bias
with a P> 0.05. Statistical analyses were performed according
to the Cochrane Handbook for the Statistical Review of
Interventions (version 6.2) [3]. This study used Review
Manager Software (RevMan) (version 5.4; Oxford, UK) and
Comprehensive Meta-analysis (CMA) software for statistical
analysis.

REsuLTS
Selection of study

We identified 614 records from the PubMed, EMBASE,
and Cochrane electronic databases. Forty-seven studies
were removed because of duplication, and 130 studies were
excluded because they were not the targets of this study.
After excluding these studies, we reviewed 437 studies based
on the titles and abstracts, and 423 studies were excluded
because of irrelevant titles or content records. Fourteen
studies met our inclusion criteria. The Systematic Reviews
and Meta-Analyses (PRISMA) flowchart shows the detailed
process of study selection [Figure 1].

Characteristics of eligible studies

Fourteen studies with 4515 patients were included in this
meta-analysis. Of these studies, six were RCTs and eight were
retrospective studies. All the studies were published between
2020 and 2022. The characteristics of the included studies are
presented in Table 1. The results of the quality assessment of
the seven RCTs are shown in Figure 2. Four RCTs [7,8,13,15]
were discovered to have low risk in all the domains of
assessment; only two studies [14,17] had a high risk of
selection bias (allocation concealment) and performance
bias (blinding of participants and personnel). However, the
results of the quality assessment of the eight cohort studies

341



Peng, et al. / Tzu Chi Medical Journal 2024; 36 (3): 340-348

Box 1: PUBMED on November 30, 2022
MeSH terms
1. “immune checkpoint inhibitor” = 7270

2. “hepatocellular carcinoma” = 100,821.
Text terms
1. “programmed death-ligand 1” = 15,332

2. “nivolumab” = 8804

3. “pembrolizumab” = 8020
4. “atezolizumab” = 2586
5. “durvalumab” = 1290

6. “avelumab” = 837

7. “camrelizumab” = 357

8. “cemiplimab” = 289

9. “tislelizumab” = 126

10. “toripalimab” = 162

11. “sintilimab” = 300

12. “penpulimab” =9

13. “hepatocellular carcinoma” = 141,136.
Search strings:
[(IOR30OR40OR50R60OR70OR8ORI9OR I00R 11 OR 12 OR 13 OR 14) =34,088 AND (2 OR 15) =141,136] = 1438.
AND (randomized controlled trial or retrospective study) =207.

Cochrane Library on November 30, 2022.
MeSH terms
1. “immune checkpoint inhibitor” = 91

2. “hepatocellular carcinoma” = 2040.
Text terms
3. “programmed death-ligand 17 =777

“nivolumab” = 2591
“pembrolizumab” = 2583
“atezolizumab” = 1234
“durvalumab” = 943

“avelumab” = 348

o X =N 0B

“camrelizumab” = 169
10. “cemiplimab” = 85
11. “tislelizumab” = 152
12. “toripalimab” = 102
13. “sintilimab” = 129
14. “penpulimab” = 11
15. “hepatocellular carcinoma” = 5753.
Search strings:
[(1OR3OR40ORS5SOR6OR70R80OR9OR 100R 11 OR 12 OR 13 OR 14) =7,741 AND (2 OR 15) = 5753] =374.

EMBASE on November 30, 2022.
Emtree term
1. “immune checkpoint inhibitor” = 17,270

2. “hepatocellular carcinoma” = 187,651.
Search strings:
3. (1AND2)=1162

4. AND “human”/de=1111
5. AND (randomized controlled trial OR observational study OR retrospective study) = 33.

showed that assessment scores ranged from 6 to 8. All eight confounder. None of the studies described the adequacy of the
studies were adjusted for at least one other potentially crucial follow-up of the cohorts.
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for study selection. *If feasible to do so, report the number of records
identified from each database or register searched (rather than the total number across all databases/registers). **If automation tools were used, indicate how many records

were excluded by a human and how many were excluded by automation tools

Effects on ORR and disease control rate

Twelve studies providled ORR and DCR outcomes.
Treatment with PD-1/PD-L1 inhibitors was associated with
better ORR than that with standard care (placebo or sorafenib
or lenvatinib) [OR, 3.89; 95% CI, 2.55-5.95; P = 72%;
P < 0.001, Figure 3a]. The PD-1/PD-L1 inhibitors had
better DCR than the controls [OR, 1.47; 95%CI, 1.11-1.95;
P = 68%; P = 0.008, Figure 3b].

Effects on progression-free survival and overall survival

Ten studies examined the PFS and OS results. Treatment
with PD-1/PD-L1 inhibitors was associated with greater
improvement in PFS than that with standard care [HR, 0.66;
95% CI, 0.56-0.78; P < 0.0001, Figure 4a]. Analysis of PFS
showed significant heterogeneity among the studies (I# = 69%).
Compared with controls (sorafenib in first line or placebo
in second line), treatment with PD-1/PD-L1 inhibitors was
associated with significantly improved OS [HR, 0.65; 95% CI,
0.55-0.77; P> = 64%; P < 0.0001, Figure 4b].

Treatment-related adverse events

Eleven studies analyzed the TrAE outcomes. The pooled
estimate of TrAE was 1.12 (95% CI 0.70-1.81; > = 93%;
P < 0.0001). TrAEs were 0.81 (95% CI 0.37-1.75) with
PD-L1/PD-1 monotherapy and 1.34 (95% CI 0.79-2.28)
with  PD-L1/PD-1 combination therapy [Figure 5].
However, the combination of PD-linhibitor with higher
TrAEs (OR: 2.04, 95% CI 0.66-6.32) [14,25,27,28] than
the combination PD-Llinhibitor (OR: 0.95, 95% CI
0.50-1.81) [13,15,22-24].

Subgroup analysis

We performed a subgroup analysis for the ORR and PFS
of PD-1/PD-L1 inhibitors according to different factors,
as shown in Table 2. When treatment with PD-1/PD-L1
inhibitors was compared to that with active control (sorafenib
or lenvatinib) in patients with advanced HCC, the OR of ORR
was 3.83 (95% CI 2.42-6.05) and HR of PFS was 0.65 (95%
CI 0.54-0.79). Comparison of the use of PD-1/PD-L1

343



Peng, et al. / Tzu Chi Medical Journal 2024; 36 (3): 340-348

JqE[IBAR JON [V N ‘[BAIAINS [[BIDAQ (SO ‘[BAIAINS 931J-UOISSAIT01] S, ‘OBl PIezeH YH ‘@)el [0NU0d dseasi(q YD ‘@3er asuodsar 9A102[qO YO

ey a9c 9 qruojelog Apnys

VN VN 989t (I'LD9 ¢ qIuaJeIOos 4 qeunzijprwe)  AdeIOU) UOHRUIQWIO)  PUOdAS dANdIdsOnSY VN [82] 120T 1712 1]
619v1 (LT LT QIUIBAUS] Apms

VN VN Wi1Lst (9809 1T QIUIBAUQ| + qewnzIrwe)  Adeidy) uogeurquio)  puodsg dAndadsonay VN [L2] 120T 1P 12 TOM
(T69) st (T6)9 9 QIUIEAUd] Apms

(I18°0-1€0) S0 ($80-8¢0)LS0 (898) 9% (TLb) ST 39 qewreduo],  Adesoyy Aderoyjouojy  puoddg danoadsonsy VN [92] 120T “1P 12 X
(el T (€9D vl 98 qIuIeAud ] Aprus

(99°0+z0) +'0  (L0-€£0) 870 (1'06)+9 (9°L9) 8% 1L qruneaud] + qewrrjeduor,  Adesoyy uoneuquo)  puodeg dAnRdAdsONY VN [s2] 1207 1712 °H
(sz8)zs  (#Ts) €¢ 99 qIuijeAud] Apms

VN VN (99L) 67  (8°¢h) 8T 99 QEWINZIOBAd + qeuunzI[0zd)y  Ade1oyy uoneurquio)) ISIL] dATPdsOnY VN [¥2] TzoT “1v 12 eesoEN
(992)9¢ (€D 11 Lt qIuIeAud ] Aprys

VN VN (seg) e (sp) 8l (1% qruneAus| + qewm[oAlN  Aderoy) uoneuquio) I8IL] 9Anadsonay VN [L1] 2ToT v 12 o
vr) o1 (SD6 9¢ qIuajelos Kpmys

(0L0-6T0)9¢0 (6L°0-61°0)6£0 (6°€9) €T (975S) 0T 9¢ QIUAJEIOS + qEUNOAIN  AdeIdty) UONEUIQUIO)  PUOIAS dATedsONY VN [81] zzoT “1v 12 Suag
VN VN 7L qIuIeAUd] Kpmys

(€8°0-8€0) 950 (16°0-6£°0) 09°0 VN VN 0L qIUOEAUR| + qewnzijoiqued  Adesoy) uoneurquio) 1811 2Andddsonay VN [91] TzOT “17 12 UBYD

VN VN L1T qruojeIos

8117690060 (160-++°0) €9°0 VN VN [43% quupeAud| + qewnzijozaly  Aderoyy uoneurquio) Isag II.LOY 16LSSLEOLON [eT] TeoT “1v 12 Koqroy]

(L09)9sz (190t 68¢ qIuojelos (VAVIVINIH) [cTs1] 2ot

(€0'T-€L°0)98°0 (61'1-88°0) 20T (8+S) €1z (L1) 99 68¢ qewnjeaing Aderayjouoy saq II.LOY ISH86TEOLON  Opny pue gzog “77 12 ejy-noqy

(L09)9gz  (1°9) 0T 68€ qruojeIos (VAVIVINIH) [cTs1] zeot

(26'0-29°0) 8.0 (SO'1-LL'0) 060 (1°09) 9¢T (1'0T) 6L €6€ qewnwrpway + qewnjeamq  Adesoy) uoneurquio) g IILOY 1SH86TEOLON  ‘Opny| pue gzog “7v 12 ejy-noqy

(€9) ozt )8 161 qruojeIog (Z€-LNATIO)

(SL°0-€v0) LSO (0L°0-9%'0) 950 (¢L)LLz (1208 08¢ QEWINZIOBARQ + qewl[pul§  AdeIoy) uoneurquio) 4 /LY 0vbP6LE0LON [¥1] 120T “1p 12 UDY

(€¢9) 88 (1D 61 S91 qIuajelos (0S1

08°0-2r'0) 850  (YL'0-¥¥0) 650 (9°€L) L¥T (8°67) 001 9¢¢ QEWINZIOBAdQ + qeuunzI[0zd)y  Adeioyy uoneurquio)) ST IILDY 6LEPEPEOLON  dABIQND) [€1] 020T 77 2 1 uurg

8991z (W9t TLE qruadjelos 6SY

(00 T-2L0) $8°0 (60 T-6L0) €60 (SS) ¥0T  (¥'ST) LS L€ QEUIN[OAIN Aderoyouoy IS IILDY 60S9LSTOLON  dRAOYD [8] 2T0T /v 12 nex

(e o Sel 0qaoe[d (0YZ-HLONAT)

(0'7-09'0) 820  (06'0-L5°0) TL'0 (TT9) €LT (€81 IS 81T QEWINZI[OIqUIdJ Aderomjouoly  puoddg 11 LOY  T0¥T0LTOLON [L] 0z0T “1v 12 T UL

JH (%) u (%) u  syuaped jo Adesay) uoneuiquiod Aderdyy uoneI)sIgax
UH ‘SO UBIPIA  ‘SAd UBIPIA NAUDA e ¢ (0) JaquinN juduIeAL, 10 Adesayjouopy joaury dseyd Apms Apms duweu Apnjs/ioyine )saig

SIIPN)S PIPN[IUI JO SIPSLIIRIRY)) ] IqEL

344



Peng, et al. / Tzu Chi Medical Journal 2024; 36 (3): 340-348

inhibitors as first-line therapy versus their use as second-line
therapy in patients with advanced HCC showed that their use
as second-line therapy in either monotherapy or combination
therapy was associated with a higher ORR and PFS than
their use as first-line therapy. In this subgroup, we compared
PD-1/PD-L1 inhibitor monotherapy with combination therapy.
PD-1/PD-L1 inhibitor combination therapy had an advantage
in terms of PFS (HR: 0.57 vs. 0.81) compared to that of
monotherapy, especially in the second line (HR, 0.46; 95%
CL 0.33-0.64; > = 0%). However, in the subgroup analysis

@~ | @|®|® | ~ |slinding of participants and personnel (performance bias)

® O O S ®| @ | mcomplete outcome data (attrition bias)

® O @~ |@® |~ |Alocation concealment (selection bias)
@~ |® ® | ® | @ |sinding of outcome assessment (detection bias)

® @ @ ®|® | @ |random sequence generation (selection bias)
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Finn2 2020 ®e
Ghassan 2022 . .
Kelley 2022 ®e
Ren 2021 ®e
Yau 2022 ® e

Figure 2: Risk-of-bias assessments for randomized clinical trials included in the
meta-analysis

according to the study design, treatment with PD-1/PD-L1
inhibitors had an advantage in terms of ORR (OR: 3.77 vs.
4.02) and PFS (HR: 0.74 vs. 0.53) compared to the control
group in both RCTs and retrospective studies.

Publication bias

Visual inspection of the ORR funnel plot from these studies
revealed asymmetry [Figure 6]. However, neither Egger’s nor
Begg’s tests provided statistical evidence of publication bias,
with P = 0.389 and 0.537, respectively.

DISCUSSION

This meta-analysis of six RCTs and eight retrospective
studies evaluated 4515 patients with advanced HCC, in
both first-and second-line treatments. Patients treated with
PD-1/PD-L1 inhibitors showed significantly better ORR,
DCR, PFS, and OS than the controls (sorafenib or lenvatinib).
Recently, immunotherapy has been proven to be clinically
effective for the treatment of advanced HCC. However, no more
than 20% of patients with HCC have a strong clinical response
to PD-1/PD-L1 inhibitor monotherapy [9,10]. A previous study
found that the combination of anti-vascular endothelial growth
factor drugs and PD-1/PD-L1 blockade synergistically reverses
immunosuppressive  microenvironment  [29].  Therefore,
follow-up studies are moving toward combining PD-1/PD-L1
inhibitors with target agents or combining PD-1/PD-L1 [29].
Although previous meta-analyses targeting PD-1/PD-LI
in advanced HCC have been published [30,31], all these
meta-analyses included single-arm phase I/Il clinical trials.
To date, there have been no meta-analyses of high-quality
clinical trials (two- or three-arm trials). In this meta-analysis,
we investigated the efficacy and safety of PD-1/PD-L1
inhibitors in patients with HCC by including phase III RCTs
and retrospective studies. Based on previous studies and our
results, PD-1/PD-L1 inhibitors are promising candidates for
HCC treatment. In addition, it was also observed in our study
that, compared with PD-1/PD-L1 inhibitor monotherapy, a
PD-1/PD-L1 inhibitor combined with target agents achieved a
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PD-1/PD-L1 inhibitors. Control

Finn1 2020 100 336 19 165 10.7%
Finn2 2020 51 278 6 135 83%
Ghassan 2022 79 393 20 389 108%
He 2021 48 T 14 86  9.1%
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Maesaka 2022 28 66 33 66 9.6%
Peng 2022 20 36 9 36 7.5%
Ren 2021 80 380 8 191 9.2%
Wel 2021 6 21 2 27 41%
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Yau 2022 57 3n 26 372 11.0%
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Figure 3: Forest plots for ORR and DCR in patients with advanced hepatocellular carcinoma. (a) ORR, (b) DCR. ORR: Objective response rate, DCR: Disease control

rate, CI: Confidence interval
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Table 2: Pooled odds ratios and hazard ratios of programmed cell death-1/programmed death ligand 1 treatment on overall
response rate and progression-free survival outcomes

ORR PFS
Pooled OR Heterogeneity Pooled HR Heterogeneity
95% CI) P) (%) (95% CI) P) (%)

Overall 3.89 (2.55-5.95) 72 0.66 (0.56-0.78) 69
Active control 3.83 (2.42-6.05) 74 0.65 (0.54-0.79) 73
Study design

RCT 3.77 (2.71-5.24) 34 0.74 (0.62-0.88) 69

Retrospective study 4.02 (1.67-9.68) 82 0.53 (0.42-0.65) 0
Line of therapy (monotherapy)

First-line 3.33(1.76-6.33) 69 0.91 (0.82-1.02) 0

Second-line 6.26 (3.24-12.07) 0 0.68 (0.55-0.83) 0
Line of therapy (combination therapy)

First-line 2.85(1.42-5.72) 82 0.67 (0.54-0.84) 67

Second-line 6.96 (4.06-11.94) 0 0.46 (0.33-0.64) 0
PD-1/PD-L1 inhibitors versus sorafenib or lenvatinib

Sorafenib 3.70 (2.74-4.98) 18 0.71 (0.57-0.87) 74

Lenvatinib 3.82 (1.19-12.27) 87 0.62 (0.51-0.74) 15
PD-1/PD-L1 inhibitors monotherapy versus combination therapy

Monotherapy 3.90 (2.41-6.29) 51 0.81 (0.69-0.96) 59

Combination 3.78 (2.19-6.52) 75 0.57 (0.49-0.66) 0

ORR: Objective response rate, PFS: Progression-free survival, RCT: Randomized controlled trial, HR: Hazard ratio, OR: Odds ratio, CI: Confidence interval,

PD-1: Programmed cell death-1, PD-L1: Programmed death ligand 1

Test for overall effect: Z= 5.09 (P < 0.00001)

PFS
Hazard Ratio Hazard Ratio
_Study or Ratio] i Cl 1V, 95% CI
Chen 2022 -0.5108 02188 7.7% 0.60 [0.39, 0.92]
Finn1 2020 -0.5276 0.1497 10.8% 0.59 (0.44, 0.79) ==
Finn2 2020 -0.3285 01182 12.3% 0.72[0.57, 0.91] =
Ghassan 2022 -0.1054 0.0798 14.2% 0.90(0.77, 1.05) =
He 2021 -0.734 01912 8.9% 0.48 [0.33, 0.70) ==
Kelley 2022 -0.462 01831 9.2% 0.63 (0.44, 0.90) =
Peng 2022 -0.9416 0.3669  4.0% 0.39[0.19, 0.80)
Ren 2021 -0.5276 0.1487 10.8% 0.59 (0.44, 0.79) =
Xu 2021 -0.5621 0.2069 8.2% 0.57 [0.38, 0.86) =
Yau 2022 -0.0726 0.0832 14.0% 0.93(0.79, 1.09) o i
Total (95% CI) 100.0%  0.66 [0.56, 0.78) <
Heterogeneity: Tau®= 0.04; Chi= 29.49, df= 9 (P = 0.0005); = 69% = P i Py
Test for overall effect: Z= 4.86 (P < 0.00001) Favours [PD-1/PD-L1 inhibitors] Favours [Control]
0s
Hazard Ratio Hazard Ratio
_Study or Subaroup _loqfHazard Ratiol _ SE_Weight IV, 95%Cl v, 95%Cl.
Chen 2022 -0.5798 0.1978  8.8% 0.56 [0.38. 0.83)
Finn1 2020 -0.5447 0.1647 10.3% 0.58 [0.42, 0.80) ==
Finn2 2020 -0.24856 01338 11.9% 0.78 (0.60, 1.01) ==
Ghassan 2022 -0.2485 01171 12.9% 0.78 [0.62, 0.98) —
He 2021 -0.9163 0.2606  6.4% 0.40 [0.24, 0.67) ———
Kelley 2022 -0.1054 0.1356 11.9% 0.90(0.69,1.17) =
Peng 2022 -1.0217 0.3261  4.8% 0.36 (0.19, 0.68) ——
Ren 2021 -0.5621 0.1438 11.4% 0.67 [0.43,0.76) b il
Xu 2021 -0.6931 0.2438  7.0% 0.50 [0.31, 0.81] — 3
Yau 2022 -0.1625 0.0847 14.6% 0.85(0.72, 1.00) e
Total (95% C1) 100.0%  0.65[0.55,0.77] <>
Heterogeneity: Tau™= 0.04; Chi"= 25.18, dr= 9 (P = 0.003); "= 64% =

0.02 0.1 10
Favours [PD-1/PD-L1 inhibitors] Favours [Control]

Figure 4: Forest plots for PFS and OS in patients with advanced hepatocellular carcinoma, (a) PFS, (b) OS. PFS: Progression-free survival, OS: Overall survival,

CI: Confidence interval

better therapeutic effect and PFS. PD-1/PD-L1 inhibitors can
improve immune escape and enhance the antitumor effects of
T cells [32].

The occurrence of HCC is driven by abnormal activation
of different intracellular pathways, involving the action of
tyrosine kinase (TK) protein receptors and non-TK receptors.
TK inhibits (TKIs) tumor neovascularization and tumor growth
and can inhibit key signaling pathways in the pathogenesis
of HCC [33]. TKIs may also have immunomodulatory
effects. For example, sorafenib can enhance the activity
of tumor-specific effector T-cells and reduce the inhibitory
immune cell population. In addition, TKIs can reduce immune
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escape by inhibiting the expression of PD-L1 on tumor
cells [34]. Therefore, the immunomodulatory effect of TKI can
enhance the efficacy of anti-PD-1/PD-L1 therapy. Furthermore,
combined therapy can be applied to patients with nonresectable
HCC. However, durvalumab/tremelimumab is the first dual
ICIs containing a combination of anti-PD-L1 and anti-CTLA-4
immunotherapy that has been successfully tested in phase
IIT [15]. Combining anti-PD-1/PD-L1 with anti-CTLA4
therapies was shown to provide additive antitumor activity
through its action on the antitumor T-cell response by multiple
immune checkpoint blockades [35]. Furthermore, nivolumab
in combination with ipilimumab received accelerated approval
for the treatment of patients with advanced HCC previously
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PD-1/PD-L1 inhibitors Control 0Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random. 95% Cl M-H, Random. 95% CI
4.1.1 Monotherapy
Finn2 2020 145 279 62 134 8.9% 1.26 (0.83,1.90] T
Ghassan 2022 144 388 196 374 9.3% 0.54[0.40,0.72) -
Xu 2021 33 53 25 65 7.8% 264[1.25,5.57] = =
Yau 2022 82 367 180 363 9.2% 0.29(0.21, 0.40] =
Subtotal (95% CI) 1087 936 35.2% 0.81 [[0.37, 1.75) ~—
Total events 404 463
Heterogeneity: Tau®= 0.57, Chi* = 47.08, df= 3 (P < 0.00001); F=94%
Test for overall effect: Z= 0.54 (P = 0.59)
4.1.2 Combination therapy
Finn1 2020 201 329 95 156  9.0% 1.01[0.68,1.49] i i
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He 2021 61 il 28 86 75% 1264 [5.64,28.31] =
Kelley 2022 324 429 18 207 91% 2.33(1.64,3.31] S
Liu 2021 14 35 27 65 7.4% 094[0.41,217] =
Maesaka 2022 20 66 39 66 7.9% 0.30[0.15, 0.62] —
Ren 2021 219 380 89 185 91% 1.47(1.03, 2.09] —
Wei 2021 5 2 7 27 55% 0.89(0.24, 3.35] B | T—
Subtotal (95% CI) 1719 1166 64.8% 1.34[0.79, 2.28] -
Total events 1040
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Total events 1444 1062
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Figure 5: Forest plots for treatment-related adverse events in patients with advanced hepatocellular carcinoma. CI: Confidence interval
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Figure 6: Funnel plot for publication bias for objective response rate

treated with sorafenib based on findings from the phase I/IL
CheckMate 040 trial [36], and a phase III trial is currently
underway.

Our study revealed that PD-1/PD-L1 inhibitors were
associated with improved clinical outcomes for patients
with advanced HCC. Furthermore, PD-1/PD-L1 inhibitors
combination therapy improves clinical outcomes in advanced
HCC, both in the first and second lines [Table 2]. However,
there is only one phase III study [15] on dual ICIs for
advanced HCC that we have included. Dual ICIs for advanced
HCC displayed superior efficacy and a favorable benefit-risk
profile than sorafenib [15]. ICI-based therapeutic strategies,
particularly the combination of ICIs and targeted agents, are
promising for the treatment of advanced HCC. However, the
optimal treatment strategy and timing of ICI administration in
HCC remain challenging.

This meta-analysis had some limitations. First, several
retrospective studies that did not report OS and PFS were
included. Second, the different study designs and patient
populations were significant sources of heterogeneity.
Third, the included studies used various targeted agents and

PD-1/PD-L1 inhibitors, which may have been biased by
varying treatment effects and adverse events between drugs.
Fourth, no data were available for cost-effectiveness analysis
in these trials. The cost-effectiveness issue for the treatment of
HCC is important because of the higher cost of combination
therapy than that of monotherapy. Further studies, especially
those with cost-effectiveness analyses, are warranted. Despite
these limitations, we believe that our research provides the
most up-to-date analysis of immunotherapeutic strategies for
HCC treatment.

CONCLUSIONS

This meta-analysis shows that PD-1/PD-L1 inhibitors
are beneficial in the treatment of patients with advanced
HCC. The incidence of Grade 3—5 TrAEs with combination
therapy was similar to that with the control. However,
the incidence of Grade 3-5 TrAEs with PD-1 inhibitor
combination therapy was higher than the combination
PD-L1 inhibitor. In addition, PD-1/PD-L1 inhibitors in
combination with targeted agents and dual immunotherapy
resulted in significantly increased PFS compared with that
of the control.
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