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Abstract
Programmed cell death (PD-1) and programmed cell death ligand 1 (PD-L1) inhibitors have been increasingly used in cancer
therapy. The aim of this study was conducted a meta-analysis to assess the efficacy and safety of PD-1/PD-L1 inhibitors in
patients with unresectable hepatocellular carcinoma (uHCC). A total of 1657 patients were included. The completed phase III
trials with details data, such as overall survival (OS), progression-free survival (PFS), objective response rate (ORR), disease
control rate (DCR), and adverse effects (AEs) were included. The pooled hazard ratio (HR) of OS and PFS were .75 (95% CI:
.61–.92) and .74 (95% CI: .56–.97) with heterogeneity between PD-1/PD-L1 inhibitors groups and control groups. Sensitivity
analysis revealed IMbrave-150 could be the most important factor of heterogeneity for OS, while CheckMate-459 was the main
fact of heterogeneity for PFS. In addition, the relative risk (RR) of ORR and DCR were 2.43 (95% CI: 1.80–3.26) and 1.26 (95%
CI: 1.11–1.43) with low heterogeneity in PD-1/PD-L1 inhibitors groups. The therapeutic effect of PD-1/PD-L1 inhibitors was
better in females, Asia without Japan, BCLC status C and infected hepatitis groups. The RR of AEs from any cause and serious
adverse events (SAEs) for patients receiving PD-1/PD-L1 inhibitors were 1.03 (95% CI: .93–1.13) and 1.13 (95% CI: .89–1.44),
respectively. Pruritus was the most common AEs reported in 10% of patients or more (RR = 1.69, 95% CI: 1.33–2.15). In
conclusion, PD-L1 inhibitor combined with anti-VEGF antibody could improve the prognosis of patients with uHCC. However,
caution should be taken for AEs during patients receiving PD-1/PD-L1 inhibitors.
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Introduction

Liver cancer is the sixth most common cancer and the fourth
most common cause of cancer-related death worldwide.1

Hepatocellular carcinoma (HCC) accounts for 80%–90% of

liver cancer with global variations in the incidence and
mortality.2 Despite improved anti-viral treatments decreased
the risk of de novo HCC development, the other risk factors
such as fatty liver and alcohol remain significant burden of
HCC.3
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To date, the curative or non-curative treatments of HCC
included liver surgery, interventional radiology, liver trans-
plantation, targeted therapy, and immunotherapy.3 Palliative
treatments for unresectable HCC (uHCC) remain complicated
due to the lack of series of evidence-based medicine. Multi-
kinase inhibitors, such as sorafenib and lenvatinib, have been
approved for first-line systemic treatments of patients with
uHCC.4 However, kinase inhibitors have been shown to fail to
improve overall survival (OS) or recurrence-free survival
(RFS).5 Over the past 2 years, application of immune-
checkpoint inhibitors (ICIs) provided a new systemic ther-
apy for patients with uHCC, especially for programmed cell
death-1 (PD-1)/programmed cell death ligand 1 (PD-L1)
inhibitors.6

PD-1/PD-L1 inhibitors have been demonstrated to improve
the prognosis of patients with advanced cancers in multiple
phase II/III trials, such as melanoma, renal cell carcinoma,
non-small cell lung cancer, and urothelial bladder cancer.7

However, The efficacy of PD-1/PD-L1 inhibitors mono-
therapy or combination is variable for uHCC in phase II
trials.8,9 For patients with uHCC, the improvements of OS in
phase II and III trials were not complete coincident.10,11 In
addition, only a minority of patients have durable response.12

Furthermore, toxicities including immune-related adverse
events (irAEs) are increasingly being reported, posing ther-
apeutic challenges for clinicians.7 To derive more compre-
hensive estimation of PD-1/PD-L1 inhibitors in uHCC, a
systematic review and meta-analysis of phase III trials were
performed.

Methods

Search Strategy

The current meta-analysis was conducted by reference to
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).13 The protocol was registered in In-
ternational Platform of Registered Systematic Review and
Meta-analysis Protocols (INPLASY) (NO. IN-
PLASY202210067). Six databases, including PubMed,
Embase, Cochrane Library, Web of Science, Scopus, and
ClinicalTrials.gov, were searched from inception to May 11,
2020 for relevant publications using the following retrieval
terms to define the therapy: “programmed cell death 1 re-
ceptor,” “PD1 receptor,” “programmed cell death 1 ligand
1,” “B7-H1 antigen,” “nivolumab,” “pembrolizumab,”
“atezolizumab,” “durvalumab,” “cemiplimab,” and “avelu-
mab.” The terms used to define the disease included “liver
neoplasm,” “hepatocellular carcinoma,” “liver cancer,” and
“HCC.”

Selection Criteria

Literatures met the following predetermined criteria were
eligible for inclusion: (1) patients with uHCC received

PD-1/PD-L1 inhibitors; (2) phase III randomized con-
trolled studies (RCTs); (3) sufficient data of efficacy
outcomes including OS, progression-free survival (PFS),
objective response rate (ORR), disease control rate (DCR);
and (4) data available on rates of adverse effects (AEs)
from any cause, grade 3–4 AEs, or serious adverse events
(SAEs).

Data Collection and Risk of Bias Assessment

The potentially relevant articles were screened indepen-
dently by 2 investigators (WY and LYZ). Disagreements
were resolved through discussion with a third reviewer
(WQQ). Data from included studies were extracted by 2 co-
authors (JWS and XHJ) independently. The data included
first author, year of publication, trial name, study registration
number, study size, study drugs, demographic and clinical
information of the participants, outcomes of interest, and
rates of any AEs.

Risk of bias in the included studies was evaluated
with Jadad score by independent authors (LYZ and
WQQ).14

Statistical Analysis

The data of hazard ratio (HR) with 95% confidence intervals
(CI) from each study was extracted. After logarithmic
transformation, effect/CI was used to calculate pooled effect of
HR by random effect models. The heterogeneity was evalu-
ated by I-squared statistic. I-squared value greater than 50%
suggested high heterogeneity. Subgroup analyses were further
explored according to varied factors. Sensitivity analysis was
used to estimate the influence of a single study on the overall
results of the meta-analysis. ORR, DCR, and the rate of AEs
were estimated by relative risk (RR). P value <.05 was
considered statistically significant. All of these were per-
formed by STATA version 14 (STATA Corp, College Station,
TX, USA). Publication bias was evaluated by Deeks’ funnel
plot.

Results

Search Results and Quality Assessment

Based on the search terminology and evaluation of other
references, a total of 4479 records were retrieved. After re-
viewing the abstracts and full texts, 3 RCTs involving 1657
patients were included in the final analysis.10,11,15 The study
selection process was shown in Figure 1.

Two of 3 included RCTs concerned nivolumab and
pembrolizumab monotherapy, and 1 reported the outcomes of
atezolizumab combined with bevacizumab. In addition, a total
of 537 patients received sorafenib. Detailed characteristics of
these studies are described in Table 1 and Supplementary
Table 1.
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The included studies reported complete outcome data.
According to the Jadad score, the RCTs studies had good
quality with scores in the range of 5 to 7.

Efficacy Analysis

For OS analysis, the pooled HR was .75 (95% CI: .61–.92; I-
squared =52.8%, P=.006) (Figure 2A), indicating the test
for overall effect had significant statistical difference with
moderate heterogeneity between PD-1/PD-L1 inhibitors
groups and control groups. The pooled HR for PFS was
.74 (95% CI: .56–.97; I-squared = 80.0%, P = .007),
implying significant heterogeneity existed in these data
(Figure 2B).

The data related to ORR were conducted from 3 RCTs and
DCRwere reported in 2 RCTs. The RR of ORR and DCRwere
2.43 (95% CI: 1.80–3.26; I-squared =.0%, P=.000) (Figure
2C) and 1.26 (95% CI: 1.11–1.43; I-squared =13.7%, P =
.000) (Figure 2D). Statistical significance improvement of

ORR and DCR was noticed in PD-1/PD-L1 inhibitors groups
with low heterogeneity.

Sensitivity Analysis

For OS, the data of I-squared were significantly changed after
deleting IMbrave150, while for PFS, I-squared changed
significantly after deleting CheckMate-459 (Supplementary
Figure 1). This result signified IMbrave-150 might be the most
important cause of heterogeneity for OS and CheckMate-459
might be the most important cause of heterogeneity for PFS.

Subgroup Analysis

Subgroup analysis of OS and PFS were performed according
to sex, geographic region, Barcelona Clinic Liver Cancer
(BCLC) status, and viral status. As shown in Figure 3, the OS
and PFS of uHCC patients receiving treatment with PD-1/PD-
L1 inhibitors were substantially higher than placebo or

Figure 1. Flow diagram of studies selection.

Table 1. Characteristics of Included 3 Phase III Trials.

Name of
Trials

Study
Registration no

First
Author

Year of
Publication

No. of
Centers Masking Therapy Control

Study
Size

HR (95%CI)
for OS

HR (95%CI)
for PFS

Jadad
Score Ref

Imbrave-
150

NCT03434379 Finn RS 2020 111 Open
label

Atezolizumab–
bevacizumab

Sorafenib 501 .58 (.42-.79) .59 (.47-.76) 7 15

KEYNOTE-
240

NCT02702401 Finn RS 2019 119 Double
blind

Pembrolizumab Placebo 413 .78(.61-1.00) .77(.61-.99) 7 10

CheckMate-
459

NCT02576509 Yau T 2019 NR Open
label

Nivolumab Sorafenib 743 .85(.71-1.02) .93(.79-1.10) 5 11

HR, hazard ratio; 95% CI, 95% confidence intervals; OS, overall survival; PFS, progression-free survival; NR, no report; Ref., references.
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sorafenib. Females (OS: HR: .56, 95% CI: .25–1.25, P = .156;
PFS: HR: .60, 95% CI: .40–.89, P = .012) derived better
survival benefit than males (OS: HR: .72, 95% CI: .58–.89, P
= .002; PFS: HR: .66, 95% CI: .53–.83, P = .000). In addition,
patients came from Asia without Japan (OS: HR: .56, 95% CI:
.40–.79, P = .001; PFS: HR: .49, 95% CI: .36–.66, P = .000)
gained the best survival benefit in all subgroups. It is of note

that uHCC patients received PD-1/PD-L1 inhibitors in BCLC
status C had better survival outcomes than BCLC status B.
Although there was no difference between patients with
hepatitis B virus (HBV) (OS: HR: .54, 95% CI: .38–.75; PFS:
HR: .57, 95% CI: .38–.82) and hepatitis C virus (HCV) in-
fected liver cancer (OS: HR: .64, 95% CI: .29–1.41; PFS: HR:
.58, 95% CI: .38–.89), the OS and PFS in virus subgroup were

Figure 2. Forest plots of pooled overall survival (OS), progression-free survival (PFS), objective response rate (ORR), and disease control
rate (DCR). (a) OS; (b) PFS; (c) ORR; (d) DCR.
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better than patients with non-viral liver cancer (OS: HR: .89,
95% CI: .67–1.17; PFS: HR: .74, 95% CI: .58–.94).

Safety

The therapy with PD-1/PD-L1 inhibitors resulted in a slightly
higher risk for all-grade AEs. RR of AEs from any cause, AEs
in Grade 3-4 severity, and SAEs were 1.03 (95% CI: .93–
1.13), 1.06 (95% CI: .93–1.21), and 1.13 (95% CI: .89–1.44),
respectively.

The symptoms of AEs from any cause were divided into 31
categories. The RR of 17 symptoms were less than 1, while

other 14 symptoms were greater than 1 (Table 2). The most
common AEs reported in 10% of patients or more were
pruritus (RR = 1.69, 95% CI: 1.33–2.15, P = .000). Fur-
thermore, RR of all-cause mortality was .89 (95% CI: .82–.96,
P = .002).

Publication Bias

Due to the small number of studies in our meta-analysis, the
publication bias was only assessed by funnel plot asymmetry
(Supplementary Figure 2). There was no potential publication
bias in this study.

Figure 3. Subgroup analysis of overall survival (OS) and progression-free survival (PFS). (a) OS; (b) PFS.

Zeng et al. 5

https://journals.sagepub.com/doi/supp/10.1177/10732748221092924


T
ab

le
2.

A
dv
er
se

Ev
en
ts

in
as
-T
re
at
ed

Pa
tie

nt
s.

V
ar
ia
bl
e

Im
br
av
e-
15

0
K
EY

N
O
T
E-
24

0
C
he
ck
M
at
e-
45

9
O
ve
ra
ll

PD
-1
/P
D
-L
1

In
hi
bi
to
rs

C
on

tr
ol

PD
-1
/P
D
-L
1

In
hi
bi
to
rs

C
on

tr
ol

G
ro
up

PD
-1
/P
D
-L
1

In
hi
bi
to
rs

C
on

tr
ol

R
R

P
V
al
ue

A
ll-
ca
us
e
m
or
ta
lit
y

N
R

N
R

18
4/
27

9
(6
5.
95

%
)

10
0/
13

4
(7
4.
63

%
)

24
2/
36

7
(6
5.
94

%
)

27
0/
36

3
(7
4.
38

%
)

.8
9
(.8

2-
.9
6)

.0
02

Se
ri
ou

s
ad
ve
rs
e
ev
en
t

12
5/
32

9
(3
7.
99

%
)

48
/1
56

(3
0.
77

%
)

10
4/
27

9
(3
7.
28

%
)

37
/1
34

(2
7.
61

%
)

20
7/
36

7
(5
6.
40

%
)

21
4/
36

3
(5
8.
95

%
)
1.
13

(.8
9-
1.
44

)
.3
08

A
Es

of
gr
ad
e
3–
4
ev
en
t

18
6/
32

9
(5
6.
53

%
)

86
/1
56

(5
5.
13

%
)

14
5/
27

9
(5
2.
0%

)
62

/1
34

(4
6.
27

%
)

N
R

N
R

1.
06

(.9
3-
1.
21

)
.3
75

A
Es

fr
om

an
y
ca
us
e

T
ot
al

32
3/
32

9
(9
8.
18

%
)

15
4/
15

6
(9
8.
72

%
)

26
9/
27

9
(9
6.
46

%
)

12
1/
13

4
(9
0.
30

%
)

N
R

N
R

1.
03

(.9
3-
1.
13

)
.5
78

H
yp
er
te
ns
io
n

98
/3
29

(2
9.
79

%
)

38
/1
56

(2
4.
36

%
)

10
/2
79

(3
.5
8%

)
8/
13

4
(5
.9
7%

)
32

/3
67

(8
.7
2%

)
85

/3
63

(2
3.
42

%
)

.6
6
(.2

7-
1.
61

)
.3
56

Fa
tig
ue

67
/3
29

(2
0.
36

%
)

29
/1
56

(1
8.
59

%
)

52
/2
79

(1
8.
64

%
)

31
/1
34

(2
3.
13

%
)

10
3/
36

7
(2
8.
07

%
)

12
1/
36

3
(3
3.
33

%
)

.8
8
(.7

4-
1.
04

)
.1
40

A
sp
ar
ta
te

am
in
ot
ra
ns
fe
ra
se

in
cr
ea
se

64
/3
29

(1
9.
45

%
)

26
/1
56

(1
6.
67

%
)

63
/2
79

(2
2.
58

%
)

22
/1
34

(1
6.
42

%
)

81
/3
67

(2
2.
07

%
)

61
/3
63

(1
6.
80

%
)
1.
29

(1
04

-1
.5
9)

.0
20

Pr
ur
itu

s
64

/3
29

(1
9.
45

%
)

15
/1
56

(9
.6
2%

)
51

/2
79

(1
8.
28

%
)

16
/1
34

(1
1.
94

%
)

83
/3
67

(2
2.
62

%
)

50
/3
63

(1
3.
77

%
)
1.
69

(1
.3
3-
2.
15

)
.0
00

D
ec
re
as
ed

ap
pe
tit
e

58
/3
29

(1
7.
63

%
)

38
/1
56

(2
4.
36

%
)

48
/2
79

(1
7.
20

%
)

21
/1
34

(1
5.
67

%
)

76
/3
67

(2
0.
71

%
)

13
9/
36

3
(3
8.
29

%
)

.7
2
(.4

9-
1.
07

)
.1
02

Py
re
xi
a

59
/3
29

(1
7.
93

%
)

15
/1
56

(9
.6
2%

)
26

/2
79

(9
.3
2%

)
15

/1
34

(1
1.
19

%
)

72
/3
67

(1
9.
62

%
)

64
/3
63

(1
7.
63

%
)
1.
20

(.8
1-
1.
78

)
.3
64

A
la
ni
ne

am
in
ot
ra
ns
fe
ra
se

in
cr
ea
se

46
/3
29

(1
3.
98

%
)

14
/1
56

(8
.9
7%

)
50

/2
79

(1
7.
92

%
)

13
/1
34

(9
.7
0%

)
51

/3
67

(1
3.
90

%
)

40
/3
63

(1
1.
02

%
)
1.
45

(1
.1
0-
1.
92

)
.0
09

C
on

st
ip
at
io
n

44
/3
29

(1
3.
37

%
)

22
/1
56

(1
4.
10

%
)

26
/2
79

(9
.3
2%

)
15

/1
34

(1
1.
19

%
)

49
/3
67

(1
3.
35

%
)

53
/3
63

(1
4.
60

%
)

.9
1
(.7

0-
1.
18

)
.4
67

Bl
oo

d
bi
lir
ub

in
in
cr
ea
se

43
/3
29

(1
3.
07

%
)

22
/1
56

(1
4.
10

%
)

54
/2
79

(1
9.
35

%
)

18
/1
34

(1
3.
43

%
)

41
/3
67

(1
1.
17

%
)

49
/3
63

(1
3.
50

%
)
1.
01

(.7
3-
1.
40

)
.9
55

R
as
h

41
/3
29

(1
2.
46

%
)

27
/1
56

(1
7.
31

%
)

32
/2
79

(1
1.
47

%
)

7/
13

4
(5
.2
2%

)
72

/3
67

(1
9.
62

%
)

59
/3
63

(1
6.
25

%
)
1.
15

(.6
9-
1.
92

)
.5
96

A
bd

om
in
al
pa
in

40
/3
29

(1
2.
16

%
)

27
/1
56

(1
7.
31

%
)

40
/2
79

(1
4.
34

%
)

10
/1
34

(7
.4
6%

)
74

/3
67

(2
0.
16

%
)

93
/3
63

(2
5.
62

%
)

.9
5
(.5

9-
1.
52

)
.8
15

N
au
se
a

40
/3
29

(1
2.
16

%
)

25
/1
56

(1
6.
03

%
)

32
/2
79

(1
1.
47

%
)

20
/1
34

(1
4.
93

%
)

60
/3
67

(1
6.
35

%
)

72
/3
93

(1
8.
32

%
)

.8
0
(.6

3-
1.
00

)
.0
53

C
ou

gh
39

/3
29

(1
1.
85

%
)

15
/1
56

(9
.6
2%

)
24

/2
79

(8
.6
0%

)
24

/1
34

(1
7.
91

%
)

44
/3
67

(1
1.
99

%
)

46
/3
63

(1
2.
67

%
)

.8
3
(.5

0-
1.
37

)
.4
61

W
ei
gh
t
de
cr
ea
se

37
/3
29

(1
1.
25

%
)

15
/1
56

(9
.6
2%

)
N
R

N
R

32
/3
67

(8
.7
2%

)
68

/3
63

(1
8.
73

%
)

.7
2
(.2

9-
1.
78

)
.4
76

Pl
at
el
et

co
un

t
de
cr
ea
se

35
/3
29

(1
0.
64

%
)

18
/1
56

(1
1.
54

%
)

N
R

N
R

17
/3
67

(4
.6
3%

)
29

/3
63

(7
.9
9%

)
.7
4
(.4

7-
1.
17

)
.1
97

V
om

iti
ng

33
/3
29

(1
0.
03

%
)

13
/1
56

(8
.3
3%

)
26

/2
79

(9
.3
2%

)
5/
13

4
(3
.7
3%

)
35

/3
67

(9
.5
4%

)
43

/3
63

(1
1.
85

%
)
1.
19

(.6
7-
2.
12

)
.5
46

A
bd

om
in
al
di
st
en
si
on

23
/3
29

(6
.9
9%

)
5/
15

6
(3
.2
1%

)
1/
27

9
(.3

6%
)

0/
13

4
(.0

0%
)

0/
36

7
(.0

0%
)

1/
36

3
(.2

8%
)

1.
84

(.7
7-
4.
40

)
.1
73

A
sc
ite

s
23

/3
29

(6
.9
9%

)
9/
15

6
(5
.7
7%

)
28

/2
79

(1
0.
04

%
)

13
/1
34

(9
.7
0%

)
51

/3
67

(1
3.
90

%
)

51
/3
63

(1
4.
05

%
)
1.
03

(.7
7-
1.
37

)
.8
45

A
st
he
ni
a

22
/3
29

(6
.6
9%

)
12

/1
56

(7
.6
9%

)
25

/2
79

(8
.9
6%

)
15

/1
34

(1
1.
19

%
)

40
/3
67

(1
0.
90

%
)

46
/3
63

(1
2.
67

%
)

.8
5
(.6

3-
1.
14

)
.2
76

Bl
oo

d
al
ka
lin
e
ph

os
ph

at
as
e

in
cr
ea
se

22
/3
29

(6
.6
9%

)
9/
15

6
(5
.7
7%

)
20

/2
79

(7
.1
7%

)
9/
13

4
(6
.7
2%

)
19

/3
67

(5
.1
8%

)
17

/3
63

(4
.6
8%

)
1.
11

(.7
4-
1.
67

)
.6
18

Es
op

ha
ge
al
va
ri
ce
s

he
m
or
rh
ag
e

8/
32

9
(2
.4
3%

)
1/
15

6
(.6

4%
)

3/
27

9
(1
.0
8%

)
1/
13

4
(.7

5%
)

4/
36

7
(1
.0
9%

)
7/
36

3
(1
.9
3%

)
1.
12

(.3
5-
3.
52

)
.8
52

G
am

m
a-
gl
ut
am

yl
tr
an
sf
er
as
e

in
cr
ea
se

8/
32

9
(2
.4
3%

)
7/
15

6
(4
.4
9%

)
17

/2
79

(6
.0
9%

)
7/
13

4
(5
.2
2%

)
N
R

N
R

.7
7
(.4

4-
1.
37

)
.3
75

H
ep
at
ic
fu
nc
tio

n
ab
no

rm
al

7/
32

9
(2
.1
3%

)
5/
15

6
(3
.2
1%

)
N
R

N
R

1/
36

7
(.2

7%
)

2/
36

3
(.5

5%
)

.6
3
(.2

3-
1.
75

)
.3
75

C
ho

la
ng
iti
s

5/
32

9
(1
.5
2%

)
1/
15

6
(.6

4%
)

0/
27

9
(.0

0%
)

1/
13

4
(.7

5%
)

4/
36

7
(1
.0
9%

)
4/
36

3
(1
.1
0%

)
1.
00

(.3
4-
2.
99

)
.9
94

H
ep
at
ic
en
ce
ph

al
op

at
hy

5/
32

9
(1
.5
2%

)
3/
15

6
(1
.9
2%

)
1/
27

9
(.3

6%
)

1/
13

4
(.7

5%
)

6/
36

7
(1
.6
3%

)
5/
36

3
(1
.3
8%

)
.9
4
(.4

0-
2.
21

)
.8
80

A
lo
pe
ci
a

4/
32

9
(1
.2
2%

)
22

/1
56

(1
4.
10

%
)

N
R

N
R

6/
36

7
(1
.6
3%

)
72

/3
93

(1
8.
32

%
)

.0
8
(.0

4-
1.
16

)
.0
00

A
m
yl
as
e
in
cr
ea
se

4/
32

9
(1
.2
2%

)
3/
15

6
(1
.9
2%

)
N
R

N
R

24
/3
67

(6
.5
4%

)
14

/3
63

(3
.8
6%

)
1.
31

(.5
6-
3.
06

)
.5
31

(c
on
tin
ue
d)

6 Cancer Control



Discussion

Current recommendations for the optimal decisions of HCC
were based on multidisciplinary expertise. The quick ad-
vancement of systemic therapy and immunotherapy gave the
hope to patients with uHCC.6 Previous study reported
systemic treatment with sorafenib could improve OS com-
pared to no treatment.16 Recently, ICIs have demonstrated to
be the important second-line treatment options after the
intolerance to first-line agents (sorafenib and lenvatinib) or
disease progression.6 Although the results of PD-1/PD-L1
inhibitors were promising, there are patients that are not
benefitting from these treatments due to specific character-
istics of individual patients.17 Therefore, the present meta-
analysis was to evaluate the efficacy and safety of PD-1/PD-
L1 inhibitors in adjuvant setting for uHCC based on current
phase III trials data.

The high-quality data indicated the 25% lower hazard of
death and a corresponding 24% decrease in the hazard of
disease progression or death with heterogeneity were ob-
served in PD-1/PD-L1 inhibitors groups. IMbrave-150 could
be the most important factor of heterogeneity for OS, while
CheckMate-459 was the main fact of heterogeneity for PFS.
The statistical significance improvements of ORR and DCR
were observed in PD-1/PD-L1 inhibitors groups with low
heterogeneity. The RR of AEs from any cause and SAEs
were 1.03 (95% CI: .93–1.13) and 1.13 (95% CI: .89–1.44),
respectively, with a significant difference.

Overall survival and PFS, as the primary endpoint, re-
mained the important indicators for evaluating therapeutic
effect and prognosis in most phase III trials for HCC. It is of
note that KEYNOTE-240 and CheckMate-459 did not meet
the statistical dual end points for improvements of OS and
PFS with PD-1 inhibitors.10,11 In addition, the HR of PFS
was .93 (95% CI: .79–1.10) in CheckMate-459 and .72 (95%
CI: .47–.76) in KEYNOTE-240, which are higher than the
threshold of .6.18 Possible reasons for these results included
significant heterogeneity, complex pathogeny, and the effect
of other drugs on OS after disease progression. Therefore,
these results for supporting PD-1 inhibitors as sufficient
treatment are pending. Surprisingly, Imbrave-150 revealed
PD-L1 inhibitor (atezolizumab) combined with anti-VEGF
antibody (bevacizumab) contributed to better benefit of OS
and PFS than sorafenib in patients with uHCC.15 This may
be the main reason for the heterogeneity of OS.

To our knowledge, multiples of immune tolerance
pathways were involved in HCC microenvironment.19

Previous studies have demonstrated the combination ther-
apy could result in a greater benefit than monotherapy.15,20

Preclinical studies suggested that the combination of PD-1
inhibitors and anti-VEGF antibody improved tumor T-cell
infiltration.21 Results from phase III trials of atezolizumab
combined with bevacizumab for renal cell carcinoma, non-
squamous non-small cell lung cancer, and uHCC supported
the basic researches.10,11,15,22,23 However, there was noT
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published phase III trials data related to PD-1/PD-L1 inhib-
itors combined with locoregional therapies, such as trans-
arterial chemoembolization or radiofrequency ablation. In
addition, data on comparisons among different PD-1/PD-L1
inhibitors combinations remain limited. Together, more pro-
spective, randomized studies on the best managements of
HCC are needed to explore in the future.

In the subgroup analysis, PD-1/PD-L1 inhibitors brought
benefit to survival for patients came from Asia without Japan,
with 44% lowest hazard of death and a corresponding 51%
decrease in the hazard of disease progression or death.
Moreover, patients with uHCC in females, BCLC status C and
infected hepatitis groups showed better OS and PFS than
males, BCLC status B and non-viral liver cancer groups,
respectively. Notably, upregulation of PD-1 in HBV/HCV
specific T cells and PD-L1 in HBV/HCV infected hepatocytes
were observed during virus infection, supporting the inclusion
of PD-1/PD-L1 inhibitors towards functional cure of HCC
with chronic hepatitis virus infections.24

A meta-analysis revealed the incidence of pneumonitis was
significantly higher among patients receiving PD-1 inhibitors
compared with PD-L1 inhibitors (3.6% vs 1.3%).25 Grade 3 or
higher AEs occurred in approximately 10% of patients re-
ceiving PD-1 inhibitors.7 In the present study, the most
common AEs reported in 10% of patients or more were
pruritus. Remarkably, compared with anti-cytotoxic T lym-
phocyte antigen 4 (CTLA-4) antibodies, toxicities owing to
PD-1/PD-L1 inhibitors could take a long time to resolve.7,26

Thus, the choice of interventions should strike a balance
between efficacy improvement and toxicity.

Our meta-analysis has several limitations as well. First, the
number of phase III trials for uHCC treatments with PD-1/PD-
L1 inhibitors were limited, especially for PD-L1 inhibitors.
Second, the including 3 phase III trials were supported by
companies, which could be a possible source of bias. Third,
the studies of CheckMate-459 published with abstract and
results only on ClinicalTrials.gov, resulting in insufficient
relevant information, such as lack of P value of PFS. These
may affect further interpretation of the results. Moving for-
ward, ongoing studies are needed to explore the optimal
treatment strategy for uHCC patients who might benefit from
monotherapy or combination PD-1/PD-L1 inhibitors
treatments.

Conclusions

In conclusion, treatment with PD-1/PD-L1 inhibitors for uHCC
patients was associated with better OS, PFS, ORR, and DCR
than sorafenib and placebo, especially for PD-L1 inhibitor
combined with anti-VEGF antibody with statistical signifi-
cance. However, the incidence of AEs in uHCC patients re-
ceiving PD-1/PD-L1 inhibitors were slightly higher. Therefore,
the safety of PD-1/PD-L1 inhibitors in uHCC patients remains
necessary to estimate in future clinical studies.
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