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Supplementary file

1. Literature search strategy
Pubmed (119)
(((((((("Carcinoma, Hepatocellular"[Mesh]) OR (hepatocellular carcinoma)) OR (liver cell carcinoma)) OR (hepatoma)) OR (HCC)) AND
((((((((((((((("Immune Checkpoint Inhibitors"[Mesh]) OR (CTLA 4 Inhibitor)) OR (PD-L1 Inhibitor)) OR (PD-1 Inhibitor)) OR (PD-1
antibody)) OR (PD-L1 antibody)) OR (Anti-PD-1)) OR (Anti-PD-L1)) OR (Atezolizumab)) OR (Pembrolizumab)) OR (Nivolumab)) OR
(Ipilimumab)) OR (Sintilimab)) OR (Tislelizumab)) OR (Camrelizumab))) AND (((((((((((((((((((((((((((((((((("Risk Factors"[Mesh]) OR
(BMI)) OR (body mass index)) OR (Child Pugh)) OR (BCLC stage)) OR (tumor size)) OR (tumor number)) OR (vascular invasion)) OR
(metastasis)) OR (AFP)) OR (alpha-fetoprotein)) OR (bilirubin)) OR (CHO)) OR (cholesterol)) OR (CRP)) OR (C-reactive protein)) OR
(ALB)) OR (albumin)) OR (LDH)) OR (lactate dehydrogenase)) OR (NLR)) OR (neutrophil-to-lymphocyte ratio)) OR (PLR)) OR
(platelet-to-lymphocyte ratio)) OR (SII)) OR (systemic immune-inflammation index)) OR (LMR)) OR (lymphocyte-to-monocyte ratio))
OR (PNI)) OR (prognostic nutritional index)) OR (HBV)) OR (Hepatitis B virus)) OR (CAR)) OR (C-reactive protein-to-albumin ratio)))
AND (("Survival"[Mesh]) OR "Prognosis"[Mesh])) AND ("Cohort Studies"[Mesh])
Web of science (156)
1 TS=(carcinoma, hepatocellular) OR TS=(hepatocellular carcinoma) OR TS=(liver cell carcinoma) OR TS=(hepatoma) OR TS=(HCC)
(370739)
2 TS=(Immune Checkpoint Inhibitors) OR TI=("CTLA 4 Inhibitor" OR "PD-L1 Inhibitor" OR "PD-1 Inhibitor" OR "PD-1 antibody" OR
"PD-L1 antibody" OR "Anti-PD-1" OR "Anti-PD-L1" OR "Atezolizumab" OR "Pembrolizumab" OR "Nivolumab" OR "Ipilimumab" OR
"Sintilimab" OR "Tislelizumab" OR "Camrelizumab") OR AB=("CTLA 4 Inhibitor" OR "PD-L1 Inhibitor" OR "PD-1 Inhibitor" OR
"PD-1 antibody" OR "PD-L1 antibody" OR "Anti-PD-1" OR "Anti-PD-L1" OR "Atezolizumab" OR "Pembrolizumab" OR "Nivolumab"
OR "Ipilimumab" OR "Sintilimab" OR "Tislelizumab" OR "Camrelizumab") (70108)
3 TS=(Risk Factors) OR TI=("BMI" OR "body mass index" OR "Child Pugh" OR "BCLC stage" OR "tumor size" OR "tumor number" OR
"vascular invasion" OR "metastasis" OR "AFP" OR "alpha-fetoprotein" OR "bilirubin" OR "CHO" OR "cholesterol" OR "CRP"OR
"C-reactive protein" OR "ALB" OR "albumin" OR "LDH" OR "lactate dehydrogenase"OR "NLR" OR "neutrophil-to-lymphocyte ratio"
OR "PLR" OR "platelet-to-lymphocyte ratio" OR "SII" OR "systemic immune-inflammation index" OR "LMR" OR
"lymphocyte-to-monocyte ratio" OR "PNI" OR "prognostic nutritional index"OR "HBV" OR "Hepatitis B virus" OR "CAR" OR
"C-reactive protein-to-albumin ratio") OR AB=("BMI" OR "body mass index" OR "Child Pugh" OR "BCLC stage" OR "tumor size" OR
"tumor number" OR "vascular invasion" OR "metastasis" OR "AFP" OR "alpha-fetoprotein" OR "bilirubin" OR "CHO" OR "cholesterol"
OR "CRP"OR "C-reactive protein" OR "ALB" OR "albumin" OR "LDH" OR "lactate dehydrogenase"OR "NLR" OR
"neutrophil-to-lymphocyte ratio" OR "PLR" OR "platelet-to-lymphocyte ratio" OR "SII" OR "systemic immune-inflammation index" OR
"LMR" OR "lymphocyte-to-monocyte ratio" OR "PNI" OR "prognostic nutritional index"OR "HBV" OR "Hepatitis B virus" OR "CAR"
OR "C-reactive protein-to-albumin ratio") (5314233)
4 TS=(Survival) OR TS=(Prognosis) (3103346)
5 TS=(Cohort Studies) (1070167)
6 #1 AND #2 AND #3 AND #4AND #5 (156)

Embase (193)
1 'liver cell carcinoma'/exp OR 'hepatocellular carcinoma':ti,ab,kw OR 'liver cell carcinoma':ti,ab,kw OR hepatoma:ti,ab,kw OR
hcc:ti,ab,kw (254078)
2 'immune checkpoint inhibitor'/exp OR 'ctla 4 inhibitor':ti,ab,kw OR 'pd-l1 inhibitor':ti,ab,kw OR 'pd-1 inhibitor':ti,ab,kw OR 'pd-1
antibody':ti,ab,kw OR 'pd-l1 antibody':ti,ab,kw OR 'anti pd 1':ti,ab,kw OR 'anti pd l1':ti,ab,kw OR atezolizumab:ti,ab,kw OR
pembrolizumab:ti,ab,kw OR nivolumab:ti,ab,kw OR ipilimumab:ti,ab,kw OR sintilimab:ti,ab,kw OR tislelizumab:ti,ab,kw OR
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camrelizumab:ti,ab,kw (70089)
3 'risk factor'/exp OR bmi:ti,ab,kw OR 'body mass index':ti,ab,kw OR 'child pugh':ti,ab,kw OR 'bclc stage':ti,ab,kw OR 'tumor
size':ti,ab,kw OR 'tumor number':ti,ab,kw OR 'vascular invasion':ti,ab,kw OR metastasis:ti,ab,kw OR afp:ti,ab,kw OR 'alpha
fetoprotein':ti,ab,kw OR bilirubin:ti,ab,kw OR cho:ti,ab,kw OR cholesterol:ti,ab,kw OR crp:ti,ab,kw OR 'c-reactive protein':ti,ab,kw OR
alb:ti,ab,kw OR albumin:ti,ab,kw OR ldh:ti,ab,kw OR 'lactate dehydrogenase':ti,ab,kw OR nlr:ti,ab,kw OR 'neutrophil-to-lymphocyte
ratio':ti,ab,kw OR plr:ti,ab,kw OR 'platelet-to-lymphocyte ratio':ti,ab,kw OR sii:ti,ab,kw OR 'systemic immune-inflammation
index':ti,ab,kw OR lmr:ti,ab,kw OR 'lymphocyte-to-monocyte ratio':ti,ab,kw OR pni:ti,ab,kw OR 'prognostic nutritional index':ti,ab,kw OR
hbv:ti,ab,kw OR 'hepatitis b virus':ti,ab,kw OR car:ti,ab,kw OR 'c-reactive protein-to-albumin ratio':ti,ab,kw (3210850)
4 'survival'/exp OR 'prognosis'/exp (1958573)
5 'cohort analysis'/exp (971545)
4 #1 AND #2 AND #3 AND #4AND #5 (193)

Cochrane Library literature databases (9)
#1 MeSH descriptor: [Carcinoma, Hepatocellular] explode all trees 2357
#2 (hepatocellular carcinoma):ti,ab,kw OR (liver cell carcinoma):ti,ab,kw OR (hepatoma):ti,ab,kw OR (HCC):ti,ab,kw (Word variations
have been searched) 7850
#3 MeSH descriptor: [Immune Checkpoint Inhibitors] explode all trees 180
#4 (CTLA 4 Inhibitor OR PD-L1 Inhibitor OR PD-1 Inhibitor OR PD-1 antibody OR PD-L1 antibody ORAnti-PD-1 OR Anti-PD-L1 OR
Atezolizumab OR Pembrolizumab OR Nivolumab OR Ipilimumab OR Sintilimab OR Tislelizumab OR Camrelizumab):ti,ab,kw (Word
variations have been searched) 8429
#5 MeSH descriptor: [Risk Factors] explode all trees 32969
#6 (BMI OR body mass index OR Child Pugh OR BCLC stage OR tumor size OR tumor number OR vascular invasion OR metastasis
OR AFP OR alpha-fetoprotein OR bilirubin OR CHO OR cholesterol OR CRP OR C-reactive protein OR ALB OR albumin OR LDH OR
lactate dehydrogenase OR NLR OR neutrophil-to-lymphocyte ratio OR PLR OR platelet-to-lymphocyte ratio OR SII OR systemic
immune-inflammation index OR LMR OR lymphocyte-to-monocyte ratio OR PNI OR prognostic nutritional index OR HBV OR Hepatitis
B virus OR CAR OR C-reactive protein-to-albumin ratio):ti,ab,kw (Word variations have been searched)217346
#7 MeSH descriptor: [Survival] explode all trees 165
#8 MeSH descriptor: [Prognosis] explode all trees 193305
#9 MeSH descriptor: [Cohort Studies] explode all trees 181684
#10 #1 OR #2 7850
#11 #3 OR #4 8468
#12 #5 OR #6 242452
#13 #7 OR #8 193373
#14 #10 AND #11AND #12 AND #13 AND #9 9

2. Supplementary Table

Supplementary Table 1. Baseline characteristics of the 47 studies included in the systematic review and meta-analysis.
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Author Country Year

Age
(years,
median /
mean)

Study
design

Sample
size ICI type

Follow-up
time

(months)
Sample for OS and PFS NOS

score

Wei Teng[1] China 2021 61.4 R 90 PD-1
inhibitors 8.7 Sex, AFP, Age, ALBI, BCLC stage, Viral

infection, IrAE, Extrahepatic metastasis 8

Mengchao
An[2] China 2022 54 R 217 PD-1

inhibitors NA

Sex, AFP, Age, ALBI, BCLC stage,
Child-Pugh stage, ECOG performance

status, Liver cirrhosis, Vascular invasion,
Concurrent therapy, Tumor size, Tumor

number, Extrahepatic metastasis

7

Shixue
Chen[3] China 2020 56 R 108 PD-1

inhibitors 12.4

Sex, AFP, BCLC stage, Child-Pugh stage,
ECOG performance status, Viral infection,
Vascular invasion, Previous treatment,

Concurrent therapy

8

Tiago de
Castro[4] Germany 2022 68.7 R 147 PD-L1

inhibitors 6.2 ALBI, BCLC stage, ECOG performance
status, Viral infection, Previous treatment 6

Claudia
Campani[5] France 2022 63.5  R 75 PD-L1

inhibitors 15.6
Sex, ALBI, BCLC stage, Viral infection,
Liver cirrhosis, Vascular invasion, Tumor

number, Extrahepatic metastasis
6

Rui Huang[6] China 2022 54.5 R 110 PD-1
inhibitors NA

Sex, AFP, Age, BCLC stage, Child-Pugh
stage, ECOG performance status, NLR,

PLR, Vascular invasion
8

Yiyang
Zhang[7] China 2022 49.4 R 101 PD-1

inhibitors 7.7
Sex, AFP, Age, Child-Pugh stage, ECOG
performance status, Viral infection, Tumor
size, Tumor number, Extrahepatic metastasis

7

Yanjun
Shen[8] China 2021 58 R 57 PD-1

inhibitors 9.8

Sex, AFP, Age, BCLC stage, Child-Pugh
stage, Liver cirrhosis, Vascular invasion,
Tumor size, Tumor number, Extrahepatic

metastasis

8

Junlin Yao[9] China 2022 58 R 136 PD-1
inhibitors 14.2

Sex, AFP, Age, BCLC stage, Child-Pugh
stage, ECOG performance status, Viral
infection, Liver cirrhosis, Previous
treatment, Extrahepatic metastasis

7

Fabian
Finkelmeier

[10]

Germany 2019 65 R 34 PD-1
inhibitors 3.3

Sex, Age, BCLC stage, Child-Pugh stage,
ECOG performance status, NLR, Previous

treatment
8

Lei Xu[11] China 2021 51.8 R 74 PD-1
inhibitors NA AFP, Age, Child-Pugh stage, Previous

treatment, Concurrent therapy 7

Hsin-Yu
Kuo[12] China 2020 58 R 42 PD-1

inhibitors 4.6

Sex, AFP, Age, Child-Pugh stage, ECOG
performance status, Vascular invasion,
Previous treatment, Concurrent therapy,

Extrahepatic metastasis

6

Kennedy Singapor 2021 69 R 168 NA 25.1 IrAE 7
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Yao Yi
Ng[13]

e

Mathew
Vithayathil[1

4]

UK 2022 68.4 R 191 PD-L1
inhibitors NA AFP, Age, BCLC stage, Vascular invasion,

Tumor size, Extrahepatic metastasis 8

Nalee
Kim[15] Korea 2020 61.3 R 102 PD-1

inhibitors 21.9
Sex, Age, ALBI, ECOG performance status,

Viral infection, Previous treatment,
Extrahepatic metastasis

7

Xiaoyun
Hu[16] China 2022 52.5 R 70 PD-1

inhibitors NA
Sex, AFP, BCLC stage, Child-Pugh stage,
Vascular invasion, Tumor size, Tumor

number, Extrahepatic metastasis
7

Xu Yang[17] China 2022 55 R 378 PD-1
inhibitors 10.4

AFP, BCLC stage, ECOG performance
status, Vascular invasion, Concurrent

therapy
8

Chi- Jung
Wu[18] China 2022 63 P 71 PD-1

inhibitors 9.3

Sex, AFP, Age, ALBI, BCLC stage,
Child-Pugh stage, ECOG performance
status, NLR, Viral infection, Vascular
invasion, Previous treatment, Tumor
number, Extrahepatic metastasis

8

Yue Linda
Wu[19] USA 2022 66 R 296 PD-L1

inhibitors 9.93

Sex, AFP, ALBI, BCLC stage, ECOG
performance status, NLR, Viral infection,
Liver cirrhosis, Vascular invasion, Previous

treatment, Extrahepatic metastasis

9

Toshifumi
Tada[20] Japan 2022 74 R 421 PD-L1

inhibitors 8.7 Sex, AFP, Age, BCLC stage, NLR, PLR,
Viral infection 7

Sirish
Dharmapuri

[21]

USA 2020 67 R 103 PD-1
inhibitors 17 BCLC stage, Child-Pugh stage 8

Pei-Chang
Lee[22] China 2020 65.5 R 95 PD-1

inhibitors NA

Sex, AFP, Age, ALBI, BCLC stage,
Child-Pugh stage, NLR, IrAE, Vascular
invasion, Previous treatment, Concurrent
therapy, Tumor size, Tumor number,

Extrahepatic metastasis

7

Wei-Fan
Hsu[23] China 2020 63.4 R 87 PD-1

inhibitors NA

Sex, AFP, ALBI, Child-Pugh stage, NLR,
Viral infection, IrAE, Vascular invasion,
Previous treatment, Concurrent therapy,
Tumor number, Extrahepatic metastasis

7

Bernhard
Scheiner[24] Austria 2021 66.2 R 190 Mixed 15.6

AFP, Child-Pugh stage, ECOG performance
status, Viral infection, Vascular invasion,

Extrahepatic metastasis
9

Xiaomi Li[25] China 2022 59 R 258 PD-1
inhibitors NA ECOG performance status, Concurrent

therapy, Extrahepatic metastasis 7

Zilong
Zhang[26] China 2022 55 R 101 PD-1

inhibitors 11.1 BCLC stage, Child-Pugh stage, Concurrent
therapy, Tumor number, Extrahepatic 7
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metastasis
Pil Soo
Sung[27] Korea 2020 57 R 33 PD-1

inhibitors 12.5 Sex, AFP, Age, ALBI, Vascular invasion,
Tumor size 7

Xuqi Sun[28] China 2021 51 R 235 PD-1
inhibitors NA Sex, AFP, Age, ALBI, Vascular invasion,

Extrahepatic metastasis 8

Mara
Persano[29] Italy 2023 72 R 773 PD-L1

inhibitors NA
Sex, AFP, Age, BCLC stage, Child-Pugh
stage, NLR, Viral infection, Previous

treatment
9

Guosheng
Yuan[30] China 2020 48.7 R 63 PD-1

inhibitors 12.6 Sex, AFP, Child-Pugh stage, Tumor size,
Tumor number 7

Bang-Bin
Chen[31] China 2023 59 R 111 Mixed NA Sex, AFP, BCLC stage, Vascular invasion,

Tumor number, Extrahepatic metastasis 8

Takeshi
Hatanaka[32] Japan 2022 74 R 405 PD-L1

inhibitors NA Sex, AFP, ALBI, BCLC stage, Viral
infection 7

Muhammad
O Awiwi[33] USA 2022 66 R 55 PD-L1

inhibitors 7.9 ALBI, PLR, Vascular invasion 8

Jing-Houng
Wang[34] China 2022 62 R 48 PD-L1

inhibitors 9.5 AFP, PLR, Previous treatment 8

Jin-Tao
Huang[35] China 2022 NA R 64 PD-1

inhibitors 23

Sex, AFP, Child-Pugh stage, ECOG
performance status, Viral infection, Vascular

invasion, Concurrent therapy, Tumor
number, Extrahepatic metastasis

7

David J.
Pinato[36] UK 2021 64 P 357 Mixed 15.3

Sex, AFP, BCLC stage, Child-Pugh stage,
ECOG performance status, Viral infection,

Liver cirrhosis
9

Ka Shing
Cheung[37] China 2021 61 R 395 Mixed 16.5 Sex, AFP, Child-Pugh stage, Liver cirrhosis,

Previous treatment 7

Hironori
Ochi[38] Japan 2022 NA R 242 PD-L1

inhibitors
Atezolizu
mab

Sex, AFP, Age, ALBI, BCLC stage, ECOG
performance status, NLR, Viral infection,
Vascular invasion, Extrahepatic metastasis

7

Sara
Lewis[39] USA 2021 61.5 R 58

PD-1
Inhibitor

s
NA Previous treatment 6

Yuka
Hayakawa[40

]

Japan 2021 73 R 46 PD-L1
inhibitors 7.37 BCLC stage, Viral infection, Extrahepatic

metastasis 8

Ming-Hao
Xu[41] China 2023 57 R 210 PD-1

inhibitors 19.8

Sex, AFP, Age, ALBI, BCLC stage,
Child-Pugh stage, ECOG performance

status, Viral infection, Vascular invasion,
Tumor size, Extrahepatic metastasis

8

Won-Mook
Choi[42] Korea 2020 NA R 203

PD-1
Inhibitor

s
5.6

Sex, AFP, ALBI, BCLC stage, Child-Pugh
stage, ECOG performance status, Viral

infection, Vascular invasion, Extrahepatic
metastasis

7
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Yan-Jun
Xiang[43] China 2022 NA R 76

PD-1
Inhibitor

s
NA Sex, AFP, Age, ALBI, Viral infection, Liver

cirrhosis, Tumor number 7

Takuya
Sho[44] Japan 2022 72 R 115 PD-L1

inhibitors 6.8 ALBI, BCLC stage, Child-Pugh stage, Viral
infection, Vascular invasion 7

Takeshi
Hatanaka[45] Japan 2022 73 R 297 PD-L1

inhibitors NA Sex, AFP, Age, BCLC stage, Viral infection 9

Dezuo
Dong[46] China 2022 57 R 38 PD-1

inhibitors 16.5

Sex, AFP, BCLC stage, ECOG performance
status, NLR, Liver cirrhosis, Vascular

invasion, Previous treatment, Extrahepatic
metastasis

7

Yan-Jun
Xiang[47] China 2022 NA R 103 PD-1

inhibitors 11.4 Sex, AFP, Age, ALBI, Viral infection, Liver
cirrhosis, Concurrent therapy, Tumor size 8

Previous treatment included surgery, locoregional treatment (TACE, radiofrequency ablation, radiation therapy), and systemic therapy (antiangiogenic
therapy, target therapy).
Concurrent therapy included locoregional treatment (TACE, radiofrequency ablation, radiation therapy), and systemic therapy (antiangiogenic
therapy, target therapy).



7

Supplementary Table 2. Quality assessment of the 47 studies by checklist (based on Newcastle-Ottawa Scale)

Study
Selection Comparability Outcome Total

ScoreI II III IV V VI VII VIII

Wei Teng 2021 ★ ★ ★ ★ ★★ ★ ☆ ★ 8

Mengchao An 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Shixue Chen 2020 ★ ★ ★ ★ ★★ ★ ☆ ★ 8

Tiago de Castro 2022 ☆ ★ ★ ★ ★☆ ★ ☆ ★ 6

Claudia Campani 2022 ★ ☆ ★ ★ ★☆ ★ ☆ ★ 6

Rui Huang 2022 ★ ★ ★ ★ ★★ ★ ☆ ★ 8

Yiyang Zhang 2022 ★ ☆ ★ ★ ★☆ ★ ★ ★ 7

Yanjun Shen 2021 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Junlin Yao 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Fabian Finkelmeier 2019 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Lei Xu 2021 ★ ☆ ★ ★ ★★ ★ ★ ☆ 7

Hsin-Yu Kuo 2020 ☆ ★ ★ ★ ★☆ ★ ★ ☆ 6

Kennedy Yao Yi Ng 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Mathew Vithayathil 2022 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Nalee Kim 2020 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Xiaoyun Hu 2022 ★ ★ ★ ★ ★★ ★ ☆ ☆ 7

Xu Yang 2022 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Chi‑Jung Wu 2022 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Yue Linda Wu 2022 ★ ★ ★ ★ ★★ ★ ★ ★ 9

Toshifumi Tada 2022 ★ ★ ★ ★ ★☆ ★ ☆ ★ 7
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Sirish Dharmapuri 2022 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Pei-Chang Lee 2020 ★ ☆ ★ ★ ★★ ★ ☆ ★ 7

Wei-Fan Hsu 2020 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Bernhard Scheiner 2021 ★ ★ ★ ★ ★★ ★ ★ ★ 9

Xiaomi Li 2022 ★ ☆ ★ ★ ★☆ ★ ★ ★ 7

Zilong Zhang 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Pil Soo Sung 2020 ★ ★ ★ ★ ★☆ ★ ☆ ★ 7

Xuqi Sun 2021 ★ ☆ ★ ★ ★★ ★ ★ ★ 8

Mara Persano 2023 ★ ★ ★ ★ ★★ ★ ★ ★ 9

Guosheng Yuan 2020 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Bang-Bin Chen 2022 ★ ☆ ★ ★ ★★ ★ ★ ★ 8

Takeshi Hatanaka 2022 ★ ★ ★ ★ ★☆ ★ ☆ ★ 7

Muhammad OAwiwi 2022 ☆ ★ ★ ★ ★★ ★ ★ ★ 8

Jing-Houng Wang 2022 ★ ★ ★ ★ ★★ ★ ☆ ★ 8

Jin-Tao Huang 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

David J. Pinato 2021 ★ ★ ★ ★ ★★ ★ ★ ★ 9

Ka Shing Cheung 2021 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Hironori Ochi 2022 ★ ★ ★ ★ ★☆ ★ ☆ ★ 7

Sara Lewis 2021 ☆ ☆ ★ ★ ★★ ★ ☆ ★ 6

Takeshi Hatanaka 2022 ☆ ★ ★ ★ ★★ ★ ☆ ★ 7

Yuka Hayakawa 2021 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Ming-Hao Xu 2023 ★ ★ ★ ★ ★★ ★ ☆ ★ 8
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Won-Mook Choi 2020 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Yan-Jun Xiang 2022 ☆ ★ ★ ★ ★★ ★ ☆ ★ 7

Takuya Sho 2022 ★ ★ ★ ★ ★☆ ★ ☆ ★ 7

Takeshi Hatanaka 2022 ★ ★ ★ ★ ★★ ★ ★ ★ 9

Dezuo Dong 2022 ☆ ★ ★ ★ ★☆ ★ ★ ★ 7

Yan‐Jun Xiang 2022 ★ ★ ★ ★ ★☆ ★ ★ ★ 8

Abbreviations: I, Representativeness of the exposed cohort; II, Selection of the non-exposed cohort; III, Ascertainment
of expsure; IV, Demonstration that outcome of interest was not present at start of study; V, Comparability of cohorts on
the basis of the design or analysis; VI, Assessment of outcome; VII, Was follow-up long enough for outcomes to occur;
VIII, Adequacy of follow up of cohorts.
★, Asterisk means that the study is satisfied the item;☆, Asterisk means the opposite situation.
A score>6 was defined as high quality and ≤6 was defined as low quality.
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Supplementary Table 3. Results of meta-analysis of risk factors of OS and PFS in HCC patients accepted ICI
treatment.

Risk factors Outcome No. of
articles

Sample
size

Heterogeneity test Effects
model

Pooled results
I^2 P HR 95%CI P

Sex OS 27 4828 0% 0.46 Fixed 0.89 0.79-1.00 0.05
PFS 28 5428 30% 0.07 Random 1.01 0.89-1.15 0.90

AFP OS 29 5915 29% 0.07 Random 1.51 1.37-1.66 <0.01
PFS 27 5114 55% <0.01 Random 1.35 1.20-1.53 <0.01

Age OS 16 2817 41% 0.05 Random 1.04 0.89-1.21 0.65
PFS 18 3357 27% 0.14 Fixed 1.00 0.97-1.02 0.8

ALBI OS 15 2321 0% 0.64 Fixed 2.22 1.95-2.53 <0.01
PFS 16 2582 19% 0.24 Fixed 1.40 1.25-1.56 <0.01

BCLC stage OS 26 5094 3% 0.42 Fixed 1.40 1.23-1.58 <0.01
PFS 23 4857 0% 0.96 Fixed 1.25 1.14-1.37 <0.01

Child-Pugh
stage

OS 20 3416 48% <0.01 Random 2.03 1.62-2.53 <0.01
PFS 16 2731 0% 0.52 Fixed 1.38 1.20-1.59 <0.01

ECOG
performance

status

OS 18 2961 62% <0.01 Random 2.26 1.77-2.88 <0.01

PFS 15 2611 67% <0.01 Random 1.69 1.34-2.15 <0.01

Viral
infection

OS 18 4032 0% 0.65 Fixed 0.98 0.88-1.10 0.77
PFS 21 4314 7% 0.36 Fixed 1.03 0.94-1.12 0.55

Liver
cirrhosis

OS 8 1571 72% <0.01 Random 1.41 0.89-2.24 0.15
PFS 9 1355 41% 0.09 Random 1.07 0.85-1.33 0.57

Vascular
invasion

OS 22 2981 29% 0.10 Random 1.56 1.35-1.80 <0.01

PFS 18 2605 59% <0.01 Random 1.34 1.11-1.62 <0.01

Tumor size OS 7 866 56% 0.03 Random 1.37 0.96-1.96 0.09
PFS 6 758 0% 0.93 Fixed 1.04 0.85-1.26 0.71

Tumor
number

OS 10 941 54% 0.02 Random 1.63 1.14-2.34 <0.01
PFS 9 865 27% 0.21 Fixed 1.26 1.08-1.47 <0.01

Extrahepatic
metastasis

OS 21 2869 50% <0.01 Random 1.14 0.96-1.35 0.12
PFS 20 2530 49% <0.01 Random 1.11 0.96-1.29 0.14

NLR OS 10 2167 40% 0.09 Random 1.41 1.19-1.68 <0.01
PFS 11 2074 20% 0.26 Fixed 1.34 1.15-1.55 <0.01

PLR OS 2 406 67% 0.08 Random 1.62 0.56-4.65 0.37
PFS 4 509 52.00% 0.10 Random 2.26 1.13-4.55 0.02

Previous
treatment

OS 12 2201 42% 0.06 Random 0.93 0.79-1.10 0.42
PFS 14 2014 36% 0.09 Random 0.95 0.84-1.07 0.39

IrAE OS 4 440 70% 0.02 Random 0.76 0.42-1.35 0.35
PFS 3 345 86% <0.01 Random 0.79 0.39-1.60 0.51
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Concurrent
therapy

OS 9 1350 0% 0.65 Fixed 0.55 0.45-0.67 <0.01
PFS 7 893 7% 0.38 Fixed 0.56 0.46-0.69 0.03
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Supplementary Table 4. Publication bias analysis of literature reporting risk factors
of OS and PFS in HCC patients accepted ICI treatment.
Risk factors Outcome Begg's test Egger's test

Sex OS 0.79 0.60
PFS 0.68 0.83

AFP OS 0.50 0.25
PFS 0.66 0.45

Age OS 0.05 0.01
PFS 0.11 0.15

ALBI OS 0.22 0.30
PFS 0.32 0.18

BCLC stage OS 0.01 0.01
PFS 0.58 0.75

Child-Pugh stage OS 1.00 0.75
PFS 0.65 0.54

ECOG performance status OS 0.18 0.04
PFS 0.80 0.75

Viral infection OS 0.52 0.61
PFS 0.43 0.41

Liver cirrhosis OS 0.80 0.59
PFS 0.83 0.39

Vascular invasion OS 0.05 0.08
PFS 0.03 0.04

Tumor size OS 0.88 0.79
PFS 0.35 0.27

Tumor number OS 0.24 0.03
PFS 0.09 0.08

Extrahepatic metastasis OS 0.86 0.46
PFS 0.60 0.12

NLR OS 0.01 <0.01
PFS 0.24 0.18

PLR OS NA NA
PFS 0.50 0.80

Previous treatment OS 0.41 0.77
PFS 0.96 0.46

IrAE OS 0.17 0.35
PFS 0.60 0.69

Concurrent therapy OS 1.00 0.32
PFS 0.29 0.37
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Supplementary Table 5. Subgroup analysis according to region of risk factors of OS and PFS in HCC patients accepted ICI treatment.

Risk factor Subgroup
No. of

articles on
OS

Pooled HR
for OS

Heterogeneity
(I^2 and P
value)

P-value for
subgroup
differences

No. of
articles on

PFS

Pooled HR
for PFS

Heterogeneity
(I^2 and P
value)

P-value for
subgroup
differences

AFP

Asian 24 1.54
(1.35-1.76)

I^2=39%
P=0.03 0.60

24 1.38
(1.20-1.59)

I^2=55%
P<0.01 0.33

Non-Asian 5 1.46
(1.22-1.74)

I^2=0%
P=0.82 3 1.22

(1.00-1.49)
I^2=51%
P=0.13

ALBI

Asian 11 2.17
(1.89-2.49)

I^2=0%
P=0.46 0.36

13 1.40
(1.23-1.58)

I^2=22%
P=0.22 1.00

Non-Asian 4 2.62
(1.79-3.85)

I^2=0%
P=0.79 3 1.40

(1.04-1.89)
I^2=35%
P=0.22

NLR

Asian 7 1.41
(1.18-1.69)

I^2=38%
P=0.14 0.74

8 1.47
(1.21-1.80)

I^2=32%
P=0.17 0.16

Non-Asian 3 1.54
(0.94-2.54)

I^2=57%
P=0.10 3 1.19

(0.95-1.49)
I^2=0%
P=0.88

ECOG performance status

Asian 13 2.68
(2.02-3.56)

I^2=50%
P=0.02 <0.01

13 1.85
(1.46-2.34)

I^2=52%
P=0.01 0.23

Non-Asian 5 1.54
(1.24-1.91)

I^2=28%
P=0.24 2 1.16

(0.56-2.38)
I^2=89%
P<0.01

Child-Pugh stage

Asian 15 1.83
(1.37-2.45)

I^2=47%
P=0.02 0.22

14 1.43
(1.20-1.70)

I^2=0%
P=0.45 0.50

Non-Asian 5 2.42
(1.72-3.40)

I^2=52%
P=0.08 2 1.29

(1.02-1.64)
I^2=0%
P=0.42

BCLC stage

Asian 18 1.51
(1.37-2.45)

I^2=0%
P=0.64 0.20

19 1.27
(1.13-1.43)

I^2=0%
P=0.45 0.62

Non-Asian 8 1.28
(1.07-1.54)

I^2=28%
P=0.21 4 1.21

(1.05-1.40)
I^2=0%
P=0.91

Tumor number

Asian 9 1.75
(1.17-2.63)

I^2=59%
P=0.01 0.27

8 1.37
(1.08-1.73)

I^2=35%
P=0.15 0.97

Non-Asian 1 1.08
(0.51-2.30) NA 1 1.39

(0.69-2.81) NA

Vascular invasion

Asian 17 1.64
(1.39-1.94)

I^2=25%
P=0.17 0.22 15 1.38

(1.14-1.66)
I^2=51%
P=0.01 0.70

Non-Asian 5 1.33 I^2=40% 3 2.01 I^2=84%
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(0.97-1.79) P=0.16 (0.30-13.41) P<0.01
Concurrent therapy

Asian 9 0.55
(0.45-0.67)

I^2=0%
P=0.67 NA NA NA NA NA

Non-Asian NA NA NA NA NA NA
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Supplementary Table 6. Baseline characteristics of patients in 2 validation cohorts.
Characteristics Overall Cohort 1 Cohort 2
n 204 105 99
Age, year 65.5 ± 13.0 73.7 ± 9.4 56.7± 10.5
Sex, n (%)
Male 166 (81.4%) 84 (80%) 82 (82.8%)
Female 38 (18.6%) 21 (20%) 17 (17.2%)

ICI name, n (%)
Atezolizumab 145 (71.1%) 105 (100.0%) 40 (40.4%)
Camrelizumab 23 (11.3%) 0 (0.0%) 23 (23.2%)
Sintilimab 23 (11.3%) 0 (0.0%) 23 (23.2%)
Tislelizumab 7 (3.4%) 0 (0.0%) 7 (7.1%)
Toripalimab 4 (2.0%) 0 (0.0%) 4 (4.0%)
Nivolumab 1 (0.5%) 0 (0.0%) 1 (1.0%)
Penpulimab 1 (0.5%) 0 (0.0%) 1 (1.0%)

AFP, n (%)
≤400 ng/ml 140 (68.6%) 79 (75.2%) 61 (61.6%)
>400 ng/ml 64 (31.4%) 26 (24.8%) 38 (38.4%)

ALBI, n (%)
≤I 89 (43.6%) 31 (29.5%) 58 (58.6%)
>I 115 (56.4%) 74 (70.5%) 41 (41.4%)

NLR, n (%)
≤3 123 (60.3%) 72 (68.6%) 51 (51.5%)
>3 81 (39.7%) 33 (31.4%) 48 (48.5%)

ECOG performance status, n
(%)
≤0 155 (76%) 99 (94.3%) 56 (56.6%)
>0 49 (24%) 6 (5.7%) 43 (43.4%)

Child-Pugh stage, n (%)
≤A 164 (80.4%) 105 (100%) 59 (59.6%)
>A 40 (19.6%) 0 (0%) 40 (40.4%)

BCLC stage, n (%)
≤B 89 (43.6%) 50 (47.6%) 39 (39.4%)
>B 115 (56.4%) 55 (52.4%) 60 (60.6%)

Tumor number, n (%)
≤1 (≤5) 95 (46.6%) 64 (61.0%) 31 (31.3%)
>1 (>5) 109 (53.4%) 41 (39.0%) 68 (68.7%)

Vascular invasion, n (%)
YES 43 (21.1%) 20 (19%) 23 (23.2%)
NO 161 (78.9%) 85 (81%) 76 (76.8%)

Concurrent therapy
YES 197 (96.6%) 105 (100.0%) 92 (92.9%)
NO 7 (3.4%) 0 (0.0%) 7 (7.1%)

Follow-up, months

file:///D:/software/Dict/9.2.0.0/resultui/html/index.html
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Abbreviations in Supplementary Tables
P, prospective study; R, retrospective study; PD-1, programmed cell death-1; PD-L1, programmed death ligand-1; Mixed, refers to the
inclusion of two or three ICI types; ICI, immune checkpoint inhibitors; OS, overall survival; PFS, progression-free survival; NOS,
Newcastle‐Ottawa Scale; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin score; ECOG, Eastern Cooperative Oncology Group; IrAE,
immune-related adverse events; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; NA, not available.

3. Supplementary Figure

8.1 (5.0, 13.2) 6.4 (4.6, 9.5) 12.2 (6.25, 21.6)
Data are mean ± SD, median (IQR), or n (%).
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Supplementary Figure 1. The results of meta and sensitivity analysis of AFP on OS and PFS.
A B

C D

Supplementary Figure 1 A. The pooled results of the correlation of AFP with OS. B. The sensitivity analysis plot of
AFP for OS. C. The pooled results of the correlation of AFP with PFS. D. The sensitivity analysis plot of AFP for
PFS.

Supplementary Figure 2. The results of meta and sensitivity analysis of ALBI on OS and PFS.
A B
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C D

Supplementary Figure 2 A. The pooled results of the correlation of ALBI with OS. B. The sensitivity analysis plot of
ALBI for OS. C. The pooled results of the correlation of ALBI with PFS. D. The sensitivity analysis plot of ALBI for
PFS.

Supplementary Figure 3. The results of meta and sensitivity analysis of NLR on OS and PFS.
A B

C D
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Supplementary Figure 3 A. The pooled results of the correlation of NLR with OS. B. The sensitivity analysis plot of
NLR for OS. C. The pooled results of the correlation of NLR with PFS. D. The sensitivity analysis plot of NLR for
PFS.

Supplementary Figure 4. The results of meta and sensitivity analysis of ECOG performance status on OS and PFS.
A B

C D

Supplementary Figure 4 A. The pooled results of the correlation of ECOG performance status with OS. B. The
sensitivity analysis plot of ECOG performance status for OS. C. The pooled results of the correlation of ECOG
performance status with PFS. D. The sensitivity analysis plot of ECOG performance status for PFS.

Supplementary Figure 5. The results of meta and sensitivity analysis of Child-Pugh stage on OS and PFS.
A B
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C D

Supplementary Figure 5 A. The pooled results of the correlation of Child-Pugh stage with OS. B. The sensitivity
analysis plot of Child-Pugh stage for OS. C. The pooled results of the correlation of Child-Pugh stage with PFS. D.
The sensitivity analysis plot of Child-Pugh stage for PFS.

Supplementary Figure 6. The results of meta and sensitivity analysis of BCLC stage on OS and PFS.
A B
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C D

Supplementary Figure 4 A. The pooled results of the correlation of BCLC stage with OS. B. The sensitivity analysis
plot of BCLC stage for OS. C. The pooled results of the correlation of BCLC stage with PFS. D. The sensitivity
analysis plot of BCLC stage for PFS.

Supplementary Figure 7. The results of meta and sensitivity analysis of tumor number on OS and PFS.
A B
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C D

Supplementary Figure 7 A. The pooled results of the correlation of tumor number with OS. B. The sensitivity
analysis plot of tumor number for OS. C. The pooled results of the correlation of tumor number with PFS. D. The
sensitivity analysis plot of tumor number for PFS.

Supplementary Figure 8. The results of meta and sensitivity analysis of vascular invasion on OS and PFS.
A B

C D

Supplementary Figure 8 A. The pooled results of the correlation of vascular invasion with OS. B. The sensitivity
analysis plot of vascular invasion for OS. C. The pooled results of the correlation of vascular invasion with PFS. D.
The sensitivity analysis plot of vascular invasion for PFS.
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Supplementary Figure 9. The results of meta and sensitivity analysis of concurrent therapy on OS and PFS.
A B

C D

Supplementary Figure 9 A. The pooled results of the correlation of concurrent therapy with OS. B. The sensitivity
analysis plot of concurrent therapy for OS. C. The pooled results of the correlation of concurrent therapy with PFS.
D. The sensitivity analysis plot of concurrent therapy for PFS.

Supplementary Figure 10
A B

C D
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E F

Supplementary Figure 10 A. The ROC curves for OS prediction model in validation cohort 1. B. The ROC curves for
PFS prediction model in validation cohort 1. C. The calibration curves for the OS prediction model in validation
cohort 1. D. The calibration curves for the PFS prediction model in validation cohort 1. E. The KM curves of OS for
the four risk groups in validation cohort 1. F.The KM curves of PFS for the four risk groups in validation cohort 1.

Supplementary Figure 11
A B
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C D
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Supplementary Figure 11 A. The ROC curves for OS prediction model in validation cohort 2. B. The ROC curves for
PFS prediction model in validation cohort 2. C. The calibration curves for the OS prediction model in validation
cohort 2. D. The calibration curves for the PFS prediction model in validation cohort 2. E. The KM curves of OS for
the four risk groups in validation cohort 2. F.The KM curves of PFS for the four risk groups in validation cohort 2.
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