Supplementary Table 1. Summary of clinical trials on tumor vaccines for hepatocellular carcinoma
	No.
	Year
	Official Title
	Country / Region
	Trial ID
	Phase
	Vaccine Platform
	Target Antigen
	Combined Therapy
	Study Design
	Allocation
	Masking
	Trial Architecture
	Control Arm
	Sample Size (n)
	Patient Population / Setting
	Etiology
	Tumor Stage / Clinical Classification
	Primary Endpoint(s)
	Key Secondary Endpoint(s)
	Current Status

	1
	2016
	A Phase I Study of a p53MVA Vaccine in Combination With Pembrolizumab
	United States, California
	NCT02432963
	I
	Viral vaccine
	p53
	Pembrolizumab
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	11
	Post-1L/Refused STD Tx
	NR
	Advanced/
unresectable
	Safety
	Clinical response Immunogenicity
	Active, not recruiting

	2
	2018
	A Study to Assess the Safety, Feasibility, and Immunogenicity of Personalized Neoantigen-based Dendritic Cell Vaccine in Combination With Microwave Ablation to Treat Hepatocellular Carcinoma
	China, Beijing
	NCT03674073
	I
	DC vaccine
	NR
	Microwave ablation
	multi-arm
	Randomized
	Open Label
	Parallel Assignment
	Microwave Ablation
	24
	Treatment-naïve
Child–Pugh A–B
	NR
	HKLC Stage IIa
	Safety
	Immunogenicity
Number of participants alive and PFS at 2 years
	Unknown

	3
	2018
	QUILT-2.025 NANT Neoepitope Yeast Vaccine (YE-NEO-001): Adjuvant Immunotherapy Using a Personalized Neoepitope Yeast-Based Vaccine To Induce T-Cell Responses In Subjects W/ Previously Treated Cancers
	United States, California
	NCT03552718
	I
	Peptide Vaccine
	NR
	-
	Single-arm
	N/A
	Open Label
	Basket
Dose-escalation
	N/A
	16
	NED, post-curative surveillance
	NR
	Localized / resectable
	Safety
Recommended Dose
	RR, DFS and PFS at 2 years
OS at 3 years
	Active, not recruiting

	4
	2019
	Adjuvant Treatment in Cancer Patients with Neoantigen-primed DC Vaccine : a Single-arm, Open-label, Prospective Clinical Trial
	China, Sichuan
	NCT04147078
	I
	DC vaccine
	NR
	-
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	80
	NED, post-curative surveillance
	NR
	Localized / resectable
	DFS at 5 years
	OS at 10 years
Safety
	Recruiting

	5
	2019
	MC1641 Phase II Study Of Intratumoral Injection Of Autologous Dendritic Cells Combined With Immune Checkpoint Inhibition After High-Dose Conformal External Beam Radiotherapy In Patients With Unresectable Primary Liver Cancer
	United State, Minnesota
	NCT03942328
	I/II
	DC vaccine
	NR
	EBRT + atezolizumab + bevacizumab
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	54
	Treatment-naïve or refractory
	NR
	Advanced/
unresectable
	PFS at 2 years
	ORR, CBR, TTR, DoR, OS and PFS at 5 years
	Recruiting

	6
	2019
	GP96 Heat Shock Protein-Peptide Complex Vaccine in Treating Patients With Liver
	China, Beijing
	NCT04206254
	II/III
	Cellular Vaccine
	NR
	-
	multi-arm
	Randomized
	Open Label
	Parallel Assignment
	No Intervention
	80
	Post- radical resection
	NR
	AJCC TNM II、III、IV
	RFS at 2 years
	OS and DFS at 5 years
Immunogenicity
Safety
	Unknown status

	7
	2019
	Precision Study on "Cocktail" Therapy to Improve the Efficacy of Hepatitis B-related Hepatocellular Carcinoma
	China, Guangdong
	NCT04317248
	
	DC vaccine
	NR
	Cyclophosphamide + Radical surgery therapy or TACE or targeted agents therapy
	multi-arm
	Randomized
	Open Label
	Parallel Assignment
	Radical surgery therapy or TACE or targeted agents therapy
	600
	Treatment-naïve HCC
	HBV positive
	Localized / resectable
	PFS at 20 years
	serum AFP and
PIVKA-V, tumor size, OS at 2 years
Safety
	Unknown status

	8
	2020
	DNAJB1-PRKACA Fusion Kinase Peptide Vaccine Combined With Nivolumab and Ipilimumab for Patients With Fibrolamellar Hepatocellular Carcinoma
	United State, Maryland
	NCT04248569
	I
	Peptide Vaccine
	DNAJB1-PRKACA
	Poly-ICLC+ Nivolumab+ Ipilimumab
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	50
	Limited prior therapy allowed (no chemo/radiotherapy within 2 weeks)
	DNAJB1-PRKACA
mutation
	Advanced/
Unresectable (FLC)
	PFS at 0.5 year
Immunogenicity
Safety
	ORR, DoR, DCR, PFS and OS at 4 years
	Recruiting

	9
	2021
	Phase I Clinical Trial of Alfa-Fetoprotein,Glypican-3 Based Personalized Cancer Vaccine in Egyptian Patients With Hepatocellular Carcinoma: Pilot Study
	Egypt, Cairo
	NCT05059821
	I
	Peptide Vaccine
	NR
	Cyclophosphamide
	Single-arm
	N/A
	Open Label
	Single Group Assignment
	N/A
	10
	Post-surgical recurrence
	NR
	Recurrent
	Safety
Immunogenicity
	PFS and OS at 3 years
	Unknown status

	10
	2021
	An Open Label, Single-arm, Phase II Neoantigen (NA) Dendritic Cell (DC) Vaccine and Anti-PD1 (Nivolumab) as Adjuvant Treatment in Resected Hepatocellular Carcinoma (HCC) (Group A) and Liver Metastases From Colorectal Cancer (CRLM) (Group B)
	Singapore
	NCT04912765
	II
	DC Vaccine
	NR
	Nivolumab
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	60
	Limited prior therapy allowed (previously treated with surgery or ablative methods)
	NR
	Localized / resectable
	RFS at 2 years
Immunogenicity
	Safety

	Recruiting

	11
	2022
	Evaluation of the Interest to Combine a CD4 Th1-inducer Cancer Vaccine Derived From Telomerase and Atezolizumab Plus Bevacizumab in Unresectable Hepatocellular Carcinoma: a Proof of Concept Randomized Phase II Study (TERTIO - Prodige 82)
	France
(10 centers)
	NCT05528952
	II
	Peptide Vaccine
	CD4 Th1-inducer form Telomerase
	Atezolizumab + Bevacizumab
	multi-arm
	Randomized
	Open Label
	Parallel Assignment
	Atezolizumab + Bevacizumab
	105
	Limited prior therapy allowed (no chemo/immunotherapy) Child–Pugh A–B
	NR
	Advanced/
unresectable (BCLC A-B)
	ORR at 0.5 year
	DCR at 0.5 year
OS and PFS at 2 years
	Recruiting

	12
	2022
	A Phase I/II Study of Personalized Neoantigen Peptide-Based Vaccine in Combination With Pembrolizumab in Advanced Solid Tumors (PNeoVCA)
	United State, Florida
	NCT05269381
	I/II
	Peptide Vaccine
	Personalized Neoantigen
	Cyclophosphamide + Sargramostim + Pembrolizumab
	Single-arm
	N/A
	Open Label
	Basket
	N/A
	36
	Limited prior therapy allowed (no chemo/immunotherapy within 3 weeks).
	NR
	Advanced/
unresectable
	Safety
	Seq success (≥10 peptides) Immunogenicity response and persistence
ORR at 12 weeks
	Recruiting

	13
	2022
	Safety and Efficacy of Personalized Neoantigen Vaccine in Advanced Gastric Cancer, Esophageal Cancer and Liver Cancer
	China, Beijing
	NCT05192460
	N/A
	Nucleic Acid Vaccine（mRNA）
	Personalized Neoantigen
	With or without PD-1/L1
	Single-arm
	N/A
	Open Label
	Basket
exploratory study
	N/A
	30
	Limited prior therapy allowed (no chemo/immunotherapy within 4 weeks).
	NR
	Advanced / unresectable
	Safety
ORR at 2 years
	Recommended dosage
Concentration of serum cytokine and lymphocyte
PFS at 2 years
	Unknown status

	14
	2022
	A Phase I Trial of IMA970A Plus Montanide in Combination With Durvalumab (Anti-PD-L1) in Patients With Very Early, Early and Intermediate Stage of Hepatocellular Carcinoma After Any Standard Treatments
	Italy, Napoli
	NCT06218511
	I
	Peptide Vaccine
	NR
	Montanide + Durvalumab
	Single-arm
	N/A
	Open Label
	Single Group Assignment
	N/A
	10
	Post-local therapy
HLA-A 02/24+
	NR
	BCLC 0–B
	Safety
	Immunogenicity DFS, PFS and OS

	Recruiting

	15
	2023
	Clinical Study of mRNA Personalized Tumor Vaccine Encoding Neonatal Antigen Combined With Sintilimab Injection Liver Cancer
	China, Shanghai
	NCT05761717
	N/A
	Nucleic Acid Vaccine（mRNA）
	Personalized Neoantigen
	Stintilimab
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	67
	NED, post-curative surveillance
	NR
	Localized / resectable
	ORS and OS at 1 year
	-
	Unknown status

	16
	2023
	FusionVAC22_01: DNAJB1-PRKACA Fusion Transcript-based Peptide Vaccine Combined with Immune Checkpoint Inhibition for Fibrolamellar Hepatocellular Carcinoma and Other Tumor Entities Carrying the Oncogenic Driver Fusion
	Germany, Tübingen
	NCT05937295
	I
	Peptide Vaccine
	DNAJB1-PRKACA
	Atecolizumab
	Single-arm
	N/A
	Open Label
	Basket

	N/A
	20
	Limited prior therapy allowed (no immunotherapy within 4 weeks)
	DNAJB1-PRKACA
mutation
	Advanced/
Unresectable (FLC)
	Immunogenicity
Safety
	-
	Unknown status

	17
	2023
	A Phase I Study of mRNA Vaccine for Patients With HBV-positive Advanced Hepatocellular Carcinoma
	China, Sichuan
	NCT05738447
	I
	Nucleic Acid Vaccine（mRNA）
	HBV
	-
	Single-arm
	N/A
	Open Label
	Single Group Assignment
	N/A
	9
	Second-line standard therapy -refractory
	HBV positive
	Advanced/
unresectable
	Safety
OR, PFS and OS at 1 year
	-
	Unknown status

	18
	2023
	First-in-human Interleukin-15-transpresenting Wilms' Tumor Protein 1-targeting Autologous Dendritic Cell Vaccination in Cancer Patients
	Belgium, Edegem,
	NCT05964361
	I/II
	DC Vaccine
	WT1
	-
	Single-arm
	N/A
	Open Label
	Single Group Assignment
	N/A
	10
	First-line standard therapy -refractory
	NR
	Advanced/
unresectable
	Feasibility (leukapheresis, vaccine manufacture & administration)
Safety
	BOR, DoR, ORR, DCR, PFS and OS
Immunogenicity
Quality of life (QLQ-30 /EQ-5D-5L)
	Active, not recruiting

	19
	2023
	An Open, Single-center, Multiple-dose, Dose-increasing and Dose-expanding Clinical Study to Observe and Evaluate the Safety, Tolerance, Immunokinetics and Preliminary Effectiveness of ABOR2014 Injection (IPM511) in the Treatment of Advanced Hepatocellular Carcinoma
	China, Beijing
	NCT05981066
	N/A
	Nucleic Acid Vaccine（mRNA）
	NR
	-
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	48
	Limited prior therapy allowed (no therapy within 4 weeks)
HLA-A 02+
	NR
	Advanced/
unresectable
	Safety
	Plasma concentration of IPM511
Immunogenicity
Circulating tumor DNA
ORR, DoR, PFS and OS at 1 year
	Recruiting

	20
	2023
	Phase I Safety and Immunogenicity Study of NWRD06 in Hepatocellular Carcinoma Patients After Radical Resection
	China, Beijing
	NCT06088459
	I
	Nucleic Acid Vaccine（DNA）
	GPC3
	-
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	9
	NED, post-curative surveillance
Child-Pugh A-B
	GPC3 positive
	Localized / resectable (BCLC A/B)
	DLT
Safety
	Immunogenicity


	Unknown status

	21
	2025
	FusionVAC22_02: DNAJB1-PRKACA Fusion Transcript-based Peptide Vaccine for Fibrolamellar Hepatocellular Carcinoma Patients and Other Tumor Entities Carrying the Oncogenic Driver Fusion
	Germany ,Tübingen
	NCT06789198
	I
	Peptide Vaccine
	DNAJB1-PRKACA
	-
	Single-arm
	N/A
	Open Label
	Single Group Assignment
	N/A
	20
	NED, post-curative surveillance
	DNAJB1-PRKACA
	Localized / resectable
(FLC)
	Immunogenicity
Safety
	-
	Not yet recruiting

	22
	2025
	A Prospective，Single Arm Clinicial Trial Evaluating PD-1 mRNA LNP Vaccine for the Treatment of Advanced Primary Hepatocellular Carcinoma Failing Standard Therapy
	China, Sichuan
	NCT07053072
	I/II
	Nucleic Acid Vaccine（mRNA）
	PD-1
	Routine regimen
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	9
	Second-line standard therapy -refractory
	NR
	Advanced/
unresectable
	ORR at 2 years
	DCR, DRR, DoR, TTR, PFS, OR and TTP at 2 years
	Not yet recruiting

	23
	2025
	Application of mRNA Vaccine in Liver Transplantation for Hepatocellular Carcinoma
	China, Sichuan
	NCT07077356
	I
	Nucleic Acid Vaccine（mRNA）
	HBV
	-
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	15
	Bridge/downstaging therapy before liver transplantation
	HBsAg
	Localized/ transplant-eligible
	DLT
Safety
	ORR, DCR and SR at 1 year
Immunogenicity
	Recruiting

	24
	2025
	WGc-0201 Plus Tislelizumab in HCC With High Risk of Recurrence and Metastasis After Radical Therapy
	China, Sichuan
	NCT07077369
	I
	Nucleic Acid Vaccine（mRNA）
	HBV
	Tislelizumab
	Single-arm
	N/A
	Open Label
	Dose-escalation
	N/A
	10
	NED, post-curative surveillance with high-risk factors for recurrence and metastasis
	HBsAg
	Localized / resectable
	DLT
	RFS at 2 years
SR at 3 years
Safety
	Not yet recruiting


AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; BOR, best overall response; CBR, clinical benefit rate; CRLM, colorectal liver metastases; DC, dendritic cell; DCR, disease control rate; DFS, disease-free survival; DLT, dose-limiting toxicity; DoR, duration of response; EBRT, external beam radiotherapy; FLC, fibrolamellar carcinoma; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HKLC, Hong Kong Liver Cancer staging system; HLA, human leukocyte antigen; N/A, not applicable; NED, no evidence of disease; NR, not reported; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PIVKA-II, protein induced by vitamin K absence-II; QLQ-30/EQ-5D-5L, quality of life questionnaires; RFS, recurrence-free survival; SR, survival rate; STD Tx, standard treatment; TACE, transarterial chemoembolization; TTP, time to progression; TTR, time to response; WT1, Wilms’ tumor 1.
