
Copyright: © 2026 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License  
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.  

“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/JCTH.2026.00283 and can also be viewed 
 on the Journal’s website at http://www.jcthnet.com ”.

Original Article

Journal of Clinical and Translational Hepatology 2026 
DOI: 10.14218/JCTH.2026.00283

Comparison of Survival Between Patients with  
Hepatocellular Carcinoma Beyond the “Up-to-7” Criterion 
Who Received Adjuvant PD-1 Inhibitors or Active Surveillance: A 
Target Trial Emulation Study
Jia-Yong Su1#, Zhen Liu2#, Tai-Xin Yang1#, Ping-Ping Guo3, Min Luo4, Shao-Ping Liu5, Xiao-Feng Dong6,  
Xiao-Ling Xu7, Shu-Chang Chen8, Jun-Jie Ou8, Kang Chen9, Zhi-Cheng Li10, Ze Su11, Fu-Quan Yang12,  
Wen-Hai He13, Ning Peng14, Pei-Sheng Wu15, Bei-Bei Long1, Hang Su1, Mei-Lan Huang1, Wen-Ting Li1,  
Wen-Ting Chen1, Jian-Rong Li1, Da-Long Yang1, Zhi-Hao Huang1, Lei-Po Lin1, Rong-Rui Huo16, Yi-Li Ma17,  
Liang Ma1, Xiao-Bin Zhong18*, Jian-Hong Zhong1*  and on behalf of the GUIDANCE investigators

1Department of Hepatobiliary Surgery, Guangxi Medical University Cancer Hospital, Nanning, Guangxi Zhuang Autonomous 
Region, China; 2Department of Hepatobiliary Surgery, Liuzhou People’s Hospital, Liuzhou, Guangxi Zhuang Autonomous 
Region, China; 3Department of Ultrasound, Guangxi Medical University Cancer Hospital, Nanning, Guangxi Zhuang Autono-
mous Region, China; 4Department of Oncology, The Second People’s Hospital of Nanning, Nanning, Guangxi Zhuang Au-
tonomous Region, China; 5Department of Hepatobiliary Surgery, Guigang City People’s Hospital, Guigang, Guangxi Zhuang 
Autonomous Region, China; 6Department of Hepatobiliary, Pancreatic and Spleen Surgery, The People’s Hospital of Guangxi 
Zhuang Autonomous Region, Nanning, Guangxi Zhuang Autonomous Region, China; 7Medical Records and Statistics Room, 
The People’s Hospital of Wuzhou, Wuzhou, Guangxi Zhuang Autonomous Region, China; 8Department of General Surgery, 
The People’s Hospital of Wuzhou, Wuzhou, Guangxi Zhuang Autonomous Region, China; 9Department of General Surgery, 
The Second Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi Zhuang Autonomous Region, China; 10De-
partment of Hepatobiliary Surgery, The First Clinical Affiliated Hospital of Guangxi University of Chinese Medicine, Nanning, 
Guangxi Zhuang Autonomous Region, China; 11Department of Hepatobiliary Pancreatic Surgery, The First People’s Hospital 
of Nanning, Nanning, Guangxi Zhuang Autonomous Region, China; 12Department of Hepatobiliary and Pancreatic Surgery, 
The First People’s Hospital of Yulin, Yulin, Guangxi Zhuang Autonomous Region, China; 13Department of Hepatobiliary and 
Pancreatic Surgery, Lingshan County People’s Hospital, Qinzhou, Guangxi Zhuang Autonomous Region, China; 14Depart-
ment of Hepatobiliary Surgery, The First Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi Zhuang Au-
tonomous Region, China; 15Department of Hepatobiliary Surgery, The First People’s Hospital of Qinzhou, Qinzhou, Guangxi 
Zhuang Autonomous Region, China; 16Department of Experimental Research, Guangxi Medical University Cancer Hospital, 
Nanning, Guangxi Zhuang Autonomous Region, China; 17Department of Pathology, Guangxi Medical University Cancer Hos-
pital, Nanning, Guangxi Zhuang Autonomous Region, China; 18Department of Pharmacy, Guangxi Medical University Cancer 
Hospital, Nanning, Guangxi Zhuang Autonomous Region, China

Received: April 09, 2026  |  Revised: August 02, 2026  |  Accepted: August 18, 2026  |  Published online: September 24, 2026

Abstract

Background and Aims: The IMbrave050 trial suggested 
that adjuvant immune checkpoint inhibitor therapy may 
benefit patients with hepatocellular carcinoma exceeding 
the “up-to-7” criterion. This study aimed to compare sur-

vival outcomes and safety between such patients receiving 
adjuvant programmed cell death protein 1 inhibitors and 
those undergoing active surveillance after curative resection. 
Methods: Data were prospectively collected from patients 
at 13 medical centers in China between 2019 and 2024. 
The study was designed according to a target trial emula-
tion framework, and propensity score matching was used to 
reduce confounding. The primary endpoint was recurrence-
free survival; secondary endpoints included overall survival 
and incidence of treatment-related adverse events. Results: 
Median follow-up was 32.7 months (interquartile range, 
20.9–47.5). Propensity score matching yielded 200 patients 
per group. Median recurrence-free survival was longer in the 
adjuvant group (28.0 months; 95% confidence interval [CI], 
21.7–34.3) than in the surveillance group (14.4 months; 
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95% CI, 10.7–18.1; hazard ratio, 0.58; 95% CI, 0.45–0.74). 
Median overall survival was not reached in the adjuvant 
group and was 45.0 months (95% CI, 37.8–52.1) in the sur-
veillance group (hazard ratio, 0.63; 95% CI, 0.45–0.89). The 
most frequent grade 3–4 treatment-related adverse events 
were hand–foot skin reaction (7.2%), elevated alanine ami-
notransferase (5.8%), and elevated aspartate aminotrans-
ferase (5.3%). Conclusions: Adjuvant programmed cell 
death protein 1 inhibitors, with or without molecularly tar-
geted agents, were associated with longer recurrence-free 
survival and acceptable safety in patients with hepatocellular 
carcinoma exceeding the “up-to-7” criterion.

Citation of this article: Su JY, Liu Z, Yang TX, Guo PP, Luo 
M, Liu SP, et al. Comparison of Survival Between Patients 
with Hepatocellular Carcinoma Beyond the “up-to-7” Criteri-
on Who Received Adjuvant PD-1 Inhibitors or Active Surveil-
lance: A Target Trial Emulation Study. J Clin Transl Hepatol 
2026. doi: 10.14218/JCTH.2026.00283.

Introduction
Curative hepatectomy is a primary treatment for early-stage 
hepatocellular carcinoma (HCC) and is also performed in se-
lected patients whose tumors exceed the “up-to-7” criterion, 
defined as a sum of the number of tumors and maximum 
tumor diameter (cm) greater than 7.1 However, more than 
70% of patients with HCC who undergo curative resection 
experience recurrence within 5 years. Patients treated for re-
current disease with repeat resection or ablation may subse-
quently experience further recurrence.2 These considerations 
highlight the need for adjuvant therapies that reduce the risk 
of postoperative recurrence.3

Several adjuvant therapies are used worldwide, but no 
global consensus exists regarding their efficacy or the patient 
populations most likely to benefit.4 A phase II randomized 
controlled trial suggested that adjuvant anti-programmed 
cell death protein 1 (PD-1) therapy may reduce recurrence 
risk,5 consistent with our prospective cohort studies,6,7 par-
ticularly when treatment was administered for longer than 6 
months.8 In the phase III randomized controlled IMbrave050 
trial, adjuvant therapy with a programmed death-ligand 1 
(PD-L1) inhibitor plus an angiogenesis inhibitor appeared to 
reduce recurrence based on interim data,9 but this effect was 
not sustained with longer follow-up.10 Nevertheless, longer-
term data suggested a potential survival benefit in patients 
with HCC exceeding the “up-to-7” criterion.10 The “up-to-7” 
criterion integrates tumor size and number to assess postop-
erative recurrence risk. Patients with greater tumor burden 
may have a higher likelihood of residual microscopic disease 
or circulating tumor cells after curative resection, poten-
tially increasing the risk of early recurrence and identifying 
a population for whom adjuvant immunotherapy warrants 
further evaluation. Several phase III randomized controlled 
trials (e.g., CheckMate-9DX and EMERALD-2) are evaluating 
adjuvant immune checkpoint inhibitor therapy after curative 
resection, and their results may further clarify its efficacy.

Resolving this controversy is important because uncer-
tainty regarding efficacy may discourage some patients from 
accepting adjuvant therapy and could limit its appropriate 
use.4 Given the cost and logistical challenges of randomized 
trials, we investigated this question using target trial emula-
tion. In this approach, an observational study is designed to 
emulate a prespecified randomized trial as closely as possi-
ble,11 and causal-inference methods are applied to estimate 
treatment effects under the target trial framework.12,13 We 
prospectively collected multicenter cohort data from patients 

whose HCC exceeded the “up-to-7” criterion and who under-
went curative resection, and we evaluated whether adjuvant 
PD-1 inhibitors, with or without molecularly targeted agents, 
were associated with improved postoperative outcomes.

Methods

Ethical statement
This clinical study was conducted in accordance with the Dec-
laration of Helsinki (as revised in 2024). Written informed 
consent was obtained from each participant before enroll-
ment, and consent documents were archived. The study pro-
tocol received ethical approval from the ethics committees of 
the 13 participating medical centers in China, with Guangxi 
Medical University Cancer Hospital in Nanning, China serving 
as the lead site (LW2021103) and registered at ClinicalTri-
als.gov (NCT05221398). Preliminary results have been pub-
lished previously.6,8

Study design and patients
Patients were eligible if they underwent hepatectomy at one 
of 13 participating medical centers in China between January 
7, 2019, and December 19, 2024, and met the following cri-
teria: (1) age 18–75 years; (2) HCC exceeding the “up-to-7” 
criterion based on imaging1; (3) R0 resection considered cu-
rative as previously defined (Supplementary Table 1)14; (4) 
Eastern Cooperative Oncology Group Performance Status of 
0–1 and Child-Pugh score of 5–7 before surgery; and (5) 
expected survival > 6 months after surgery.

Patients were excluded if, before surgery, they (1) had 
other malignancies or severe comorbidities affecting vital or-
gans, particularly the brain, heart, or lungs; (2) had received 
antitumor interventions such as neoadjuvant or conversion 
therapy; or (3) had macrovascular invasion (Vp3 or Vp4 ac-
cording to the Liver Cancer Study Group of Japan classifi-
cation)15 or extrahepatic metastases. Patients were also ex-
cluded if, after surgery, they (4) received adjuvant therapies 
not involving PD-1 inhibitors, such as tyrosine kinase inhibitor 
monotherapy, PD-L1 inhibitor therapy, transcatheter arterial 
chemoembolization, or hepatic arterial infusion chemothera-
py; (5) experienced grade 4 or 5 postoperative complications; 
or (6) developed tumor recurrence within 2 months.

Adjuvant antiviral therapy was not an exclusion criterion.16

Hepatectomy
Surgical procedures were performed as previously de-
scribed.17

Adjuvant therapy
Patients decided whether to receive adjuvant therapy after 
discussion with their family members; attending physicians 
did not attempt to influence this decision. Adjuvant PD-1 
inhibitor therapy was initiated 4–8 weeks after surgery and 
administered once every 3 weeks for up to 12 months or 
18 cycles, unless tumor recurrence or metastasis, intoler-
able adverse events, protocol deviation, or withdrawal of in-
formed consent occurred. All patients received at least one 
treatment cycle.

Most patients who received adjuvant PD-1 inhibitors were 
treated with tislelizumab (BGB-A317; BeOne Medicines, 
Beijing, China), toripalimab (Shanghai Junshi Biosciences, 
Shanghai, China), camrelizumab (SHR-1210; Jiangsu Hen-
gRui Medicine, Jiangsu, China), sintilimab (IBI308; Inno-
vent Biologics, Suzhou, China), pembrolizumab (Keytruda; 
Merck, Kenilworth, NJ, USA), or penpulimab (AK105; Akeso, 
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Zhongshan, China). All inhibitors were administered by in-
travenous infusion, and dose adjustment was not permitted 
during treatment. The complete list of PD-1 inhibitors used is 
provided in Supplementary Tables 2– 3.

Tyrosine kinase inhibitors were administered orally, typi-
cally beginning concurrently with immunotherapy and con-
tinuing once daily. Bevacizumab was given via intravenous 
infusion according to product labeling. Doses were based on 
body weight or product labeling. The targeted-drug regimen 
is presented in Supplementary Table 2. The most frequent-
ly used molecularly targeted agents were lenvatinib (Eisai, 
Woodcliff Lake, NJ, USA), bevacizumab (Genentech, San 
Francisco, CA, USA), apatinib (Jiangsu HengRui Medicine, Ji-
angsu, China), donafenib (Suzhou Zejing Biologics, Suzhou, 
China), and anlotinib (AL3818; Chia Tai Tianqing Pharmaceu-
tical Group, Nanjing, China).

Before treatment, all patients underwent screening that 
included assessment of general condition, blood tests, and 
imaging. Because no standard adjuvant treatment protocol 
was available, regimens were determined by investigators at 
each center through multidisciplinary assessment of patient 
characteristics, treatment tolerance, and tumor biology. To 
improve data consistency, a detailed data-collection manual 
and centralized quality-control procedures were implement-
ed, and center-specific variation was accounted for in the 
statistical analysis.

Follow-up and assessment
The first follow-up visit occurred 4–8 weeks after surgery; 
subsequent visits were scheduled every 3 months for 2 years 
and every 6 months thereafter. The final follow-up date was 
June 20, 2025.

Follow-up was primarily conducted on an outpatient basis; 
patients with complex conditions were admitted when nec-
essary. Each visit included at least a physical examination; 
hematologic testing, including liver function tests and serum 
alpha-fetoprotein measurement; assessment of treatment-
related adverse events; and liver ultrasonography, contrast-
enhanced abdominal computed tomography, or magnetic 
resonance imaging.

A multidisciplinary team diagnosed HCC recurrence or 
metastasis based on imaging and/or histopathology; his-
topathologic confirmation was required in complex cases. 
Intrahepatic recurrence was assessed and treated accord-
ing to American Association for the Study of Liver Diseases 
(AASLD) criteria,18 whereas extrahepatic metastasis was as-
sessed according to Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1.19 HCC recurrence was classified 
as early (≤ 2 years) or late (> 2 years) according to the in-
terval from curative resection to recurrence.20 Liver cirrhosis 
was diagnosed based on postoperative histopathology. Meta-
bolic dysfunction-associated steatotic liver disease (MASLD) 
was diagnosed from pathology reports and preoperative ex-
aminations. Few patients had HCC related to alcohol use or 
chronic hepatitis C virus infection, whereas most had chronic 
hepatitis B virus infection. Therefore, HCC etiology-specific 
subgroup analyses were not performed.

Outcomes
The primary endpoint was recurrence-free survival, defined 
as the interval from T0 to first recurrence, death from any 
cause, censoring, or the end of follow-up, whichever occurred 
first. T0 was defined as the date of treatment initiation (with-
in 4–8 weeks after hepatectomy) after eligibility confirmation 
for the experimental arm and the date of the first follow-up 
visit (within 4–8 weeks after hepatectomy) at which cura-
tive resection was verified per protocol for the control arm.14 

Under the target-trial-emulation framework, this time-zero 
definition was implemented to mimic the time-point of rand-
omization in a hypothetical randomized controlled trial. Both 
arms constrained T0 within the identical 4–8-week window 
after hepatectomy to align eligibility assessment timing 
across groups, thereby minimizing immortal-time and selec-
tion bias. Secondary endpoints were overall survival, defined 
as the interval from T0 to death from any cause, censor-
ing, or the end of follow-up, and treatment-related adverse 
events, which were graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE), version 5.0.21

Emulation of a target trial
We performed and reported the analyses according to the 
Transparent Reporting of Observational Studies Emulating a 
Target Trial Statement.22 The emulation process is detailed 
in Supplementary Table 4. Appropriate statistical methods 
were used to compare the treatment strategies of interest. 
An alternative time point (Td), corresponding to the date of 
surgery for eligible patients, was also documented for recal-
culation of recurrence-free and overall survival.

Statistical analysis
Data were analyzed using SPSS 22.0 (IBM, Chicago, IL, 
USA), GraphPad Prism 9.0 (GraphPad Software, San Diego, 
CA, USA), and R 4.4.1 (R Project, Vienna, Austria). Statisti-
cal significance was defined as P < 0.05, and all tests were 
two-sided.

Continuous data were assessed for normality using the 
Shapiro–Wilk test. Normally distributed data were reported 
as the mean ± standard deviation, and between-group dif-
ferences were assessed using Student’s t test when Levene’s 
test indicated equal variances and Welch’s t test otherwise. 
Skewed continuous data were reported as the median (inter-
quartile range [IQR]) and were compared using the Mann–
Whitney U test. Categorical data were reported as frequency 
(n) and proportion (%) and were compared using Pearson’s 
chi-square test or Fisher’s exact test.

All clinical variables were prospectively collected across 
participating centers using standardized electronic case re-
port forms; the proportion of missing values was <1% for 
each covariate included in the propensity score matching 
model. Multiple imputation by chained equations (MICE) was 
used to impute sparse missing covariate values before pro-
pensity score estimation (10 imputed datasets with five it-
erations per chain). The imputation model included all base-
line prognostic predictors, treatment allocation, and survival 
endpoints. For survival analyses, patients lost to follow-up 
were treated as censored observations. By contrast, patients 
without complete recurrence or overall survival outcome data 
(i.e., no follow-up time recorded) were excluded from the fi-
nal analytic cohort because complete outcome ascertainment 
was required for the planned analyses.

The minimum sample size was estimated as 186 patients 
per group using PASS 15 software (NCSS, Kaysville, UT, USA) 
(Supplementary Table 4). Primary and secondary outcomes 
were compared between patients receiving adjuvant PD-1 
inhibitors and those undergoing active surveillance in the en-
tire cohort and in 1:1 propensity score-matched subgroups. 
Potential confounders were identified from the literature and 
high-quality evidence and selected using a directed acyclic 
graph (DAG) (Supplementary Fig. 1). The selected variables 
were entered into a multivariable logistic regression model 
with treatment as the dependent variable and the following 
covariates: sex, age, Child-Pugh class, hepatitis B surface an-
tigen (HBsAg) status, alpha-fetoprotein, Eastern Cooperative 
Oncology Group Performance Status, liver cirrhosis, MASLD, 
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tumor size, tumor number, macrovascular invasion, micro-
vascular invasion, Edmondson–Steiner grade, and surgical 
margin. Propensity scores were derived from the model, and 
the two groups were matched 1:1 using nearest-neighbor 
matching without replacement and a caliper width of 0.2. Co-
variate imbalance after matching was considered negligible 
when the standardized mean difference (SMD) was < 0.1.

Kaplan–Meier analyses of recurrence-free and overall sur-
vival were performed in the matched subgroups, and be-
tween-group differences were assessed using the log-rank 
test. Variables associated with survival at P < 0.05 in univari-
able Cox regression were included in multivariable Cox pro-
portional hazards models. Results were reported as hazard 
ratios (HRs) with 95% confidence intervals (CIs).

Association analyses were also repeated in patients whose 
adjuvant therapy included antibodies recommended as first-
line treatments for advanced HCC—tislelizumab, sintilimab, 
or camrelizumab.23–25

Several sensitivity analyses were performed to assess the 
robustness of the results. First, confounders were identified 
using the DAG, and stabilized inverse probability of treatment 
weighting (sIPTW) based on these confounders was applied 
to balance baseline differences between groups. Second, to 
assess potential censoring bias, patients were retained in the 
risk set until the end of follow-up rather than censored dur-
ing follow-up. Third, three multivariable regression models 
adjusted for different sets of potential confounders identified 

from the literature and clinical practice guidelines. Model 1 
adjusted for age and sex. Model 2 adjusted for variables as-
sociated with recurrence in univariable analysis (P < 0.05) or 
producing a ≥ 10% change in the effect estimate: age, sex, 
alpha-fetoprotein, tumor size, number of tumors, macrovas-
cular and microvascular invasion, and Edmondson–Steiner 
grade. Model 3 adjusted for the Model 2 variables plus HBsAg 
status, Eastern Cooperative Oncology Group Performance 
Status, albumin–bilirubin grade, Child-Pugh class, liver cir-
rhosis, MASLD, and resection margin. Fourth, coarsened ex-
act matching was performed to improve covariate balance 
through interval grouping; covariates were coarsened appro-
priately, and the closest possible matches were identified be-
tween the adjuvant therapy and active surveillance groups. 
Fifth, survival analyses were performed using a 12-month 
landmark after T0.

Results

Patient characteristics
Of 3,167 patients prospectively screened across 13 medical 
centers in China, 836 were enrolled: 97 (11.6%) received 
adjuvant PD-1 inhibitors alone, 111 (13.3%) received ad-
juvant PD-1 inhibitors combined with molecularly targeted 
agents, and 628 (75.1%) underwent active surveillance (Fig. 
1). The distribution of specific treatment regimens is pro-

Fig. 1.  Flow diagram of patient selection. cHCC-CCA, combined hepatocellular-cholangiocarcinoma; HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocel-
lular carcinoma; ICC, intrahepatic cholangiocarcinoma; PD-L1, programmed cell death ligand 1; TACE, transarterial chemoembolization.
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vided in Supplementary Table 3. Most patients were male 
(721, 86.2%) and had chronic hepatitis B virus infection 
(664, 79.4%); mean age was 53.5 ± 11.8 years (Table 1).

Before propensity score matching, several baseline char-
acteristics differed between the adjuvant therapy and active 
surveillance groups, with SMDs > 0.1. These imbalances 
were minimized after matching (Table 1, Supplementary Ta-
ble 5, and Supplementary Fig. 2), as also shown in the prob-
ability density plots (Supplementary Fig. 3).

Median follow-up for the entire cohort was 32.7 months 
(IQR, 20.9–47.5). Median duration of adjuvant therapy was 
7.3 months (IQR, 5.3–12.0), and the median interval from 
hepatectomy to initiation of adjuvant therapy was 38 days 
(IQR, 28–47).

Recurrence-free survival
During follow-up, recurrence occurred in 106 patients 
(51.0%) in the adjuvant therapy group and 403 (64.2%) in 
the active surveillance group. Among patients with recur-
rence, the proportions with early (≤ 2 years) and late (> 2 
years) recurrence were similar between groups. More than 
two-thirds of recurrences were intrahepatic (Supplementary 
Table 6). Liver function at recurrence, assessed using the 
albumin–bilirubin score, was similar between groups (Sup-
plementary Fig. 4).

Before propensity score matching, median recurrence-free 
survival was 27.0 months (95% CI, 21.0–33.1) in the adju-
vant therapy group and 18.9 months (95% CI, 15.5–22.4) in 
the active surveillance group. In the matched subgroups, the 
corresponding medians were 28.0 months (95% CI, 21.7–
34.3) and 14.4 months (95% CI, 10.7–18.1). Recurrence-
free survival rates at 12, 24, and 36 months were 70.2%, 
55.1%, and 42.5%, respectively, in the adjuvant therapy 
group and 56.2%, 36.6%, and 27.1%, respectively, in the 
active surveillance group (Supplementary Table 7).

Before propensity score matching, adjuvant therapy was 
associated with longer recurrence-free survival (HR, 0.72; 
95% CI, 0.59–0.88; P = 0.002; Fig. 2A). This association 
persisted in the propensity score-matched subgroups (HR, 
0.58; 95% CI, 0.45–0.74; P < 0.001; Fig. 2B), the alternative 
Td analysis (HR, 0.73; 95% CI, 0.60–0.90; P = 0.003; Sup-
plementary Fig. 5A), the cohort without censoring (HR, 0.71; 
95% CI, 0.57–0.88; P = 0.002; Figs. 3 and 4A), the coars-
ened exact matching cohort (HR, 0.74; 95% CI, 0.56–0.97; 
P = 0.027; Figs. 3 and 4B), and the sIPTW cohort (HR, 0.67; 
95% CI, 0.53–0.85; P = 0.002; Figs. 3 and 4C). The asso-
ciation was also consistent in sensitivity analyses using the 
unweighted Cox model for the entire cohort, the unadjusted 
Cox model for the propensity score-matched subgroups, and 
the multivariable-adjusted Cox models described in Materials 
and methods (Models 1–3; Fig. 3).

Within 12 months after hepatectomy, adjuvant therapy 
was associated with longer recurrence-free survival (HR, 
0.65; 95% CI, 0.51–0.84; P = 0.002; Figs. 3 and 5A), 
whereas no significant between-group difference was ob-
served beyond 12 months (Figs. 3 and 5A). Similar pat-
terns were observed in the propensity score-matched sub-
groups (Fig. 5B).

In the entire cohort, recurrence-free survival did not differ 
significantly among patients receiving different PD-1 inhibi-
tors (Supplementary Fig. 6A) or between patients receiving 
PD-1 inhibitor monotherapy and those receiving PD-1 inhibi-
tors combined with molecularly targeted agents (HR, 0.99; 
95% CI, 0.68–1.45; P = 0.971; Supplementary Fig. 7A). 
Compared separately with active surveillance, both adjuvant 
PD-1 monotherapy and PD-1 inhibitor plus targeted-agent 
combination therapy were associated with longer recurrence-

free survival: HR, 0.72 (95% CI, 0.56–0.93; P = 0.028; Sup-
plementary Fig. 8A) for monotherapy and HR, 0.72 (95% CI, 
0.56–0.92; P = 0.020; Supplementary Fig. 8B) for combina-
tion therapy.

After recurrence, most patients received interventional 
therapy, immune checkpoint inhibitors, and/or targeted ther-
apy; some underwent repeat curative resection or ablation 
(Supplementary Table 8). The frequencies of these treat-
ments did not differ significantly between groups (Supple-
mentary Table 8).

Overall survival
During follow-up, 50 patients (24.0%) in the adjuvant ther-
apy group and 205 (32.6%) in the active surveillance group 
died. Before propensity score matching, median overall sur-
vival was not reached in the adjuvant therapy group (95% 
CI, 48.0 months to not evaluable) and was 62.7 months 
(95% CI, 50.4 months to not evaluable) in the active surveil-
lance group. After matching, median overall survival was not 
reached in the adjuvant therapy group (95% CI, 48.0 months 
to not evaluable) and was 45.0 months (95% CI, 37.8–52.1) 
in the active surveillance group. Overall survival rates at 12, 
24, and 36 months were 92.4%, 81.9%, and 71.4%, respec-
tively, in the adjuvant therapy group and 85.8%, 72.2%, and 
59.5%, respectively, in the active surveillance group (Sup-
plementary Table 9).

Before propensity score matching, adjuvant therapy was 
associated with longer overall survival (HR, 0.71; 95% CI, 
0.54–0.94; P = 0.031; Fig. 2C). This association persisted in 
the propensity score-matched subgroups (HR, 0.63; 95% CI, 
0.45–0.89; P = 0.011; Fig. 2D), the alternative Td analysis 
(HR, 0.73; 95% CI, 0.55–0.97; P = 0.032; Supplementary 
Fig. 5B), the cohort without censoring (HR, 0.76; 95% CI, 
0.56–0.97; P = 0.046; Fig. 4D and Supplementary Fig. 9), 
the coarsened exact matching cohort (HR, 0.61; 95% CI, 
0.40–0.93; P = 0.019; Fig. 4E and Supplementary Fig. 9), 
and the sIPTW cohort (HR, 0.55; 95% CI, 0.39–0.77; P = 
0.027; Fig. 4F and Supplementary Fig. 9). The association 
was also consistent in sensitivity analyses using Models 1–3 
(Supplementary Fig. 9).

At the 12-month landmark, adjuvant therapy was associ-
ated with longer overall survival within 12 months after he-
patectomy (HR, 0.48; 95% CI, 0.31–0.75; P = 0.008; Fig. 
5C), whereas no significant between-group difference was 
observed beyond 12 months (Fig. 5C). Similar patterns were 
observed in the propensity score-matched subgroups (Fig. 
5D).

In the entire cohort, overall survival did not differ sig-
nificantly among patients receiving different PD-1 inhibitors 
(Supplementary Fig. 6B) or between patients receiving PD-1 
inhibitor monotherapy and those receiving PD-1 inhibitors 
combined with molecularly targeted agents (HR, 1.14; 95% 
CI, 0.66–1.99; P = 0.635; Supplementary Fig. 7B). In sepa-
rate comparisons with active surveillance, both treatment 
strategies showed associations favoring longer overall sur-
vival: HR, 0.76 (95% CI, 0.52–1.10; P = 0.191; Supplemen-
tary Fig. 8C) for PD-1 monotherapy and HR, 0.67 (95% CI, 
0.47–0.95; P = 0.045; Supplementary Fig. 8D) for combina-
tion therapy.

Subgroup analyses of overall and recurrence-free 
survival
Adjuvant therapy was associated with longer recurrence-free 
and overall survival in most subgroups (Fig. 3 and Supple-
mentary Fig. 9). A significantly lower hazard of recurrence 
was observed among patients aged ≥ 65 years, male pa-
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Table 1.  Comparison of clinicodemographic characteristics between patients who received adjuvant therapy or active surveillance after curative he-
patectomy, before and after propensity score matching

Variable
Entire cohort Propensity score-matched subsets

Active surveil-
lance (n = 628)

Adjuvant ther-
apy (n = 208) SMD Active surveil-

lance (n = 200)
Adjuvant ther-
apy (n = 200) SMD

Age, years 54.3 ± 11.9 51.2 ± 11.3 0.271 52.5 ± 12.4 51.8 ± 10.9 0.058

Sex 0.098 0.014

    Female 81 (12.9) 34 (16.3) 29 (14.5) 32 (16.0)

    Male 547 (87.1) 174 (83.7) 171 (85.5) 168 (84.0)

HBsAg 0.127 0.013

    Negative 137 (21.8) 35 (16.8) 42 (21.0) 35 (17.5)

    Positive 491 (78.2) 173 (83.2) 158 (79.0) 165 (82.5)

Antiviral therapy 546 (86.9) 177 (85.1) 0.048 174 (87.0) 172 (86.0) 0.030

Alpha-fetoprotein, ng/mL 0.109 0.030

    < 400 366 (58.3) 110 (52.9) 106 (53.0) 109 (54.5)

    ≥ 400 262 (41.7) 98 (47.1) 94 (47.0) 91 (45.5)

ECOG PS 0.075 0.063

    0 520 (82.8) 166 (79.8) 158 (79.0) 160 (80.0)

    1 108 (17.2) 42 (20.2) 42 (21.0) 40 (20.0)

Albumin-bilirubin grade 0.236 0.030

    1 210 (33.4) 94 (45.2) 90 (45.0) 87 (43.5)

    2 409 (65.1) 110 (52.9) 105 (52.5) 109 (54.5)

    3 9 (1.4) 4 (1.9) 5 (2.5) 4 (2.0)

Child-Pugh class 0.008 < 0.001

    A 575 (91.6) 190 (91.3) 183 (91.5) 183 (91.5)

    B 53 (8.4) 18 (8.7) 17 (8.5) 17 (8.5)

Liver cirrhosis 0.186 0.011

    Absent 139 (22.1) 63 (30.3) 59 (29.5) 58 (29.0)

    Present 489 (77.9) 145 (69.7) 141 (70.5) 142 (71.0)

MASLD 0.094 0.013

    Absent 538 (85.7) 171 (82.2) 167 (83.5) 166 (83.0)

    Present 90 (14.3) 37 (17.8) 33 (16.5) 34 (17.0)

BCLC stage 0.147 0.085

    0/A 356 (56.7) 103 (49.5) 92 (46.0) 101 (50.5)

    B 104 (16.6) 38 (18.3) 50 (25.0) 36 (18.0)

    C 168 (26.8) 67 (32.2) 58 (29.0) 63 (31.5)

Tumor size, cm 9.9 ± 3.4 9.9 ± 3.3 0.003 9.8 ± 3.4 9.9 ± 3.2 0.035

Number of tumors 0.219 0.038

    1 490 (78.0) 141 (67.8) 137 (68.5) 138 (69.0)

    2 67 (10.7) 31 (14.9) 24 (12.0) 28 (14.0)

    ≥ 3 71 (11.3) 36 (17.3) 39 (19.5) 34 (17.0)

Macrovascular invasion 0.074 0.062

    Absent 505 (80.4) 161 (77.4) 161 (80.5) 156 (78.0)

    Present 123 (19.6) 47 (22.6) 39 (19.5) 44 (22.0)

Microvascular invasion 0.225 0.099

(continued)
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tients, and patients with alpha-fetoprotein ≥ 400 ng/mL, cir-
rhosis, non-MASLD, or Barcelona Clinic Liver Cancer (BCLC) 
stage B or C disease (Fig. 3). A trend toward longer overall 
survival was observed with adjuvant therapy (Supplemen-
tary Fig. 9).

These findings were consistent after propensity score 
matching (Supplementary Figs. 10–11) and coarsened exact 
matching (Supplementary Figs. 12–13).

First-line immunotherapies in the adjuvant setting
We compared survival between patients who received ti-
slelizumab, sintilimab, or camrelizumab, either alone or 
combined with molecularly targeted agents, and patients 
who underwent active surveillance (Supplementary Ta-
ble 10). Median recurrence-free survival in the adjuvant 
therapy group was 28.0 months (95% CI, 23.0–33.0), and 
adjuvant therapy was associated with longer recurrence-
free survival than active surveillance (HR, 0.73; 95% CI, 
0.59–0.90; P = 0.006; Fig. 3 and Supplementary Fig. 
14A). Median overall survival was not reached in the adju-
vant therapy group (95% CI, 48.0 months to not evalua-
ble), and adjuvant therapy was also associated with longer 
overall survival (HR, 0.72; 95% CI, 0.54–0.97; P = 0.049; 
Supplementary Figs. 9 and 14B). Similar findings were ob-
tained in the propensity score-matched subsets (Supple-
mentary Fig. 14C–D).

Independent factors associated with survival
Univariable and multivariable Cox regression analyses in the 
overall cohort showed that adjuvant PD-1 inhibitors, with or 
without molecularly targeted agents, were independently as-
sociated with lower hazards of recurrence (HR, 0.61; 95% 
CI, 0.48–0.76; P < 0.001) and death (HR, 0.66; 95% CI, 
0.48–0.90; P = 0.008; Supplementary Table 11). After pro-
pensity score matching, adjuvant therapy remained associ-
ated with lower hazards of recurrence (HR, 0.58; 95% CI, 
0.45–0.74; P < 0.001) and death (HR, 0.64; 95% CI, 0.44–
0.91; P = 0.013; Supplementary Table 12). Before and after 
matching, microvascular invasion was among the strongest 
factors associated with higher risks of recurrence and mortal-
ity (Supplementary Tables 11–12).

Toxicity of adjuvant therapy
Among 208 patients who received adjuvant therapy, 160 
(76.9%) experienced treatment-related adverse events 

of any grade, including 61 (29.3%) with grade 3–4 events 
(Supplementary Table 13). The most frequent grade 3–4 
events were hand–foot skin reaction (7.2%), elevated ala-
nine aminotransferase (5.8%), and elevated aspartate ami-
notransferase (5.3%). Any-grade immune-related adverse 
events (irAEs) occurred in 61.1% of patients, and grade 3–4 
irAEs occurred in 21.1%. The incidence of irAEs was similar 
between patients receiving PD-1 inhibitor monotherapy and 
combination therapy. Adverse events led to treatment dis-
continuation in 9.6% of patients, with grade 3–4 toxicities 
accounting for most discontinuations (8.7%).

Discussion
This large multicenter cohort study, based on prospectively 
collected data and analyzed using a target trial emulation 
framework, suggests that adjuvant PD-1 therapy, alone or 
combined with molecularly targeted agents, is associated 
with longer recurrence-free and overall survival after curative 
hepatectomy in patients with HCC exceeding the “up-to-7” 
criterion. Adjuvant therapy also showed an acceptable safety 
profile. The association with lower recurrence risk appeared 
more pronounced during the first 12 months after surgery, 
whereas the additional effect of molecularly targeted agents 
remains uncertain.

Our findings are consistent with studies suggesting that 
adjuvant PD-1 inhibitors may improve prognosis,6,8,26 in-
cluding phase II clinical trials.5,27 Our previous work also 
suggested that patients with HCC containing tertiary lym-
phoid structures may be more likely to benefit.28 One pro-
posed mechanism is that PD-1 inhibitors activate antitumor 
immune responses and promote recruitment of CD8+T cells 
to tumors.29 In contrast, the IMbrave050 trial did not show 
a significant recurrence benefit for combined PD-L1 and an-
giogenesis inhibition among patients whose tumors had PD-
L1 expression > 1%.9 Differences between PD-1 and PD-L1 
inhibitors may partly reflect differences in their mechanisms 
of action and patterns of target expression.10 In addition, 
it remains unclear whether micrometastases or circulating 
tumor cells remaining after resection express sufficient PD-
L1 for effective targeting. These considerations may help 
explain why median recurrence-free survival in our entire 
adjuvant PD-1 inhibitor group (27.0 months; 95% CI, 21.0–
33.1) was longer than that reported for patients exceeding 
the “up-to-7” criterion in IMbrave050 (16.9 months; 95% 
CI, 14.7–27.6).

Variable
Entire cohort Propensity score-matched subsets

Active surveil-
lance (n = 628)

Adjuvant ther-
apy (n = 208) SMD Active surveil-

lance (n = 200)
Adjuvant ther-
apy (n = 200) SMD

    Absent 339 (54.0) 89 (42.8) 99 (49.5) 89 (44.5)

    Present 289 (46.0) 119 (57.2) 101 (50.5) 111 (55.5)

Edmondson–Steiner grade 0.060 0.040

    I–II 363 (57.8) 114 (54.8) 108 (54.0) 112 (56.0)

    III–IV 265 (42.2) 94 (45.2) 92 (46.0) 88 (44.0)

Resection margin, cm 0.418 0.050

    < 1 423 (67.4) 98 (47.1) 92 (46.0) 97 (48.5)

    ≥ 1 205 (32.6) 110 (52.9) 108 (54.0) 103 (51.5)

Values are mean ± SD or n (%), unless otherwise noted. ALBI, albumin–bilirubin; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; HBsAg, hepatitis B surface antigen; MASLD, metabolic dysfunction-associated steatotic liver disease; SD, standard deviation; SMD, standardized 
mean difference.

Table 1.  (continued)
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Notably, the phase III KEYNOTE-937 trial30 showed no sig-
nificant recurrence-free survival benefit with adjuvant pem-
brolizumab in an unselected high-risk HCC population, poten-
tially reflecting the large proportion of early-stage patients 
and broad definition of recurrence risk. In contrast, perio-
perative camrelizumab plus rivoceranib in the CARES-009 
trial31 showed favorable results in resectable intermediate- to 
high-risk HCC; 55% of patients had a single lesion and 47% 
had BCLC stage B/C disease, more closely resembling the 
high-risk population encountered in clinical practice. These 
divergent results suggest that patient selection and treat-
ment strategy may influence observed efficacy. Our study 
focused on patients exceeding the “up-to-7” criterion and 
found that adjuvant PD-1-based therapy was associated with 
longer survival in this high-risk population.

These divergent findings may also reflect the influence of 
clinical factors on HCC recurrence, including tumor number 
and size, tumor differentiation grade, macrovascular or mi-
crovascular invasion, and liver function.32 In IMbrave050, 
patients with only one high-risk recurrence factor did not 
appear to benefit from adjuvant therapy.9 Future stud-
ies should clarify which patients are most likely to benefit 
from adjuvant immune checkpoint inhibitor therapy and the 
mechanisms underlying any benefit. The “up-to-7” criterion 
integrates tumor size and number, and our findings sug-

gest that patients exceeding this threshold may represent a 
population in whom adjuvant PD-1 therapy warrants further 
investigation.

Data from IMbrave050 suggest that the recurrence-free 
survival benefit began to wane after 1 year of treatment.9 
Consistent with this observation, our 12-month landmark 
analysis suggested that the association between adjuvant 
PD-1 inhibitor therapy and lower recurrence risk was more 
pronounced during the first 12 months after surgery. Simi-
lar findings have been reported in retrospective studies.33,34 
Potential explanations for a time-limited treatment effect 
include immune escape of minimal residual disease, insuf-
ficient durable antitumor immune memory, and proliferation 
of resistant tumor clones. These findings highlight the need 
to continue developing and optimizing adjuvant strategies to 
reduce recurrence.

In our study, survival outcomes did not differ significant-
ly by PD-1 inhibitor type, including tislelizumab, sintilimab, 
camrelizumab, and other agents. Because head-to-head tri-
als are lacking, differences in efficacy among these inhibitors 
remain uncertain.35 Pending comparative data, treatment 
selection may therefore depend on patient characteristics, 
comorbidities, drug accessibility, and cost.

Additional subgroup analyses showed that both adjuvant 
PD-1 inhibitor monotherapy and PD-1 inhibitors combined 

Fig. 2.  Prognoses of patients with hepatocellular carcinoma exceeding the “up-to-7” criterion who received adjuvant PD-1 therapy or active surveil-
lance. (A, B) Recurrence-free survival in (A) the entire cohort and (B) the propensity score-matched subsets. (C, D) Overall survival in (C) the entire cohort and (D) 
the propensity score-matched subsets. CI, confidence interval; HR, hazard ratio; PD-1, programmed cell death protein 1.
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Fig. 3.  Sensitivity and subgroup analyses of recurrence-free survival. *Model 1 adjusted for age and sex. Model 2 adjusted for age, sex, alpha-fetoprotein, 
number and size of tumors, macrovascular and microvascular invasion, and Edmondson–Steiner grade. Model 3 adjusted for the same variables as Model 2, as well as 
HBsAg, Eastern Cooperative Oncology Group Performance Status, albumin–bilirubin grade, Child-Pugh class, liver cirrhosis, metabolic dysfunction-associated steatotic 
liver disease, and resection margin. **Subgroup analysis was not performed because of the small sample (n = 5) and small number of patients with tumors < 5 cm. AFP, 
alpha-fetoprotein; ALBI, albumin–bilirubin; BCLC, Barcelona Clinic Liver Cancer staging system; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; FU, follow-up; HBsAg, hepatitis B surface antigen; HR, hazard ratio; MASLD, metabolic dysfunction-associated steatotic liver disease; PSM, propensity 
score matching; sIPTW, stabilized inverse probability of treatment weighting.
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Fig. 4.  Sensitivity analyses of (A–C) recurrence-free survival and (D–F) overall survival in patients who received adjuvant therapy or active surveil-
lance. (A, D) Noncensored cohort. (B, E) Coarsened exact matching cohort. (C, F) Stabilized inverse probability of treatment weighting cohort. CI, confidence interval; 
HR, hazard ratio; sIPTW, stabilized inverse probability of treatment weighting.

Fig. 5.  Landmark survival analysis at a cutoff of 12 months. (A, B) Recurrence-free survival in (A) the entire cohort and (B) the propensity score-matched sub-
sets. (C, D) Overall survival in (C) the entire cohort and (D) the propensity score-matched subsets. CI, confidence interval; HR, hazard ratio.
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with molecularly targeted agents were associated with longer 
recurrence-free survival than active surveillance. For over-
all survival, statistical significance was observed only in the 
combination group, whereas PD-1 monotherapy showed a 
favorable but nonsignificant trend. However, direct compari-
son of monotherapy and combination regimens showed no 
significant difference in recurrence-free or overall survival. 
The differing levels of statistical significance may reflect in-
dividual recurrence risk, unmeasured confounders such as 
postoperative recovery, psychological stress, and financial 
capacity, and limited statistical power due to the small sizes 
of the two treatment subgroups. Therefore, the nominally 
significant overall survival association in the combination 
group cannot be attributed solely to the addition of molecu-
larly targeted agents, and the value of routine combination 
therapy requires further investigation.36

Our findings should be interpreted in light of several 
limitations. First, treatment allocation was based on pa-
tient or family preference rather than randomization, which 
may have introduced selection bias. Second, the diversity 
of treatment regimens and pooling of monotherapy and 
combination therapy may have introduced heterogeneity. 
Third, unmeasured confounders, including postoperative 
recovery, emotional stress, and financial capacity, may 
have influenced treatment allocation and outcomes, limit-
ing causal interpretation. Fourth, overall survival data re-
main immature because of the relatively short follow-up, 
and longer observation with additional mortality events 
is needed to assess the durability of the observed asso-
ciations. In addition, most patients had chronic hepatitis B 
virus infection, as is common in many Asian HCC popula-
tions; further evaluation is needed in patients with HCC 
of other etiologies. Finally, variation in follow-up schedules 
and routine clinical management across centers may have 
introduced additional bias. These findings require confir-
mation in larger studies with longer follow-up, preferably 
randomized controlled trials.

Conclusions
Our findings suggest that adjuvant PD-1 inhibitors, with or 
without molecularly targeted agents, are associated with 
longer recurrence-free and overall survival and acceptable 
safety after curative resection in patients with HCC exceeding 
the “up-to-7” criterion. Further studies are needed to identify 
the patient populations most likely to benefit and to deter-
mine the optimal adjuvant regimen.
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