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Background: Hepatocellular carcinoma (HCC) with microvascular invasion (MVI) is associated with high recurrence risk after 
curative resection. While adjuvant immune checkpoint inhibitors (ICIs) have shown potential in improving outcomes, there is no 
consensus on their optimal duration, and the comparative effectiveness versus transcatheter arterial chemoembolization (TACE) 
remains unclear.
Methods: We conducted a retrospective multicenter cohort study of 399 patients with microvascular invasion-positive hepatocellular 
carcinoma who underwent curative resection between 2017 and 2024. Patients receiving adjuvant ICIs or TACE were compared. 
Propensity score matching (PSM) was used to adjust baseline differences. The primary endpoint was recurrence-free survival (RFS); 
overall survival (OS) was assessed as a secondary endpoint. Subgroup analysis evaluated the impact of ICI treatment duration.
Results: Among 399 patients, 132 received TACE alone, and 129 received ICI-based therapy. Median RFS was significantly longer in 
the ICI group than in the TACE group (35 months vs 16 months; HR = 0.50, 95% CI: 0.34–0.72; p = 0.00015). After PSM, ICI remained 
associated with improved RFS (HR = 0.54, 95% CI: 0.36–0.82; p = 0.0042), while the OS difference was not statistically significant. In 
the ICI subgroup, treatment duration ≥12 months was associated with superior RFS (HR = 0.46, 95% CI: 0.21–0.99; p = 0.041).
Conclusion: Among patients with HCC and MVI following curative resection, adjuvant ICIs therapy provides a significant 
recurrence-free survival advantage over TACE. Treatment durations shorter than 12 months may be insufficient, supporting the 
benefit of prolonged therapy.
Keywords: hepatocellular carcinoma, microvascular invasion, immune checkpoint inhibitor, immunotherapy, treatment duration
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Introduction
Globally, hepatocellular carcinoma (HCC) remains a leading cause of cancer-related mortality, with increasing incidence 
projected over the next two decades. In China, it is the second most lethal cancer, and the long-term prognosis following 
curative surgery remains poor due to high recurrence rates, with 5-year recurrence rates reported at approximately 50%– 
70%.1–6 Recurrence is most frequent within the first postoperative year and often appears as distant intrahepatic or 
extrahepatic metastases, thought to originate from undetected micrometastases present at surgery. Tumor-related features 
such as size, number, differentiation, microvascular invasion (MVI), and elevated alpha-fetoprotein (AFP) are major 
determinants of early recurrence. Conversely, factors including patient age, sex, underlying liver disease etiology, and 
cirrhosis are more commonly linked to late recurrence.7–9 While transcatheter arterial chemoembolization (TACE) is 
commonly used in this setting, the introduction of immune checkpoint inhibitors (ICIs) offers a novel therapeutic option. 
Building on recent trials investigating ICIs in advanced or unresectable HCC, such as IMbrave150 and CheckMate 459, 
attention has shifted to their potential in earlier disease stages. However, limited data exist regarding their application 
following surgery, especially in patients with MVI. Moreover, the duration of ICI therapy necessary to maximize efficacy 
remains undefined. This study sought to compare ICI-based therapy with TACE in a real-world postoperative setting and 
to assess whether extended ICI treatment (≥12 months) offers added benefit in reducing recurrence.

Patients and Methods
Patients and Study Design
To evaluate the comparative efficacy of adjuvant ICI therapy versus TACE in improving RFS among HCC patients with 
MVI, we conducted a retrospective, multicenter cohort study enrolling patients who underwent curative-intent hepatic 
resection between January 1, 2017, and March 31, 2024, at Peking Union Medical College Hospital (Beijing), China- 
Japan Friendship Hospital (Beijing), and Sun Yat-sen University Cancer Center (Guangzhou). Inclusion criteria were: (1) 
complete (R0) resection; (2) age between 18 and 75 years; (3) pathologically confirmed HCC with MVI; and (4) Eastern 
Cooperative Oncology Group performance status (ECOG PS) score ≤ 1. Exclusion criteria encompassed: (1) recurrent 
HCC following prior curative resection; (2) history of spontaneous tumor rupture with hemorrhage; (3) coexistence of 
other active malignancies, including those in sustained remission; (4) administration of any neoadjuvant treatment 
modalities for HCC, including TACE, molecular targeted therapy, immunotherapy, or radiotherapy; and (5) death from 
non-HCC-related causes prior to follow-up.

Treatment and Data Collection
For patients anticipated to undergo extensive hepatectomy, preoperative evaluation of hepatic functional reserve was 
performed using the indocyanine green (ICG) retention test at 15 minutes. Surgical procedures were standardized across 
centers in accordance with established protocols previously described in the literature.10

Postoperative follow-up was routinely conducted 4 to 8 weeks after hepatic resection. For patients with MVI, 
adjuvant therapy was recommended contingent upon satisfactory general health and absence of contraindications. 
Given the lack of universally accepted adjuvant standards for MVI-positive HCC, treatment decisions were made 
based on multidisciplinary clinical evaluation, institutional practice patterns, and physician consensus. Regimen selection 
followed consistent clinical principles across centers and reflected contemporary real-world management of high-risk 
HCC. All adjuvant therapies, when applied, were initiated within 4 to 8 weeks following surgery.

Adjuvant TACE was initiated within 4–6 weeks post-resection, involving femoral artery catheterization and infusion 
of chemotherapeutic agents, as per institutional protocols.

Frequently employed targeted agents included lenvatinib,11 apatinib,12 donafenib, regorafenib,13 bevacizumab,14 admi
nistered once daily with dosage adjusted according to body weight or manufacturer guidelines. Immunotherapeutic agents 
commonly utilized in the adjuvant setting included sintilimab,15 carrelizumab,16 atezolizumab,14 tislelizumab.17 Prior to 
initiation, patients underwent thorough pre-treatment screening comprising blood panels, thyroid function assessment, 
electrocardiography, and chest CT imaging to ensure eligibility. ICIs were administered intravenously every three weeks in 
accordance with recommended dosing protocols. Vital signs were closely monitored during infusion and for at least 1hour 
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post-infusion to promptly detect and manage any infusion-related reactions. Although the intended duration of adjuvant ICI 
therapy was 24 months, actual treatment durations varied in clinical practice. Some patients discontinued treatment within 
the first few months due to adverse events, financial burden, or poor adherence, even in the absence of tumor recurrence. To 
reduce immortal time bias in survival comparisons, patients who received ICI therapy for less than 6 months or experienced 
disease recurrence within 6 months were excluded from the duration-based survival analysis.

Follow-Up
Postoperative surveillance was rigorously implemented. All patients were scheduled for monthly follow-up visits during 
the first three months after hepatic resection, followed by assessments every three months for the subsequent two years, 
and semiannually thereafter. Each follow-up visits included evaluation of serum tumor markers, abdominal ultrasono
graphy, and contrast-enhanced abdominal CT or MRI. Additional investigations, such as chest CT, bone scan, or positron 
emission tomography–CT (PET-CT), were performed when distant metastasis was clinically suspected. Follow-up was 
continued until patient death or loss to follow-up. The endpoint of the follow-up was September 20, 2024. Treatment of 
recurrence was personalized according to tumor profile, organ function, and patient status. The primary endpoint was 
RFS, as it reflects the direct effect of adjuvant therapy on preventing early relapse, particularly relevant in MVI-positive 
patients. OS was designated as a secondary endpoint, acknowledging the variability introduced by post-recurrence 
treatment heterogeneity. Of the 319 patients who received postoperative adjuvant therapy, 30 (9.4%) were lost to follow- 
up. Among the 80 patients under routine surveillance who did not receive adjuvant treatment, 9 (11.2%) were lost to 
follow-up. These individuals were not excluded from the analysis; instead, the time of their last documented follow-up 
was incorporated as censored observations in the survival analysis. This censoring strategy, implemented via the Kaplan– 
Meier method, ensured the inclusion of all available patient data and upheld the statistical robustness and validity of 
survival estimations.

Statistical Analysis
Continuous variables were summarized as mean ± standard deviation or median with interquartile range (IQR), and 
compared using Student’s t test or Mann–Whitney U-test, as appropriate. Categorical variables were compared using 
Pearson’s chi-square or Fisher’s exact test. To adjust for baseline differences between the TACE and immunotherapy 
groups, 1:1 PSM was performed using a nearest-neighbor algorithm (caliper = 0.2, no replacement). Covariates included 
AFP grade, HBV DNA, tumor differentiation, surgical margin, tumor number and size, satellite nodules, tumor embolus, 
MVI, and liver cirrhosis, selected based on clinical relevance and potential influence on treatment assignment. RFS and 
OS were estimated by Kaplan–Meier analysis and compared using Log rank tests; Cox regression identified independent 
predictors. Variables with P < 0.05 in univariate analysis, as well as clinically relevant covariates, were entered into the 
multivariate Cox regression model. To reduce immortal time bias, a 6-month landmark analysis excluded patients with 
recurrence or death before this point. Analyses were conducted using R (v4.3.1), with p < 0.05 considered significant.

Results
Patient Characteristics
From January 2017 to March 2024, a total of 1526 HCC patients from the three aforementioned centers were 
initially enrolled. All patients underwent curative liver resection, and postoperative pathology confirmed the 
diagnosis of HCC. Among them, 1,048 patients without MVI, 46 patients who received neoadjuvant therapy, 23 
patients diagnosed with concurrent malignancies, and 10 patients who died from non-HCC-related causes were 
excluded. Ultimately, 399 patients were included in the final analysis (Figure 1). Among these patients, 132 received 
TACE alone, 58 received TACE combined with targeted therapy, 68 received TACE combined with targeted 
immunotherapy, 21 received targeted therapy combined with immunotherapy, 40 received only immunotherapy, 
and the remaining 80 patients did not receive any form of postoperative adjuvant therapy. Among the 319 patients 
who received postoperative adjuvant therapy, 30 were lost to follow-up, and among the 80 patients under active 
monitoring, 9 were lost to follow-up.
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1,526 HCC patients with R0 resection from three hospitals in China

1127 patiens were excluded:
        1048 patients without MVI 
        46 patients who received neoadjuvant therapy
        23 patients diagnosed with concurrent malignancies
        10 patients who died from non-HCC-related causes

399 patients with MVI were enrolled in the study

Patients without any postoperative adjuvant 
therapy (n=80)

Patients who received only TACE 
(n=132)

Patients who received ICI-based therapy 
(n=129)

Immunotherapy alone (n=40)

TACE + immunotherapy (n=21)

TACE + targeted immunotherapy (n=68)

Patients were selected to compare survival 
(n=84)

Excluding early recurrence/metastasis or 
short-term ICI <6 month (n=45)

Patients who received ICI-based therapy 
<12 months (n=46)

Patients who received ICI-based therapy 
≥12 months (n=38)

Patients who received TACE and targeted 
therapy (n=58)

PSM 1:1
Patients who received only TACE  (n=108)

Patients who received ICI-based therapy  (n=108)

Figure 1 Patients flow chart. 
Abbreviations: MVI, microvascular invasion; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization; ICI, immune checkpoint inhibitor.
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A total of 129 patients received adjuvant immunotherapy following curative hepatic resection. Among them, 40 
received tislelizumab (anti–PD-1), 24 received camrelizumab (anti–PD-1), 21 received sintilimab (anti–PD-1), 11 
received atezolizumab (anti–PD-L1), 10 received cadonilimab (a bispecific PD-1/CTLA-4 antibody), 10 received 
toripalimab (anti–PD-1), 7 received envafolimab (anti–PD-L1), and 6 received pembrolizumab (anti–PD-1). To 
minimize immortal time bias in the treatment duration analysis, 45 patients were excluded due to tumor recurrence 
occurring between 2 and 6 months postoperatively or receipt of immunotherapy for fewer than 6 months. The 
remaining 84 patients were included in the final analysis: 46 received adjuvant immunotherapy for less than 12 
months, and 38 received it for 12 months or longer (Figure 1).

Before matching, the TACE and immunotherapy groups were largely comparable in baseline demographics and 
disease characteristics, except for differences in age, HBV DNA, and AFP levels. After 1:1 propensity score matching, 
108 patients were included in each group (Figure 1), with no significant differences observed in baseline characteristics. 
A summary of baseline characteristics before and after matching is presented in Table 1.

Table 1 Baseline Characteristics of HCC Patients in the TACE and Immunotherapy Groups Before and After PSM

Characteristic (%) Before PSM After PSM

TACE Only 
N = 132

Immunotherapy 
N = 129

p-value TACE Only 
N = 108

Immunotherapy 
N = 108

p-value

Gender, n 0.80 0.85

Male 114 (86.4) 109 (84.5) 92 (85.2) 90 (83.3)
Female 18 (13.6) 20 (15.5) 16 (14.8) 18 (16.7)

Age, years 0.037 0.13

≤60 66 (50%) 81 (62.7%) 53(49.1) 64 (59.3)
>60 66 (50%) 48 (37.3%) 55 (50.9) 44 (40.7)

HBsAg 0.46 0.15

Negative 35 (26.5) 28 (21.7) 31 (28.7) 21 (19.4)
Positive 97 (73.5) 101 (78.3) 77 (71.3) 87 (80.6)

HBV-DNA, IU/mL 0.030 0.058

<20 110 (83.3) 92 (71.3) 88 (81.5) 75 (69.4)
≥20 22 (16.7) 37 (28.7) 20 (18.5) 33 (30.6)

HCV-Ab 0.17 0.13

Negative 119 (90.2) 123 (95.3) 96 (88.9) 103 (95.4)
Positive 13 (9.8) 6 (4.7) 12 (11.1) 5 (4.6)

ALBI 0.079 0.052

I 102 (77.3) 111 (86.0) 83 (76.9) 94 (87.0)
II 30 (22.7) 18 (14.0) 25 (23.1) 14 (13.0)

Child-Pugh >0.90 >0.90

A 131 (99.2) 128 (99.2) 107 (99.1) 107 (99.1)
B 1 (0.8) 1 (0.8) 1 (0.9) 1 (0.9)

AFP, ng/mL 0.02 0.06

≤400 89 (67.4) 104 (80.6) 76 (70.4) 89 (82.4)
>400 43 (32.6) 25 (19.4) 32 (29.6) 19 (17.6)

Differentiation >0.90 >0.90

Poorly 41 (31.1) 40 (31.0) 37 (34.3) 36 (33.3)
Well-moderately 91 (68.9) 89 (69.0) 71 (65.7) 72 (66.7)

Margin, cm >0.90 0.56

<0.5 91 (68.9) 89 (69.0) 70 (64.8) 75 (69.4)
≥0.5 41 (31.1) 40 (31.0) 38 (35.2) 33 (30.6)

(Continued)
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Treatment and Efficacy
During a median follow-up of 18 months (IQR 10–29 months), recurrence or metastasis occurred in 44 patients (34.1%) 
in the immunotherapy cohort and 86 patients (65.2%) in the TACE cohort. The predominant recurrence sites were the 
liver, lungs, and bones.

The median RFS was significantly longer in the immunotherapy cohort at 35 months (95% CI, 19–NA), 
compared with 16 months (95% CI, 10.8–27) in the TACE cohort (HR = 0.50, 95% CI, 0.34–0.72; p = 0.00015; 
Figure 2a). RFS rates at 12, 24, and 36 months were 75.4%, 53.1%, and 49.6% in the immunotherapy group, 
versus 54.5%, 42.8%, and 25.9% in the TACE group. Mortality was lower in the immunotherapy cohort (5.4%, 7 
patients) compared to the TACE cohort (17.4%, 23 patients). Median overall survival (OS) was not reached in 
either group, but OS was significantly improved with immunotherapy (HR = 0.34, 95% CI, 0.14–0.80; p = 0.0096; 
Figure 2b). OS rates at 12, 24, and 36 months were 100.0%, 93.6%, and 86.9% in the immunotherapy cohort, 
versus 88.6%, 82.8%, and 81.0% in the TACE cohort. After PSM, the RFS benefit associated with immunotherapy 

Table 1 (Continued). 

Characteristic (%) Before PSM After PSM

TACE Only 
N = 132

Immunotherapy 
N = 129

p-value TACE Only 
N = 108

Immunotherapy 
N = 108

p-value

Tumor number 0.11 0.17
1 106 (80.3) 96 (74.4) 85 (78.7) 79 (73.1)

2 22 (16.7) 21 (16.3) 19 (17.6) 18 (16.7)

≥3 4 (3.0) 12 (9.3) 4 (3.7) 11 (10.2)
Size, cm 0.30 0.17

≤5cm 73 (55.3) 62 (48.1) 60 (55.6) 49 (45.4)

>5cm 59 (44.7) 67 (51.9) 48 (44.4) 59 (54.6)
CNLC 0.17 0.20

Ia 50 (37.9) 38 (29.5) 39 (36.1) 29 (26.9)

Ib 47 (35.6) 56 (43.4) 41 (38.0) 49 (45.4)
IIa 17 (12.9) 15 (11.6) 15 (13.9) 13 (12.0)

IIb 1 (0.8) 6 (4.7) 1 (0.9) 6 (5.6)

IIIa 17 (12.9) 14 (10.9) 12 (11.1) 11 (10.2)
BCLC 0.11 >0.90

0/A 96 (72.7) 83 (64.3) 79 (73.1) 67 (62.0)

B 19 (14.4) 32 (24.8) 17 (15.7) 30 (27.8)
C 17 (12.9) 14 (10.9) 12 (11.1) 11 (10.2)

Satellite 0.60 >0.90

Absent 102 (77.3) 95 (73.6) 84 (77.8) 84 (77.8)
Present 30 (22.7) 34 (26.4) 24 (22.2) 24 (22.2)

Tumor embolus 0.75 >0.90

Absent 115 (87.1) 115 (89.1) 96 (88.9) 97 (89.8)
Present 17 (12.9) 14 (10.9) 12 (11.1) 11 (10.2)

MVI 0.55 0.77

MVI 1 89 (67.4) 86 (66.7) 73 (67.6) 76 (70.4)
MVI 2 52 (39.4) 43 (33.3) 35 (32.4) 32 (29.6)

Cirrhosis >0.90 0.76

Absent 36 (27.2) 35 (27.1) 32 (29.6) 29 (26.9)

Present 96 (72.8) 94 (72.9) 76 (70.4) 79 (73.1)

Abbreviations: PSM, Propensity Score Matching; RFS, recurrence-free survival; OS, overall survival; MVI, microvascular invasion; HBV, hepatitis B virus; 
HCV, hepatitis C virus; HBsAg, hepatitis B surface antigen; ALB, albumin; TBIL, total bilirubin; ALBI, albumin-bilirubin grade; PT, prothrombin time; AFP, 
alpha-fetoprotein; CNLC, China Liver Cancer Staging; BCLC, Barcelona Clinic Liver Cancer staging; TACE, transcatheter arterial chemoembolization.
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remained statistically significant (HR = 0.54, 95% CI, 0.36–0.82; p = 0.0042; Figure 2c), while the OS difference 
was no longer statistically significant (HR = 0.43, 95% CI, 0.18–1.40; p = 0.060; Figure 2d).

Univariate and Multivariate Analyses of RFS and OS
Univariate and multivariate Cox regression analyses identified several independent predictors of poor prognosis 
(Table 2). For RFS, an advanced CNLC stage was significantly associated with shorter survival. For OS, a resection 
margin of less than 0.5 cm was identified as independent adverse prognostic factors.

Adverse Events (AE) in the Immunotherapy Cohort
Among the 129 patients who received immunotherapy, 55 patients (42.6%) experienced at least one treatment-related AE. 
Grade 1–2 AEs occurred in 51 patients (39.5%), while 13 patients (10.1%) experienced grade 3–4 events. No grade 5 AEs 
were reported (Supplementary Table 1). The most frequent AEs (any grade) were rash (9.3%), elevated AST (8.5%), ALT 
(7.8%), thrombocytopenia (7.0%), hypoalbuminemia (6.2%), and hypothyroidism (6.2%). Most events were grade 1–2 in 
severity. The most common grade 3–4 AEs included rash (5.4%), hypothyroidism (4.7%), and hypertension (3.9%). Other 
observed toxicities such as increased bilirubin (3.9%), elevated creatinine (3.9%), leukopenia (3.1%), mouth ulcers (3.1%), 
and fatigue (1.6%) were generally mild and manageable. No treatment-related deaths were observed.

Efficacy of Immunotherapy Duration on Survival Outcomes and AEs
To minimize immortal time bias, we excluded patients with recurrence-free survival less than 6 months and those who 
received ICI therapy for fewer than 6 months. Among the remaining cohort, patients who received adjuvant ICI 

Figure 2 Kaplan-Meier survival curves comparing the adjuvant ICI cohort and the TACE cohort: (a) RFS and (b) OS before PSM; (c) RFS and (d) OS after PSM. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Table 2 Univariate and Multivariate Analysis for RFS and OS of HCC Patients

Cohort Variables RFS OS

Univariate 95% CI P Multivariate 95% CI P Univariate 95% CI P Multivariate 95% CI P

HR HR HR HR

TACE 
and 

immunotherapy 

group 
(n=216)

Immunotherapy vs TACE 0.54 0.36–0.82 <0.001 0.53 0.35–0.80 0.003 0.43 0.18–1.04 0.060 0.46 0.16–1.28 0.136
Gender (Male vs Female) 1.51 0.97–2.36 0.068 1.66 0.67–4.08 0.274

HBsAg (Positive vs Negative) 1.24 0.80–1.93 0.334 1.24 0.50–3.03 0.642

HBV-DNA (>20 vs ≤20) 1.00 0.67–1.50 0.988 0.70 0.27–1.83 0.465
HCV-Ab (Present vs Absent) 0.85 0.40–1.83 0.685 1.30 0.38–4.38 0.677

TBIL (>17.1 vs ≤17.1) 0.80 0.54–1.18 0.257 0.43 0.16–1.14 0.090

ALB (≥35 vs <35) 0.39 0.14–1.70 0.068 0.17 0.05–0.56 0.004 0.31 0.07–1.29 0.107
ALBI grade (II vs I) 1.10 0.72–1.68 0.651 1.26 0.54–2.94 0.593

Child Pugh (B vs A) 1.57 0.22–11.2 0.655 0 0-Inf 0.997

PT (>14 vs ≤14) 0.89 0.28–2.80 0.842 0 0-Inf 0.996
AFP (>400 vs ≤400) 1.44 0.99–2.09 0.054 1.08 0.69–1.67 0.74 1.70 0.81–3.58 0.161

Differentiation (Well vs 

Poorly)

1.08 0.74–1.57 0.701 1.53 0.66–3.57 0.323

Margin (≥0.5 vs <0.5) 0.85 0.58–1.25 0.400 0.14 0.03–0.57 0.007 0.10 0.01–0.82 0.032

Number grade (multiple vs 

single)

1.24 0.93–1.65 0.143 0.81 0.37–1.75 0.594

Tumor size (>5 vs ≤5) 1.69 1.15–2.48 0.007 1.20 0.66–2.18 0.55 1.13 0.55–2.31 0.744

CNLC (Ib vs Ia) 2.14 1.31–3.49 0.002 1.72 0.85–3.49 0.13 1.23 0.49–3.14 0.659
CNLC (IIa vs Ia) 2.66 1.39–5.08 0.003 2.28 1.12–4.62 0.023 1.57 0.47–5.26 0.464

CNLC (IIb vs Ia) 2.61 0.78–8.70 0.118 2.58 0.75–8.89 0.13 0.00 0-Inf 0.997

CNLC (IIIa vs Ia) 2.429 1.25–4.71 0.008 2.11 0.92–4.80 0.075 2.23 0.76–6.52 0.143
BCLC (B vs 0/A) 1.53 0.95–2.48 0.083 0.52 0.11–2.35 0.395

BCLC (C vs 0/A) 1.55 0.87–2.76 0.133 1.47 0.39–5.59 0.570

Satellite (Present vs Absent) 1.38 0.90–2.13 0.135 2.483 1.12–5.50 0.030 1.92 0.89–4.12 0.095
Tumor embolus (Present vs 

Absent)

1.42 0.81–2.50 0.218 2.01 0.79–5.15 0.144

MVI * (2 vs 1) 1.67 1.17–2.39 0.005 1.29 0.93–4.80 0.22 1.952 0.87–4.40 0.107
Liver cirrhosis (Present vs 

Absent)

1.09 0.69–1.73 0.702 1.50 0.51–4.40 0.460

Notes: *MVI: M1 (low-risk group): ≤5 MVI lesions, all located within 1 cm of the primary tumor; M2 (high-risk group): >5 MVI lesions, or any MVI found more than 1 cm away from the primary tumor. 
Abbreviations: RFS, recurrence-free survival; OS, overall survival; MVI, microvascular invasion; HBV, hepatitis B virus; HCV, hepatitis C virus; HBsAg, hepatitis B surface antigen; ALB, albumin; TBIL, total bilirubin; ALBI, albumin-bilirubin 
grade; PT, prothrombin time; AFP, alpha-fetoprotein; CNLC, China Liver Cancer Staging; BCLC, Barcelona Clinic Liver Cancer staging; TACE, transcatheter arterial chemoembolization; inf, Infinity.
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therapy for 12 months or longer demonstrated significantly better RFS compared to those treated for less than 12 
months (HR: 0.46, 95% CI: 0.21–0.99, p = 0.041; Figure 3a). A similar trend toward improved overall survival was 
observed, although the difference did not reach statistical significance (HR: 0.19, 95% CI: 0.02–1.59, p = 0.086; 
Figure 3b).

Among the 129 patients who received ICI-based adjuvant therapy, 68 received TACE combined with targeted 
immunotherapy, 21 received targeted immunotherapy, and 40 received immunotherapy alone. To account for the 
potential influence of different treatment regimens on survival outcomes, we conducted a subgroup analysis focusing 
on the largest group—patients who received postoperative TACE combined with targeted immunotherapy. After 
excluding those with a DFS less than 6 months and those who received immunotherapy for less than 6 months, we 
reevaluated RFS and OS. The analysis showed that patients who received ICIs for 12 months or longer had significantly 
improved RFS compared to those treated for less than 12 months (HR: 0.29, 95% CI: 0.11–0.79, p = 0.011; Figure 4a). 
While a longer OS was also observed in patients treated for 12 months or more, this difference was not statistically 
significant (HR: 0.19, 95% CI: 0.02–1.61, p = 0.089; Figure 4b).

Among patients who received adjuvant immunotherapy, no significant differences were observed in the total number 
of adverse events between those treated for ≥12 months and those treated for <12 months (84.8% vs 89.5%, p >0.999; 

Figure 3 Survival outcomes of patients receiving adjuvant ICI therapy for ≥12 months versus <12 months: (a) RFS and (b) OS. 
Abbreviations: HR, hazard ratio; CI, confidence interval.

Figure 4 Survival outcomes in the subgroup receiving TACE combined with targeted immunotherapy, stratified by ICI treatment duration (≥12 months vs <12 months): (a) 
RFS and (b) OS. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Supplementary Table 2). Similarly, the occurrence of grade 3–4 adverse events did not differ significantly between the 
two groups (26.1% vs 15.9%, p = 0.149; Supplementary Table 2). When comparing specific adverse events, no individual 
AE type showed a statistically significant difference between the two groups. However, numerically higher rates of 
hypertension and thrombocytopenia were noted in the ≥12-month treatment group, suggesting a trend toward increased 
incidence of some events with prolonged immunotherapy. Overall, extended treatment duration was not associated with 
a significantly increased risk of severe toxicity.

Discussion
Adjuvant therapies such as TACE, targeted agents, and immunotherapy have been associated with improved RFS and OS 
in HCC patients after curative resection.18–20 However, the optimal duration of adjuvant immunotherapy for HCC 
patients with high-risk recurrence factors remains undefined, and real-world evidence on this topic is lacking. Although 
certain guidelines recommend that adjuvant immunotherapy should not exceed one year, they do not specify a minimum 
or preferred treatment duration.21,22 In our study, compared to TACE alone, immunotherapy—either as monotherapy or 
in combination with TACE or targeted agents—was associated with a significant reduction in recurrence and improve
ment in OS among HCC patients with MVI who underwent R0 resection. After PSM, the benefit in RFS remained 
statistically significant, while the difference in overall survival was attenuated and no longer reached statistical 
significance. Importantly, ICI-based adjuvant therapies did not lead to a significant increase in AEs, with most AEs 
being grade 1–2, indicating good safety and tolerability. Among patients receiving adjuvant ICIs, a treatment duration of 
12 months or longer was associated with significantly improved RFS compared to shorter durations. While a numerically 
favorable trend in OS was noted in the longer-duration group, the difference was not statistically significant. Therefore, 
no definitive conclusion regarding OS benefit can be drawn based on the current data, and this observation should be 
interpreted with caution. Furthermore, the total number of AEs and the incidence of grade 3–4 AEs were not significantly 
increased with longer treatment durations. Nevertheless, given the limited sample size of our study, larger and more 
comprehensive trials are needed to validate the safety and efficacy of postoperative adjuvant ICI therapy in this setting.

The clinical efficacy of ICIs was initially established in the advanced or unresectable HCC setting, as demonstrated 
by trials such as CheckMate 45923 and IMbrave150.7 These studies showed that ICIs enhance antitumor immunity and 
may eradicate disseminated tumor cells. Extending this principle to earlier disease stages, adjuvant therapy aims to 
eliminate residual micrometastases and reduce distant recurrence, a major cause of treatment failure in MVI-positive 
patients. Indeed, several recent trials have tested this hypothesis. IMbrave050 reported an early RFS benefit with 
atezolizumab plus bevacizumab, though its updated analysis raised concerns about durability.24 In contrast, a Phase II 
randomized controlled trial investigating adjuvant sintilimab showed a significant improvement in RFS among HCC 
patients with MVI,19 aligning with our findings and underscoring that high-risk populations may derive the greatest 
benefit. Retrospective studies have also suggested that adjuvant ICIs may improve prognosis among patients at high risk 
of recurrence.25,26

Although several studies have investigated the safety and efficacy of adjuvant immunotherapy for HCC, the optimal 
duration of treatment has not been thoroughly explored. Given that treatment duration may critically influence patient 
outcomes, there is an urgent need for dedicated clinical trials addressing this issue. However, research specifically focused on 
treatment duration remains scarce. A prospective, multicenter cohort study evaluated the impact of adjuvant ICI treatment 
duration on RFS and OS in HCC patients at high risk of recurrence.27 The results suggested that patients receiving adjuvant 
ICI therapy for more than six months tended to achieve better RFS and OS compared to those treated for six months or less, 
although the differences did not reach statistical significance. Despite the absence of a positive finding, the study indicated 
that six months of adjuvant ICI therapy might be insufficient and that extended treatment duration could potentially yield 
greater clinical benefits. Importantly, the design of ongoing Phase III randomized trials also reflects this rationale. Major 
studies such as CheckMate-9DX, KEYNOTE-937, JUPITER-04, SHR-1210-III-325, EMERALD-2, and DaDaLi have all 
adopted a 12-month adjuvant ICI regimen as the standard duration,27 underscoring the clinical plausibility of our chosen 
cutoff. Nevertheless, the optimal duration of adjuvant immunotherapy remains an unresolved issue, not only in HCC but also 
in other malignancies such as non-small cell lung cancer28,29 and melanoma, where prolonged ICI therapy has shown 
improved outcomes in certain settings. Our findings suggest that extending ICI therapy beyond 12 months may confer 
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additional benefits for high-risk HCC patients; however, this hypothesis requires validation in prospective randomized 
studies. Future research should focus on defining the optimal duration of adjuvant immunotherapy, identifying predictive 
biomarkers for treatment benefit, and developing combination strategies tailored to individual recurrence risk profiles.

As a retrospective study, our analysis is inevitably subject to inherent biases. We acknowledge that comparisons based 
on treatment duration are vulnerable to immortal time bias, as longer-lived patients may be more likely to receive 
prolonged therapy. To mitigate this issue, we excluded patients who experienced recurrence or death within 6 months 
after surgery and those who received ICI therapy for less than 6 months. By restricting the analysis to patients who 
survived at least 6 months and initiated ICI treatment early, the impact of immortal time bias was reduced, although 
residual confounding remains possible. We also recognize that analyses involving secondary endpoints and subgroup 
comparisons may increase the risk of type I error. Another limitation is that the majority of ICIs used in our cohort were 
PD-1 inhibitors, with only a minority of patients treated with a bispecific PD-1/CTLA-4 antibody. Consequently, the 
efficacy and safety of other classes of immunotherapeutic agents, such as PD-L1 inhibitors, CTLA-4 inhibitors, and dual- 
targeting antibodies, were not assessed and warrant further investigation. Moreover, the heterogeneity of treatment 
regimens within our cohort may have influenced the outcomes. In addition, most patients in our study had HBV-related 
HCC, reflecting the epidemiological profile of HBV-endemic regions. Therefore, the generalizability of our findings to 
populations with HCV-related, alcohol-related, or non-viral HCC remains uncertain. Taken together, these limitations 
indicate that our conclusions should be interpreted with caution. Nonetheless, our findings provide important insights into 
the potential inadequacy of immunotherapy durations shorter than one year in high-risk HCC patients and highlight the 
need for prospective, standardized studies across diverse patient populations to confirm these observations.

Conclusions
This retrospective cohort study suggests that adjuvant ICI therapy following curative resection may improve RFS in HCC 
patients at high risk of recurrence compared to TACE. Notably, our findings indicate that a treatment duration of 12 
months or longer is associated with improved RFS in patients with MVI. However, no statistically significant improve
ment in OS was observed with longer treatment duration. These results highlight the need to reconsider adjuvant 
immunotherapy strategies in this population, and underscore the importance of prospective, randomized, and large- 
scale clinical trials to determine the optimal duration of adjuvant ICI therapy for HCC.
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