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Background: Patients with hepatocellular carcinoma (HCC) and microvascular invasion (MVI) face high post-resection relapse risk. 
Whether adjuvant PD-1 alone or with anti–vascular endothelial growth factor (anti-VEGF) improves outcomes remains uncertain.
Methods: Between 1 January 2022 and 1 January 2023, 170 consecutive patients from three Chinese centers were retrospectively 
reviewed. After resection, 69 received observation, 46 received intravenous sintilimab, and 55 received sintilimab plus either oral 
lenvatinib or intravenous bevacizumab biosimilar. Recurrence-free survival (RFS) was analyzed with Kaplan–Meier estimates and Cox 
models.
Results: Median follow-up was 24.7 months. Recurrence or death occurred in 42/69 (60.9%) observation patients, 19/46 (41.3%) 
sintilimab patients, and 23/55 (41.8%) combination patients. Median RFS was 16.1 months after observation, versus 29.5 months with 
sintilimab (hazard ratio=0.55, 95% confidence interval=0.32–0.95; P = 0.033) and 30.5 months with sintilimab plus anti-VEGF 
therapy (hazard ratio=0.55, 95% confidence interval=0.33–0.92; P = 0.023). One- and two-year RFS rates were 58.0% and 40.0% for 
observation, 73.9% and 66.6% for sintilimab, and 81.8% and 63.0% for combination therapy. Overall survival analysis is immature, 
median overall survival has not been reached in any group.
Conclusion: Adjuvant sintilimab, with or without anti-VEGF therapy, significantly prolonged RFS compared with surgery alone in 
patients with MVI-positive HCC. The magnitude of benefit was comparable between monotherapy and combination therapy, 
indicating that routine addition of anti-VEGF therapy may not be necessary for all patients.
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Introduction
Hepatocellular carcinoma (HCC) carries a high risk of postoperative recurrence even after curative resection, with 5-year 
recurrence rates on the order of 40–70%.1 This risk is especially pronounced in patients with aggressive tumor features. 
In particular, microvascular invasion (MVI) is a well-established predictor of early intrahepatic recurrence and poor long- 
term survival.2 Effective adjuvant therapy is therefore urgently needed for MVI-positive, high-risk patients to improve 
outcomes after surgery.
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To date, however, no adjuvant treatment has been conclusively shown to reduce HCC relapse, and no standard of care 
exists in this setting.3 Prior approaches such as postoperative transarterial chemoembolization (TACE) or molecular 
targeted therapy have yielded mixed results,4–6 and the largest global Phase III trial of adjuvant sorafenib (STORM) was 
negative. In the STORM study, sorafenib did not significantly prolong recurrence-free survival (RFS) compared to 
placebo, underscoring the limitations of tyrosine kinase inhibitor (TKI) therapy alone in the adjuvant context.7 Thus, 
surveillance remains the current practice after resection, despite the high relapse rates in high-risk HCC patients.

In recent years, the emergence of immune checkpoint inhibitors (ICIs) and anti-angiogenic agents has revolutionized 
systemic therapy for advanced HCC.8,9 Immune-based treatments targeting the PD-1/PD-L1 axis have demonstrated 
significant survival benefits in unresectable disease, establishing a new standard first-line regimen. This success has 
provided a strong rationale to investigate immunotherapy and anti-angiogenic therapy in the adjuvant setting, where these 
modalities could potentially eradicate residual microscopic disease and suppress pro-tumor angiogenesis after resection.

Early clinical trials of adjuvant immunotherapy in HCC have yielded promising yet heterogeneous findings, fueling 
debate over the optimal strategy. The IMbrave050 trial recently reported that adjuvant atezolizumab plus bevacizumab 
significantly improved RFS in high-risk HCC patients compared to observation.10 However, in updated analysis, initial 
RFS benefit was not sustained.11 In contrast, a Chinese Phase II trial evaluated six months of the PD-1 inhibitor 
sintilimab alone versus surveillance in resected high-risk HCC.12 These divergent outcomes have raised a critical 
question: should adjuvant immunotherapy be given alone or in combination with VEGF-targeted therapy in order to 
best improve RFS13? Ongoing phase III trials are actively exploring this issue, including studies of PD-1 monotherapy 
(eg nivolumab in CheckMate 9DX, pembrolizumab in KEYNOTE-937) and dual immunotherapy/anti-angiogenic regi
mens (durvalumab ± bevacizumab in EMERALD-2). Until those results mature, the optimal adjuvant approach for MVI- 
positive HCC remains controversial.

Here we present a retrospective, multicenter study aimed at informing this clinical dilemma. We analyzed HCC 
patients with MVI who underwent curative resection, comparing postoperative adjuvant therapy with a PD-1 inhibitor 
(sintilimab) alone versus a combination of PD-1 inhibitor plus VEGF-targeted agents (either lenvatinib or a bevacizumab 
biosimilar). We evaluated the impact of these adjuvant strategies on recurrence-free survival in this high-risk population.

Methods
Study Design and Participants
This retrospective, multicenter study was conducted at Eastern Hepatobiliary Surgery Hospital, The First Affiliated 
Hospital of Wenzhou Medical University, and Ningbo No.2 Hospital. The study aimed to evaluate the efficacy of 
adjuvant sintilimab alone or in combination with anti-VEGF therapy in patients with HCC with MVI. Patients under
going curative-intent hepatectomy between January 1, 2022, and January 1, 2023, were eligible. Inclusion criteria 
required pathologically confirmed HCC with documented MVI. Exclusion criteria included incomplete clinical data, 
administration of other postoperative adjuvant therapies (eg, TACE), macrovascular invasion, and other concurrent 
malignancies.

The study was approved by the institutional review boards of all participating centers and conducted following the 
ethical principles outlined in the Declaration of Helsinki. Due to the retrospective nature of the study, informed consent 
was waived.

Treatment
Patients were categorized into three groups based on their postoperative adjuvant therapy: (1) the surgery-only group 
(Surg-only), who received no additional postoperative therapy; (2) the PD-1 group, who received adjuvant sintilimab 
monotherapy; and (3) the PD-1+VEGF group, who received combined adjuvant treatment with sintilimab and anti-VEGF 
agents (including lenvatinib or bevacizumab biosimilars). Treatment was initiated 4–8 weeks postoperatively and 
continued for approximately 6–12 months. Sintilimab was administered intravenously at a fixed dose of 200 mg every 
3 weeks. Lenvatinib was administered orally at a dose of 8 mg/day, and bevacizumab biosimilars were administered 
intravenously at a dose of 15 mg/kg every 3 weeks.
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Clinical and Pathological Assessments
Patient demographic characteristics and clinical parameters collected included age, sex, hepatitis B virus infection status, 
liver function tests (total bilirubin, albumin, alanine aminotransferase [ALT], aspartate aminotransferase [AST]), alpha- 
fetoprotein (AFP), des-gamma-carboxy prothrombin (DCP), presence of liver cirrhosis, tumor size, tumor number, tumor 
differentiation, and MVI grade. Surgical techniques, including surgical approach (laparotomy versus laparoscopic), 
margin status (wide versus narrow), and resection type (anatomic versus non-anatomic), were also documented.

Outcomes
The primary outcome was RFS, defined as the time interval from surgery until documented disease recurrence or death 
from any cause, whichever occurred first. Secondary outcome included overall survival (OS), defined as the time from 
surgery to death from any cause, and post-recurrence treatment strategies.

Follow-Up and Recurrence Evaluation
Patients underwent routine postoperative follow-up every 3 months for the first year and then every 6 months thereafter. 
Follow-up included clinical evaluation, laboratory tests (including liver function and tumor markers), and radiological 
imaging (contrast-enhanced computed tomography [CT] or magnetic resonance imaging [MRI]) to detect recurrence. 
Radiologic recurrence was defined by standard hepatocellular carcinoma imaging features on multiphasic CT or MRI, 
including arterial phase hyperenhancement with portal or delayed phase washout or threshold growth on serial imaging.

Given the retrospective, multicenter design, we enhanced comparability by implementing a standardized retrospective 
abstraction protocol with a detailed operations manual that specified the time zero, definitions of recurrence, censoring rules, 
and variable coding. Source records were abstracted by trained site personnel and verified by the coordinating team.

Statistical Analysis
Continuous variables were described using means and standard deviations or medians and ranges, as appropriate. 
Categorical variables were summarized using frequencies and percentages. Comparisons among groups were performed 
using the chi-square test or Fisher’s exact test for categorical variables and the ANOVA or Kruskal–Wallis test for 
continuous variables, as applicable.

Kaplan-Meier curves were generated to estimate RFS and OS, with comparisons between groups performed using 
Log rank tests. Univariable and multivariable Cox proportional hazards models were utilized to identify independent 
predictors of recurrence. All statistical tests were two-sided, and a P-value <0.05 was considered statistically significant. 
Analyses were conducted using R software (version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient Characteristics
A total of 170 patients with resected HCC at high risk of recurrence were retrospectively enrolled in this study (Figure 1). 
Among these patients, 69 (40.6%) received no adjuvant therapy (Surg-only group), 46 (27.1%) received adjuvant 
sintilimab therapy (PD-1 group), and 55 (32.4%) received combined adjuvant treatment with sintilimab and anti- 
VEGF agents (PD-1+VEGF group). Table 1 presents the key baseline characteristics. There were no significant 
differences among the groups in terms of age, sex, hepatitis B infection status, total bilirubin, AFP, cirrhosis, tumor 
size, tumor number, tumor differentiation, or MVI grade (all P > 0.05). The complete baseline table is available in 
Supplementary Table 1.

Surgical Details
The surgical procedures predominantly involved open laparotomy, although laparoscopic approaches were employed in 
approximately one-quarter of patients across all groups. Most patients had wide surgical margins and underwent non- 
anatomic resections. There were no significant differences among groups regarding surgical approaches, margin status, or 
resection techniques (Supplementary Table 2).
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Recurrence-Free Survival
During a median follow-up of 24.7 months, recurrence or death occurred in 42 (60.9%) patients in the Surg-only group, 19 
(41.3%) patients in the PD-1 group, and 23 (41.8%) patients in the PD-1+VEGF group. Detailed information on recurrence is 

Figure 1 Study flowchart. 
Abbreviations: PD-1, programmed cell death protein 1; VEGF, vascular endothelial growth factor.

Table 1 Baseline Characteristics of the Study Population

Characteristic Group P value

PD-1 
N = 46

PD-1+VEGF 
N = 55

Surg-only 
N = 69

Age, years, n (%) 0.601

˃65 10 (21.7%) 8 (14.5%) 11 (15.9%)
≤65 36 (78.3%) 47 (85.5%) 58 (84.1%)

Sex, n (%) 0.689

Female 5 (10.9%) 9 (16.4%) 11 (15.9%)
Male 41 (89.1%) 46 (83.6%) 58 (84.1%)

Hepatitis B, n (%) 0.250
No 8 (17.4%) 4 (7.3%) 11 (15.9%)

Yes 38 (82.6%) 51 (92.7%) 58 (84.1%)

Total bilirubin, μmol/L, n (%) 0.240
˃17 7 (15.2%) 14 (25.5%) 10 (14.5%)

≤17 39 (84.8%) 41 (74.5%) 59 (85.5%)

AFP, ng/mL, n (%) 0.283
˃400 13 (28.3%) 18 (32.7%) 29 (42.0%)

≤400 33 (71.7%) 37 (67.3%) 40 (58.0%)

Cirrhosis, n (%) 0.549
With 22 (47.8%) 32 (58.2%) 35 (50.7%)

Without 24 (52.2%) 23 (41.8%) 34 (49.3%)

Tumor size, cm, n (%) 0.631
˃5 29 (63.0%) 34 (61.8%) 38 (55.1%)

≤5 17 (37.0%) 21 (38.2%) 31 (44.9%)

Tumor number, n (%) 0.806
Multiple 4 (8.7%) 7 (12.7%) 8 (11.6%)

Single 42 (91.3%) 48 (87.3%) 61 (88.4%)

(Continued)
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provided in Supplementary Table 3. Local recurrence predominated across all groups, accounting for 73.8% of events in the 
surgery-only group, 89.5% in the PD-1 group, and 73.9% in the PD-1+VEGF group. The median RFS was 16.1 months (95% 
CI=10.5-not reached) in the Surg-only group, significantly shorter than that observed in the PD-1 group (median 29.5 months, 
95% CI=24.7-not reached; HR=0.55, 95% CI=0.32–0.95; P=0.033) and the PD-1+VEGF group (median 30.5 months, 95% 
CI=24.7-not reached; HR=0.55, 95% CI=0.33–0.92; P=0.023). The 1-year and 2-year RFS rates were 73.9% (95% 
CI=62.3–87.8%) and 66.6% (95% CI=54.0–82.1%), respectively, in the PD-1 group, 81.8% (95% CI=72.2–92.7%) and 
63.0% (95% CI=50.8–78.1%) in the PD-1+VEGF group, and 58.0% (95% CI=47.4–70.9%) and 40.0% (95% 
CI=29.8–53.6%) in the Surg-only group (Figure 2A).

Multivariable Cox regression analysis adjusting for confounders demonstrated that both PD-1 (HR=0.55, 95% CI: 
0.32–0.95; P=0.033) and PD-1+VEGF (HR=0.55, 95% CI: 0.33–0.92; P=0.023) treatments independently improved RFS 
compared to the Surg-only group (Table 2).

Treatment After Recurrence
Of the patients experiencing recurrence, 40.5% in the Surg-only group, 58.8% in the PD-1 group, and 43.5% in the PD-1 
+VEGF group underwent TACE. Surgical resection or local ablation was performed in 31.0%, 35.3%, and 21.7% of 
patients, respectively. Additionally, systemic treatments such as tyrosine kinase inhibitors (TKIs) or PD-1+VEGF 
therapies were administered predominantly in the PD-1+VEGF group (Table 3).

Overall Survival
OS is still ongoing. At the time of data cutoff, 32 deaths were recorded. Median OS was not reached in any group. 
However, preliminary data suggest a favorable trend in the PD-1 and PD-1+VEGF groups compared to the Surg-only 
group. Longer follow-up is required to confirm these findings (Figure 2B).

Discussion
Our retrospective analysis demonstrates that adjuvant immunotherapy can improve recurrence-free survival in HCC 
patients with microvascular invasion, aligning with emerging evidence from recent trials. Both sintilimab monotherapy 
and sintilimab plus anti-VEGF therapy significantly prolonged RFS compared to surgery alone.

Despite the early RFS gains, our findings and prior studies indicate that adjuvant therapy’s benefit may diminish over 
time. In IMbrave050, the significant RFS advantage of atezolizumab–bevacizumab over surveillance was not maintained 
with longer follow-up.10 By a median of 35 months, the updated analysis showed overlapping RFS medians (33.2 vs 36.0 
months) and no statistically significant difference between the arms.11 Investigators noted a convergence of the Kaplan- 
Meier curves around the second year of follow-up, implying that the combination merely delayed recurrence rather than 
preventing it. Similarly, in our study the PD-1 and PD-1+VEGF arms, which were initially separated, exhibited 
a narrowing gap in late follow-up. Several factors might explain this pattern. First, the benefit of VEGF inhibition 

Table 1 (Continued). 

Characteristic Group P value

PD-1 
N = 46

PD-1+VEGF 
N = 55

Surg-only 
N = 69

Tumor differentiation, n (%) 0.258
Not poor 22 (47.8%) 32 (58.2%) 30 (43.5%)

Poor 24 (52.2%) 23 (41.8%) 39 (56.5%)

MVI grade, n (%) 0.769
High risk 21 (45.7%) 29 (52.7%) 35 (50.7%)

Low risk 25 (54.3%) 26 (47.3%) 34 (49.3%)

Abbreviations: PD-1, programmed cell death protein 1; VEGF, vascular endothelial growth factor; AFP, 
alpha-fetoprotein; MVI, microvascular invasion.
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could be time-limited; once therapy is stopped at 6–12 months, dormant micrometastases might eventually progress, 
leading to catch-up in recurrence rates. Second, differences in patient and tumor characteristics can influence late 
outcomes: the IMbrave050 trial included a broad “high-risk” population (tumors >5 cm, multifocal disease, MVI, etc), 
and it allowed certain adjunct therapies. For instance, 11% of resected patients in IMbrave050 received adjuvant TACE in 
addition to surgery. Such additional therapy in the active surveillance arm may have lowered recurrence rates and diluted 
the relative benefit of immunotherapy.

The question of whether adding anti-VEGF therapy to PD-1 blockade provides meaningful incremental benefit 
remains open. Our data suggest that while combination therapy produces a numerically higher early RFS, its long- 
term advantage over PD-1 monotherapy may be limited. It is possible that certain biological subgroups derive more 

Figure 2 Kaplan–Meier curves of (A) recurrence-free survival and (B) overall survival for study patients. 
Abbreviations: PD-1, programmed cell death protein 1; VEGF, vascular endothelial growth factor.
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Table 2 Cox Regression for Recurrence-Free Survival

Characteristic Univariable Multivariable

N Event N HR 95% CI P value N Event N HR 95% CI P value

Age, years
≤65 141 73 – – 141 73 – –

˃65 29 11 0.64 0.34, 1.21 0.171 29 11 0.69 0.36, 1.31 0.257
Sex

Female 25 15 – – 25 15 – –

Male 145 69 0.74 0.42, 1.30 0.293 145 69 0.84 0.47, 1.48 0.543
Hepatitis B

No 23 12 – –

Yes 147 72 0.99 0.54, 1.83 0.977
Total bilirubin, μmol/L

≤17 139 66 – –

˃17 31 18 1.33 0.79, 2.24 0.286
Albumin, g/L

≥35 164 80 – –

˂35 6 4 1.94 0.71, 5.32 0.196
ALT, U/L

≤40 120 56 – –

˃40 50 28 1.33 0.85, 2.10 0.217
AST, U/L

≤40 133 64 – –

˃40 37 20 1.15 0.69, 1.90 0.591
AFP, ng/mL

≤400 110 46 – – 110 46 – –
˃400 60 38 1.61 1.05, 2.48 0.030 60 38 1.46 0.94, 2.27 0.096

DCP, mAU/mL
≤400 72 36 – –
˃400 98 48 0.95 0.62, 1.47 0.821

Cirrhosis
Without 81 36 – –
With 89 48 1.25 0.81, 1.93 0.311

Tumor size, cm
≤5 69 32 – –
˃5 101 52 1.23 0.79, 1.91 0.366

Tumor number
Single 151 72 – –
Multiple 19 12 1.26 0.68, 2.33 0.458

Tumor differentiation
Poor 86 40 – –
Not poor 84 44 1.17 0.76, 1.80 0.466

MVI grade
Low risk 85 40 – –
High risk 85 44 1.06 0.69, 1.63 0.780

Group
Surg-only 69 42 – – 69 42 – –
PD-1 46 19 0.55 0.32, 0.94 0.029 46 19 0.55 0.32, 0.95 0.033

PD-1+VEGF 55 23 0.54 0.33, 0.91 0.019 55 23 0.55 0.33, 0.92 0.023

Abbreviations: HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; DCP, 
des-gamma-carboxy prothrombin; MVI, microvascular invasion; PD-1, programmed cell death protein 1; VEGF, vascular endothelial growth factor.
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sustained benefit from dual therapy. For example, patients with exceedingly angiogenic tumors or more extensive 
intrahepatic spread might gain more from concomitant VEGF suppression, whereas others may do just as well with 
immunotherapy alone. Identifying predictive biomarkers or risk features for response to combination therapy is therefore 
of great importance.14,15 At the same time, one must weigh the added toxicity of combination regimens. In the adjuvant 
IMbrave050 trial, the atezolizumab–bevacizumab arm not only had typical ICI and TKI class toxicities, but also a slight 
excess in severe adverse events and treatment-related deaths compared to surveillance. Although our retrospective study 
did not systematically capture toxicity, it is reasonable to assume that adding agents like lenvatinib or bevacizumab can 
increase the risk of hypertension, hepatic toxicity, and other side effects. Thus, a personalized approach — intensifying 
adjuvant therapy with dual ICI–antiangiogenic treatment for those most likely to relapse, and possibly sparing others the 
additional risk — could maximize benefit while minimizing harm.16,17 Evidence from advanced HCC suggests that PD- 
L1 expression and tumor mutational burden have shown variable and context-dependent predictive value, limiting 
immediate clinical use in the adjuvant setting.18 Genomic drivers of immune exclusion, particularly activation of the 
WNT and beta-catenin pathway, have been linked to resistance to immune checkpoint blockade and may identify patients 
less likely to benefit from PD-1 based therapy.19 Circulating biomarkers are promising for postoperative risk stratifica
tion. Postoperative alpha-fetoprotein or des-gamma-carboxy prothrombin dynamics, as well as minimal residual disease 
assessment using circulating tumor DNA, have been associated with early relapse and warrant evaluation as tools to 
guide the selection of monotherapy versus combination therapy.20–22

This study has several limitations that warrant consideration. Foremost, its retrospective, non-randomized design is 
subject to selection biases and unmeasured confounders. Although baseline characteristics were well balanced and 
multivariable Cox analysis confirmed the independent association of adjuvant therapy with improved RFS, we cannot 
exclude that subtle differences in tumor biology or patient fitness influenced both the choice of adjuvant treatment and the 
outcomes. The sample size of the PD-1 (n=46) and PD-1+VEGF (n=55) groups was modest, limiting statistical power to 
detect small differences between these two active regimens. Management strategies also varied across centers, including 
the choice of anti-VEGF agent (lenvatinib vs bevacizumab biosimilars) and the approaches to managing recurrence, 
which could introduce heterogeneity. Additionally, the follow-up duration remains relatively short for an HCC adjuvant 
study. As a result, the OS analysis is immature (only 32 total deaths were observed), and it is too early to determine 
whether the RFS improvement will translate into a significant OS benefit. Longer follow-up is needed, especially given 
that many patients received effective therapies for recurrence, which can prolong survival regardless of initial adjuvant 
treatment. Finally, because we excluded patients who received adjuvant TACE or other therapies, our findings specifi
cally pertain to systemic immunotherapy-based adjuvant strategies; the results might differ in settings where multi
disciplinary adjuvant approaches are combined.

Conclusions
In this multicenter cohort of patients with MVI, adjuvant PD-1 inhibitor therapy, with or without VEGF-targeted agents, 
was associated with a clinically meaningful delay in recurrence compared with surgery alone. The magnitude of benefit 

Table 3 Treatment After Recurrence

Characteristic Group P value

PD-1 
N = 17

PD-1+VEGF 
N = 23

Surg-only 
N = 42

TACE 10 (58.8%) 10 (43.5%) 17 (40.5%) 0.435
Resection/Ablation 6 (35.3%) 5 (21.7%) 13 (31.0%)

TKIs 0 (0.0%) 4 (17.4%) 7 (16.7%)

PD-1+VEGF 0 (0.0%) 2 (8.7%) 4 (9.5%)
Radiotherapy 1 (5.9%) 2 (8.7%) 1 (2.4%)

Abbreviations: TACE, transcatheter arterial chemoembolization; TKIs, tyrosine kinase 
inhibitors; PD-1, programmed cell death protein 1; VEGF, vascular endothelial growth 
factor.
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was comparable between monotherapy and combination therapy, indicating that routine addition of VEGF-targeted 
therapy may not be necessary for all patients.
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