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Background: Unresectable hepatocellular carcinoma (uHCC) remains a major clinical challenge with limited effective therapeutic
options. Triple therapy combining interventional treatments, donafenib, and anti-PD-1 monoclonal antibodies has shown promise in
recent studies, but real-world data remain limited.

Objective: To evaluate the real-world efficacy and safety of triple therapy with interventional treatment, donafenib, and anti-PD-1
monoclonal antibodies in patients with uHCC.

Methods: This retrospective study included 89 patients with uHCC who received donafenib, anti-PD-1 monoclonal antibodies
(tislelizumab or sintilimab), and interventional therapies (TACE and/or HAIC) between March 2022 and December 2023.
Outcomes included objective response rate (ORR), progression-free survival (PFS), overall survival (OS), and safety. Efficacy was
assessed using modified RECIST (mRECIST) criteria; prognostic factors were analyzed using Cox regression models.

Results: Among 89 patients, the ORR was 75.3% and the disease control rate was 100%. The median PFS was 18.5 months (95% CI:
15.0-NA); median OS was not reached after a median follow-up of 13.7 months. PFS rates at 6, 12, and 18 months were 87.6%,
72.4%, and 52.7%, and OS rates were 93.3%, 81.6%, and 72.4%, respectively. Conversion surgery was achieved in 15.7% of patients.
Subgroup analysis indicated that ECOG PS 1, extrahepatic metastases, and high baseline AFP were associated with worse survival
outcomes, while interventional modality did not significantly affect prognosis. Multivariate analysis confirmed ECOG PS 1 and
extrahepatic metastases as independent predictors of shorter PFS, and ECOG PS 1 and elevated AFP as independent predictors of
worse OS. Grade >3 treatment-related adverse events occurred in 30.3% of patients; no treatment-related deaths were reported.
Conclusion: The combination of interventional therapies, donafenib, and anti-PD-1 monoclonal antibodies demonstrated promising
efficacy and manageable safety in uHCC, warranting further validation in prospective trials.
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Introduction

Hepatocellular carcinoma (HCC) is a leading global health challenge, ranking as the sixth most common cancer and the
third leading cause of cancer-related deaths worldwide. In China, the burden of HCC is particularly high, with over
370,000 new cases and 320,000 deaths annually.' The majority of patients are diagnosed at advanced stages, precluding
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surgical resection. Even for those eligible for surgery, the five-year recurrence rate exceeds 60%,> underscoring the
urgent need for more effective systemic and multimodal therapeutic strategies.

Interventional therapies, such as transarterial chemoembolization (TACE) and hepatic arterial infusion chemotherapy
(HAIC), remain pivotal in the management of unresectable HCC (uHCC).? These techniques leverage the dual blood
supply of liver, delivering targeted therapy directly to the tumor while sparing healthy tissue. Although effective in
controlling tumor growth, these approaches often yield limited long-term benefits when used as monotherapies, high-
lighting the importance of combining them with systemic therapies to improve outcomes. Donafenib, a deuterated
derivative of sorafenib, represents an important advancement in the systemic treatment of advanced HCC. As a multi-
target tyrosine kinase inhibitor (TKI), donafenib inhibits several critical signaling pathways involved in tumor prolifera-
tion and angiogenesis, and has demonstrated improved pharmacokinetics, safety, and superior overall survival compared
with sorafenib.*> Notably, donafenib is the only molecular targeted drug that has demonstrated superior overall survival
(OS) compared to sorafenib in a head-to-head trial.’

Recent studies have further established the value of combining locoregional and systemic therapies in advanced HCC.
FOLFOX-based HAIC combined with targeted agents such as sorafenib or lenvatinib has been shown to significantly
improve response rates, survival outcomes, and surgical conversion rates compared to monotherapy, with objective
response rate (ORR) exceeding 40% and conversion rates up to 12.8% for HAIC plus sorafenib.®’ Similarly, large
randomized trials have demonstrated that TACE combined with targeted agents, including sorafenib or lenvatinib,
confers significant benefits in progression-free survival (PFS), OS, and ORR compared to monotherapy.®® Further, triple
therapy regimens incorporating HAIC, targeted agents, and immune checkpoint inhibitors (ICIs) have yielded even
higher response and conversion rates in retrospective and prospective studies. A retrospective study showed that,
compared with lenvatinib monotherapy, the combination of HAIC, lenvatinib, and toripalimab achieved a significantly
higher ORR (59.2% vs 9.3%) and a higher surgical conversion rate (12.7% vs 0).'® Furthermore, Phase II clinical studies
reported at ASCO 2022 demonstrated favorable efficacy of such triple regimens: the TRIPLET study of HAIC combined
with apatinib and camrelizumab reported an ORR of 70.96%,'" while another phase II study of HAIC combined with
sintilimab and the bevacizumab biosimilar IBI305 in initially unresectable HCC achieved an ORR of 66.7% and
a surgical conversion rate of 66.7%. "

Despite these encouraging advances, evidence from real-world clinical practice regarding the efficacy and safety of
triple therapy combining interventional treatments, donafenib, and anti-PD-1 monoclonal antibodies in patients with
unresectable HCC remains limited. Therefore, this study aims to supplement and expand the real-world evidence
regarding the use of triple therapy in patients with unresectable HCC in Chinese patients.

Materials and Methods

Study Design

This study was conducted as a retrospective, real-world clinical investigation to evaluate the effectiveness and safety of
donafenib combined with anti-PD-1 monoclonal antibodies and interventional surgery as a first-line therapy for patients with
unresectable HCC. The study retrospectively included patients who received this combination therapy at Yunnan Cancer hospital
between March 2022 and December 2023. This study adheres to the STROBE guidelines for the reporting of observational
studies."® Ethical approval for this study was obtained from the Ethics committee of Yunnan Cancer hospital (Approval No.:
KYLX2025-01) and the need for individual patient consent was waived due to the retrospective nature of the study.

Study Population

Patients were eligible for inclusion if they were between 18 and 80 years of age, irrespective of gender, and had
been diagnosed with HCC according to the 2024 Guidelines for Diagnosis and Treatment of Primary Liver
Cancer'® or via histological or cytological confirmation. Additional inclusion criteria included the presence of
unresectable HCC, no prior systemic or local therapy, and at least one measurable lesion defined by the modified
Response Evaluation Criteria in Solid Tumors (mRECIST)."> Patients were required to have an Eastern
Cooperative Oncology Group Performance Status (ECOG PS) score of 0-1, and a Child-Pugh score of <8. To
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ensure reliable data analysis, only patients with complete baseline data and at least one follow-up evaluation was
included. Exclusion criteria were histological confirmation of fibrolamellar or sarcomatoid HCC or cholangiocar-
cinoma components, a Child-Pugh score >8 after hepatoprotective therapy, or an ECOG PS score >2. Patients with
severe comorbidities affecting critical organs or systems or incomplete data records were also excluded.

Treatment Procedures

All patients included in this study received the triple therapy regimen consisted of interventional therapy (TACE or
HAIC) combined with anti-PD-1 monoclonal antibody (tislelizumab or sintilimab) and donafenib. Donafenib was
administered orally at an initial dose of 200 mg twice daily. The choice of interventional regimen (TACE or HAIC)
was determined by the treating physician based on each patient’s clinical characteristics. The criteria for selecting TACE
or HAIC were as follows: (1) HAIC was administered to patients with large, localized tumors or tumors accompanied by
surrounding satellite lesions; it was also used as a subsequent local therapy following initial TACE and HAIC sessions, as
well as for patients with diffuse hepatocellular carcinoma or those with portal vein tumor thrombus. (2) TACE was
chosen for patients with well-demarcated, localized lesions exhibiting a rich arterial blood supply, or for those with
multiple tumors adjacent to the liver capsule and a relatively low overall tumor burden but a high risk of tumor rupture.
(3) Combined HAIC and TACE was employed in cases where numerous tumors were distributed across different liver
lobes with blood supply from multiple arteries. In these situations, TACE was performed on the non-dominant feeding
arteries, while HAIC was administered through the dominant feeding artery. The interval between interventional therapy
and the initiation of anti-PD-1 monoclonal antibodies plus donafenib did not exceed one month. All treatment decisions
were made in accordance with routine clinical practice and were tailored to optimize therapeutic outcomes for each

individual patient.

Data Collection and Follow-Up

Data were retrospectively extracted from electronic medical records, including demographic details, clinical history,
laboratory test results, imaging findings, and treatment outcomes. Tumor characteristics, including size, number, and
vascular invasion, were recorded. Liver function was assessed using the Child-Pugh score, and disease staging was
determined according to the BCLC staging system.

Follow-up assessments were conducted every 12 weeks until disease progression, initiation of a new anticancer
therapy, withdrawal of consent, loss to follow-up, death, or study termination. Regular assessments included imaging
evaluations (CT/MRI), laboratory tests and ECOG PS scoring. Safety follow-up included monitoring adverse events
(AEs) and serious adverse events (SAEs) for up to 30 days after the last dose or until initiation of new therapy, with

continued monitoring for unresolved events.

Outcomes

The primary endpoint was the objective response rate (ORR), defined as the proportion of patients achieving
a complete response (CR) or partial response (PR) according to mRECIST criteria. Secondary endpoints included
progression-free survival (PFS), overall survival (OS), and disease control rate (DCR; including CR, PR, and
stable disease [SD]). Progression-free survival was defined as the time from initiation of combination therapy to
documented disease progression or death. Patients lost to follow-up without confirmed radiological progression or
death were censored at the date of last follow-up with no evidence of progression. Patients who were alive without
tumor progression at the data cutoff date were censored at the date of the last imaging assessment. Overall
survival was defined as the time from initiation of combination therapy to death from any cause; patients still alive
at the data cutoff were censored at their last known follow-up. Safety was evaluated based on the incidence and
severity of treatment-emergent adverse events (TEAEs), which were documented and graded according to the
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.
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Statistical Analysis

Descriptive statistics were used to summarize baseline demographic and clinical characteristics. Continuous variables,
such as age, were described as means, medians, and standard deviations, while categorical variables were reported as
frequencies and percentages. Survival analyses were conducted using the Kaplan-Meier method, with differences
analyzed using the Log rank test. All variables with p < 0.2 during univariate analyses were included in multivariate
analyses, which included a Cox regression analysis to identify factors independently associated with PFS and OS. The
proportional hazards assumption was verified using Schoenfeld residuals andglobal tests. The missing data in this study
were missing at random, attributable to loss to follow-up. All statistical tests were two-sided, with a significance level set
at 0.05. Safety analyses were descriptive, focusing on the type, incidence, and severity of adverse events during the
treatment period.

Results

Patient Characteristics

Between March 2022 and December 2023, 171 patients with advanced HCC were screened. A total of 82 patients
were excluded due to prior alternative therapies, poor adherence, or incomplete data, resulting in 89 patients with
uHCC being included in the final analysis (Figure 1). The median age of the cohort was 56 years (range, 34—79
years), and 87.6% were male. Most patients were classified as Barcelona Clinic Liver Cancer (BCLC) stage
C (51.7%) or stage B (34.8%). The majority of patients (91.0%) had a Child-Pugh class A liver function, and
75.3% had an Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0. Hepatitis B virus
(HBV) infection was the predominant etiology, accounting for 83.1% of cases. Notably, 52.8% of patients presented
with more than three lesions, and 82.0% had tumors with a maximum diameter greater than 5 cm. Extrahepatic
metastases were observed in 11.2% of patients (Table 1). Among them, 88 patients were treated with tislelizumab
and 1 patient with sintilimab. Regarding interventional modalities, 10 patients underwent hepatic arterial infusion
chemotherapy (HAIC), 42 received transarterial chemoembolization (TACE), and 37 were treated with
a combination of TACE and HAIC.

uHCC n=171

Have not received triple therapies (N=37)
-TKI (2)

-TKI and PD-1 (2)

-TKI and interventional therapy (32)

- PD-1 and interventional therapy (1)

TKI+PD-1+ Interventional Therapy n=134

- Exposure to antineoplastic agents (6)
- Received radiotherapy (7) —
- Received ablation therapy (9)

Donafenib +PD-1+ Interventional Therapy n=112

- Poor adherence (11)
- Incomplete data records (12)

Donafenib +PD-1+ Interventional n=89

Figure | Flowchart of patients selection. Poor adherence: the anti-PD-1 monoclonal antibody was used for less than two times or was not followed up regularly.
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Table | Patient Demographics and Baseline Characteristics

Characteristics Patients (N=89)
Age (years), median (min-max) 56 (34-79)
Sex, n (%)

Male 78 (87.6%)

Female 11 (12.4%)
BCLC staging, n (%)

A 12 (13.5%)

B 31 (34.8%)

C 46 (51.7%)
CNLC staging, n (%)

la 2 (2.2%)

Ib 10 (11.2%)

lla 9 (10.1%)

Iib 22 (24.7%)

llla 36 (40.4%)

llib 10 (11.2%)
Chlid-pugh score, n (%)

A 81 (91.0%)

B 8 (9.0%)
ECOG PS score, n (%)

0 67 (75.3%)

| 22 (24.7%)
Etiology, n (%)

HBV 74 (83.1%)

HCV 3 (3.4%)

Others 12 (13.5%)
Tumor number, n (%)

| 28 (31.5%)

2 10 (11.2%)

3 4 (4.5%)

>3 47 (52.8%)
Maximum tumor size (mm), n (%)

<5cm 16 (18.0%)

>5cm 73 (82.0%)
AFP, n (%)

<400 46 (51.7%)

2400 43 (48.3%)
Tumor thrombus, n (%)

Yes 41 (46.1%)

No 48 (53.9%)
Extrahepatic metastasis, n (%)

Yes 10 (11.2%)

No 79 (88.8%)
Anti-PD-1 monoclonal antibodies, n (%)

Tislelizumab 88(98.9%)

Sintilimab 1(1.1%)
Interventional therapy

TACE 42(47.2%)

HAIC 10(11.2%)

TACE and HAIC 37(41.6%)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer staging system; CNLC,
China Liver Cancer staging system; Child-Pugh, Child-Pugh Score for liver
function assessment; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; AFP, Alpha-
Fetoprotein. TACE, transarterial chemoembolization; HAIC, Hepatic Arterial
Infusion Chemotherapy.
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Treatment Efficacy

The combination therapy demonstrated substantial efficacy. The best overall response (BOR) rates were as follows:
complete response (CR) in 14.6% of patients, partial response (PR) in 60.7%, and stable disease (SD) in 24.7%, leading
to an ORR of 75.3% and a disease control rate (DCR) of 100% (Figure 2). The median time to response (TTR) was 2.3
months (95% CI: 2.0-3.2), and the median time to progression (TTP) was 12.0 months (95% CI: 10.9—13.9). The median
duration of response (DOR) was 11.1 months (95% CI: 9.1-11.7). Additionally, 15.7% of patients underwent successful
conversion surgery, with 57.1% achieving a major pathological response (MPR) and 40.0% achieving a pathological
complete response (pCR) (Table 2).

Subgroup analyses revealed significant variations in the objective response rate (ORR) among different clinical and tumor-
related characteristics (Figure 3). Patients with an ECOG PS of 0 exhibited a significantly higher ORR of 83.4% (95% CI:
72.5-91.5) compared to 50.0% (95% CI: 28.2—71.7) in those with a PS of 1 (3*=10.037, P = 0.002). Similarly, the BCLC stage
significantly influenced ORR, with patients in stages A or B achieving 88.4% (95% CI: 74.9-96.1) compared to 63.0% (95% CI:
47.5-76.8) in stage C () = 7.662, P = 0.006). Baseline alpha-fetoprotein (AFP) levels were also predictive of response, as
patients with AFP <400 pg/mL demonstrated an ORR of 84.7% (95% CI: 71.1-93.7), which was significantly higher than the
69.2% (95% CI: 49.4-79.0) observed in those with AFP >400 pg/mL (¥>=4.619, P =0.032). The presence or absence of tumor
thrombus further impacted ORR. Patients without tumor thrombus achieved an ORR of 85.4% (95% CI: 72.2-93.9), whereas
those with tumor thrombus had a lower ORR of 63.4% (95% CI: 46.7-77.9) ()* = 5.752, P = 0.016). Additionally, extrahepatic
metastases were associated with significantly lower efficacy, as patients without metastases had an ORR of 79.7% (95% CI:
62.9-88.0), compared to 40.0% (95% CI: 12.1-73.8) in those with metastases (y> = 5.551, P =0.018). In contrast, no significant
differences in ORR were observed when stratified by sex, age, HBV infection status, Child-Pugh grade, number of target lesions,
or the maximum diameter of target lesions (P > 0.05 for all). These findings suggest that clinical characteristics such as ECOG PS
of 0, BCLC stage A or B, AFP <400 pug/mL, and absence of tumor thrombus or extrahepatic metastases are strong predictors of
superior therapeutic response in patients with unresectable HCC.

Best Percentage Change from Baseline in Sums of Diameters of Target Lessions

o

Y
o

-40

-60

Percentage of Change from Baseline(%)

-80

-100

Figure 2 Best Percentage Change from Baseline in the Sum of Diameters of Target Lesions This waterfall plot illustrates the best percentage change from baseline in the sum
of diameters of target lesions among evaluable patients treated with the study regimen. Bars are color-coded to indicate the best overall response: complete response (CR,
green), partial response (PR, Orange), and stable disease (SD, purple). The dashed lines at —30% and +20% denote the thresholds for partial response (PR) and progressive
disease (PD), respectively, as defined by RECIST criteria. Negative values represent tumor shrinkage, while positive values reflect tumor growth.
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Table 2 Treatment Efficacy Outcomes of Patients

Treatment Efficacy N (89)
BOR, n (%)

CR 13 (14.6%)

PR 54 (60.7%)

SD 22 (24.7%)
ORR, n (%) 67 (75.3%)
DCR, n (%) 89 (100%)
TTR/ month, median (95% CI) 2.3 (2.0-3.2)
TTP/ month, median (95% CI) 12.0 (10.9-13.9)
DOR/ month, median (95% CI) 1.1 (9.1-11.7)
Conversion rate, n (%) 14 (15.7%)
MPR, n (%) 8 (57.1%)
pCR, n (%) 6 (40.0%)

Abbreviations: BOR, Best Overall Response; CR, Complete
Response; PR, Partial Response; SD, Stable Disease; ORR,
Objective Response Rate; DCR, Disease Control Rate; TTR,
Time to Response; TTP, Time to Progression; DOR, Duration of
Response; MPR, Major Pathological Response; pCR, Pathological
Complete Response.

Long-Term Survival outcomes

The median follow-up duration was 13.7 months (range: 3.6-27.5). The median PFS was 18.5 months (95% CI: 15.0-
NA), while the median overall survival (OS) had not yet been reached. The PFS rates at 6, 12, and 18 months were
87.6%, 72.4%, and 52.7%, respectively, and the corresponding OS rates were 93.3%, 81.6%, and 72.4% (Figure 4).
Univariate survival analyses using Kaplan-Meier curves and Log rank tests revealed that several clinical factors were
significantly associated with survival outcomes. As shown in Supplementary Figure 1, patients with ECOG PS 1 had
significantly worse OS than those with ECOG PS 0 (P = 0.0055), and patients with baseline AFP >400 ng/mL also had
worse OS than those with AFP <400 ng/mL (P = 0.0012). Supplementary Figure 2 further demonstrated that PFS was
significantly shorter in patients with ECOG PS 1 compared to those with ECOG PS 0 (P = 0.024), and in patients with
extrahepatic metastases compared to those without (P = 0.044). The detrimental effect of ECOG PS 1 and elevated AFP
on OS was consistently observed across analyses. Importantly, as shown in Supplementary Figure 3, there were no

statistically significant differences in PFS or OS among patients who received different interventional modalities (TACE,
HAIC, or the combination of TACE and HAIC). The median PFS was 13.0 months for HAIC, not reached for TACE, and
15.0 months for the combination group (P = 0.16). The median OS was 16.3 months for HAIC, not reached for TACE,
and not reached for the combination group (P = 0.063).

Prognostic Factors
The proportional hazards assumption was satisfied for all covariates (Supplementary Tables 1 and 2), and visual

inspection of Schoenfeld residual plots confirmed no systematic deviation from proportionality over time

(Supplementary Figures 4 and 5). In univariate Cox regression analysis, several factors were found to be signifi-

cantly associated with poorer PES, including a higher number of target lesions (>3 vs <3; HR: 2.06, 95% CI:
1.03—4.13, P = 0.041), ECOG performance status (PS) of 1 versus 0 (HR: 2.19, 95% CI: 1.09-4.42, P = 0.028), and
the presence of extrahepatic metastases (HR: 2.41, 95% CI: 1.00-5.83, P = 0.051). For overall survival (OS),
univariate analysis showed that a higher number of target lesions (>3; HR: 2.58, 95% CI: 1.00-6.65, P = 0.05),
ECOG PS of 1 (HR: 3.23, 95% CI: 1.35-7.72, P = 0.008), the presence of extrahepatic metastases (HR: 3.32, 95%
CI: 1.20-9.15, P = 0.02), and baseline AFP >400 ng/mL (HR: 4.62, 95% CI: 1.67-12.77, P = 0.003) were associated
with worse outcomes (Table 3).
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Subgroup Events/Patients ORR,%(95%CI) x? valu_e Pvalue
Overall 67/89 | 75.3(65.0-83.8)
Sex ! 0.340 0.560
Female 7/11 : 63.6(30.8-89.1)
Male 60/78 P e — 76.9(66.0-85.7)
Age 1 0.000 1.000
<65 53/70 : ——— 75.7(64.0-85.2)
=65 14/19 : 73.7(48.8-90.9)
HBV l 0.000 1.000
Yes 56/74 : —_—— 75.7(64.3-84.9)
No 11/15 0 - 73.3(44.9-92.2)
Child-pugh 1 0.000 1.000
A 61/81 I —— 75.3(64.5-84.2)
B 6/8 : . 75.0(34.9-96.9)
ECOG PS | 10.037 0.002
0 56/67 ! ——— 83.4(72.5-91.5)
1 11/22 : 50.0(28.2-71.7)
BCLC | 7.662 0.006
A+B 38/43 1 — 88.4(74.9-96.1)
© 29/46 ——— 63.0(47.5-76.8)
The number of target lesions I 2771 0.096
<3 35/42 1 —_—— 83.3(68.6-93.0)
>3 32/47 *ﬁ—°—< 68.1(52.9-80.9)
The max of target lesion diameters ' 0.867 0352
<5 14/16 1 - 87.5(61.7-98.4)
>5 53/73 :’—0—' 72.6(60.9-82.4)
AFP h 4619 0.032
<400 39/46 1 —— 84.7(71.1-93.7)
=400 28/43 [ — 65.1(49.1-79.0)
Tumor thrombus ' 5752 0.016
Yes 26/41 — 63.4(46.9-77.9)
No 41/48 ! —— 85.4(72.2-93.9)
Extrahepatic metastssis ' 5.551 0.018
Yes 4/10 = i 40.0(12.1-73.8)
No 63/79 1 —— 79.7(69.2-88.0)
Interval : 0.828 0.363
>14 10/11 N - 90.9(58.7-99.8)
<14 57/78 | 73.1(61.8-82.5)
ARPI : 0.000 1.000
>2 10/13 i 76.9(46.2-95.0)
<2 57/76 | 75.0(63.7-84.2)
0 20 40 60 80 100

Figure 3 Subgroup Analysis of Objective Response Rate (ORR). Forest plot summarizing the subgroup characteristics analysis of objective response rate (ORR) in patients treated
with triple therapy. Subgroups include sex, age, hepatitis B virus (HBV) infection status, Child-Pugh classification, Eastern Cooperative Oncology Group (ECOG) performance status
(PS), Barcelona Clinic Liver Cancer (BCLC) stage, number of target lesions, maximum diameter of target lesions, baseline alpha-fetoprotein (AFP) levels, presence of tumor vascular
invasion, extrahepatic metastases, and interval from diagnosis to treatment. Significant differences in ORR were observed in subgroups stratified by ECOG PS, BCLC stage, AFP
levels, tumor vascular invasion, and extrahepatic metastases (P < 0.05). Data are presented as ORR percentages with 95% confidence intervals.

In multivariate Cox regression analysis, ECOG PS of 1 (HR: 2.51, 95% CI: 1.14-5.51, P = 0.022) and the presence of
extrahepatic metastases (HR: 2.66, 95% CI: 1.04-6.79, P = 0.04) remained independent prognostic factors for shorter
PFS. For OS, ECOG PS of 1 (HR: 2.78, 95% CI: 1.08-7.17, P = 0.034) and baseline AFP >400 ng/mL (HR: 5.21, 95%
CI: 1.81-14.98, P = 0.002) were identified as independent predictors of poorer survival (Table 3). Although extrahepatic
metastases and the number of target lesions were significant in univariate analysis for OS, they did not retain significance
in the multivariate model. These findings highlight the prognostic value of baseline performance status, tumor burden,
and AFP level in patients with unresectable HCC treated with triple therapy.

Safety

TEAEs occurred in 97.8% of patients, with 30.3% experiencing grade 3 or higher TEAEs. The most common TEAEs
(=10%) included elevated alanine aminotransferase (50.6%), hand-foot skin reaction (49.4%), elevated aspartate amino-
transferase (47.2%), hyperbilirubinemia (44.9%), thrombocytopenia (37.1%), diarrhea (21.3%), rash (12.4%), and
leukocytosis (11.2%). Severe TEAEs (=3 grade) included thrombocytopenia (7.9%), elevated aspartate transaminase
AST (6.7%), hyperbilirubinemia (5.6%), rash (5.6%), hand-foot skin reaction (4.5%), and elevated alanine transaminase
(ALT) (3.4%). No treatment-related deaths or grade 5 events were reported (Table 4).
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Figure 4 Kaplan-Meier Curves for Progression-Free Survival (PFS) and Overall Survival (OS). (A) The Kaplan-Meier curve illustrates the progression-free survival (PFS) of patients treated with the combination therapy of donafenib,
Anti-PD-1 monoclonal antibodies, and TACE/HAIC. The median PFS was 18.5 months (95% CI: 15.0-NA). (B) The Kaplan-Meier curve shows the overall survival (OS) of the same cohort. The median OS was not reached during the
follow-up period. Shaded areas represent 95% confidence intervals. The number at risk is shown below each time point.
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Table 3 Univariate and Multivariate Regression Analysis of Progression-Free Survival (PFS) and Overall Survival (OS)

Variable PFS oS
Univariable Multivariable Univariable Multivariable

HR (95% CI) p_value HR (95% CI) p_value HR (95% CI) p_value HR (95% CI) p_value
Age 0.47 (0.18-1.20) 0.114 0.41 (0.15-1.14) 0.087 0.56 (0.17-1.92) 0.359
The number of target lesions(>3 vs.<3) 2.06(1.03—4.13) 0.041 1.49 (0.69-3.21) 0.309 2.58 (1.00-6.65) 0.05 2.02 (0.71-5.72) 0.186
The max of target lesions diameters(>5 vs.<5cm) 0.75(0.34-1.65) 0.471 1.41 (0.41-4.78) 0.583
The sum of target lesions diameters(>9 vs.<9cm) 1.05(0.54-2.04) 0.892 2.03 (0.79-5.24) 0.144 1.16 (0.42-3.17) 0.775
Tumor thrombus (yes vs.no) 0.98(0.51-1.89) 0.946 1.66 (0.70-3.95) 0.249
Metastasis (yes vs.no) 2.41(1.00-5.83) 0.051 2.66 (1.04-6.79) 0.04 3.32 (1.20-9.15) 0.02 2.77 (0.97-7.96) 0.058
Child-pugh (B vs A) 0.75(0.23-2.44) 0.629 0.51 (0.07-3.81) 0.512
ECOG PS (I vs.0) 2.19(1.09-4.42) 0.028 251 (1.14-5.51) 0.022 323 (1.35-7.72) 0.008 2.78 (1.08-7.17) 0.034
AFP (2400 vs <400ng/mL) 1.79(0.93-3.48) 0.084 1.75 (0.87-3.52) 0.115 4.62 (1.67-12.77) 0.003 5.21 (1.81-14.98) 0.002
The interval between first systematic treatment and first 1.66(0.58-4.72) 0.343 1.73 (0.40-7.50) 0.461
interventional surgery (<14 vs.>14d)

Notes: Variables showing statistical significance at p < 0.2 in univariate analysis were entered intothe multivariate analysis model.
Abbreviations: HR, Hazard Ratio; Cl, Confidence Interval; PFS, Progression-Free Survival; OS, Overall Survival; BCLC, Barcelona Clinic Liver Cancer staging system; ECOG PS, Eastern Cooperative Oncology Group Performance

Status; HBV, Hepatitis B Virus; AFP, Alpha-Fetoprotein.
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Table 4 Incidence of Treatment-Emergent Adverse Events

(TEAEs)

TEAE All Grades > Grade 3
At least one TEAE 87 (97.8%) 27 (30.3%)
Elevated ALT 45 (50.6%) 3 (3.4%)
Hand-foot skin reaction 44 (49.4%) 4 (4.5%)
Elevated AST 42 (47.2%) 6 (6.7%)
Elevated total bilirubin 40 (44.9%) 5 (5.6%)
Decreased platelet count 33 (37.1%) 7 (7.9%)
Diarrhea 19 (21.3%) 2 (2.2%)
Rash 11 (12.4%) 5 (5.6%)
Increased WBC count 10 (11.2%) I (1.1%)
Hypertension 5 (5.6%) I (1.1%)
Anorexia 5 (5.6%) 0
Fatigue 4 (4.5%) 0
Periodontitis 3 (3.4%) 0

Oral mucositis 2 (2.2%) 0
Weight loss 2 (2.2%) 0

Acute kidney injury 1 (1.1%) I (1.1%)
Stroke 1 (1.1%) I (1.1%)
Gastrointestinal bleeding 1 (1.1%) I (1.1%)
Limb edema 1 (1.1%) 0
Abdominal distension 1 (1.1%) 0
Abdominal pain 1 (1.1%) 0
Stomach bloating 1 (1.1%) 0
Gastrointestinal pain 1 (1.1%) 0

Notes: Adverse events are presented as the number and incidence.
Abbreviations: TEAE, Treatment-Emergent Adverse Event; ALT, Alanine
Aminotransferase; AST, Aspartate Aminotransferase; WBC, White Blood Cell.

Discussion
In this real-world retrospective study, triple therapy with interventional treatment, donafenib, and anti-PD-1 monoclonal
antibodies demonstrated notable efficacy and safety in patients with uHCC. The ORR was 75.3% and DCR reached
100%. Median PFS was 18.5 months, while median OS was not reached after a median follow-up of 13.7 months.
Conversion surgery was achieved in 15.7% of patients, with most resected cases showing major or complete pathological
response. Grade >3 TRAEs occurred in 30.3% of patients, with no treatment-related deaths. These findings suggest that
triple therapy can achieve sustained tumor control and provide surgical opportunities for a subset of patients with
advanced HCC in real-world clinical practice.

This study’s findings are consistent with prior research demonstrating the efficacy of triple therapies involving TACE,
TKIs, and ICIs in uHCC. The observed ORR of 75.3% and DCR of 100% align closely with Shang et al, who reported an
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ORR of 70.5% and a DCR of 95.1% in a multicenter study using TACE, donafenib, and ICIs.'® Similarly, Li et al
demonstrated the benefit of adding ICIs to systemic therapies, with their TACE+donafenib+PD-1 inhibitors (TACE+DP)
group achieving an ORR of 50.6%, significantly higher than the 41.4% observed in the TACE+donafenib (TACE+D)
group.'” In terms of survival outcomes, this study observed a median PFS of 18.5 months, which significantly exceeds
the 12.7 months reported by Shang et al and the 10.6 months achieved in Li et al’s TACE+DP group.'®!” This may be
attributed to a greater proportion of patients with Child-Pugh A liver function and ECOG PS 0, earlier tumor stage, and
fewer with extrahepatic metastasis or elevated AFP. Individualized multidisciplinary management may have also
contributed to these favorable results. Conversion surgery remains a critical endpoint for evaluating the potential curative
impact of triple therapies. In this study, 15.7% of patients underwent conversion surgery, a rate slightly lower than the
19.7% reported by Shang et al.'® However, the pCR rate of 40% among resected patients in this study demonstrates
effective tumor cytoreduction. Recent research using HAIC-based regimens reported conversion rates ranging from
12.8% to 38.9%, depending on the systemic agents used. For example, in a real-world study of lenvatinib, tislelizumab,
and HAIC, the ORR reached 94.4%, with a conversion rate of 38.9%.18:19

Other recent studies provide additional context for evaluating triple therapy strategies. Wu et al reported an ORR of
76.4% and a conversion rate of 52.7% with lenvatinib, camrelizumab, and TACE in a multicenter prospective study,
highlighting the versatility of triple therapy regimens across different systemic agents.”’ Zhang et al observed an ORR of
53.6% and a PFS of 8.9 months with lenvatinib and Anti-PD-1 monoclonal antibodies alone, emphasizing the added
value of integrating TACE to achieve higher response rates and extended survival outcomes.?' Furthermore, Qi et al,
focusing on an adjuvant setting with donafenib, TACE, and tislelizumab, reported favorable results in reducing
recurrence risk in high-risk patients following resection, further underscoring the utility of triple therapy across various
disease stages.”> The safety profile observed in this study aligns with findings from related research. TEAEs > Grade 3
occurred in 30.3% of patients, lower than the 36.1% reported by Shang et al and comparable to the 33.8% in Li et al’s
TACE+DP group.'®'” The absence of Grade 5 TEAEs in this study further supports the tolerability of triple therapy
regimens, comparable to that observed in recent trials such as LAUNCH, where lenvatinib combined with TACE also
demonstrated an acceptable safety profile alongside significant survival benefits.”

The triple therapy used in this study combines TACE, donafenib, and anti-PD-1 antibodies to integrate locoregional
and systemic approaches for synergistic treatment of HCC. TACE induces tumor necrosis and immunogenic cell death,
which enhances antigen presentation and immune activation.”> Donafenib inhibits VEGF signaling, resulting in vascular
normalization, improved immune cell infiltration, and reduced recruitment of immunosuppressive cells.***> Anti-PD-1
antibodies restore T-cell function by blocking the PD-1/PD-L1 pathway.*® The inhibition of VEGF further enhances anti-
tumor immunity and works synergistically with PD-1 blockade, while TACE-induced hypoxia upregulates VEGF and
PD-L1 expression, providing a mechanistic basis for this combination.”’ >’ Overall, these three modalities complement
each other at both local and systemic levels.

Multivariate analysis in our study demonstrated that ECOG PS 1, extrahepatic metastasis, and elevated baseline AFP (>400
ng/mL) were independent adverse prognostic factors for both PFS and OS among patients with unresectable HCC receiving
triple therapy. This aligns with recent large-scale studies and prognostic models in this field. For example, multiple retrospective
and multicenter studies have consistently found that patients with impaired performance status, the presence of extrahepatic
spread, or high baseline AFP have significantly worse survival outcomes after triple or combination therapies.”®>? Elevated
AFP is recognized as a marker of aggressive tumor biology, while extrahepatic metastasis reflects advanced disease burden and
is repeatedly associated with reduced benefit from locoregional and systemic therapies. Similarly, an ECOG PS above 0
indicates decreased functional reserve, which is linked to both lower treatment tolerance and poorer prognosis. These findings
reinforce the importance of comprehensive risk assessment before initiating triple therapy, and suggest that individualized
treatment strategies and more intensive monitoring may be needed for patients with these high-risk features in clinical practice.

In real-world clinical practice, patients with unresectable HCC often present with heterogeneous tumor burdens,
necessitating individualized selection of local treatment modalities (such as TACE or HAIC) based on comprehensive
clinical assessment. In this study, different interventional approaches (TACE, HAIC, or their combination) were
employed, which may have introduced variability in the treatment procedures. However, subgroup analysis revealed
no significant differences in treatment efficacy among the different interventional modalities (TACE vs HAIC vs TACE
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combined with HAIC) (P > 0.05; see Supplementary Figure 3). Therefore, despite variations in interventional

approaches, the choice of local treatment modality did not appear to affect efficacy outcomes in this cohort.

This study has several limitations that should be acknowledged. First, as a retrospective analysis without a control arm, it
is subject to inherent biases, including potential selection bias in patient inclusion, which may limit the generalizability of the
findings. Importantly, the absence of a comparator arm (such as TACE plus TKI or TKI plus ICI) precludes direct
comparison of efficacy and safety outcomes with other commonly used treatment regimens. As a result, it is not possible
to determine whether the observed outcomes are superior to those of alternative therapeutic strategies, and efficacy claims
should therefore be interpreted with caution. Second, the relatively small sample size might influence the robustness of the
observed outcomes. Third, the current follow-up duration may not be sufficient to fully assess long-term efficacy and safety
trends. Ongoing follow-up will be conducted to provide more comprehensive data on long-term efficacy and survival in the
future. While the promising efficacy and safety profiles of the triple therapy were demonstrated, larger randomized controlled
trials are needed to validate these findings and establish the definitive role of this approach in the management of unresectable
HCC. Furthermore, the identification and validation of predictive biomarkers could refine patient selection and guide
individualized treatment strategies, ultimately improving therapeutic outcomes and minimizing unnecessary toxicities.
Future research should focus on addressing these gaps to optimize the clinical utility of this promising therapeutic approach.

Conclusion

This real-world study demonstrates that triple therapy with interventional treatment, donafenib, and anti-PD-1 antibodies
achieves high response rates, favorable survival, and manageable safety in unresectable HCC. ECOG PS 1, extrahepatic
metastasis, and elevated AFP independently predict poorer outcomes. These findings warrant further investigation to
confirm the clinical utility of this approach and its potential role in future treatment strategies.
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