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Plain language summary 
Comparison of the outcomes of patients with HCC with or without donafenib after 
radical resection to better understand the efficacy and safety of postoperative adjuvant 
donafenib

Why was this study done? Donafenib is the only new-generation targeted drug developed 
in the past 14 years that has demonstrated superior efficacy and increased safety in 
the first-line treatment of HCC. We aimed to explore whether postoperative adjuvant 
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Abstract
Background: Adjuvant therapy is used to reduce the risk of hepatocellular carcinoma (HCC) 
recurrence and improve patient prognosis. Exploration of treatment strategies that are both 
efficacious and safe has been extensively performed in the recent years. Although donafenib 
has demonstrated good efficacy in the treatment of advanced HCC, its use as adjuvant therapy 
in HCC has not been reported.
Objectives: To investigate the efficacy and safety of postoperative adjuvant donafenib 
treatment in patients with HCC at high-risk of recurrence.
Design: Retrospective study.
Methods: A total of 196 patients with HCC at high-risk of recurrence were included in 
this study. Of these, 49 received adjuvant donafenib treatment, while 147 did not. Survival 
outcomes and incidence of adverse events (AEs) in the donafenib-treated group were 
compared. Inverse probability of treatment weighting (IPTW) method was used.
Results: The median follow-up duration was 21.8 months [interquartile range (IQR) 17.2–27.1]. 
Before IPTW, the donafenib-treated group exhibited a significantly higher 1-year recurrence-
free survival (RFS) rate (83.7% versus 66.7%, p = 0.023) than the control group. Contrarily, no 
significant difference was observed in the 1-year overall survival (OS) rates between the two 
groups (97.8% versus 91.8%, p = 0.120). After IPTW, the 1-year RFS and OS rates (86.6% versus 
64.8%, p = 0.004; 97.9% versus 89.5%, p = 0.043, respectively) were higher than those in the 
control group. Multivariate analysis revealed that postoperative adjuvant donafenib treatment 
was an independent protective factor for RFS. The median duration of adjuvant donafenib 
treatment was 13.6 (IQR, 10.7–18.1) months, with 44 patients (89.8%) experienced AEs, 
primarily grade 1–2 AEs.
Conclusion: Postoperative adjuvant donafenib treatment effectively reduced early recurrence 
among patients with HCC at high-risk of recurrence, while exhibiting favorable safety and 
tolerability profile. However, these findings warrant further investigation.
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Introduction
Hepatocellular carcinoma (HCC) is a prevalent 
malignant tumor with poor prognosis.1 
Advancements in surveillance protocols and diag-
nostic techniques has led to an increase in the 
proportion of patients diagnosed with early HCC, 
allowing more patients to benefit from radical 
resection. Unfortunately, the recurrence rate of 
HCC can be as high as 70% within 5 years of rad-
ical resection, which may be related to existence 
of micrometastases or hidden residual disease.2 
Tumor recurrence is the leading cause of death 
and a vital bottleneck hindering the long-term 
survival of patients with HCC.

Postoperative HCC recurrence is clinically cate-
gorized as ‘early’ or ‘late’.3 Early recurrence occurs 
within 2 years of radical resection and is typically 
attributed to intrahepatic metastasis of postopera-
tive micrometastatic lesions. Conversely, late 
recurrence, which occurs after 2 or more years of 
radical resection, is generally attributed to the 
development of a de novo tumor.3 Various risk fac-
tors reportedly contribute to distinct recurrence 
patterns. Numerous studies have demonstrated 
that early HCC recurrence is often associated  
with invasion-related characteristics of the pri-
mary tumor, such as tumor size >5.0 cm, multiple 
tumors, presence of microvascular invasion 
(MVI), poor differentiation, satellite nodules, and 
elevated serum alpha-fetoprotein (AFP) level.3–8 
In contrast, late recurrence is contemplated to 

mainly occur due to the etiology of HCC (e.g. 
viral hepatitis) and the state of underlying liver 
parenchyma.6–10 It is noteworthy that early recur-
rence in patients with HCC is typically linked to 
worse long-term outcomes compared to late 
recurrence.11 Furthermore, long-term outcomes 
of patients with early recurrence are contingent on 
the number of high-risk recurrence factors present 
during surgery.11,12 With the increasing recogni-
tion of the correlation between high recurrence 
and long-term outcomes of HCC, the develop-
ment of new therapeutic drugs and other com-
bined programs to reduce or delay recurrence has 
been extensively researched in recent years.

Donafenib is a novel, oral, small-molecule mul-
tikinase inhibitor that effectively suppresses the 
activity of several receptor tyrosine kinases and 
various Raf kinases, thereby exerting dual inhib-
itory and multitarget blocking antitumor 
effects.13 In the ZGDH3 trial, donafenib has 
demonstrated encouraging outcomes in 
advanced HCC, with improved overall survival 
(OS) observed in patients receiving donafenib 
compared to those treated with sorafenib [haz-
ard ratio (HR), 0.831; 95% confidence interval 
(CI), 0.699–0.988, p = 0.0245].14 In addition, 
donafenib also exhibited a better safety and tol-
erability profile than sorafenib. These favorable 
results may indicate the potential benefit of 
postoperative adjuvant donafenib; however, as 
an emerging targeted drug, the efficacy and 

donafenib can improve the prognosis of patients with HCC at high-risk of recurrence. 
What did the researchers do? Medical data of patients with HCC at high-risk of recurrence 
who underwent radical resection at two medical centers between April 2021 and October 
2022 were collected to compare long-term outcomes of patients treated with and without 
donafenib and explore the safety of adjuvant donafenib treatment. What did the researchers 
find? A total of 196 patients with HCC at high-risk of recurrence, including 49 who received 
adjuvant donafenib treatment and 147 who did not, were analyzed. At a median follow-up of 
21.8 months, it was observed that adjuvant donafenib treatment effectively reduced early 
recurrence among patients with HCC at high-risk of recurrence, while exhibiting favorable 
safety and compliance profiles. What do the findings mean? The study provides real-world 
clinical empirical data on adjuvant donafenib treatment for patients with HCC at high-risk 
of recurrence, and these results may provide new directions for adjuvant treatment of 
HCC.
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safety of adjuvant donafenib treatment in 
patients at high-risk of recurrence after radical 
resection have not been reported. Whether don-
afenib can provide more possibilities for reduc-
ing tumor recurrence and improving long-term 
outcomes after radical resection remains to be 
investigated.

Therefore, we conducted this retrospective study 
to investigate the efficacy and safety of postopera-
tive adjuvant donafenib treatment in patients with 
HCC at high-risk of recurrence.

Methods

Patients
In this study, we retrospectively reviewed the data 
of patients with HCC who underwent hepatec-
tomy at the First Affiliated Hospital of the 
University of Science and Technology of China 
and the No. 2 People’s Hospital of Fuyang City 
between April 2021 and October 2022.

Patients who met the following inclusion crite-
ria were incorporated in the study: (1) HCC 
confirmed by postoperative pathological exami-
nation and complete resection of all tumor  
nodules with negative incisional margins;  
(2) Child–Pugh class A or B7; (3) Eastern 
Cooperative Oncology Group performance sta-
tus score of 0; (4) no previous antitumor treat-
ment (except anti-hepatitis virus treatment); (5) 
no tumor thrombus, lymph node metastasis, or 
extrahepatic metastasis; and (6) at least one of 
the following high-risk recurrence factors: (1) 
single lesion >5 cm or multiple lesions of any 
size, (2) presence of MVI, and (3) presence of 
satellite nodules. The aforementioned high-risk 
recurrence factors were defined based on previ-
ous studies.4–8

The exclusion criteria were: (1) absence of high-
risk recurrence factors; (2) other antitumor thera-
pies after radical resection, except anti-hepatitis 
virus treatment, donafenib, and transarterial 
chemoembolization (TACE); (3) heart, lung, 
brain, or renal insufficiency or severe liver insuf-
ficiency (Child–Pugh class beyond B7); (4) death 
or tumor recurrence within 2 months; and (5) 
follow-up with insufficient data.

The retrospective variables included patient fac-
tors, laboratory parameters, tumor characteris-
tics, and treatment.

Postoperative adjuvant treatment
All patients with hepatitis virus-related HCC 
received postoperative antiviral treatment, and 
some patients received one cycle of prophylactic 
TACE for approximately a month after radical 
resection. In the donafenib group, donafenib 
(initial dose of 100 or 200 mg, twice daily) was 
initiated at the first postoperative review (gener-
ally within 2 months) and continued until tumor 
recurrence, serious AEs, or spontaneous discon-
tinuation. Suspension or dose reduction 
(100 mg, once daily) was allowed to alleviate 
serious AEs.

Follow-up and clinical assessment
Regular follow-ups were conducted for all 
patients postoperatively, and data was obtained 
from patient charts or telephonic interviews. 
Follow-ups were performed every 2–3 months 
for 2 years, and subsequently every 6 months. 
Follow-up included the following examinations: 
complete blood count, chemistry panel, serum 
tumor markers, imaging, and AEs. In some 
instances, additional imaging of other areas was 
performed to exclude extrahepatic metastases. 
The outcomes of this study included short-term 
survival prognosis of patients in both groups and 
the incidence of AEs, specifically in the don-
afenib group.

The 1-year recurrence-free survival (RFS) rate 
referred to the cumulative percentage of patients 
who did not experience recurrence or death 
within 1 year of achieving radical resection status. 
The 1-year OS rate was defined as the cumulative 
percentage of patients who remained alive within 
1 year of achieving radical resection status. AEs 
were assessed according to the National Cancer 
Institute Standards for Common Terminology 
for Adverse Events, version 5.0. The course of 
treatment following tumor recurrence is contin-
gent upon both the patterns of tumor recurrence 
and the physical condition of the patient.

Statistical analysis
To minimize selection bias in this retrospective 
study and avoid reduction in the overall popula-
tion, we performed inverse probability of treat-
ment weighting (IPTW) analysis for the two 
groups. Briefly, we used a logistic regression 
model to generate a propensity score for the prob-
ability of each patient receiving donafenib treat-
ment, and a pseudo-population was created in 
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which donafenib exposure was independent of 
covariates. In this larger pseudo-population, 
adjuvant donafenib treatment was randomly 
assigned. Seventeen possible clinically relevant 
confounders were included in the model: age, 
sex, hepatitis status, cirrhosis, alanine ami-
notransferase, aspartate aminotransferase (AST), 
platelet, bilirubin–albumin (ALBI) grade, AFP 
level, Edmondson–Steiner grade, margin, tumor 
capsule, tumor diameter, number of tumors, 
MVI, satellite nodules, and TACE.

The baseline characteristics of the patients were 
reported as mean ± standard deviation, median 
with interquartile range (IQR), or percentage 
(%), depending on the nature of the retrospective 
data. Independent-sample t tests or Mann–
Whitney tests were used to analyze continuous 
variables, whereas Chi-square or Fisher’s exact 
tests were used to analyze categorical variables. 
RFS and OS were estimated using Kaplan–Meier 
curves, and differences between the groups were 
assessed using log-rank tests. A multivariate Cox 
proportional hazards regression model was used 
to examine the independent prognostic factors 
related to RFS and OS. R software (version 4.2.2; 
R Foundation, Vienna, Austria) was used to per-
form all the statistical analyses. A p value of <0.05 
was considered statistically signifcant.

The reporting of this study conforms to the 
Strengthening the Reporting of Observational 

Studies in Epidemiology statement (Supplemental 
Table 1).15

Results

Baseline characteristics of the patients
A total of 479 patients with HCC underwent 
radical resection between April 2021 and October 
2022. Of these, 283 patients were precluded on 
the basis of the exclusion criteria. Finally, this 
study enrolled 196 patients, of whom 49 received 
postoperative adjuvant donafenib treatment and 
147 did not (Figure 1). The study population 
was predominantly male (85.2%), and the 
median age of the study participants was 59 years 
(IQR 52–68 years). Most patients had chronic 
liver disease (viral hepatitis, 85.7%; cirrhosis, 
76.5%), good preoperative liver function reserve 
(ALBI grade 1, 55.6%, ALBI grade 2, 44.4%), 
and Barcelona Clinic Liver Cancer (BCLC) 
stage A (90.3%). In terms of tumor characteris-
tics, the median tumor size was 6.0 cm (IQR 4.0–
9.0), and most patients had a single tumor 
(85.2%). A small number of patients (33.7%) 
underwent adjuvant TACE following resection. 
Before IPTW, the proportion of patients with 
MVI in the donafenib-treated group was higher 
than that in the control group (85.7% versus 
66.7%, p = 0.011). After weighing, a pseudo-
population was created (donafinil-treated group, 

Figure 1. Patient selection flow.
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Table 1. Baseline characteristics of the patients.

Variable Before IPTW After IPTW

Donafenib 
(N = 49)

Control 
(N = 147)

p Donafenib 
(N = 182.29)

Control 
(N = 196.46)

p

Patient factors

 Age (years), mean (SD) 57.9 (9.7) 60.6 (10.7) 0.114 58.8 (8.7) 59.9 (10.6) 0.468

 Gender

  Female 6 (12.2%) 23 (15.6%) 0.561 20.6 (11.3%) 28.7 (14.6%) 0.575

  Male 43 (87.8%) 124 (84.4%) 161.7 (88.7%) 167.8 (85.4%)  

 Hepatitis

  No 7 (14.3%) 21 (14.3%) 1.000 22.5 (12.4%) 28.2 (14.3%) 0.731

  Yes 42 (85.7%) 126 (85.7%) 159.7 (87.6) 168.3 (85.7%)  

 Cirrhosis

  No 11 (22.4%) 35 (23.8%) 0.846 37.8 (20.8%) 45.6 (23.2%) 0.737

  Yes 38 (77.6%) 112 (76.2%) 144.5 (79.2%) 150.9 (76.8%)  

Laboratory parameters

 ALT (U/L), mean (SD) 38.8 (34.6) 42.1 (35.9) 0.561 39.9 (31.8) 39.3 (34.6) 0.912

 AST (U/L), mean (SD) 44.4 (32.6) 45.1 (31.2) 0.907 42.3 (27.0) 44.3 (30.8) 0.648

 ALBI grade

  Grade 1 24 (49.0%) 85 (57.8) 0.281 96.5 (52.9%) 108.7 (55.3%) 0.793

  Grade 2 25 (51.0%) 62 (42.2%) 85.8 (47.1%) 87.8 (44.7%)  

 PLT (*109/ml)

  ⩽100 6 (12.2%) 25 (17.0%) 0.429 22.3 (12.2%) 30.3 (15.4%) 0.611

  >100 43 (87.8%) 122 (83.0%) 160.0 (87.8%) 166.2 (84.6%)  

 AFP (ng/ml)

  ⩽400 29 (59.2%) 100 (68.0%) 0.258 108.7 (59.6%) 128.3 (65.3%) 0.530

  >400 20 (40.8%) 47 (32.0%) 73.6 (40.4%) 68.1 (34.7%)  

Tumor characteristics

 Tumor capsule

  Complete 20 (40.8%) 75 (51.0%) 0.216 90.7 (49.8%) 94.9 (48.3%) 0.874

  Incomplete 29 (59.2%) 72 (49.0%) 91.6 (50.2%) 101.6 (51.7%)  

(Continued)
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Variable Before IPTW After IPTW

Donafenib 
(N = 49)

Control 
(N = 147)

p Donafenib 
(N = 182.29)

Control 
(N = 196.46)

p

 Margin (cm)

  <1 24 (49.0%) 74 (50.3%) 0.869 101.1 (55.4%) 98.5 (50.2%) 0.560

  ⩾1 25 (51.0%) 73 (49.7%) 81.2 (44.6%) 97.9 (49.8%)  

 Tumor diameter (cm), mean (SD) 6.8 (3.7) 6.8 (3.2) 0.963 6.9 (3.1) 7.0 (3.8) 0.932

 Tumor diameter (cm)

  ⩽5.0 19 (38.8%) 59 (40.1%) 0.866 63.9 (35.0%) 77.3 (39.3%) 0.618

  >5.0 30 (61.2%) 88 (59.9%) 118.4 (65.0%) 119.2 (60.7%)  

 Number of tumors

  1 39 (79.6%) 128 (87.1%) 0.201 160.3 (88.0%) 169.8 (86.4%) 0.764

  ⩾2 10 (20.4%) 19 (12.9%) 21.9 (12.0%) 26.6 (13.6%)  

 Edmondson–Steiner grade

  I/II 26 (53.1%) 82 (55.8%) 0.740 95.9 (52.6%) 108.5 (55.2%) 0.774

  III/IV 23 (46.9%) 65 (44.2%) 86.4 (47.4%) 87.9 (44.8%)  

 Microvascular invasion

  No 7 (14.3%) 49 (33.3%) 0.011 42.0 (23.1%) 55.3 (28.2%) 0.596

  Yes 42 (85.7%) 98 (66.7%) 140.2 (76.9%) 141.1 (71.8%)  

 Satellite nodules

  No 38 (77.6%) 119 (81.0%) 0.606 152.4 (83.6%) 157.9 (80.4%) 0.613

  Yes 11 (22.4%) 28 (19.0%) 29.9 (16.4%) 38.6 (19.6%)  

 BCLC stage

  A 41 (83.7%) 136 (92.5%) 0.125 164.6 (90.3%) 180.5 (91.9%) 0.706

  B 8 (16.3%) 11 (7.5%) 17.7 ( 9.7%) 15.9 ( 8.1%)  

 Transarterial chemoembolization

  No 31 (63.3%) 99 (67.3%) 0.601 110.9 (60.8%) 129.4 (65.9%) 0.580

  Yes 18 (36.7%) 48 (32.7%) 71.4 (39.2%) 67.1 (34.1%)  

AFP, alphafetoprotein; ALBI, bilirubin–albumin grade; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic 
Liver Cancer stage; IPTW, inverse probability of treatment weighting; PLT, platelet; SD, standard deviation.

Table 1. (Continued)
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n = 182.29; control group, n = 196.46). The base-
line characteristics of the two groups were gener-
ally well-balanced, as is shown in Table 1.

Survival analysis
All the 196 patients were included in the survival 
analysis. The median follow-up durations in the 
donafenib-treated and control groups were 21.1 
(IQR 18.7–24.7) and 22.3 (IQR 16.7–
28.3) months, respectively. Throughout the fol-
low-up period, 86 recurrent events (14 in the 
donafenib-treated group and 72 in the control 
group) and 32 deaths (4 in the donafenib-treated 
group and 28 in the control group) occurred. The 
donafenib-treated group exhibited a significantly 
higher 1-year RFS rate (83.7% versus 66.7%, 
p = 0.023) than the control group. In comparison, 
no significant difference was found in the 1-year 
OS rates between the two groups (97.8% versus 
91.8%, p = 0.120) [Figure 2(a) and (b)]. The 
median RFS in the control group was 22.3 months, 
which was not attained in the donafenib-treated 
group. After IPTW, both the 1-year RFS rate 

(86.6% versus 64.8%, p = 0.004) and the 1-year 
OS rate (97.9% versus 89.5%, p = 0.043) were 
higher in the donafenib-treated than those in the 
control group [Figure 2(c) and (d)]. The median 
RFS of the control group was 18.3 months, which 
was not reached in the donafenib-treated group.

In the context of location of recurrence, most 
patients in both the groups predominantly experi-
enced intrahepatic recurrence (Table 2). On the 
other hand, the proportion of patients with extra-
hepatic recurrence or a combination of intrahe-
patic and extrahepatic recurrence was similar 
(p = 0.826). With the exception of a few patients 
lost to follow-up, the remaining patients in the 
study received further treatment after recurrence. 
Furthermore, patients who experienced recur-
rence received similar rates of various treatments 
in both groups (p = 0.805).

Prognostic factors of RFS and OS
Before IPTW, the outcomes of multivariate 
analysis indicated that AST (HR, 1.009; 95% 

Figure 2. Kaplan–Meier analysis of RFS and OS between the two groups. Before IPTW (a, b). After IPTW (c, d).
IPTW, inverse probability of treatment weighting; OS, overall survival; RFS, recurrence-free survival.
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CI, 1.003–1.014, p = 0.003), tumor diameter 
(HR, 1.886; 95% CI, 1.198–2.968, p = 0.006), 
tumor capsule (HR, 1.657; 95% CI, 1.085–
2.530, p = 0.019), MVI (HR, 2.419; 95% CI, 
1.423–4.111, p = 0.001), and postoperative 
adjuvant donafenib (HR, 0.362; 95% CI, 
0.204–0.642, p  < 0.001) were independent 
prognostic factors related to RFS (Table 3). On 
the other hand, tumor diameter (HR, 5.463; 
95% CI, 1.905–15.665, p = 0.002) was the only 
independent prognostic factor related to OS 
(Table 4).

After IPTW, AST (HR, 1.007; 95% CI, 1.001–
1.013, p = 0.040), tumor capsule (HR, 2.012; 
95% CI, 1.279–3.167, p = 0.003), margin (HR, 
1.676; 95% CI, 1.038–2.708, p = 0.035), MVI 
(HR, 2.082; 95% CI, 1.062–4.082, p = 0.033), 
and postoperative adjuvant donafenib (HR, 
0.357; 95% CI, 0.201–0.634, p < 0.001) were 
found to be independent prognostic factors 
related to RFS (Table 5). On the other hand, 
AFP (HR, 2.345; 95% CI, 1.132–4.861, 
p = 0.022), tumor diameter (HR, 7.148; 95% CI, 
2.344–21.799, p = 0.001), and postoperative 
adjuvant donafenib (HR, 0.257; 95% CI, 0.201–
0.634, p = 0.013) were independent prognostic 
factors related to OS (Table 6).

Adverse events
The median duration of adjuvant donafenib treat-
ment was 13.6 (IQR 10.7–18.1) months, with 34 
patients initiating treatment with half the dose 
(100 mg, twice daily) and 15 commencing treat-
ment with the full dose (200 mg, twice daily). 
Among these patients, 46 (93.9%) completed a 
treatment cycle lasting longer than 6 months, with 
only three discontinued treatment due to recur-
rence within this timeframe. Furthermore, eight 
(16.3%) patients required dose modifications, 
while four (8.2%) discontinued treatment due to 
severe AEs. AEs mainly occurred within 3 months 
after treatment, and 44 patients (89.8%) experi-
enced AEs, predominantly grade 1–2. Contrarily, 
five (10.2%) patients experienced grade 3 AEs. 
The most commonly observed AEs included 
hand-foot skin reactions [20 (40.8%)], decreased 
platelet count [17 (34.7%)], and diarrhea [15 
(30.6%)] (Table 7).

Discussion
Long-term survival is expected in ‘potentially 
cured’ patients who undergo radical resection. 
However, the high postoperative recurrence rate 
remains a significant bottleneck in achieving this 
goal. The core purpose of postoperative adjuvant 

Table 2. Location and treatment of recurrent hepatocellular carcinoma.

Outcome Donafenib (N = 49) Control (N = 147) p

Total 14 72 –

Location of recurrence

 Intrahepatic recurrence 10 (71.4%) 47 (65.3%) 0.826

 Extrahepatic recurrence 3 (21.4%) 14 (19.4%)  

 Intra-plus extrahepatic 1 (7.2%) 11 (15.3%)  

Treatment after recurrence 0.805

 Repeat resection 1 (7.1%) 4 (5.6%)  

 Ablation 6 (42.9%) 21 (29.2%)  

 Systemic therapy (ICIs and/or TKIs) 4 (28.6%) 24 (33.3%)  

  Transarterial chemoembolization or plus 
systemic therapy

1 (7.1%) 12 (16.7%)  

 Radiotherapy plus systemic therapy 1 (7.1%) 3 (4.2%)  

 Others (no antitumor therapy or unknown) 1 (7.1%) 8 (11.1%)  

ICI, immune checkpoint inhibitor; TKI, tyrosine kinase inhibitor.
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Table 3. Univariable and multivariable analyses of RFS before IPTW.

Variable Univariate analysis Multivariable analysis

HR 95% Cl p HR 95% Cl p

Age 0.985 0.965–1.006 0.153  

Gender (male versus female) 0.913 0.522–1.596 0.748  

Hepatitis (yes versus no) 1.504 0.779–2.904 0.224  

Cirrhosis (yes versus no) 0.946 0.585–1.531 0.821  

ALT (U/L) 1.004 0.999–1.010 0.132  

AST (U/L) 1.010 1.005–1.015 <0.001 1.009 1.003–1.014 0.003

ALBI grade (Grade 2 versus Grade 1) 1.142 0.757–1.724 0.527  

PLT (⩽100 versus >100) 1.414 0.769–2.601 0.265  

AFP (>400 versus ⩽400) 1.490 0.976–2.274 0.065  

Tumor capsule (incomplete versus complete) 1.615 1.061–2.456 0.025 1.657 1.085–2.530 0.019

Margin (<1 versus ⩾1) 1.499 0.989–2.272 0.057  

Tumor diameter, cm (>5.0 versus ⩽5.0) 1.724 1.111–2.675 0.015 1.886 1.198–2.968 0.006

Number of tumors (⩾2 versus 1) 0.560 0.290–1.083 0.085  

Edmondson–Steiner grade (III/IV versus I/II) 1.493 0.989–2.253 0.056  

Microvascular invasion (yes versus no) 1.873 1.117–3.142 0.017 2.419 1.423–4.111 0.001

Satellite nodule (yes versus no) 1.183 0.714–1.963 0.514  

BCLC stage (B versus A) 0.670 0.324–1.384 0.279  

Donafenib (yes versus no) 0.531 0.305–0.925 0.025 0.362 0.204–0.642 <0.001

TACE (yes versus no) 0.953 0.609–1.492 0.834  

AFP, alphafetoprotein; ALBI, bilirubin–albumin grade; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic 
Liver Cancer stage; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; PLT, platelet; RFS, recurrence-free 
survival; TACE, transarterial chemoembolization.

treatment is to decrease or delay tumor recur-
rence and metastasis. Moreover, it is also aimed 
at improving the long-term outcomes of patients, 
including treatment against the background of 
chronic liver disease (such as treatment of viral 
hepatitis) and eradication of micrometastatic 
tumor deposits.16 Active intervention to decrease 
and delay tumor recurrence is not only vital for 
improving the overall curative effect in patients 
with HCC, but is also an area of urgent medical 
demand. Recently, in the interim analysis of 
IMbrave050, the median follow-up duration was 
17.4 months. Among patients at high-risk of 
recurrence, RFS was improved in those who 

received a combination of atezolizumab and bev-
acizumab in comparison to those who underwent 
active surveillance (HR, 0.72; 95% CI, 0.53–
0.98, p = 0.012).17 While further follow-up is 
required to confirm the effectiveness of adjuvant 
treatment using a combination of atezolizumab 
and bevacizumab as a milestone in the treatment 
of HCC, IMbrave050 proved the necessity of 
postoperative adjuvant treatment and identified 
patients at high-risk of recurrence as a potential 
target population.

Over the last decade, targeted drugs have emerged 
as crucial treatment options for management of 
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patients with advanced HCC due to their distinc-
tive mechanisms of action and noteworthy effec-
tiveness.18 From a theoretical point of view, the 
anti-angiogenic and inhibitory effects of targeted 
drugs on tumor cell proliferation may render 
them an optimal choice for management of post-
operative micrometastases. Using luciferase-
labeled orthotopic xenograft mice models of 
HCC, Feng et al.19 demonstrated that sorafenib 
reduced postoperative tumor recurrence, conse-
quently leading to prolonged survival of mice. 
The lack of success in the STORM trial has 
diminished the faith of the researchers in targeted 
monotreatment.20 However, it is essential to note 

that the trial included a patient population with 
relatively low risk of recurrence, as was evidenced 
by a median tumor size of 3.5 cm and by the fact 
that 32% patients had MVI. Therefore, the 
potential role of antiangiogenic activity in pre-
venting or reducing tumor recurrence must be 
reconsidered. Conversely, several real-world 
studies have demonstrated that adjuvant-targeted 
treatment following radical resection is effective 
in reducing the rates of postoperative tumor 
recurrence and metastasis.21–25 Recently, a phase 
II clinical study showed that the median RFS of 
patients treated with adjuvant apatinib after radi-
cal resection for HCC with portal vein tumor 

Table 4. Univariable and multivariable analyses of OS before IPTW.

Variable Univariate analysis Multivariable analysis

HR 95% Cl p HR 95% Cl p

Age 0.997 0.964–1.030 0.843  

Gender (male versus female) 1.083 0.415–2.825 0.871  

Hepatitis (yes versus no) 1.167 0.409–3.336 0.773  

Cirrhosis (yes versus no) 0.814 0.363–1.822 0.616  

ALT (U/L) 0.995 0.982–1.008 0.436  

AST (U/L) 1.001 0.990–1.012 0.875  

ALBI grade (Grade 2 versus Grade 1) 1.248 0.624–2.497 0.532  

PLT (⩽100 versus >100) 1.438 0.503–4.110 0.497  

AFP (>400 versus ⩽400) 2.203 1.101–4.408 0.026 1.969 0.983–3.947 0.056

Tumor capsule (incomplete versus complete) 1.323 0.657–2.664 0.433  

Margin (<1 versus ⩾1) 1.159 0.578–2.324 0.677  

Tumor diameter, cm (>5.0 versus ⩽5.0) 5.783 2.021–16.545 0.001 5.463 1.905–15.665 0.002

Number of tumors (⩾2 versus 1) 0.518 0.157–1.705 0.279  

Edmondson–Steiner grade (III/IV versus I/II) 0.565 0.267–1.193 0.134  

Microvascular invasion (yes versus no) 1.467 0.633–3.397 0.374  

Satellite nodule (yes versus no) 1.148 0.496–2.655 0.747  

BCLC stage (B versus A) 0.932 0.284–3.064 0.908  

Donafenib (yes versus no) 0.441 0.154–1.260 0.127  

TACE (yes versus no) 0.602 0.260–1.395 0.237  

AFP, alphafetoprotein; ALBI, bilirubin–albumin grade; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic 
Liver Cancer stage; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; OS, overall survival; PLT, platelet; 
TACE, transarterial chemoembolization.
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Table 5. Univariable and multivariable analyses of RFS after IPTW.

Variable Univariate analysis Multivariable analysis

HR 95% Cl p HR 95% Cl p

Age 0.973 0.947–0.999 0.045 0.981 0.957–1.006 0.138

Gender (male versus female) 0.898 0.482–1.673 0.735  

Hepatitis (yes versus no) 1.683 0.784–3.612 0.182  

Cirrhosis (yes versus no) 0.792 0.449–1.397 0.420  

ALT (U/L) 1.004 0.997–1.010 0.274  

AST (U/L) 1.009 1.002–1.016 0.008 1.007 1.001–1.013 0.040

ALBI grade (Grade 2 versus Grade 1) 1.437 0.871–2.370 0.156  

PLT (⩽100 versus >100) 1.900 0.922–3.916 0.082  

AFP (>400 versus ⩽400) 1.317 0.769–2.255 0.317  

Tumor capsule (incomplete versus complete) 2.207 1.341–3.633 0.002 2.012 1.279–3.167 0.003

Margin (<1 versus ⩾1) 1.947 1.185–3.198 0.009 1.676 1.038–2.708 0.035

Tumor diameter, cm (>5.0 versus ⩽5.0) 1.478 0.876–2.491 0.143  

Number of tumors (⩾2 versus 1) 0.571 0.287–1.134 0.110  

Edmondson–Steiner grade (III/IV versus I/II) 1.472 0.888–2.441 0.133  

Microvascular invasion (yes versus no) 2.018 1.009–4.035 0.047 2.082 1.062–4.082 0.033

Satellite nodule (yes versus no) 1.368 0.731–2.559 0.327  

BCLC stage (B versus A) 0.703 0.334–1.481 0.354  

Donafenib (yes versus no) 0.396 0.217–0.723 0.003 0.357 0.201–0.634 <0.001

TACE (yes versus no) 0.929 0.529–1.631 0.797  

AFP, alphafetoprotein; ALBI, bilirubin–albumin grade; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic 
Liver Cancer stage; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; PLT, platelet; RFS, recurrence-free 
survival; TACE, transarterial chemoembolization.

thrombosis was 7.6 months and that the 1-year 
RFS rate was 36.1%.26 Similarly, Zhou et  al.27 
showed that in the patients with China liver can-
cer staging IIb/IIIa (equal to BCLC stage B/C) 
treated with lenvatinib after radical resection, the 
1-year RFS rate was 50.5% and the median RFS 
was 16.5 months.

While the potential effects on OS remain to be fur-
ther investigated, these favorable results further 
emphasize the value of adjuvant-targeted treat-
ment. As a deuterated derivative of sorafenib, 
donafenib is the only new-generation targeted 

drug developed in the past 14 years that has supe-
rior efficacy and increased safety in the first-line 
treatment of HCC. The remarkable efficacy of 
donafenib in the treatment of advanced HCC 
highlights the need for further research in the field 
of adjuvant treatment. In the present study, we 
included patients with HCC at higher risk of 
recurrence (median tumor size, 6.0 cm; 71.4% of 
patients with MVI) than the STORM trial. 
Survival analysis indicated that adjuvant don-
afenib treatment effectively reduced early tumor 
recurrence in patients at high-risk of recurrence 
(1-year RFS rate, 83.7% versus 66.7%, p = 0.023). 
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Up to the last follow-up, most patients in both the 
groups in our study predominantly experienced 
intrahepatic recurrence, and no difference in the 
location of recurrence was observed. Considering 
the imbalance in significant prognostic factors 
related to RFS and the limited sample size, we 
constructed a pseudo-population using IPTW 
and observed similar outcomes. A consistent trend 
of superior OS with donafenib compared to 
sorafenib was reportedly observed in various pre-
defined subgroups, with significant improvements 
in OS achieved in specific subgroups.14 In our 
study, 162 patients (82.7%) had hepatitis B virus-
related HCC, and therefore, adjuvant donafenib 
may have been more targeted and effective. Before 
IPTW, no significant improvement in OS  

was observed in the donafenib-treated group. 
However, after IPTW, the donafenib-treated 
group exhibited better OS than the control group. 
Furthermore, multivariate analysis indicated that 
postoperative adjuvant donafenib treatment was 
an independent and favorable factor for OS. The 
different OS outcomes between the two datasets 
could be attributed to limited sample size and 
short follow-up duration. However, the specific 
effects of postoperative adjuvant donafenib treat-
ment on OS requires further investigation.

Both efficacy and safety are critical, with ‘efficient 
yet tolerable’ as the paramount aim of postopera-
tive adjuvant treatment. In particular, in cases of 
early HCC in the absence of active disease, the 

Table 6. Univariable and multivariable analyses of OS after IPTW.

Variable Univariate analysis Multivariable analysis

HR 95% Cl p HR 95% Cl p

Age 0.993 0.950–1.037 0.735  

Gender (male versus female) 1.055 0.381–2.920 0.918  

Hepatitis (yes versus no) 1.189 0.394–3.583 0.759  

Cirrhosis (yes versus no) 0.762 0.318–1.830 0.544  

ALT (U/L) 0.996 0.982–1.010 0.554  

AST (U/L) 1.002 0.994–1.010 0.633  

ALBI grade (Grade 2 versus Grade 1) 1.409 0.669–2.966 0.367  

PLT (⩽100 versus >100) 1.819 0.569–5.814 0.313  

AFP (>400 versus ⩽400) 2.499 1.173–5.325 0.018 2.345 1.132–4.861 0.022

Tumor capsule (incomplete versus complete) 1.787 0.863–3.700 0.118  

Margin (<1 versus ⩾1) 1.388 0.663–2.904 0.384  

Tumor diameter, cm (>5.0 versus ⩽5.0) 7.632 2.461–23.667 <0.001 7.148 2.344–21.799 0.001

Number of tumors (⩾2 versus 1) 0.522 0.147–1.853 0.315  

Edmondson–Steiner grade (III/IV versus I/II) 0.667 0.298–1.493 0.325  

Microvascular invasion (yes versus no) 1.890 0.764–4.674 0.168  

Satellite nodule (yes versus no) 1.262 0.517–3.085 0.609  

BCLC stage (B versus A) 0.882 0.250–3.113 0.845  

Donafenib (yes versus no) 0.298 0.099–0.894 0.031 0.257 0.088–0.750 0.013

TACE (yes versus no) 0.636 0.255–1.584 0.331  

AFP, alphafetoprotein; ALBI, bilirubin–albumin grade; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic 
Liver Cancer stage; CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; OS, overall survival; PLT, platelet; 
TACE, transarterial chemoembolization.
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patient’s acceptance of adverse reactions is further 
reduced, which leads to poorer adherence. 
Compared with atezolizumab plus bevacizumab 
therapy in IMbrave050, donafenib monotherapy is 
expected to exhibit more favorable safety. 
Moreover, the oral route of administration of don-
afenib is more convenient for patients. Throughout 
the course of treatment, adjuvant donafinib 
showed favorable safety and adherence. The over-
all incidence of AEs was 89.8%, most of which 
were grade 1 or 2. Commonly occurring AEs were 
consistent with the known safety profile of targeted 
monotherapy, with no new safety concerns being 
identified. In the context of compliance, 46 patients 
(93.9%) received continuous treatment for more 
than 6 months, while 5 (10.2%) discontinued 
treatment due to the occurrence of grade 3 AEs. 
AEs were further controlled and reversed through 
flexible adjustments such as drug suspension, dose 
adjustment, and symptom management.

To the best of our knowledge, this is the first 
study to report the efficacy and safety of adjuvant 
donafenib treatment for patients with HCC at 
high-risk of recurrence. Moreover, the prelimi-
nary findings showed a favorable trend. However, 

this retrospective study had some limitations that 
need consideration. First, numerous high-risk 
factors are associated with HCC recurrence. In 
this study, four routine factors were chosen based 
on prior research to identify patients at high-risk 
of recurrence, thereby introducing a selection 
bias within the study population. Previous studies 
have indicated that patients at high-risk of  
recurrence are more likely to derive substantial 
benefits from postoperative adjuvant treatment. 
Nevertheless, current studies commonly use 
composite criteria encompassing variables such as 
tumor size and MVI to identify high-risk patients, 
which may lead to the omission of potentially 
beneficial patients. Second, donafenib has been 
in the market for a short time, which resulted in a 
smaller sample size and shorter follow-up dura-
tion. Further conclusions regarding survival ben-
efit may only be derived from a randomized 
control trial. How this may also ultimately com-
pare to atezolizumab/bevacizumab is also unclear.

Conclusion
In conclusion, surgery should be combined with 
numerous cutting-edge drugs to prolong the 

Table 7. Summary of patient safety in the donafenib group.

Adverse events Donafenib (n = 49)

 Grade 1–2 Grade 3 All grades

Any adverse event 39 (79.6%) 5 (10.2%) 44 (89.8%)

Hand-foot skin reaction 18 (36.7%) 2 (4.1%) 20 (40.8%)

Decreased platelets 15 (30.6%) 2 (4.1%) 17 (34.7%)

Diarrhea 15 (30.6%) 0 15 (30.6%)

Alopecia 8 (16.3%) 0 8 (16.3%)

Hypertension 5 (10.2%) 1 (2.0%) 6 (12.2%)

Rash or desquamation 6 (12.2%) 0 6 (12.2%)

Abdominal distension 5 (10.2%) 0 5 (10.2%)

Decreased appetite 3 (6.1%) 0 3 (6.1%)

Arthralgia 3 (6.1%) 0 3 (6.1%)

Abdominal pain 2 (4.1%) 0 2 (4.1%)

Back pain 1 (2.0%) 0 1 (2.0%)

Subacute thyroiditis 1 (2.0%) 0 1 (2.0%)
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survival and improve the quality of life of patients 
with HCC. Individualized adjuvant treatment 
based on the risk of recurrence is an important 
direction for future studies. Based on the prelimi-
nary findings of this study, it can be inferred that 
postoperative adjuvant donafenib treatment 
effectively reduced early recurrence among 
patients with HCC at high-risk of recurrence, 
while exhibiting favorable safety and tolerability 
profile. Nevertheless, additional extensive rand-
omized controlled trials are necessary to validate 
our findings.
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