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Abstract: Objective: To compare the survival benefit and safety profiles between lenvatinib and donafenib when
used as conversion therapies for patients with hepatocellular carcinoma (HCC) at the China National Liver Cancer
(CNLC) stages I-lll. Methods: A retrospective comparative study was conducted on 76 patients diagnosed with HCC
at CNLC stage I-lll. Among them, 40 patients were treated with lenvatinib, and the other 36 patients received
donafenib. Key outcomes, including overall survival (0S), progression-free survival (PFS), objective response rate
(ORR), and adverse events, were evaluated. Results: Patients treated with lenvatinib showed significantly longer OS
(14.9 vs. 7.9 months, P=0.010) and PFS (4.6 vs. 2.9 months, P<0.001) compared to those treated with donafenib.
The ORR was 15% in the lenvatinib group and 5.6% in the donafenib group (P=0.551). Lenvatinib was also as-
sociated with a lower incidence of grade >3 adverse events (P<0.05). Specifically, severe adverse events such as
hepatotoxicity, hematological toxicity, hand-foot syndrome, and diarrhea were less frequent in the lenvatinib cohort.
Univariate and multivariate analyses identified elevated alpha-fetoprotein (AFP) levels and the presence of hepatic
vein tumor thrombus as significant predictors of poorer PFS, with hazard ratios (HR) of 1.45 and 1.80, respectively.
Furthermore, multivariate analysis revealed that higher Child-Pugh scores and elevated AFP levels were associ-
ated with worse OS (all P<0.05). Conclusion: Lenvatinib demonstrates superior survival outcomes compared to
donafenib as a conversion therapy in patients with CNLC stage I-lll HCC. While the two therapies are comparable in
overall safety profiles, lenvatinib is more tolerated, with a lower incidence of severe adverse events.
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Introduction

Hepatocellular carcinoma (HCC), the sixth lead-
ing cause of cancer-related mortality globally,
presents a significant clinical challenge due to
its aggressive nature and rising incidence rates
[4, 2]. HCC predominantly affects individuals
with chronic liver conditions, such as hepatitis
B or C virus infection and cirrhosis [3, 4].
Conventional treatments for HCC include surgi-
cal resection, liver transplantation, and radio-
frequency ablation [5]. However, these options
are not feasible for all patients, underscor-
ing the need for alternative therapeutic
strategies.

In recent years, conversion therapy has gained
recognition as a promising approach for HCC
patients at CNLC (Chinese National Liver Can-
cer Committee) stages I-lll, aiming to down-
stage tumors and enhance surgical eligibility
[6, 7]. Consistent with CNLC guidelines, molecu-
lar targeted agents such as tyrosine kinase
inhibitors (TKIs) have become integral to the
management of advanced HCC [8, 9]. Among
these, lenvatinib and donafenib are two clini-
cally validated TKls with distinct molecular
targets [10]. Lenvatinib inhibits VEGFR1-3,
PDGFRpB, FGFR1-4, and RET, while donafenib
primarily targets VEGFR2, PDGFR, and FGFR2
[11-13]. Both drugs have shown encouraging
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efficacy in improving overall survival (0S) and
progression-free survival (PFS) in phase lll trials
[14, 15].

Despite their parallel regulatory approvals and
similar efficacy endpoints in registration trials,
direct comparative data on lenvatinib and
donafenib in the context of conversion therapy
remain scarce. Specifically, differences in sur-
vival outcomes, safety profiles, and conversion
success rates between the two TKIs have not
been thoroughly investigated [16]. To address
this gap, we conducted a retrospective cohort
study to evaluate and compare the therapeu-
tic efficacy and safety of lenvatinib versus
donafenib in patients with CNLC stage I-1ll HCC
undergoing conversion therapy.

Methods
Study design and patient selection

This retrospective comparative cohort study
was conducted at Shijiazhuang People’s Hos-
pital between January 2020 and December
2022. Eligible patients were diagnosed with
HCC at CNLC stage I-lll and received either len-
vatinib or donafenib as conversion therapy.
Conversion therapy was defined as the initia-
tion of targeted therapy following systemic che-
motherapy or best supportive care, with the
primary goal of achieving partial response (PR)
or stable disease (SD). Patients were excluded
if they had received prior TKI treatment, were
concurrently taking strong CYP3A inhibitors, or
declined participation. Additionally, patients
undergoing other anticancer therapies, such
as chemotherapy, radiotherapy, or surgery, dur-
ing the study period were excluded to ensure
that outcomes could be attributed solely to len-
vatinib or donafenib. This study was approved
by the Institutional Review Board and Ethics
Committee of Shijiazhuang People’s Hospital.

Therapeutic interventions and outcome mea-
sures

Treatment protocols: Patients received either:
(1) lenvatinib (AB12345; Eisai Co., Ltd.) at an
initial daily dose of 8 mg (bodyweight <60 kg)
or 12 mg (=60 kg), with dose adjustments (2-4
mg/day) based on toxicity tolerance, or (2)
donafenib (GH246; Zhejiang Hisun Pharma-
ceutical Co., Ltd.) administered orally at 400-
600 mg/day in divided doses. Both regimens

3497

were continued for at least two treatment
cycles (minimum 8 weeks), unless disease pro-
gression or intolerable toxicity necessitated
discontinuation.

Assessment timeline: Radiological evaluations
using contrast-enhanced CT or MRI were per-
formed at baseline and every 8 weeks there-
after. Tumor responses were evaluated accord-
ing to the modified Response Evaluation
Criteria in Solid Tumors (MRECIST) by indepen-
dent radiologists blinded to treatment alloca-
tion.

Primary endpoints: 0OS: Time from treatment
initiation to all-cause mortality; patients still
alive were censored at the date of the last fol-
low-up (Mminimum follow-up: 12 months). PFS:
Time from therapy initiation to the earliest
occurrence of radiological progression (per
mMRECIST) or death.

Secondary endpoints: Objective Response
Rate (ORR) [17]: Proportion of patients achiev-
ing complete response (CR) or partial response
(PR). Disease Control Rate (DCR): Proportion
of patients achieving CR, PR, or stable disease
(SD) sustained for at least 8 weeks. Safety
Profile: Incidence and severity of treatment-
emergent adverse events (TEAEs), according
to NCI CTCAE v5.0. Particular attention was
given to hypertension, hand-foot syndrome,
and proteinuria.

Statistical analysis

All statistical analyses were conducted using
IBM SPSS Statistics version 24.0 and Graph-
Pad Prism version 8.0. Baseline and clinical
characteristics were compared between the
two treatment groups. Categorical variables
were expressed as n (%) and compared be-
tween groups using the chi-square test or
Fisher’'s exact test, as appropriate. Continuous
variables were assessed for normality using
the Shapiro-Wilk test. Normally distributed
data were expressed as mean + standard
deviation and compared between groups using
the independent samples t-test. Non-normally
distributed variables were reported as median
(range) and analyzed with the Mann-Whitney U
test (Wilcoxon rank-sum test).

OS and PFS were estimated using the Kaplan-
Meier method, and survival curves were com-
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pared using the log-rank test. Univariate and
multivariate analyses were conducted using
Cox proportional hazards regression models to
calculate hazard ratios (HRs) and 95% confi-
dence intervals (Cls). A P value <0.05 was con-
sidered statistically significant.

Results

Comparison of patient characteristics between
the two groups

A total of 76 patients were included in this
study, with 40 receiving lenvatinib and 36
receiving donafenib. As presented in Table 1,
there were no statistically significant differenc-
es in the baseline clinical characteristics
between the two groups. This balanced distri-
bution strengthens the validity of subsequent
comparisons of treatment efficacy and safety
outcomes.

Comparison of therapeutic efficacy between
the two groups

As shown in Table 2, in the Lenvatinib group,
one patient achieved CR, five had PR, nineteen
achieved SD, and seventeen experienced pro-
gressive diseases (PD). The ORR was 15% in
the lenvatinib group and 5.6% in the patient
achieved (P=0.551). Moreover, the DCR was
62.5% in the lenvatinib group and 47.22% in
the donafenib group (P=0.239).

Comparison of safety profiles between the two
groups

Lenvatinib was associated with a significantly
lower incidence of adverse events with grade 3
or higher compared to donafenib (P<0.05,
Table 3). Notably, the lenvatinib group demon-
strated fewer severe adverse events, particu-
larly in terms of hepatotoxicity, hematological
toxicity, hand-foot syndrome, and diarrhea.
These findings suggest that lenvatinib may
offer a more favorable safety profile, which is a
critical concern when selecting an appropriate
treatment regimen for patients with HCC.

Comparison of progression-free survival be-
tween the two groups

During the follow-up period, tumor progression

occurred in 70.8% (34/48) of patients in the
lenvatinib group and 86.7% (26/30) in the
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donafenib group. The median PFS was 4.6
months (95% Cl: 4.3-5.1) in the lenvatinib
group, significantly higher than 2.9 months
(95% Cl: 2.6-3.3) in the donafenib group
(P<0.001) (Figure 1).

Comparison of overall survival between the
two groups

A total of 16 patients (40%) in the lenvatinib
group and 20 patients (55.6%) in the dona-
fenib group died during follow-up. The median
OS was significantly longer in the lenvatinib
group at 14.9 months (95% Cl: 11.9-16.9),
compared to 7.9 months (95% Cl: 6.3-9.3)
(P=0.010) (Figure 2).

Univariate and multivariate analysis of factors
influencing patient PFS

Elevated AFP levels (HR=1.45, 95% Cl: 1.18-
1.79, P=0.008) and the presence of hepatic
vein tumor thrombus (HR=1.80, 95% CI: 1.02-
1.15, P=0.003) were identified as significant
predictors of shorter PFS in both univariate
and multivariate analyses (Table 4). Although
age and cirrhosis showed association with PFS
in univariate analysis, these factors did not
retain significance in the multivariate model.

Univariate and multivariate analysis of factors
influencing patient OS

Univariate analysis identified that lower perfor-
mance status (PS score >1 vs. 0), higher Child-
Pugh scores (B/C vs. A), presence of cirrhosis,
hepatic vein tumor thrombus, advanced CNLC
stage (Il vs. I/1l), and elevated AFP levels
(=400 ng/mL vs. <400 ng/mL) were signifi-
cantly associated with poorer OS (all P<0.05;
Table 5). In multivariate analysis, higher Child-
Pugh scores (HR=1.06, 95% CI: 1.02-1.10,
P=0.006) and elevated AFP levels (HR=3.03,
95% Cl: 1.10-9.09, P=0.039) remained inde-
pendent predictors of worse OS. Notably, the
presence of hepatic vein tumor thrombus
showed a paradoxical protective effect in the
adjusted model (HR=0.88, P=0.002), possibly
due to confounding by other covariates.

Discussion
HCC is a leading cause of cancer-related deaths

globally, characterized by a poor prognosis due
to its late detection and limited therapeutic
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Table 1. The comparison of baseline clinical characteristics between the lenvatinib and donafenib
groups

Characteristic Lenvatinib group (n=40) Donafenib group (n=36) t/x? p-value
Age (year) 55.2+10.3 54.849.8 1.094 0.863
Gender (males) 25 (62.5%) 21 (58.33%) 0.851 0.711
Etiology of hepatocellular carcinoma 1.360 0.596
Hepatitis B Infection 31 26
Other 9 10
PS score 0.850 0.769
0 29 25
1 11 11
Microvascular invasion 1.651 0.655
Nonexistence 27 26
Incidence 13 10
Cirrhosis 1.088 0.606
Nonexistence 33 28
Incidence 7 8
AFP 1.490 0.981
>400 ng/mL 19 17
<400 ng/mL 21 19
Hepatic vein cancer embolism 1.477 0.708
Nonexistence 32 30
Incidence 8 6
Extrahepatic metastasis 0.893 0.901
Nonexistence 15 14
Incidence 25 22
Liver Function (Child-Pugh) 2.110 0.909
A 45% 44.44%
B 37.5% 36.12%
C 17.5% 19.44%
Tumor Stage (CNLC) 1.366 0.937
I 40% 38.89%
Il 30% 30.56%
1 25% 25%
Pathology Type 0.858 0.958
Squamous 40% 38.89%
Adenocarcinoma 35% 33.33%
Prior Treatment History 0.842 0.756
Chemotherapy 12 (30%) 10 (27.8%)
Surgery 5 (12.5%) 6 (16.7%)
Radiotherapy
ECOG Performance Status 1.571 0.853
0 55% 52.78%
1 30% 30%
2 10% 11.11%
3 5% 2.78%

CNLC: China Liver Cancer Staging; PS Score: Baseline Performance Status Score; AFP: Alpha-fetoprotein; ECOG Performance
Status: Eastern Cooperative Oncology Group Performance Status.
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Table 2. The efficacy outcomes of the lenvatinib and the donafenib
group

Lenvatinib Donafenib

Efficacy outcomes group (n=40)  group (n=36)

X2 p-value

Best Efficacy Response 1.760 0.538
CR 1 0
PR 5 2
SD 19 15
PD 17 18
ORR (%) 15% 5.6% 0.149 0.551
DCR (%) 62.5% 47.22% 1.357 0.239

ORR: objective response rate; DCR: Disease control rate; CR: complete response;
PR: partial response; SD: stable disease; PD: progressive disease.

Table 3. Incidence of grade >3 adverse events of the lenvatinib
and the donafenib group

Lenvatinib  Donafenib

Adverse Event (%) (%) Ve p-value
Any Grade >3 Adverse Event 36.9 45.6 1.249 0.046
Hepatotoxicity 13.9 39.7 1.038 <0.001
Hematological Toxicity 15.8 2 0.091 0.023
Hand-Foot Syndrome 12.4 19.8 2.118 0.04
Diarrhea 6.8 15.6 3.021 <0.001
Stomatitis 6.1 12.9 0.093 0.027
Proteinuria 5.6 4.8 1.018 0.46
Thrombocytopenia 5.2 3.7 1.320 0.37
Hypothyroidism 4.7 3.2 0.071 0.2
Fatigue 3.9 3.1 1.069 0.7

The primary endpoint of the
study was OS, with second-
ary endpoints including PFS,
ORR, DCR, and safety profiles.
The study found that lenva-
tinib provided a superior sur-
vival benefit over donafenib
when used as conversion
therapy in patients with HCC
at CNLC stages I-lll. Notably,
the median OS was signifi-
cantly longer in the lenvatinib
group (14.9 months) than in
the donafenib group (7.9
months), indicating a clear
survival advantage for lenva-
tinib. This suggests that len-
vatinib may have a more fa-
vorable impact on patient sur-
vival compared to donafenib
within the context of conver-
sion therapy for HCC. In terms
of PFS, elevated AFP levels
and the presence of hepatic
vein tumor thrombus were
identified as independent pre-
dictors of poorer prognosis in
both univariate and multivari-
ate analyses. These clinical
factors may play a critical role

options [16]. The management of HCC has
evolved, with a growing emphasis on personal-
ized therapeutic strategies [18]. Conversion
therapy, which involves altering the treatment
approach for HCC patients, is crucial in opti-
mizing patient outcomes [19]. This study incl-
uded a diverse cohort of HCC patients encom-
passing a broad spectrum of clinical character-
istics and disease stages. All patients initially
underwent transarterial chemoembolization
(TACE) as the standard first-line therapy for
HCC. However, due to disease progression or
intolerable side effects, they subsequently
received conversion therapy with either lenva-
tinib or donafenib. Both lenvatinib and dona-
fenib are molecularly targeted agents with
demonstrated anti-tumor activity in HCC.
Lenvatinib is a multikinase inhibitor that tar-
gets multiple receptor tyrosine kinases, where-
as donafenib selectively inhibits VEGFR2 and
PDGFR{ [20].
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in stratifying patients and
tailoring conversion therapy
strategies. These findings align with previous
reports comparing lenvatinib with donafenib.
For instance, Meng et al. reported that lenva-
tinib was associated with prolonged PFS and
OS in patients with advanced HCC [21].
Similarly, Guan et al. demonstrated that lenva-
tinib achieved a higher DCR and a longer PFS
than donafenib [13].

In the comparative analysis of safety profiles
between lenvatinib and donafenib in the treat-
ment of HCC, lenvatinib was associated with
a lower incidence of grade >3 adverse events
compared to donafenib. Notably, lenvatinib
demonstrated a lower incidence of hepatoto-
xicity, hematological toxicity, hand-foot syn-
drome, and diarrhea. Additionally, adverse
events such as stomatitis, proteinuria, throm-
bocytopenia, hypothyroidism, and fatigue were
less common in the lenvatinib group, although
some of these differences did not reach
statistical significance. In a randomized trial by
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Comparison of lenvatinib vs. donafenib in HCC conversion therapy

PFS

—— Donafenib
--- Lenvatinib

Survival probability (%)

1
1
1
20 !
1
I-

1 1 . 1 1 . 1 . 1
3 4 5 6
Month

ol
-
N

Figure 1. Kaplan-Meier curves of median progression-free survival between
two groups (Time-month). PFS: progression-free survival.
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Figure 2. Kaplan-Meier curves of median overall survival between two
groups (Time-month).

clinical trials, also found that
lenvatinib posed a lower risk
of hepatotoxicity and diarrhea
than other systemic agents,
including donafenib [24]. In
contrast, a study by Yi et al.
observed that while lenvati-
nib and sorafenib yielded si-
milar overall survival, lenva-
tinib was associated with a
higher incidence of hyperten-
sion and diarrhea [25]. Len-
vatinib, a multi-kinase inhibi-
tor, targets several angioge-
nic and growth factor re-
ceptors, including VEGFR1-3,
FGFR1-4, PDGFRa, RET, and
KIT [26]. This broad spectrum
of inhibition may contribute to
its antitumor effects by block-
ing tumor angiogenesis and
inhibiting tumor cell prolifera-
tion and survival. In contra-
st, donafenib, another multi-
kinase inhibitor, primarily tar-
gets VEGFR1-3, PDGFRa, and
c-Kit, with weaker activity
against FGFR and RET [27].
These differences in target
selectivity may underlie the
variations in efficacy and tox-
icity observed between the
two agents. In conclusion, the
superior safety profile of len-
vatinib compared to donafen-
ib may be related to its broad-
er and more potent inhibiti-
on of tumor-related signaling
pathways. Further research
is needed to elucidate the
molecular mechanisms and to
identify predictive biomarkers
that may guide treatment
selection in patients with HCC.

Han et al. [22], patients with unresectable HCC This study has several limitations. First, it was
treated with lenvatinib experienced significant- conducted at a single center, which may limit
ly fewer grade >3 adverse events, including its generalizability to a broader patient popula-
hepatotoxicity, diarrhea, and hand-foot syn- tion. Second, the relatively small sample size
drome, than those treated with sorafenib. increases the risk of type Il errors, potentially
Similarly, Xie et al. reported a lower incidence of obscuring statistically significant differences
hypertension, hand-foot syndrome, and diar- between treatment groups. Lastly, the retro-
rhea with lenvatinib compared to sorafenib in spective design may have introduced biases
advanced HCC patients [23]. A meta-analysis related to patient selection and data collec-
by Liu et al., incorporating data from multiple tion. However, to minimize confounding factors,
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Table 4. Univariate and multivariate analysis for PFS prognosis

Characteristic

Univariable Analysis

Multivariable Analysis

HR 95% Cl  p-value HR 95% Cl  p-value
Age (</265) 1.05 1.01-1.10 0.035 1.03 0.99-1.07 0.621
Gender (males/females) 1.12 1.04-1.20 0.062
Hepatitis B (infected/uninfected) 1.20 1.05-1.35 0.521
PS score (0/1) 0.98 0.86-1.11 0.766
Microvascular invasion (nonexistence/incidence) 0.57 0.31-1.04 0.069
Cirrhosis (nonexistence/incidence) 1.08 1.02-1.15 0.039 1.06 1.01-1.10 0.602
AFP (/<400 ng/mL) 1.50 1.20-1.85 <0.001 1.45 1.18-1.79 0.008
Hepatic vein cancer embolism (nonexistence/incidence) 1.80 1.30-2.50 <0.001 1.75 1.28-2.40 0.003
Extrahepatic metastasis (nonexistence/incidence) 1.03 0.97-1.09 0.260
Child-Pugh (A/B/C) 1.02 0.96-1.08 0.632
CNLC (I/11/11) 1.04 0.97-1.12 0.247
Pathology Type (Squamous/Adenocarcinoma/Others) 0.92 0.80-1.05 0.210
ECOG (0/1/2/3) 0.90 0.82-1.00 0.598

HR: Hazard Ratio; CNLC: China Liver Cancer Staging; PS Score: Baseline Performance Status Score; AFP: Alpha-fetoprotein;

ECOG: Eastern Cooperative Oncology Group.

Table 5. Univariate and multivariate analysis for overall survival prognosis

Characteristic

Univariable Analysis

Multivariable Analysis

HR 95% Cl  p-value HR 95% Cl  p-value
Age (</265) 1.20 1.05-1.35 0.150
Gender (males/females) 1.02 0.96-1.08 0.182
Hepatitis B (infected/uninfected) 1.46 0.51-4.14 0.478
PS score (0/1) 0.32 0.18-0.55 0.001 0.29 0.16-0.55 0.518
Microvascular invasion (nonexistence/incidence) 0.92 0.36-1.51 0.346
Cirrhosis (nonexistence/incidence) 0.69 0.32-1.51 0.009 0.88 0.36-2.16 0.783
AFP (/<400 ng/mL) 0.35 0.12-0.98 0.045 0.33 0.10-1.03 0.039
Hepatic vein cancer embolism (nonexistence/incidence) 1.18 1.12-1.24 0.001 0.88 0.81-0.95 0.002
Extrahepatic metastasis (nonexistence/incidence) 0.88 0.31-2.49 0.803
Child-Pugh (A/B/C) 1.08 1.03-1.14 0.002 1.06 1.02-1.10 0.004
CNLC (I/11/11) 0.41 0.20-0.85 0.016 0.70 0.25-1.94 0.941
Pathology Type (Squamous/Adenocarcinoma/Others) 0.70 0.24-1.99 0.479
ECOG (0/1/2/3) 0.53 0.27-1.07 0.075

HR: Hazard Ratio; CNLC: China Liver Cancer Staging; PS Score: Baseline Performance Status Score; AFP: Alpha-fetoprotein;

ECOG: Eastern Cooperative Oncology Group.

patients who received concurrent chemothera-
py, radiotherapy, or surgical interventions were
excluded, allowing for a more isolated assess-
ment of the therapeutic effects of lenvatinib
and donafenib.

Conclusions

Lenvatinib offers superior survival benefits
over donafenib as a conversion therapy in
patients with HCC at CNLC stages I-lll.
Moreover, lenvatinib is linked to a reduced inci-
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dence of grade >3 adverse events compared
to donafenib, suggesting a more favorable
safety profile. Despite these promising find-
ings, prospective multicenter studies with
larger sample sizes and longer follow-up peri-
ods are necessary to validate these re-
sults. Future research should also explore
predictive biomarkers and patient subgro-
ups that may benefit most from lenvatinib,
while providing a more comprehensive evalua-
tion of long-term safety and efficacy out-
comes.

Am J Transl Res 2025;17(5):3496-3504



Comparison of lenvatinib vs. donafenib in HCC conversion therapy

Acknowledgements

This study was supported by the Hebei
Provincial Health Commission Research Fund
project (No. 20210887).

Disclosure of conflict of interest

None.

Address correspondence to: Dongliang Zhang, De-
partment of Neurosurgery, Shijiazhuang People’s
Hospital, No. 365 Jianhua South Street, Yuhua
District, Shijiazhuang 050000, Hebei, China. E-mail:
Zhangdl1981@126.com

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

Ganesan P and Kulik LM. Hepatocellular carci-
noma: new developments. Clin Liver Dis 2023;
27: 85-102.

Wang L, Zhu L, Liang C, Huang X, Liu Z, Huo J,
Zhang Y, Zhang Y, Chen L, Xu H, Li X, Xu L,
Kuang M, Wong CC and Yu J. Targeting N6-
methyladenosine reader YTHDF1 with siRNA
boosts antitumor immunity in NASH-HCC by
inhibiting EZH2-IL-6 axis. J Hepatol 2023; 79:
1185-1200.

Wang Y and Deng B. Hepatocellular carcino-
ma: molecular mechanism, targeted therapy,
and biomarkers. Cancer Metastasis Rev 2023;
42: 629-652.

Liu T, GuoYY, Liao Y and Liu J. Mechanism-guid-
ed fine-tuned microbiome potentiates anti-tu-
mor immunity in HCC. Front Immunol 2023;
14: 1333864.

Alawyia B and Constantinou C. Hepatocellular
carcinoma: a narrative review on current
knowledge and future prospects. Curr Treat
Options Oncol 2023; 24: 711-724.

Vitale A, Cabibbo G, lavarone M, Vigano L, Pi-
nato DJ, Ponziani FR, Lai Q, Casadei-Gardini A,
Celsa C, Galati G, Gambato M, Crocetti L, Ren-
zulli M, Giannini EG, Farinati F, Trevisani F and
Cillo U; HCC Special Interest Group of the
Italian Association for the Study of the Liver.
Personalised management of patients with
hepatocellular carcinoma: a multiparametric
therapeutic hierarchy concept. Lancet Oncol
2023; 24: e312-e322.

Chen B and Huang B. Predictive factors for
transition to conversion therapy in HCC using
atezolizumab plus bevacizumab. Liver Int
2024; 44: 1735.

Pinter M, Scheiner B and Pinato DJ. Immune
checkpoint inhibitors in hepatocellular carci-
noma: emerging challenges in clinical prac-
tice. Lancet Gastroenterol Hepatol 2023; 8:
760-770.

3503

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Ding Z, Pan Y, Shang T, Jiang T, Lin Y, Yang C,
Pang S, Cui X, Wang Y, Feng XF, Xu M, Pei M,
ChenY, Li X, Ding J, Tan Y, Wang H, Dong L and
Wang L. URI alleviates tyrosine kinase inhibi-
tors-induced ferroptosis by reprogramming lip-
id metabolism in p53 wild-type liver cancers.
Nat Commun 2023; 14: 6269.

Liu J, Wang P, Shang L, Zhang Z, Tian Y, Chen X,
Ma Y and Shao H. TACE plus tyrosine kinase
inhibitors and immune checkpoint inhibitors
versus TACE plus tyrosine kinase inhibitors for
the treatment of patients with hepatocellular
carcinoma: a meta-analysis and trial sequen-
tial analysis. Hepatol Int 2024; 18: 595-609.
Albiges L, Gurney H, Atduev V, Suarez C, Cli-
ment MA, Pook D, Tomczak P, Barthelemy P,
Lee JL, Stus V, Ferguson T, Wiechno P, Gokmen
E, Lacombe L, Gedye C, Perini RF, Sharma M,
Peng X and Lee CH. Pembrolizumab plus lenva-
tinib as first-line therapy for advanced non-
clear-cell renal cell carcinoma (KEYNOTE-B61):
a single-arm, multicentre, phase 2 trial. Lancet
Oncol 2023; 24: 881-891.

Zheng C, Zhang B, Li Y, Liu K, Wei W, Liang S,
Guo H, Ma K, LiuY, Wang J and Liu L. Donafenib
and GSK-J4 synergistically induce ferroptosis
in liver cancer by upregulating HMOX1 expres-
sion. Adv Sci (Weinh) 2023; 10: e2206798.
Guan H, Wang C, Zhao Z and Han S. Cost-effec-
tiveness of donafenib as first-line treatment of
unresectable hepatocellular carcinoma in Chi-
na. Adv Ther 2022; 39: 3334-3346.

Li H, Wang J, Zhang G, Kuang D, Li Y, He X, Xing
C, Wang Y, Shi M, Han X, Ren J and Duan X.
Transarterial chemoembolization combined
donafenib with/without PD-1 for unresectable
HCC in a multicenter retrospective study. Front
Immunol 2023; 14: 1277329.

Eisinger C and Muluneh B. Combined use of
pembrolizumab and lenvatinib: a review. J On-
col Pharm Pract 2023; 29: 1461-1466.

Wang MD, Xu XJ, Wang KC, Diao YK, Xu JH, Gu
LH, Yao LQ, Li C, Lv GY and Yang T. Conversion
therapy for advanced hepatocellular carcino-
ma in the era of precision medicine: current
status, challenges and opportunities. Cancer
Sci 2024; 115: 2159-2169.

Li H, Shyam Sunder S, Jatwani K, Bae Y, Deng
L, Liu Q, Dy GK and Pokharel S. Tumor charac-
teristics and treatment responsiveness in
pembrolizumab-treated non-small cell lung
carcinoma. Cancers (Basel) 2024; 16: 744.
Singal AG, Kanwal F and Llovet JM. Global
trends in hepatocellular carcinoma epidemiol-
ogy: implications for screening, prevention and
therapy. Nat Rev Clin Oncol 2023; 20: 864-
884.

Zhang W, Tong S, Hu B, Wan T, Tang H, Zhao F,
Jiao T, Li J, Zhang Z, Cai J, Ye H, Wang Z, Chen

Am J Transl Res 2025;17(5):3496-3504


mailto:Zhangdl1981@126.com

[20]

[21]

[22]

(23]

Comparison of lenvatinib vs. donafenib in HCC conversion therapy

S, Wang Y, Li X, Wang F, Cao J, Tian L, Zhao X,
Chen M, Wang H, Cai S, Hu M, Bai Y and Lu S.
Lenvatinib plus anti-PD-1 antibodies as con-
version therapy for patients with unresectable
intermediate-advanced hepatocellular carci-
noma: a single-arm, phase |l trial. J Immuno-
ther Cancer 2023; 11: e007366.

Guo J, Zhao J, Xu Q and Huang D. Resistance
of lenvatinib in hepatocellular carcinoma. Curr
Cancer Drug Targets 2022; 22: 865-878.
Meng R, Zhang X, Zhou T, Luo M and Qiu Y.
Cost-effectiveness analysis of donafenib ver-
sus lenvatinib for first-line treatment of unre-
sectable or metastatic hepatocellular carcino-
ma. Expert Rev Pharmacoecon Outcomes Res
2022; 22: 1079-1086.

Mou L, Tian X, Zhou B, Zhan Y, Chen J, Lu Y,
Deng J, Deng Y, Wu Z, Li Q, Song Y, Zhang H,
Chen J, Tian K, Ni Y and Pu Z. Improving out-
comes of tyrosine kinase inhibitors in hepato-
cellular carcinoma: new data and ongoing tri-
als. Front Oncol 2021; 11: 752725.

Xie D, Shi J, Zhou J, Fan J and Gao Q. Clinical
practice guidelines and real-life practice in he-
patocellular carcinoma: a Chinese perspec-
tive. Clin Mol Hepatol 2023; 29: 206-216.

3504

(24]

[25]

[26]

(27]

Liu W, Quan B, Lu S, Tang B, Li M, Chen R, Ren
Z and Yin X. First-line systemic treatment strat-
egies for unresectable hepatocellular carcino-
ma: a systematic review and network meta-
analysis of randomized clinical trials. Front
Oncol 2021; 11: 771045.

Yi C, Chen L, Lin Z, Liu L, Shao W, Zhang R, Lin
J, Zhang J, Zhu W, Jia H, Qin L, Lu L and Chen J.
Lenvatinib targets FGF receptor 4 to enhance
antitumor immune response of anti-pro-
grammed cell death-1 in HCC. Hepatology
2021; 74: 2544-2560.

Huang M, Long J, Yao Z, Zhao Y, Zhao Y, Liao J,
Lei K, Xiao H, Dai Z, Peng S, Lin S, Xu L and
Kuang M. METTL1-mediated m7G tRNA modifi-
cation promotes lenvatinib resistance in hepa-
tocellular carcinoma. Cancer Res 2023; 83:
89-102.

Wang S, Zhou L, JiN, Sun C, Sun L, Sun J, DuY,
Zhang N, Li Y, Liu W and Lu W. Targeting AC-
YP1-mediated glycolysis reverses lenvatinib
resistance and restricts hepatocellular carci-
noma progression. Drug Resist Updat 2023;
69: 100976.

Am J Transl Res 2025;17(5):3496-3504



