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Background: Donafenib is an approved multikinase inhibitor for hepatocellular
carcinoma (HCC). However, cutaneous toxicity—particularly hand—foot skin
reaction (HFSR)—may necessitate treatment interruption and compromise
therapeutic continuity.

Case presentation: A 58-year-old man with HCC on a cirrhotic background
developed abrupt onset of intensely painful plantar erythema with overlying
desquamation 10-11 days after initiating donafenib. The lesions rapidly
progressed, leading to impaired ambulation and were consistent with CTCAE
grade 3 HFSR.

Management and outcome: Donafenib was immediately discontinued, and the
patient received short-term symptomatic management, resulting in prompt
improvement of the acral lesions. He was subsequently transitioned to
lenvatinib, which was well tolerated without recurrence of high-grade skin
toxicity. The patient maintained clinical stability and was able to continue
systemic anticancer therapy.

Conclusion: This case highlights the importance of early detection and accurate
grading of HFSR, timely treatment interruption, and mechanism-informed
switching to an alternative tyrosine kinase inhibitor such as lenvatinib. It also
underscores key differences in toxicity profiles between donafenib—associated
with VEGFR/RAF-related cutaneous injury—and lenvatinib, which is more
commonly linked to hypertension, diarrhea, and appetite or weight changes.
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Introduction

Hepatocellular carcinoma (HCC) remains a leading cause of
cancer-related mortality worldwide, and many patients present at
stages unsuitable for curative surgery or ablation (1, 2). For these
patients, systemic therapy is central to care. Multikinase inhibitors
(MKIs) that target vascular endothelial growth factor receptors
(VEGFRs), fibroblast growth factor receptors (FGFRs), and RAF
kinases have become established treatment options and are widely
used either as monotherapy or in combination with locoregional
approaches (3, 4). Donafenib, a deuterated analog of sorafenib, is
one such agent and is increasingly adopted in routine practice (5).

Dermatologic adverse events—particularly hand-foot skin
reaction (HFSR)—are among the most frequent and function-
limiting toxicities of MKIs (6-9). These reactions typically emerge
early, involve pressure-bearing acral skin, and may result in dose
reduction, treatment interruption, or permanent discontinuation.
Practical guidance emphasizes prompt assessment, friction
avoidance, liberal use of emollients and keratolytics, and
appropriate topical or short courses of systemic corticosteroids.
When symptoms are severe or recur despite optimal supportive
care, switching to an alternative regimen with a different adverse
event profile is considered a reasonable strategy (10, 11).

Donafenib inhibits VEGFR1-3, PDGFR, and RAF kinases,
exerting both antiangiogenic and antiproliferative effects.
Deuterium substitution at key metabolic sites slows oxidative
metabolism via CYP3A4 and glucuronidation through UGT1A9,
prolonging drug stability and potentially improving tolerability
relative to sorafenib (12, 13). Lenvatinib, another oral MKI,
targets VEGFR1-3, FGFR1-4, PDGFRa, RET, and KIT while
sparing RAF signaling. This pharmacologic distinction translates
into differing toxicity profiles: hypertension, proteinuria, and
gastrointestinal effects are more characteristic of lenvatinib,
whereas RAF inhibition-related hyperkeratotic HFSR is more
strongly associated with sorafenib-like agents (14).

Here, we describe an early, disabling acral reaction occurring
shortly after donafenib initiation in a patient with HCC and
cirrhosis, outline the clinical decision-making that led to drug
discontinuation and switching to lenvatinib, and summarize key
considerations to help clinicians balance toxicity management with
the need to maintain effective anticancer therapy.

Abbreviations: HCC, hepatocellular carcinoma; HFSR, hand-foot skin reaction;
MKI, multikinase inhibitor; TKI, tyrosine kinase inhibitor; TACE, transcatheter
arterial chemoembolization; MRI, magnetic resonance imaging; CTCAE,
Common Terminology Criteria for Adverse Events; SCAR, severe cutaneous
adverse reaction; DRESS, drug reaction with eosinophilia and systemic
symptoms; SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis;
VEGER, vascular endothelial growth factor receptor; FGFR, fibroblast growth
factor receptor; PDGEFR, platelet-derived growth factor receptor; RET, rearranged
during transfection; KIT, stem cell factor receptor; OS, overall survival; PFS,
progression-free survival; AE, adverse event; QALY, quality-adjusted life year;

ICER, incremental cost-effectiveness ratio; WTP, willingness-to-pay.
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Case presentation

A 58-year-old man was admitted on 11 February 2025 after a
routine health examination performed five days earlier identified a
hepatic mass. He was alert and hemodynamically stable. His
medical history was notable for liver cirrhosis, splenomegaly,
multiple hepatic cysts, and a left renal cyst, with no personal or
family history of malignancy. Contrast-enhanced upper-abdominal
magnetic resonance imaging (MRI) on 6 February 2025 revealed
two enhancing nodules in the right hepatic lobe, the largest
measuring 24 x 27 mm, on a cirrhotic background. A repeat MRI
on 8 February 2025 again favored hepatocellular carcinoma
involving segments VII/VIII, with an additional arterial-phase
enhancing lesion in segment V.

After multidisciplinary evaluation, the patient underwent
transcatheter arterial chemoembolization (TACE) on 14 February
2025 without complications. He was discharged the following day
and started on donafenib 200 mg twice daily on 15 February 2025.
Approximately ten days after discharge, on 25 February 2025, he
developed painful erythematous lesions on the plantar surfaces. By
the next day, his pain limited ambulation, prompting admission to
The First People’s Hospital of Wenling, where he remained from 26
February to 3 March. Treatment there included single intravenous
doses of dexamethasone and chlorpheniramine, calcium gluconate
infused over roughly twenty minutes, and short courses of reduced
glutathione and filgrastim administered empirically for a possible
inflammatory or marrow-suppression component. Despite these
measures, sheet-like plantar desquamation progressed by 28
February, coinciding with day 13 of donafenib exposure.

After returning to our center, dermatologic examination
revealed well-demarcated, callus-like hyperkeratosis with
extensive desquamation and fissuring across pressure-bearing
palmoplantar sites, without any mucosal involvement. Based on
the morphology, anatomic distribution, and pain severe enough to
impair walking, the presentation was consistent with multikinase-
inhibitor-associated hand—foot skin reaction, classified as Common
Terminology Criteria for Adverse Events (CTCAE) v5.0 grade 3.
Donafenib was discontinued on 3 March 2025. Supportive
management included pressure off-loading using insoles and
silicone pads, nightly application of urea-based keratolytics, and
brief pulses of high-potency topical corticosteroids such as
clobetasol 0.05% during symptomatic flares.

After the lesions improved to grade 1 or lower in early March,
systemic therapy was transitioned to lenvatinib at a dose of 8 mg
once daily, initiated on 5 March 2025 according to the patient’s
body weight (65 kg). Over the ensuing weeks, pain and
hyperkeratotic plaques progressively resolved, and no further
dermatologic complications occurred. During lenvatinib therapy,
monitoring focused on blood pressure and urinary protein levels in
accordance with its established toxicity profile. A detailed clinical
timeline is presented in Figure 1 (made by figdraw), with serial
photographs documenting clinical improvement shown in
Figures 2, 3.
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FIGURE 1

Clinical timeline of the patient.

Literature review series, and case reports; key efficacy and safety data are summarized
in Supplementary Table 1, with practical contrasts versus
Lenvatinib presented in Table 1. Donafenib is a deuterated analog

Using the search term “Donafenib” in combination with
of sorafenib that inhibits RAF kinases together with VEGEFR,

“hepatocellular carcinoma,” we reviewed clinical trials, real-world

FIGURE 2
Day 11 after donafenib initiation.
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FIGURE 3
Post-switch follow-up after lenvatinib.

PDGEFR, and KIT. Deuteration slows oxidative metabolism and may
flatten exposure-time profiles, but in cirrhosis the combination of
reduced clearance and altered protein binding can still yield higher
effective exposure at standard doses (15). This pharmacology
underlies both its antitumor activity and the inter-individual
variability in tolerability observed across studies.

Across randomized and observational cohorts, Donafenib has
shown consistent disease-control and survival benefits compared
with sorafenib in Chinese populations. Because head-to-head trials
with Lenvatinib are lacking, practice tends to pivot instead on
baseline hepatic reserve and the anticipated toxicity profile.
Donafenib more commonly produces acral, hyperkeratotic HFSR,
whereas Lenvatinib is more often associated with hypertension,
proteinuria, diarrhea, and appetite or weight changes (5).
Combination regimens and prior locoregional interventions may
further amplify hepatotoxicity and hematologic abnormalities,
particularly in patients with cirrhosis, underscoring the need for
dose adjustment and close biochemical monitoring (16, 17). Our
case is consistent with this clinical pattern: painful, well-demarcated
plantar lesions developed within two weeks of Donafenib initiation
and improved after treatment interruption, compatible with
exposure-related HFSR in pressure-bearing skin. Switching to
Lenvatinib then allowed continued anti-angiogenic therapy with
improved cutaneous tolerability, reflecting the distinct molecular
targets of these two TKIs.

Mechanistically, the contrast between Donafenib and
Lenvatinib provides a plausible explanation for their divergent
dermatologic profiles. Donafenib inhibits RAF kinases in addition
to VEGFR-2/3, producing potent blockade of the VEGF-MAPK
axis in dermal microvasculature and keratinocytes (18). In friction-
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rich, eccrine-dense acral skin, this dual signal interruption may
promote microvascular injury and keratinocyte stress, leading to
ischemic inflammation and the hyperkeratosis characteristic of
HFSR. Cirrhosis-related hypoalbuminemia and impaired
clearance may further increase effective exposure and risk (19,
20). By contrast, Lenvatinib targets VEGFR-1/2/3 and FGFR-1-4,
with additional activity against PDGFR-0, RET, and KIT, but does
not directly inhibit RAF. As a result, MAPK-driven keratinocyte
stress is attenuated and endothelial injury tends to remain
subclinical, shifting the toxicity profile toward hypertension,
proteinuria, and gastrointestinal events rather than prominent
acral hyperkeratosis. HFSR can still occur with Lenvatinib but
appears less frequent and generally less severe than with RAF-
inhibiting multikinase inhibitors (21, 22).

In essence, Donafenib’s VEGFR-RAF co-blockade creates local
microvascular fragility under mechanical load, whereas Lenvatinib’s
RAF-sparing profile produces a more systemic, non-cutaneous
pattern of adverse events, thereby supporting a rational switch
strategy in patients who develop severe acral toxicity.

Discussion

This case illustrates an early-onset, function-limiting acral
toxicity during donafenib therapy for HCC, with symptom onset
around day 10 and rapid progression to sheet-like plantar
desquamation. The close temporal relationship to drug initiation,
the characteristic distribution on pressure-bearing skin without
mucosal involvement, and resolution after drug withdrawal
followed by a switch to lenvatinib support a probable causal
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TABLE 1 Comparative summary of donafenib and lenvatinib: efficacy, safety, and cost-effectiveness findings from published analyses.

Study
(Journal/
Year)

Comparison
focus

Key findings (Concise)

At baseline WTP thresholds,

OS/PFS

ICI + anti-VEGF combos

Cost-
Effectiveness

Baseline: LEN

Adverse
events/
safety

Citation

No definitive

Therap Adv NMA + cost- o L outperform TKI .
. Lenvatinib is more cost-effective; in . favored; Low- conclusion that
Gastroenterol, effectiveness R i . monotherapy in OS/PFS; ) i i (23)
2022 (Sun et al) (China/USA) low-income scenarios, Donafenib is Lenvatinib ranks high for income scenario: LEN has higher
" . ! most cost-effective. PE sv b ra '8 DON favored. AEs than DON.
Expert R
pert Bev DON more cost-effective than LEN; Based on indirect inputs .
Pharmacoecon DON favored Economic focus;
Outcomes Res DON vs LEN model: AQALY=+0.139, Acost=+ (ZGDH3, REFLECT); no (Chi strong AE 4)
utcome: X ) . ina payer no stron,
2022 (Men cost-effectiveness $1,500, ICER=$10,790/QALY; CE new direct OS/PFS ers ecng) conclusifn
tal) & probability=84.9% at China threshold. comparison. Persp ’ '
et al.
Front Public Economic Atezolizumab+Bevacizumab best on DON most
Combinati lead OS/PFS Not i
Health, 2022 evaluation of five effectiveness; DON most economical at ofe:xllma 1ons fea economical (China en(ll aoil;rtl mary (25)
(Zhao et al.) first-line regimens  then-current prices and thresholds. ’ threshold). point:
Advances in DON vs LEN vs DON achieved highest QALYs and i i DON favored over X
. Not a primary endpoint Not a primary
Therapy, 2022 SOR cost- lowest cost; more cost-effective than (NMA inputs) LEN and SOR endpoint (26)
inputs). int.
(Guan et al.) effectiveness LEN and SOR in China. P (China). P
Safet filed;
Eur J Cancer, NMA of landmark = ICI + anti-VEGF combinations (e.g., L alety pro i ¢
. R . . : Combinations overall best; no conclusion
2022 (Fulgenzi phase III first-line atezolizumab+bevacizumab) superior Not assessed. (27)
¢ al) trial in OS/PES to TKI h LEN among top for PFS. that LEN >
et al. rials in o monotherapy. DON for AEs.
No definiti
Front Oncol, NMA of first-line Combinations overall best; LEN ranks co(;lcliszznwt;at
2021 (Liu et al., K . among top for PFS; DON superior to As at left. Not assessed. . (28)
Dec 24) systemic therapies SOR for OS LEN has higher
’ AEs than DON.
World Consistent with later NMAs: No clear LEN
orld ] NMA of first-line on51§ en} Wi e'r S Combinations superior to o cear g
Gastroenterol, combinations superior to TKI Not assessed. DON AE (29)
RCTs : TKI monotherapy. .
2021 (Han et al.) monotherapy; LEN ranks high for PFS. conclusion.

Comparative data are derived from indirect analyses; no head-to-head clinical trials between Donafenib and Lenvatinib are currently available.
DON, donafenib; LEN, lenvatinib; SOR, sorafenib; ICI, immune checkpoint inhibitor; VEGF, vascular endothelial growth factor; OS, overall survival; PFS, progression-free survival; QALY,
quality-adjusted life year; ICER, incremental cost-effectiveness ratio; WTP, willingness-to-pay; AE, adverse event.

association with donafenib-induced HFSR (CTCAE v5.0 grade 3).
Although a drug-induced allergic eruption cannot be completely
excluded in the absence of standardized dermatologic photography,
the morphology—well-demarcated hyperkeratosis and fissuring on
the palmoplantar surfaces—together with pain-limited ambulation
is more typical of HFSR than of morbilliform exanthema or severe
hypersensitivity syndromes (30, 31).

Differential diagnoses included post-embolization dermatitis
after TACE and severe cutaneous adverse reactions (SCARs) such
as drug reaction with eosinophilia and systemic symptoms (DRESS)
and Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/
TEN). The focal, callus-accentuated plantar distribution and the
absence of fever, facial edema, eosinophilia, or mucosal erosions
argued against these entities (32-34). Fluctuations in liver enzyme
levels around the time of surgery were temporally distinct from the
cutaneous course and therefore unlikely to account for the skin
findings (35).

Mechanistically, multikinase inhibitor-induced HFSR likely
reflects on-target inhibition of the VEGF-MAPK axis in eccrine-
rich, high-friction acral skin. VEGFR blockade compromises the
dermal microvasculature, while RAF/MAPK suppression heightens
keratinocyte stress, so mechanical load tips the balance toward
localized ischemic-inflammatory injury and hyperkeratosis—
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TABLE 2 Molecular targets, adverse-event profiles, and management
considerations of donafenib and lenvatinib.

Item

Core targets

Typical
dermatology

Non-
dermatologic
adverse
events (AEs)

Practical
notes

Donafenib

VEGEFR1-3, PDGFR; RAF
(sorafenib-like, deuterated
analogue)

HFSR more frequent:
occurs on pressure/
friction sites; well-
demarcated, callus-like
plaques; rash/erythema
may also appear

Hypertension; fatigue;
gastrointestinal events
(diarrhea, appetite loss);
laboratory abnormalities

For refractory grade >3
HEFSR: interrupt therapy
and give supportive care;
once lesions improve to <
grade 1, consider
switching to Lenvatinib

Lenvatinib

VEGFRI1-3; FGFR1-4; PDGFRa;
RET; KIT

HEFSR can occur but is usually not
dominant; pruritus/rash may be
seen

Hypertension, diarrhea, appetite/
weight change, proteinuria;
fatigue

Prioritize early management and
follow-up of blood pressure and
proteinuria; if hypertension/
diarrhea dominate and remain
difficult to control, dose-reduce or
interrupt per guidelines

Comparative data are derived from indirect analyses; no head-to-head clinical trials between
Donafenib and Lenvatinib are currently available.
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hallmarks of HESR seen with sorafenib-class agents and relevant to
donafenib (36). In patients with cirrhosis, reduced drug clearance
and hypoalbuminemia can increase effective exposure at a given
nominal dose, plausibly lowering the threshold for severe toxicity
(37, 38). Guided by this biology, we used a stepwise bundle—
pressure oft-loading, emollients with keratolytics, short pulses of
high-potency topical corticosteroids, and temporary interruption at
grade 3—followed by a switch to lenvatinib once lesions had
improved to grade <1, in order to preserve anticancer intent
(32, 38).

Lenvatinib sustains anti-angiogenic pressure via VEGFR1-3
and FGFR1-4 but does not inhibit RAF, a profile that in trials
and reviews aligns with a toxicity pattern dominated by
hypertension, proteinuria, and gastrointestinal effects, with less
prominent HFSR than RAF-inhibiting MKIs (39-42); this
difference explains the improved cutaneous tolerability we
observed. Pharmacologically, donafenib is a deuterated analog of
sorafenib that inhibits VEGFR1-3, PDGFR, and RAF kinases,
producing potent anti-angiogenic and antiproliferative effects (12,
13). However, concurrent RAF inhibition has been associated with a
higher incidence of dermatologic toxicities such as HFSR. In
contrast, lenvatinib targets VEGFR1-3, FGFR1-4, PDGFRo, RET,
and KIT while sparing RAF signaling. This distinct kinase-
inhibition profile allows it to maintain anti-angiogenic efficacy
while reducing the likelihood of callus-type acral inflammation
and keratinocyte stress associated with donafenib. These
pharmacologic differences explain the improved tolerability
observed after switching and provide a mechanistic justification
for selecting lenvatinib as an alternative TKI in patients with
donafenib intolerance. The core molecular targets, characteristic
adverse event profiles, and practical management considerations for
donafenib and lenvatinib are summarized in Table 2.

Clinically, this case highlights several practical points. First,
early recognition and accurate grading of acral pain and
hyperkeratotic plaques during the first two weeks of therapy are
crucial, as timely treatment interruption can prevent progression to
disabling lesions. Second, a mechanism-based supportive approach
—combining pressure off-loading, keratolytic agents, and short
courses of potent topical corticosteroids—can effectively control
symptoms and accelerate recovery. Third, when toxicity reaches
grade 3 or markedly impairs function, switching to an alternative
tyrosine kinase inhibitor (TKI) with a distinct toxicity profile (in
this case, weight-based lenvatinib at 8 mg once daily) is a rational
strategy that allows patients to continue systemic therapy without
recurrence of high-grade cutaneous events.

The main limitations of this report include the lack of
standardized lesion photography and dermatopathological
confirmation, which preclude definitive phenotypic
characterization. Moreover, because this is a single-patient
observation, unmeasured confounders cannot be completely
excluded. Nevertheless, the chronological sequence (drug
initiation — symptom onset — treatment interruption —
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improvement — successful switch), objective clinical evaluations,
and the absence of alternative diagnoses support a coherent
causality narrative.

In summary, donafenib remains an important therapeutic
option for HCC; however, clinicians should be aware that severe
HFSR can develop early and significantly impair daily function. In
this case, prompt recognition and grading, timely interruption,
structured supportive management, and an individualized
switch to lenvatinib enabled complete symptom resolution
while maintaining anticancer treatment. Given the patient’s
cirrhotic background, continued monitoring for lenvatinib-
specific risks, such as QT-interval prolongation and hypertension,
is recommended.

Conclusion

Early recognition and grading of donafenib-induced hand-foot
skin reaction (HFSR), followed by timely treatment interruption
and an individualized switch to lenvatinib, enabled continuation of
systemic therapy and complete symptom resolution in this cirrhotic
HCC patient. This case underscores the importance of mechanism-
based management and rational within-class switching for patients
with multikinase inhibitor intolerance.

Patient perspective

After experiencing severe pain and walking difficulty due to
hand-foot skin reaction, the patient expressed relief and gratitude
following prompt management and recovery. He reported
satisfaction with the improvement of symptoms after switching to
Lenvatinib and expressed confidence in continuing treatment under
close medical supervision.
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