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ORIGINAL ARTICLE

Hand-foot syndrome due to sorafenib in hepatocellular carcinoma treated with
vitamin E without dose modification; A preliminary clinical study
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Summary
Purpose: Sorafenib has been found to have significant
clinical activity against hepatocellular carcinoma (HCC).
Hand-foot skin syndrome (HFS) has been described with the
usage of sorafenib. It is a dose-limiting toxicity and may lead
to compromised efficacy because of dose reduction.
Methods: From 14 patients diagnosed with HCC 10
who developed HFS while on treatment with sorafenib were
included in this study. Sorafenib was administered orally at
a dose of 400 mg twice daily vitamin E usage can be effective
in HFS due to sorafenib, therefore vitamin E 300 mg/day was
started when HFS occurred. HFS was graded according to
the National Cancer Institute (NCI) criteria.
Results: Grade 2-3 HFS was found in 10 of 14 patients.

Introduction
Sorafenib is a multi-targeted orally active small
molecule tyrosine kinase inhibitor (TKI) that inhibits
Raf kinase and also blocks the intracellular portion of
the vascular endothelial growth factor receptor (VEGFR) [1]. Results from the phase III SHARP trial suggest a survival benefit in patients with HCC compared
to best supportive care alone [2]. As with other antineoplastic agents, sorafenib is associated with a number of
side effects including diarrhea, nausea, fatigue, hypertension and dermatological toxicity. In a phase II placebo-controlled randomized discontinuation trial using
sorafenib in patients with metastatic renal cell cancer,
dermatologic changes including HFS, alopecia, stomatitis, facial and scalp erythema and subungual splinter
hemorrhages were reported in > 90% of the patients,

Vitamin E was started to all patients without using topical
agents. Mean time to the appearance of HFS was 15±3 days
(range 10-22) after starting sorafenib. Grade was 3 in 4 patients, 2 in 4 patients and 1 in 2 patients. Vitamin E administration had a marked effect after 10-12 days of its initiation.
Skin lesions disappeared without any dose modification.
Conclusion: Sorafenib is the gold standard for HCC
treatment. Dose modification due to HFS decreases the effectiveness of this agent. Adding vitamin E to sorafenib is effective in HFS without dose reduction or treatment interruption. This is the first clinical study to report resolution of HFS
with vitamin E due to sorafenib therapy.
Key words: hand-foot syndrome, hepatocellular carcinoma,
sorafenib, vitamin E

with HFS among the more frequent adverse manifestations [3].
Although sorafenib-associated HFS (also called
hand-foot skin reaction, palmar-plantar erythrodysesthesia, acral erythema, and Burgdorf reaction) is similar
to conventional HFS, some features are different [4,5].
HFS is a distinct localized cutaneous reaction characterized by erythema, numbness, tingling, and either dysesthesia or paresthesia, particularly on the palms and/or
soles. It rarely affects the trunk, neck, chest, scalp and
extremities. Swelling of the skin, desquamation, ulceration or blistering may occur in advanced cases [5]. It
was first described in patients receiving mitotane therapy for hypernephroma in 1974 [6]. In 1984, Lokich and
Moore reported the HFS associated with continuous infusion of various chemotherapeutic agents [7].
HFS has been associated with several systemic
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chemotherapeutic agents including 5fluorouracil (5FU),
capecitabine, doxorubicin, cyclophosphamide, vinorelbine and docetaxel. The frequency and severity of HFS
is dose-related and affected by accumulation of chemotherapeutic agents and duration of treatment [8].
HFS is usually not a life-threatening side effect
but it is a dose-limiting toxicity. These cutaneous toxicities affect patient’s function and quality of life, which
may lead to dose modification or discontinuation of critical antineoplastic therapy [9,10]. We have previously
described the effectiveness of vitamin E on HFS that
occurred during capecitabine treatment without dose
modification [4]. With the experience of this study [4]
we planned to give vitamin E to HFS due to sorafenib
in HCC patients.

Methods
Patients
Ten patients diagnosed with HCC who were treated with sorafenib and developed HFS after sorafenib
therapy were enrolled in the study. Sorafenib was administered orally at a dose of 400 mg twice daily. Treatment was continued until disease progression, unacceptable toxicity, or patient refusal. Clinical data were
collected when the occurrence of cutaneous lesions

began during therapy. HFS was classified according to
the NCI common toxicity criteria, version 3.0 (Table 1)
[11]: Grade 1 HFS: minimal skin changes or dermatitis
(e.g. erythema) without pain; grade 2: skin changes (e.g.
peeling, blisters, bleeding, edema) or pain, not interfering with function; grade 3: ulcerative dermatitis or skin
changes with pain interfering with function [11,12]. The
different HFS classification systems are shown in Table
1. Patients were staged according to AJCC TNM staging system [13]. Child-Pugh scoring system was used
for assessment of liver function [14].

Results
Mean age was 64±9 years (range 44-76). Eight
(80%) patients were male, and 2 (20%) female. Eight of
10 patients had stage IIIB and 2 stage IV disease. Etiologic factors were assessed: 7 patients had HBV positivity, 2 had HCV positivity, and 1 patient was idiopathic.
Arterial chemoembolisation was performed in 7 patients
and radiofrequency ablation (RFA) was performed in 2
patients. Doxorubicin therapy was given to 3 patients
for 2-3 cycles. Sorafenib was given to these patients after doxorubicin therapy due to progressive disease. Six
cycles were given to 1 patient due to partial response
after 3 cycles. After 6 cycles of doxorubicin therapy,
sorafenib was given to this patient due to progressive

Table 1. HFS grading according to National Cancer Institute (NCI) [11], World Health Organization (WHO) criteria [11], and used in
sorafenib clinical trials [12]
NCI grade

NCI definition

1
2
3

Skin changes or dermatitis without pain, e.g. erythema, peeling
Skin changes with pain, not interfering with function
Skin changes with pain interfering with function

WHO grade
1

WHO definition
Dysesthesia/paraesthesia, tingling in the hands and
feet
Discomfort in holding objects and upon walking,
painless swelling or erythema
Painful erythema and swelling of epidermis

2
3
4

Periungual erythema and swelling
Desquamation, ulceration, blistering, severe pain

Clinical lesion
Histological findings
Erythema
Dilated blood vessels of the superficial dermal
plexus
1+edema
2+fissuration Isolated necrotic keratinocytes in higher layer
of the epidermis
3+blister
Complete epidermal necrosis

Clinical trial’
Symptoms
grade
1
Numbness, dysesthesia, paresthesia, tingling, painless swelling, erythema or discomfort in the hands and feet, not
affecting the patient’s activities of daily living
2
Painful erythema, swelling of the hands or feet, and/or discomfort affecting the patient’s activities of daily living
3
Moist desquamation, ulceration, blistering, or severe pain of the hands and feet, or severe discomfort that causes the
patient to be unable to work or perform activities of daily living
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disease. Sorafenib was given to all patients in a dosage of
400 mg twice daily. Patient characteristics and treatment
are shown in Table 2. Patients were assessed on days
15, 20-25, and 30-35 and monthly thereafter (Table 3).
Mean time to appearance of HFS was 15±3 days (range
10-22). Toxicity grade was 3 in 4 patients, 2 in 4 patients
and 1 in 2 patients. Vitamin E was started at dosage of
300 mg/day and its administration had a marked effect
after 10-12 days from initiation. Pain was reduced and
improved comfort level of patients was observed. Grading of HFS decreased to grade 1 in 4 patients and HFS
was totally resolved in 6 patients. HFS grade increased
from grade 1 to grade 2 due to no proper usage of vitamin E in 1 patient (patient number 5 in Table 3). Nevertheless, skin lesions disappeared after regular vitamin E
usage in this patient. Vitamin E was given to the patients
when HFS appeared with no dose reduction or interruption of sorafenib therapy.

Discussion
Single-agent sorafenib therapy at standard doses
of 400 mg twice daily has been shown to be well toler-

ated, with a total incidence of HFS in 25-30% of patients [15,16].
Sorafenib can cause a variety of different dermatologic side effects, including facial/scalp erythema and
dysesthesias, alopecia, splinter hemorrhages, keratoacanthomas, leucoclastic vasculitis and epidermal inclusion cysts [3]. HFS associated with sorafenib therapy
affects friction and weight-bearing acral surfaces more
focally than the classic HFS, which has been reported
with traditional chemotherapeutic agents such as cytarabine, 5FU, and methotrexate [17-19].
The molecular mechanism underlying the development of sorafenib-induced HFS is not well defined
[9]. VEGF plays a physiological role in mucosal integrity and neuronal functioning and blocking VEGF activity may result in a combined effect which may manifest
as HFS [20]. However, current studies do not support
this hypothesis. Histological examination of the skin
with HFS shows epidermal changes that suggest alterations in keratinocyte maturation. While sorafenib inhibits VEGFR and FLT3, these receptors are not expressed
on keratinocytes [21].
However, this does not exclude the possibility that
VEGF may be involved in the development of HFS by

Table 2. Patient characteristics and prior treatments
Patient
Gender
number		
1
2
3
4
5
6
7
8
9
10

Age
(years)

F
F
M
M
M
M
F
M
F
M

69
63
53
64
44
71
69
64
76
60

Child-Pugh
Etiology
TACE/times
RFA/times Surgery
stage					
IIIB/A
IIIB/A
IIIB/A
IIIB/A
IIIB/A
IIIB/A
IVA/A
IVB/A
IIIB/A
IIIB/A

Idiopathic
HBV
HBV
HBV
HBV
HBV
HCV
HBV
HCV
HBV

0
X3
0
X6
X3
X2
X2
X2
X1
0

0
X1
0
0
0
0
X1
X1
0
0

0
0
0
0
0
0
0
0
0
0

Chemotherapy
cycles

Survival
(months)

DoxoX2
0
0
DoxoX3
DoxoX3
0
0
0
0
DoxoX6

8/dead
27/alive
26/alive
18/alive
9/alive
4/alive
25/alive
60/alive
59/dead
20/dead

TACE: transarterial chemoembolisation, RFA: radiofrequency ablation, HBV: hepatitis B virus, HCV: hepatitis C virus, M: male, F: female, doxo:
doxorubicin

Table 3. HFS grades and responses after vitamin E treatment
Patient
Gender
Age (years)
number			
1
2
3
4
5
6
7
8
9
10

F
F
M
M
M
M
F
M
F
M

HFS: hand-foot syndrome

69
63
53
64
44
71
69
64
76
60

Day of HFS
HFS grade
appearance		
12
10
13
17
22
11
18
15
17
16

3
1
2
3
2
1
2
2
3
3

HFS grade
Days 20-25

HFS grade
Days 30-35

HFS grade
Day 45

(+)1
0
0
0
(+)/1
0
(+)/1
0
(+)1
(+)1

0
0
0
0
(+)2
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
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its inhibition on vascular endothelium. Indeed, bevacizumab, a humanized antibody against VEGF, appears
to enhance the incidence and severity of HFS associated
with sorafenib in phase 1 trials [19].
Imatinib, sorafenib and sunitinib target the platelet derived growth factor receptor (PDGFR) and C-kit,
however, the incidence of HFS associated with imatinib
is quite rare but sorafenib and sunitinib have the highest
association with HFS. Therefore, it is likely that inhibition of PDGFR and C-kit receptors alone would result
in cutaneous manifestations of HFS. In particular, RET
and Flt-3 are targeted by these two agents, indicating
an important role of these targets in the development
of HFS. The dual antiproliferative and antiangiogenic
properties of sorafenib and sunitinib would trigger a
change in sweat duct epithelium and vasculature which
leads to the cutaneous manifestations seen in patients
with HFS. The antiproliferative property of imatinib or
the antiangiogenic effect of bevacizumab alone are not
sufficient to induce significant HFS [9].
HFS is usually diagnosed from its clinical presentation, although in some patients the differential diagnosis may also include graft-versus-host disease (GVHD),
erythema multiforme, other drug reactions, cellulitis,
vasculitis, erythromelalgia, septic emboli, chemotherapy-induced Reynaud’s syndrome and acral bleomycin
toxicity [22-24].
The time of HFS onset ranges from 24 hours to 10
months after starting the causative medication [23] with
median times varying widely between case series, from
6 to 126 days [7,25,26]. But in our recent study the mean
time of HFS appearance was 15±3 days (range 8-20).
In sorafenib trials, HFS has generally appeared
within the first 6 weeks of therapy [29].
In our study appearance of HFS was observed
after 10-15 days from the beginning of the sorafenib
therapy. Some risk factors were identified for HFS in
the English language literature, and included specific
pharmacologic properties like dose, peak plasma level,
total cumulative dose and schedule of administration
[23]. More severe reactions were observed in phase
I trials with sorafenib administration higher than 400
mg/day [27-29]. All of our patients were treated with
sorafenib 400 mg twice daily. There is clear association
between dose and both frequency and severity of HFS
[5]. Additionally, a phase I trial measuring plasma levels of sorafenib indicated that skin toxicity associated
with sorafenib was significantly correlated with both the
maximum plasma concentration and the area under the
curve [29] and HFS appearance was observed on days
10-15. This could be accompanied by sorafenib dose
higher than 400 mg/day and older patients with their
slow metabolism and high plasma levels.

Most studies analysing risk factors of HFS have
recorded any risks that are independent from the chemotherapeutic agents or their methods of administration [11,30,31]. It is worth emphasizing that there is no
study to date showing an association between the type of
underlying malignancy and HFS incidence. This simplifies the analysis of available data by allowing data pool
across malignancies. However, a recent systematic review of 4883 patients enrolled in 11 trials of single-agent
sorafenib found a higher rate of HFS among renal cell
carcinoma (RCC) patients than among patients with other malignancies (relative risk/PR 1.52; 95% confidence
interval/CI: 1.32-1.75) [5], although these data have yet
to be confirmed in further studies [3,30]. Chu et al. reported that the overall incidence of all grades of HFS was
33.8% (95% CI: 24.5-44.7) with the majority of doses
affected by HFS being grades I and II with a significant
proportion of those being grade III (8.9%) in their analysis of 5005 patients of RCC and other malignancies. Patients with RCC had significantly decreased risk of HFS
compared with patients with non-RCC malignancy (RR
0.56; 95% CI: 0.50-0.64, p<0.001) in their study [9].
Other identified independent risk factors for HFS
include advanced age, female sex [6, 33] performance
status [32] and exposure to total body irradiation [33].
Advanced age could be the risk factor for HFS in this
study.
Various treatment strategies have been employed
since the discovery of HFS in the mid-1970’s [5,9].
Because of the high incidence of HFS associated with
sorafenib usage, early detection and timely treatment
will be a vital component of managing patients during
their treatment to allow for continued treatment. Initial
consideration is the decision to dose reduction, treatment interruption or - if severe enough toxicity is found
- to ultimately discontinue the treatment. It is suggested
by the manufacturer’s package insert that for those experiencing grade I toxicity to consider topical therapy.
Grade II lesions are suggested to be treated with treatment interruption with or without subsequent dose reduction if not improved with topical treatment or for
multiple recurrences. Grade III toxicity is managed by
treatment interruption with or without subsequent dose
reduction unless it recurs more than twice, for which
discontinuation is recommended (Table 4) [9,34,36].
Vitamin E is popular in consumers for skin care
and to prevent scar formation. It is the major lipophilic
antioxidant, preventing peroxidation of lipids and resulting in more stable cell membranes. The antioxidantmembrane stabilizing effect of vitamin E also includes
stabilization of the lysosomal membrane, a function
shared with glucocorticoids [37].
Systemic vitamin E and glucocorticoids inhibit the
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Table 4. Management options for HFS [5]
Dose reduction/treatment interruption
Pyridoxine (50-150 mg daily up to 3 times daily)
COX-2 inhibitors
Vasoconstrictive therapies
Regional cooling
Nicotine patch
Topical therapies
Corticosteroids
Dimethyl sulfoxide
Henna
Keratolytics (e.g. urea 12.5%)
Emollients
Systemic therapies
Corticosteroids
Amifostine (intravenous)
Vitamin E (oral)
Life style modification
Avoiding excessive temperatures
Avoiding excessive exercise
Avoiding ill-fitting clothes, shoes
HFS: hand-foot syndrome

inflammatory response and collagen synthesis, thereby
possibly impeding the healing process. The effect of vitamin E on wound healing is complex; it may have alternative effects in different types of wounds and in the
presence of other nutrients, as well as different functions
for water-soluble vs. lipid-soluble preparations of vitamin E. Animal studies about vitamin E supplementation
on surgical wounds show conflicting results. Greenwald
et al. showed that flexor tendon repair thickness treated
with vitamin E had breaking strength less than half that
of controls measured on days 7 and 45 after surgical repair [38]. Another animal study showed impaired collagen synthesis in rats treated with vitamin E after wounding [39]. The researchers cite the glucocorticoid-like
effect of vitamin E as the cause of the negative results.
Paradoxical results found by Galeano et al. showed
that a hydrophilic vitamin E preparation positively impacted delayed wound healing in diabetic mice. Increased breaking strength and collagen content of the
wound was found in treated animals. These authors
speculated that inhibition of lipid peroxidation accounted for the positive results [40]. In addition, prophylactic
administration of vitamin E has been shown to increase
breaking strength and normalize the healing of wounds
exposed to preoperative irradiation [41] and to decrease
the development of intraperitoneal adhesions in animals
[42]. In terms of HFS we do not know how vitamin E
functions in resolving skin lesions. Its effect on wound
healing or its glucocorticoid-like effect may play a role
in resolving skin lesions due to capecitabine usage [4].
Therapy interruption and dose reduction were the

primary tools in HFS management in the literature. Because of this reason HFS decreases the effectiveness of
sorafenib therapy. Vitamin E can be used for some pathologic conditions of the skin. In our study we showed that
HFS can be managed with vitamin E therapy without
dose reduction or interruption of sorafenib. Our patients
were educated about HFS and in our study we did not
use any local therapies or medications except vitamin E.
Vitamin E usage was first described by Kara et
al. in 5 HFS cases due to capecitabine [4] and then Yamamoto et al. reported resolution of HFS, also due to
capecitabine, with 100 mg/day vitamin E usage in 15
cases in their retrospective analysis [43]. Our 10 patients
with HFS due to sorafenib were treated with vitamin E
and skin lesions were resolved with no dose reduction or
treatment interruption.

Conclusion
There are no many treatment options for HCC
treatment except sorafenib therapy. Dose reduction or
treatment interruption decreases the effectiveness of
sorafenib therapy. Only administration of 300 mg/day
vitamin E can solve the problem. It is well tolerated and
feasible treatment option. This is the first preliminary
report on HFS due to sorafenib therapy, but further randomized clinical studies with large series and also animal models are required to explain the positive effect of
vitamin E on HFS.
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