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educational objectives
After participating in this activity, clinicians should be better able to
• Identify a novel anticancer therapy that contributes to hand-foot syndromes and
hand-foot skin reactions
• Describe the clinical presentation of hand-foot syndromes and hand-foot skin reactions
• Explain one of the theories underlying the pathophysiology of these disorders
• Identify a treatment modality for management of hand-foot syndromes

Prevention and management
of hand-foot syndromes
Hand-foot syndromes can be debilitating and greatly compromise quality
of life. Management must be aggressive to prevent treatment disruption.
FIGURE 1.
Hand-foot skin reaction
associated with blisters
and hyperkeratosis

Reprinted with permission from Lacouture ME. Cancer Management: A Multidisciplinary Approach. 12th ed. 2009:935-941.
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A

n estimated 1,399,790 new cancer diagnoses were made in the United States
in 2006. Most of these cancers required
treatment with radiation and/or chemotherapy,
interventions that help 65% of persons with
cancer to survive at least 5 years after their
initial diagnosis.1 The development of novel
targeted anticancer agents, such as the tyrosine
kinase inhibitors (TKIs)—whether these are
used as monotherapy or in combination regimens with chemotherapy—has contributed to
improved quality of life and longer survival for
cancer patients.1,2 Prolonged survival has in turn
underscored the significance of managing emotional, social, and medical problems as integral
components of continued cancer care.1
The use of long-term cancer treatments has
caused an unexpected constellation of side effects
to emerge—most notably the cutaneous toxicities.1 These are becoming more prevalent with
increased use of targeted therapies in addition
to traditional chemotherapeutic agents.3 Of the
cutaneous toxicities experienced by patients,
hand-foot syndromes (HFS)—also known as
palmar-plantar erythrodysesthesia, palmar-plantar
erythema, acral erythema, and Burgdorf’s reaction—are
becoming among the most common.1-3
Certainly not a new phenomenon, HFS has
been reported in 6% to 42% of patients treated

with traditional systemic chemotherapeutic agents such as
5-fluorouracil (5-FU, Adrucil,) and its analogs, doxorubicin
(Adriamycin, Doxil, Rubex), cytarabine (Cytosar-U, DepoCyt), cyclophosphamide (Cytoxan, Neosar), vinorelbine
(Navelbine), and docetaxel (Taxotere), as well as in those treated
with targeted therapies such as sorafenib (Nexavar) and sunitinib
(Sutent).4-10 The incidence of HFS observed in clinical trials
with agents such as capecitabine (Xeloda) is around 50%, with
17% of patients reporting a severe form (grade 3).6
Adding to this surge of HFS incidence has been the development of novel oral targeted therapies with efficacy against
advanced renal cell carcinoma, hepatocellular carcinoma, gastrointestinal stromal tumor, and other tumor types.2,10 These
therapies include the TKIs sorafenib and sunitinib, which are
notable for causing hand-foot skin reactions (HFSR) in 20%
to 40% of treated patients ( Figure 1 and Figure 2). HFSR is
a distinct variant of the more widely known HFS, which
occurs with more traditional chemotherapy agents such as
capecitabine.1-4, 10
Although HFS and HFSR do not involve life-threatening
toxicities, the syndromes have a significant impact on treatment schedules and quality of life in treated patients.3,5,6
Management of HFS and HFSR is geared towards treating
symptoms effectively and preventing them from becoming
progressive and debilitating.
CLINICAL MANIFESTATIONS

Hand-foot syndrome is a potentially dose-limiting cutaneous
toxicity. It is characterized by paresthesia in a sock-andglove distribution, with varying degrees of pain, tingling,
dryness, erythema, scaling, swelling, and vesiculation of the
hands and feet.2,8,9 In most instances, symptoms appear after
prolonged drug exposure.
Before the onset of visible symptoms, patients usually ex
perience dysthesia or paresthesia in the palms and soles, including numbness or tingling, which progresses over several
days to a burning pain.2,3,6,8-10 Erythema and swelling develop
progressively and symmetrically over these areas as well,
particularly on the pads of the distal phalanges. Presenting
symptoms such as these can interfere with normal activities
of daily living. Blisters are more common in areas of great
pressure and remain limited to the palms and, less frequently,
the soles. HFSR due to TKIs usually manifests as a mild to
moderate cutaneous reaction on the hands with a variant pattern, including a form in which bands of erythema alternate
with normal skin.2,10
Bullous forms of HFS are more severe and tend to be associated
with specific chemotherapy agents such as cisplatin (PlatinolAQ), methotrexate (Trexall), and the TKIs.2,3,5 Some studies

have reported that HFSR secondary to TKIs is more likely
to manifest as localized patches not only on pressure-bearing
aspects of the palms and soles but also on areas that rub against
neighboring surfaces, such as the lateral soles and web spaces.
HFSR from TKIs can appear within the first 2 to 4 weeks of
therapy,2,10 and this occurrence constitutes a variation of HFS
distinct from that seen in traditional cytotoxic agents.
PATHOPHYSIOLOGY

Hand-foot syndrome was originally described in 1974 in a
patient receiving mitotane (Lysodren).3,4 The syndrome was
defined again in a 1982 case of a patient receiving a cytarabinecontaining chemotherapy regimen and also in 1984 by Lokich
and Moore in a phase I study of protracted infusion of fluorouracil. Lokich and Moore described development of a syndrome
referred to as palmar-plantar erythrodysesthesia in 40% or more of
the patients. The pathogenesis of HFS is poorly understood, but
development of the syndrome appears to be drug-dependent
and dose-dependent, with peak plasma drug concentrations,
total cumulative dose, and administration schedule affecting
the onset and severity.3-5 HFS symptoms may evolve as early
as 24 hours after treatment initiation and as late as 10 months
after continued therapy.2,3 HFS occurs when small amounts of
chemotherapy drug leak out of the capillaries into the hands
and feet.11 Once this leak occurs, the drug damages the surrounding tissues.
Previous studies of this syndrome suggest that histologically, the acute erythema of HFS is nonspecific and consistent with a generalized toxicity. Patterns of epidermal
cytotoxic injury with mild lymphocyte-predominant dermal
infiltrates are described.2,3 Three histopathologic features
predominate and are typically associated with traditional

Figure 2. Hand-foot skin reaction as seen on the the foot
Reprinted with permission from Lacouture ME. Cancer Management: A Multidisciplinary
Approach. 12th ed. 2009:935-941.
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TABLE 1. Risk factors for hand-foot syndrome5
Advanced age
Better performance status
Continuous infusion of chemotherapy
Female sex
Preexisting diabetes, peripheral arterial disease, peripheral neuropathy
TKI use

chemotherapy-associated HFS and TKI-associated HFSR:
dyskeratotic keratinocytes at various stages of necrosis,
basal layer vacuolar degeneration, and a mild perivascular
or lichenoid lymphocyte-predominant infiltrate.2,9 These
histopathologic features of HFS are believed to occur through
two mechanisms of action; one is direct toxic effect due
to drug exposure, and the other, a new theory unique to
the TKIs, suggests that inhibition of both platelet-derived
growth factor receptor (PDGFR) and vascular endothelial
growth factor receptor (VEGFR) in concert may impede
vascular repair mechanisms.2
Direct toxicity The most commonly accepted theory of
HFS pathogenesis involves direct toxicity of chemotherapeutic agents against acral epithelium.2,3,6 The most common
histopathologic pattern observed—a cell-poor lymphocytic
interface dermatitis with basilar vacuolar degeneration, dyskeratosis, and inflammatory changes such as dilated blood
vessels, edema, and WBC infiltration—is strongly descriptive of direct toxic mechanisms of injury. Local delivery of
high drug concentrations through eccrine (sweat) glands
has been implicated in the etiology of HFS induced by chemotherapeutic agents such as doxorubicin and TKIs such as
sorafenib.6 Notably, the palms and the soles have the highest
concentration of eccrine glands in the body, thus supporting
the possibility that drug accumulation in sweat results in
particularly high concentrations in acral skin. One study
that tested five skin surface areas of a single patient before
and after doxorubicin administration demonstrated high
levels of drug accumulation in the palms and soles only, and
deep within the sweat duct on the palms only, supporting
the theory that the drug accumulates differently in the acral
areas than in the rest of the body.2,3,6
PDGFR and VEGFR inhibition The association of TKIs with
the development of HFSR provides very little evidence to
support a direct drug toxicity effect on the eccrine secretion
properties of acral surfaces.2 The impediment of vascular
repair mechanisms imposed by these agents is believed to
play a significant role in the development of HFSR. Deficits

of this caliber would be most clinically apparent in areas
exposed to high pressure and repeat trauma, such as the palms
and soles, where vessels are more likely to be damaged and
dependent on intact vascular repair mechanisms.2,3,6,10
CLINICAL ASSESSMENT AND DIAGNOSIS

The diagnosis of HFS and HFSR is based on clinical presentation at baseline and after the initiation of therapy.
Patients being treated with cytotoxic agents or TKIs that
have the potential to induce cutaneous symptoms should be
evaluated for such toxicities each time they are examined
by a clinician. The assessment should include measures that
identify and stratify patients who are at an increased risk
for developing HFS and/or HFSR ( Table 1).5 The clinical
signs and symptoms are distinctive, and diagnosis is based
on the presenting symptoms and treatment history.3 Early
identification, addressing symptoms, and taking measures
to prevent symptoms from worsening are imperative to
improving clinical outcomes.
The grading system for HFS and HFSR reflects that in
creasing duration of exposure to the chemotherapeutic
agent or TKI increases the severity of the syndrome.4,8-10
Assessment of symptoms should be graded according to
appropriate staging, such as those presented in the criteria

Case reports have demonstrated the
beneficial effects of pyridoxine for
the management of HFS induced by
traditional chemotherapy agents.
listed by the National Cancer Institute’s Common Toxicity
Criteria, version 4.0. Evidence-based approaches for the
prevention and treatment of HFS and HFSR support grading
these symptoms to help provide the most effective and appropriate intervention.
PREVENTION AND TREATMENT

The current treatments for hand-foot symptoms are mainly
anecdotal. No standard therapies have demonstrated 100% efficacy, but symptom management and evidence-based guidelines
have proved to be beneficial in treating patients with HFS and
HFSR. Management focuses overall on reducing modifiable
risk factors that can worsen symptoms and on preventing or
treating symptoms in a timely and effective manner to minimize associated physical and psychosocial discomfort and to
ensure uninterrupted antineoplastic therapy.1
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Clinicians must become educated about hand-foot syndromes and their implications. In turn, clinicians must
educate patients undergoing treatment with cytotoxic agents
or TKIs about how to recognize symptoms, along with the
importance of notifying health care providers immediately
at the first appearance of symptoms.7,10
Prevention

According to the American Society of Clinical Oncology
(ASCO), patients at risk for HFS and HFSR should be
instructed on the following preventive measures:
• Limiting exposure of hands and feet to hot water when
washing dishes or bathing
• Taking cool showers or baths
• Avoiding exposure to sources of heat, including saunas,
sitting in the sun, or sitting in front of a sunny window
• Avoiding activities that cause unnecessary force or friction
on the feet, such as jogging, aerobics, and long walks
• Avoiding contact with harsh chemicals used in laundry
detergents or household cleaning products
• Avoiding the use of rubber gloves to clean with hot water,
as rubber traps heat against the skin
• Avoiding the use of tools or household items that require
pressing the hand against a hard surface, such as garden
tools, knives, and screwdrivers.7,11
A “3C” approach to TKI-associated HFSR outlines the
following guidelines for prevention:
• Controlling for calluses: before and during treatment,
prophylactic removal of hyperkeratotic areas with a manicure or pedicure
• Comfort with cushions: protection of tender areas, pressure points, and pressure-sensitive areas of the hands and
feet through the wearing of well-padded, well-fitted, soft
shoes; foam-type absorbing soles, and shock absorbers to
relieve painful pressure points
• Cover with creams: use of an emollient or keratolytic agent
on callused areas of the palms and soles to moisturize and
aid in natural exfoliation.10
Treatment

If HFS occurs despite efforts to prevent it, the focus should
switch to managing existing symptoms, reducing complications, and preventing symptoms from worsening.
Interventions should concentrate on lifestyle changes that
avoid aggravation to the hands and feet.1-3,5,7,10 Therapies
include dose modification, pyridoxine, regional cooling, celecoxib (Celebrex), topical urea, and oral corticosteroids.
Dose reduction Of all the recommended therapies for treatment of HFS, the most definitive therapy is dose reduction

and treatment interruption.2,3,7 Studies show that within 2 to
4 weeks of drug cessation, HFS symptoms resolve. Manu
facturer recommendations for TKIs such as sorafenib and
sunitinib are to interrupt therapy for any grade 3 HFSR or for
any persistent grade 2 HFSR.2 Therapy can resume after the
HFSR reaches grade 0 or 1 but at a reduced dosage (sorafenib,
400 mg twice daily reduced to once daily; sunitinib, dose
decreases in decrements of 12.5 mg).
Pyridoxine Very few data support the use and efficacy of
vitamin B6 in managing the HFSR induced by TKIs. However,
many case reports have demonstrated the beneficial effects of

Educating patients about HFS and
HFSR is imperative so that symptoms
can be recognized early, toxicities
limited, and treatment uninterrupted.
pyridoxine in dosages of 50 to 300 mg daily for management
of HFS induced by traditional chemotherapeutic agents.2,3,7
Controlled studies have shown that the concomitant administration of pyridoxine delayed onset and reduced the severity
of cutaneous toxicities associated with select chemotherapeutic
agents (eg, pegylated liposomal doxorubicin).3 A small study
(56 patients) reported at the ASCO 2010 Gastrointestinal
Cancers Symposium found that among patients being treated
with capecitabine, those taking 400 mg of pyridoxine daily
had less palmar-plantar erythrodysesthesia than did patients
taking 200 mg of pyridoxine daily, suggesting that the higher
dose of pyridoxine was the more effective preventive therapy.12
Ongoing clinical trials hope to gain insight into the full benefit
of pyridoxine in the clinical setting with regard to managing
HFS and its role in HFSR induced by TKIs.
Cyclo-oxygenase-2 inhibitors Retrospective studies have
demonstrated that cyclo-oxygenase-2 (COX-2) may help
to mediate the inflammatory process that occurs with HFS
caused by chemotherapy agents. These studies demonstrated
a decreased incidence of HFS in patients treated with capecitabine.2,3 There is limited evidence to support the benefit of
COX-2 agents in managing HFSR caused by TKIs.
Vasoconstrictive therapies Modalities such as localized
cooling of acral areas to induce vasoconstriction can decrease
the amount of drug delivered to these areas.2,3,7
Topical emollients Use of topical emollients, especially those
containing lanolin, has proven to be effective in soothing
affected areas of skin in HFS or HFSR. The greatest benefit
of topical emollients lies in their ability to enhance moisture
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retention and maintain hydration, thereby reducing further
desquamation and decreasing infection risks.10
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CONCLUSION

Hand-foot syndromes can impair physical and psychosocial
coping in patients undergoing treatment for cancer. Because
these disorders can be quite debilitating and greatly compromise
quality of life, management must be aggressive and timely. Early
intervention is essential to preventing high grades of cutaneous
toxicity and consequent treatment disruption. Care and management of HFS must also be multidisciplinary in its approach,
and the role of various supportive treatment modalities continues
to be investigated in the clinical arena and in clinical trials.
Most importantly, educating patients about HFS and HFSR
is imperative so that symptoms can be recognized early and
toxicities limited. As TKIs continue to be used along with
traditional chemotherapy and as new treatments continue to be
developed, gaining a better understanding of the pathogenesis
of hand-foot syndromes is essential. Effective management
of these syndromes is imperative to improve clinical outcomes
and preserve the quality of life in our patients. n
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