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REVIEW

Incidence and implications of chemotherapy related hand-foot syndrome
V. Nikolaoua, K. Syrigosa and M. W. Saifb

aOncology Unit, Third Department of Medicine, Athens Medical School, Sotiria General Hospital, Athens, Greece; bGI Oncology Experimental
Therapeutic, Tufts Medical Center, Tufts Cancer Center, Boston, MA, USA

ABSTRACT
Introduction: Hand-foot syndrome (HFS) is a well-established cutaneous adverse event of certain
chemotherapeutic agents, mainly capecitabine, continuously infused 5-fluorouracil, docetaxel and
pegylated liposomal doxorubicin. Erythema, dysesthesia, pain, cracking and desquamation located on
palms and soles are the most characteristic manifestations. Although HFS is a reversible and non-life-
threatening clinical condition, it can often affect patient’s quality of life significantly, hence necessitat-
ing therapeutic modifications or even treatment discontinuation.
Areas covered: This is review article on current data regarding the clinical characteristics, grading and
management of HFS. Special focus has been given to recent literature studying novel therapeutic
strategies.
Expert opinion: Early recognition, patient education and supportive measures are considered as the
key elements in the management of HFS. Up to date, treatment interruption and dose intensity
reduction are the mainstay of HFS management. Many topical formulations and systemic treatment
regimens have been proposed, with COX-2 inhibitors being the most promising agents. Nevertheless,
large prospective randomized controlled trials are needed in order to agree on solid, evidence-based
treatment algorithms.
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1. Introduction

Hand-foot syndrome (HFS), also known as palmar–plantar ery-
throdysesthesia, palmar–plantar erythema, toxic erythema of
the palms and soles, or Burgdorf’s syndrome, is a well docu-
mented and relatively common cutaneous reaction associated
with a wide range of chemotherapeutic agents. Capecitabine,
5-fluorouracil (5-FU), cytarabine, and liposomal doxorubicin
are the most frequently implicated agents [1]. HFS is charac-
terized by a wide variety of symptoms ranging from mild
discomfort to a painful sensation of palms and soles that
could limit functionality and hamper patients on their daily
activities. Although not life threatening, it can be a major
cause of reduced compliance and may have a severe impact
on quality of life (QoL). Therefore, it is vital for clinicians to
maintain a deep and up-to-date knowledge on all aspects of
this common chemoreaction. This article provides an overview
of current literature and supports the need for further studies
regarding both preventive and therapeutic alternatives.

2. Clinical presentation

2.1. Manifestations

The initial clinical manifestations of HFS involve tingling,
numbness, or pain, affecting the palms and later the soles. A
sharply defined area of erythema is initially developed, which
may be complicated with burning pain, edema, cracking, and
desquamation [2]. The palms are mainly involved and may be

the only location of the syndrome [3]. The thenar and
hypothenar eminences as well as the distal fat pads and the
lateral aspect of the fingers are most commonly affected. In
patients of dark phototype, HFS can present with hyperpig-
mentation instead of erythema [4]. Post-inflammatory hyper-
pigmentation is common, especially with capecitabine, and
may be macular over the palms and soles, diffuse, or distrib-
uted along the crease lines (Figure 1) [4–6]. Development of
multiple eruptive lentigo-maligna-like skin lesions has been
rarely reported [7]. If the condition progresses more, blistering
or ulceration may appear followed by desquamation and re-
epithelialization as part of the healing process. Ischemic necro-
tic lesions can be developed at the sites of blister formation.
Loss of fingerprints due to epidermal destruction has been
reported with the use of capecitabine [8]. Unusual presenta-
tions have been rarely described such as unilateral spread,
involvement of intertriginous areas or regions underlying
tight fitting clothing [9].

Nevertheless, it has been supported that HFS belongs to a
spectrum of overlapping toxic reactions sharing common clinical
and pathologic characteristics that can be lumped together
under the term toxic erythema of chemotherapy (TEC) [10]. TEC
involves currently used terms such as chemotherapy-induced
eccrine squamous syringometaplasia, chemotherapy-induced
epidermal dysmaturation, intertriginous eruption associated
with chemotherapy, and chemotherapy-associated neutrophilic
eccrine hidradenitis as well as all the terms describing HFS, such
as acral erythrodysesthesia. The common clinical findings of TEC
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include erythematous areas most often involving the hand, feet,
and intertriginous zones, typically developing within 2 days to
3 weeks following the administration of chemotherapeutic
agents. Histologic findings include eccrine squamous syringome-
taplasia, atypical and apoptosis of keratinocytes, vacuolar degen-
eration of the basal layer of the epidermis and dermal
edema [11].

2.2. Grading

The National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE, v4.0) grading system for der-
matologic toxicities and the World Health Organization (WHO)

classification are the most widely used methods of grading
HFS (Table 1) [12,13]. NCI classification determines three levels
of toxicity whereas WHO identifies four distinct grades. In both
classifications, grade 1 toxicity is characterized by minimal skin
changes including painless swelling or erythema, numbness,
dysesthesia/paresthesia, tingling not disrupting normal activ-
ities whereas severe reactions (grade 3 in NCI and 4 in WHO)
include severe pain, ulceration, and limitation of normal activ-
ities (Table 1). However, our group proposed a different grad-
ing for non-Caucasian patients (Table 2) [14].

2.3. Onset and recovery

HFS usually appears within days of chemotherapy initiation
although there are cases of late presentation, up to 10 months
after. An HFS-staging scale is presented on Table 3. The devel-
opment of the rash is both drug- and dose-related. It has been
shown that the total cumulative dose as well as the adminis-
tration time chart may both alter the onset and the severity of
the rash. The latter typically disappears within 1–5 weeks after
discontinuation of the therapeutic agent [1]. However, there is
no direct association between total cumulative dose, peak
drug concentration, and severity in all patients.

Article highlights

● HFS is a common side effect of anthracyclines (pegylated liposome-
encapsulated doxorubicin) and pyrimidine analogues (5-FU and
derivatives).

● HFS has a major impact on patient’s quality of life, necessitating dose
reduction or treatment interruption.

● HFS requires regular assessment and supportive treatment strategies.
● Prospective randomized controlled trials examining the effectiveness

of empirically used topical and systemic treatments are lacking.
Effective pharmacologic intervention is an active area of research.

This box summarizes key points contained in the article.

Figure 1. Hyperpigmentation as only sign of HFS in a dark (black) skin patient.

Table 1. Grading of HFS according to WHO and NCI classifications.

Grade WHO NCI

1 Dysesthesia/paresthesia, tingling
in hands and feet

Minimal skin changes or
dermatitis (e.g. erythema,
edema, or hyperkeratosis)
without pain

2 Discomfort in holding objects and
upon walking, painless
swelling, and erythema

Skin changes (e.g. peeling,
blisters, bleeding, edema, or
hyperkeratosis) with pain;
limiting instrumental activities
of daily life

3 Painful erythema and swelling of
palms and soles, periungual
erythema, and swelling

Severe skin changes (e.g. peeling,
blisters, bleeding, edema, or
hyperkeratosis) with pain;
limiting self-care activities of
daily life

4 Desquamation, ulceration,
blistering, severe pain

Table 2. Suggested grading of HFS for patients of color receiving capecitabine.

Grading Manifestation in African-American patients

1 Hyperpigmentation of palms and soles
2 Thickening of skin of palms and soles with pain and loss of function
3 Ulceration, dermatitis, or desquamationa

a African-Americans seem to progress quickly from grade 1 to grade 3 HFS.

Table 3. Hand-foot syndrome (HFS) staging scale.

Stagea Onset Clinical manifestation

1 Day 21 ± 7
days

Mild erythema of the palms and possibly soles

2 Day 28–34 Intense erythema and sensation of tightness,
sometimes accompanied by ‘paper cut’ skin breaks
on fingers

3 Day 35+ Erythema demarcates with swelling, difficulty walking
4 Day 40+ Blister formation in erythematous areas

Desquamation follows drug withdrawal.
aStage is exposure-time dependent.
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2.4. Complications

HFS is not a life-threatening condition and rarely leads to
hospitalization although cases of tissue necrosis requiring
amputation [15] as well as a case of HFS that was complicated
by pseudomonal superinfection resulting in bacterial sepsis
and death have been reported [16]. Nevertheless, impairment
of QoL, drug discontinuation, and dose modifications are the
main complications of this reaction. Α specific scale for asses-
sing QoL in patients with HFS or hand-foot skin reaction
(HFSR) has been developed, using a 14 item questionnaire of
pain evaluation and everyday activities [17]. The authors
demonstrated that HFS-14 scale may identify differences in
QoL impairment between patients with HFS of same clinical
grade and can be a valuable tool for antineoplastic treatment
management and assessment of clinical efficacy of treatments
used for this reaction.

2.5. Differentiation from HFS reaction

In recent years, and after the introduction of multiple kinase
inhibitors (MKIs) in oncology, palmoplantar reactions that
show specific clinical characteristics have been recorded and
characterized as HFSR [18]. MKIs, such as regorafenib, suniti-
nib, pazopanib, axitinib, and sorafenib, as well as BRAF inhibi-
tors such as vemurafenib and dabrafenib are responsible for
HFSRs in up to 30% of the cases with 9% of them being high
grade reactions [19]. In contrast to HFS, HFSR affects the soles
more than the palms and tends to be more localized (Figure 2)
[20]. Development of hyperkeratosis in areas of skin trauma or
friction has been reported in more than one-half of affected
patients. It typically presents as painful yellowish plaques
localized mainly in pressure areas, such as the heels and
metatarsals. In most of the cases, the rash is preceded or
accompanied by paresthesia, burning sensation, and tingling,
and is aggravated by hot temperatures (Figure 2). HFSRs
related to MKIs can limit function and negatively impact
QoL, resulting in shortened cancer treatment duration or
intensity.

3. Chemotherapeutic agents causing HFS

A number of chemotherapeutic drugs have been reported to be
linked to HFS [21]. The condition develops more frequently in

patients receiving these agents administered as continuous
infusion. Capecitabine and pegylated liposome-encapsulated
doxorubicin (PLD) have the highest reported HFS incidence
rates followed by continuous infusion of 5-FU. The incidence
of PLD-associated HFS is up to 50% for any grade reactions and
approximately 20% for patients with grade 3 [22]. HFS is rare
with bolus 5-FU infusion, whereas it is much more common with
continuous infusion (34% vs. 13%) [23]. Certain chemotherapeu-
tic combinations such as doxorubicin plus continuous 5-FU can
increase the incidence of HFS to almost 90% for all grade reac-
tions and 24% for severe grade 3 reactions [19].

Hand and foot reactions associated with taxanes and parti-
cularly docetaxel are often grouped together with the HFS.
However, taxanes-associated reactions have distinct clinical
characteristics, characterized by periarticular thenar erythema
with onycholysis that have been termed PATEO syndrome
(Periarticular Thenar Erythema with Onycholysis) [24].

Methotrexate, cytarabine, cyclophosphamide, and mercap-
topurine have been also associated with skin reactions that
may be mistaken for HFS [1]. Hand lesions attributed to cytar-
abine are characterized of erythematous areas alternating with
areas of blanching suggesting vascular involvement. Well-
demarcated edematous, erythematous plaques on the palms
fingers and soles, has been occasionally noted with metho-
trexate use whereas cyclophosphamide can be associated with
erythrodysesthesia that primarily affects the dorsal surfaces of
the hands and feet.

4. Pathogenesis

The exact pathogenesis of HFS remains unclear and is prob-
ably different for each class of agents. Histologic features of
the affected areas are non-specific and characterized by vary-
ing degrees of scattered individual skin cell death, inflamma-
tion at the junction of the epidermis and dermis, mild
spongiosis, opening up of blood vessels, and partial separation
of the epidermis from the dermis. Eccrine squamous syringo-
metaplasia or neutrophilic eccrine hidradenitis have also been
reported [10]. These findings do not imply any specific patho-
genetic mechanism.

Nevertheless, the skin of the palms and soles has a number
of unique features including the rapid division of skin cells, its
blood circulation, and temperature as well as the high con-
centrations of eccrine sweat glands. These features as well as

Figure 2. Plantar hyperkeratosis in a patient treated with sunitinib.
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the significant exposure of palms and soles to friction and
trauma suggest that local factors may play an important role
in pathogenesis. For example, it has been assumed that areas
of repeated friction or trauma, such as palms and soles, may
host higher concentrations of chemotherapeutic agents, as a
result of the rich capillary network and increased blood flow
[25]. One theory concerning the pathways of HFS is based on
the fact that the chemotherapeutic agent may be eliminated
by the eccrine system resulting to the presentation of the
syndrome on the hand and foot areas, due to the higher
numbers of eccrine glands of the latter [26]. Martschick et al.
used laser scanning microscopy in patients treated with
anthracyclines in order to detect PLD, EP, and their metabo-
lites in the skin surface. The authors showed that the sub-
stances reached the skin surface via sweat, whereas PLD was
significantly more frequently detectable on the skin than EP
[27]. Hydrophilic coating, as in the case of PLD, may accelerate
the transportation of the agent by sweat [28]. In relation to
this hypothesis, patients with hyperhidrosis present with more
severe grade 3 reactions [28].

Another theory supports that capecitabine-related HFS may
be due to damaged deep capillaries in the soles and palms or
due to enzymes involved in the metabolism of capecitabine,
leading to a cyclooxygenase (COX) inflammatory-type reac-
tion. It has been shown that keratinocytes in the palms show
increased activity of metabolic enzymes that convert capeci-
tabine to active-5-FU, such as thymidine phosphorylase (TP).

Recent data indicate that HFS may be caused by a reduc-
tion in the anti-oxidative potential of the skin due to intensive
radical formation. The latter was found to be the result of
cytotoxic agents’ residue excretion via the sweat onto the
skin surface, spreading thereafter homogeneously and pene-
trating into the stratum corneum. This seemed to affect ‘vul-
nerable’ body areas with thick stratum corneum, such as the
palms and soles. [29,30], Yokomichi et al. studied the HFS
induced by peg-modified liposomal doxorubicin in an animal
model and showed that the primary factor leading to the
development of the syndrome was the appearance of reactive
oxygen species (ROS) due to interactions between doxorubicin
and the metallic copper [Cu(II)] ions abundant in skin tissues.
These ROS attack keratinocytes that release chemokines and
inflammatory cytokines, which later on induce apoptosis in
keratinocytes and positive chemotaxis in blood vessels [31].

4.1. Genetic predisposition

Individual genetic variability could have a significant impact on
the risk of developing HFS. Deficiencies in dihydropyrimidine
dehydrogenase (DPD), an enzyme involved in the metabolism
of fluoropyrimidines is a great example of genetic predisposition
to capecitabine-induced toxicities and may explain ethnic varia-
tions in HFS susceptibility, although this requires further research
[2,32]. DPD deficiency is caused by genetic defects or mutations
in the DPYD gene that encodes for the DPD enzyme. DPD is the
rate-limiting enzyme, responsible for the catabolism of the phy-
siological pyrimidines, as well as 5-FU and capecitabine. DPD
deficiency results in increased half-life of 5-FU and, therefore,
severe toxicity including HFS. A distinct pattern of DPD

deficiency exists among different racial and ethnic groups. DPD
deficiency seems to affect African-Americans more than
Caucasians, whereas various rates have been published among
other racial groups [33]. African-American women have the high-
est prevalence and may be predisposed to higher toxicity [14].

Moreover, recent data support that the deleted allele of
rs3215400 in the cytidine deaminase (CDD) gene was significantly
associated with higher incidence of grade 3 capecitabine-induced
HFS [34]. CDD gene plays a central role in the metabolism of a
number of antitumor cytosine nucleoside analogues, leading to
their pharmacologic activation into 5-FU. These findings further
support the need of future studies focused on pharmacogenetics
in order to prevent toxicities and individualize treatment.

5. Management of HFS

Patient education, support, and motivation play a vital role in
the management of HFS. The active participation of the patient
and his cooperation with the oncology supportive team is the
key for an effective management of this condition. Assessment
of pain with analgesics or topical anesthetics such as lidocaine
patches as well as general management such as lifestyle
changes is always necessary. Avoidance of ill-fitting shoes or
tight-fitting clothing, excessive exercise, or exposure to
extremes of temperature should be suggested to all patients.

5.1. Systemic treatments

5.1.1. Oral corticosteroids
Oral dexamethasone has been used in a prophylactic and thera-
peutic basis in patients with gynecologic malignancies [35]. Drake
et al. studied the preventive effect of oral dexamethasone in HFS
patients treated with liposomal doxorubicin and a past history of
grade 2–4 eruptions. Six patients were retreated without dose
reduction and with a tapering oral dexamethasone regimen
(8 mg BID on days 1–4, 4 mg BID on day 5, and 4 mg on day 6).
All patients continued treatment without dose modification,
whereas patients not receiving dexamethasone required dose
reduction [36]. Although these evidence support that systemic
steroids could eliminate symptoms and avoid treatment delays,
data regarding the risk-to-benefit ratio are still not sufficient in
order to justify routine use of corticosteroids for HFS. In addition,
secondary infection such as Staphylococcus aureus should be bear
in mind if used with an open wound in skin.

5.1.2. Pyridoxine
Pyridoxine (vitamin B6) has been empirically used for the
prevention and treatment of HFS. The resemblance of the
chemo-induced palmoplantar rash to acrodynia, a condition
caused by pyridoxine deficiency was the theoretic basis of
pyridoxine use to treat the firmer condition [37]. However,
the mechanism by which pyridoxine protects against HFS
has not been clarified. It has been suggested that pyridoxal
phosphate, a metabolic component of pyridoxine, can be a
potent antagonist of P2X purinergic receptor, which can accel-
erate the barrier repair after skin disruption [38].

The results of randomized studies on prophylaxis and treat-
ment of HFS are conflicting. [39–41]. The first randomized,
double blind, placebo-controlled study of 389 Asian patients
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did support the preventive use of pyridoxine dose of 200 mg
daily [42]. However, another study by Chalermchai et al.
reported a trend in favor of improved HFS incidence and
time to event with the daily use of 400 mg pyridoxine com-
pared with lower dosage [43]. In 2013, Chen et al. performed a
meta-analysis to evaluate the efficacy of pyridoxine in the
context of prevention or treatment of HFS during anti-cancer
therapy [44]. No significant differences were detected
between the group of patients that received pyridoxine at
various doses (150, 200, and 300 mg) and the placebo
group. Nevertheless, a significant difference was detected for
prevention of grade 2 or worse HFS with pyridoxine 400 mg
daily compared to 200 mg (relative risk [RR]: 0.55, 95% con-
fidence interval [CI]: 0.33–0.92) suggesting that pyridoxine
400 mg may have some efficacy on the prevention of HFS.
Therefore, further randomized studies are needed to evaluate
the efficacy of high dose pyridoxine in the treatment of HFS.

Topical formulation of pyridoxine has been used alone or in
combination with oral treatment for the management of HFS,
but conclusive data are lacking [45].

5.1.3. Celecoxib
One of the major hypotheses concerning the pathogenesis of
HFS supports that it involves an inflammatory phenomenon
mediated by the overexpression of cyclooxygenase 2 (COX-2)
[46]. Celecoxib, a COX-2 inhibitor, has been used in the treatment
of HFS although solid related data are limited. In 2002, Edward
et al. retrospectively evaluated the incidence of HFS in 67
patients with metastatic colorectal cancer who were treated
with capecitabine with or without celecoxib [47]. The authors
reported that patients treated with capecitabine and COX2 inhi-
bitor were affected with significantly reduced serious reactions
compared with the capecitabine-only group. In a more recent
prospective study, celecoxib at a dose of 200 mg twice a day was
reported to reduce the overall incidence of HFSR from 74.6% to
57.4% (p = 0.034) in patients with stage II and III colorectal cancer
receiving capecitabine-based chemotherapy [48]. In 2014,
Macedo et al. performed a systematic review and meta-analysis
to evaluate the clinical efficacy of prevention strategies for HFS
available in current literature [49]. In their analysis, celecoxib was
the only agent with proven benefit when added to standard
treatment, promoting statistically significant advantage in redu-
cing moderate-to-severe HFS, without heterogeneity of results.
However, larger double-blind trials are needed in order to verify
those data. Moreover, the potential cardiovascular risks of cele-
coxib raise doubts as to whether this evidence should change
current clinical practice.

5.1.4. Vitamin E
Vitamin E is a major lipid soluble antioxidant in skin that
prevents peroxidation of lipids and has a stabilizing effect of
cell membranes [50]. It has been used in both topical or
systemic preparations as an aid to improve several skin con-
ditions such as photo-damaged skin or atopic dermatitis.
[51,52], In 2006, Kara et al. reported five metastatic breast
cancer patients with grade 2 or 3 hand-foot reactions who
were treated with vitamin E at a dose of 300 mg/day [53].
After 1 week of treatment, HFS began to regress suggesting

that vitamin E could be an alternative treatment for HFS.
These results were further supported by a larger study includ-
ing 42 capecitabine-treated patients who developed grade 2
toxicity. Thirty-eight out of 42 patients who received oral
vitamin E did not develop cutaneous reactions and all com-
pleted chemotherapy without any interruptions [54].

5.1.5. Pain control and use of analgesics
Supportive measures for pain control represent a priority for
the optimal management of patients’ experience of HFS.

5.2. Topical preparations

All topical preparations used in the treatment and prevention
of HFS are based on clinical experience and several case
reports published. There are no randomized studies that can
support the benefit of topical preparations.

5.2.1. Topical steroids
Topical steroids have been empirically used in the treatment
of HFS based on their anti-inflammatory properties [55]. High
potency topical steroids are preferable, although potential
long-term local side effects, such as skin, thinning should be
monitored closely.

5.2.2. Nicotine patch
The prophylactic use of a nicotine patch for HFS has been
reported in one patient under 5-FU. The nicotine patch was
applied to the patient’s skin 1 h before 5-FU infusion and was
removed 1 h after completion of each 24-h infusion. The authors
reported complete resolution of the rash despite treatment
continuation and suggested that the vasoconstricting properties
of nicotine may decrease delivery of the chemo agent into the
skin [56]. Further studies are needed in order to verify these data.

5.2.3. Topical sildenafil
Recently, a well-designed pilot study including nine patients
under capecitabine or sunitinib who presented with palmar–
plantar erythrodysesthesia was published. Patients were ran-
domized to apply 1% topical sildenafil cream to the one
extremety and placebo cream to the other hand/foot. Five
out of nine patients reported improvement in foot pain and
three out of eight patients in hand pain. The authors con-
cluded that 1% topical sildenafil cream could offer a sympto-
matic relief in patients with HFS or HFSR although further
validation is necessary [57].

5.2.4. Emollients
A variety of emollients and skin barrier creams are used in
clinical practice to prevent symptom development and to
relieve grade 1 eruptions. Urea containing emollients were
evaluated in a small prospective study of patients with cape-
citabine-induced HFS. Thirteen patients with grade II and III
reactions were asked to apply the cream twice daily, whereas
the same pattern was applied prophylactically during seven
cycles of capecitabine treatment. All patients had a dramatic
improvement on symptomatology within 2–3 days of initiation
and similar positive results were also noted in patients of
prophylactic usage [58]. However, topical urea failed to
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promote significant improvement in mild as well as moderate-
to-severe HFS in Macedo’s meta-analysis on prevention strate-
gies for HFS [49]. Other petroleum/lanolin-based moisturizing
creams containing the antiseptic 8-hydroxyquinoline sulfate
0.3%, and applied three times daily, have been evaluated in
a study of 39 patients under various chemotherapy agents.
Twelve out of 13 patients reported symptomatic relief and
improvement in QoL [59].

5.2.5. Dimethylsulfoxide (DMSO)
Dimethylsulfoxide has been successfully used in the treatment
of doxorubicin extravasation but its role in the management
of HFS is still unclear. [60,61], Two patients undergoing che-
motherapy with liposomal doxorubicin who developed grade
3 HFS were treated with DMSO 99%, four times daily for 14
days. The HFS resolved in both patients over a period of
1–3 weeks [60]. However, no other studies are currently avail-
able to suggest any therapeutic efficacy of DMSO in HFS.

5.2.6. Topical henna
Henna (Lawsonia inermis) is a plant of Middle East that is
historically used as a medicine, preservative, and cosmetic.
Case reports have been published supporting the use of
henna in patients under capecitabine. The anti-inflammatory
and analgesic effects of henna may contribute to the positive
effect in HFS as presented in those cases [62,63].

5.2.7. Antioxidative ointment
Formulations containing antioxidative agents and differen-
tiated by various radical protection factor (RPF) values have
been recently introduced. Their preparation was based on
data indicating that HFS may be caused by a reduction in
the antioxidative potential of the skin due to intensive radical
formation [29]. However; a recent phase III randomized study
did not support the use of such formulations for HFS preven-
tion [64]. The investigators randomized 152 patients treated
with capecitabine into one group in which an ointment con-
taining several antioxidants and exhibiting high radical protec-
tion was administered three times daily, and a second group
in which 10% urea cream was used. The primary endpoint of
this study was prevention of any grade HFS within 6 weeks of
treatment. The study demonstrated that 10% urea cream was
superior compared to the new formulation, leading to lower
HFS incidence rates (39.5% vs. 22.4%, OR: 2.37, p = 0.02) and
longer time for presentation of any-grade HFS (p = 0.03).

5.3. Preventive measures

Till date, definite prevention strategies for HFS have not been
established. Urea-containing moisturizing ointment applied
locally twice a day has been used on a prophylactic basis in
a recent study. Reduction of pain, desquamation, and increas-
ing comfort level was noted in all patients studied during
seven cycles of capecitabine therapy [65]. Nevertheless, the
topical use of a keratolytic agent, including urea and lactic-
acid tested in a randomized double-blind trial of 139 patients
treated with capecitabine, was found to be ineffective [66].

Molpus et al. in a study of 17 patients under pegylated
liposomal doxorubicin reported reduced incidence of HFS in

those who underwent extremities cooling [67]. Mangili et al.
have also described a statistically significant reduction in HFS
incidence and severity in patients who were treated with ice
packs application on wrists and ankles and icicles during PLD
infusion [68]. Two additional studies also reported a reduction
in docetaxel-induced HFS with the use of frozen gloves or
socks [69,70]. The efficacy of cooling measures as prevention
therapy can be possibly explained by the reduction of toxic
metabolite levels that is being achieved as a result of low
temperatures’ vasoconstriction.

Finally, a trend toward decreased HFS incidence in breast
cancer patients treated with PLD was recently reported in a
prospective, randomized controlled trial with the application
of antiperspirant to the palms and soles compared with pla-
cebo [71].

Use of a moisturizer before starting chemotherapy is
recommended. Avoiding mechanical trauma to hands and
feet by wearing loose-fitting comfortable clothing may help
limit the reaction.

6. Expert opinion

HFS although it is not a life-threatening reaction, it cer-
tainly affects QoL and is often a proper dose-risking side
effect. With the extension of the use of capecitabine in the
adjuvant treatment of colorectal cancer, the incidence of
HFS is likely to increase. The prevention and treatment of
these reactions are essential to improve the QoL of cancer
patients and to avoid unnecessary dose modifications that
may affect treatment outcome. It is now clear that even
mild cases may be associated with considerable discomfort
and dramatic impact on the QoL. Till date, there is a gap in
literature on randomized blind studies on therapeutic pro-
cedures for HFS or HFSR. Although many studies have
been published in recent literature few are randomized
with an adequate level of evidence. Macedo’s meta-analy-
sis shed light on some unanswered questions on preven-
tion strategies for HFS. Nevertheless, it was interesting to
see that among almost 300 studies identified in the litera-
ture, only 10 met the investigator’s inclusion criteria and
were included in the meta-analysis. There is a great room
for future randomized, blind studies on evaluating topical
agents in order to establish evidence-based guidelines.
Moreover, data regarding the effect of dose reduction of
chemotherapy over efficacy of treatment as well as data on
toxicity related to prevention strategies are still lacking.

Early recognition of the symptoms as well as patient edu-
cation and close follow-up are the key elements for the man-
agement of the HFS. In a nursing support program including
patient education about potential toxicities and instructions
on prevention and treatment of PLD toxicities, the incidence
of severe reactions was very low, not overpassing the 4% of
the patients treated [72]. Till date, large controlled studies
evaluating the efficacy of treatment and prevention measures
of HFS are lacking. The only proven method of managing HFS
is treatment modifications such as the discontinuation of the
offending drug, lengthening the interval between drug
administrations, or dose reduction (Table 4). These measures
lead to symptom improvement in 1–2 weeks.
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Given the low cost and the lack of side effects, supportive
care and emollients are recommended for grade 1 reactions.
Regional cooling is another preventive approach that is well
tolerated and should be followed, although it is clear that
more attention should be given on conducting well-designed
randomized controlled studies regarding HFS prevention stra-
tegies. Future studies will hopefully determine the safety pro-
file regarding cardiovascular risks of celecoxib use, since
clinical data are still sparse to change current clinical practice.
Among other novel preventive agents, antioxidant-containing
ointments with high RPF should and most probably will be an
area of further research.
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