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Abstract: Hand-foot syndrome (HFS), also known as palmar-plantar erythrodysesthesia, is a relatively frequent dermatologic toxic
reaction associated with several chemotherapeutic drugs used in cancer treatment. The lesions are typically localised in the palmar and
plantar surfaces of the hands and feet in patients who are taking oral capecitabine or other drugs as a cancer treatment. Usually, the hands
are more commonly affected than the feet and might even be the only area affected in several patients.

The syndrome is characterized by a tingling sensation and dysesthesia as the two first symptoms, which can progress to a burning
pain, swelling and erythema with increased palmar and plantar temperature. Although it typically resolves in 1-2 weeks after stopping
capecitabine, delay in its management progresses to blistering desquamation, ulceration, crusting and epidermal necrosis. In these cases,
HFS would become an extremely painful and debilitating condition with secondary discomfort and significant impairment of function,
leading to a deterioration in quality of life in these patients receiving capecitabine, which otherwise is very well-tolerated.
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Introduction

Hand-foot syndrome (HFS), also known as palmar-
plantar erythrodysesthesia, is a relatively frequent
dermatologic toxic reaction associated with several
chemotherapeutic drugs used in cancer treatment.'

Since it was first described in 1984, as a side-
effect of a continuous 5-fluorouracil (5-FU) infusion,?
several new agents have been associated with this
toxicity, such as docetaxel, gemcitabine, vinorelbine,
pegylated liposomal doxorubicin and oral fluoropy-
rimidines such as capecitabine.’

In the last few years, the use of capecitabine in
daily clinical practice has been increasing progres-
sively in several fields of oncology,' but mainly in
colorectal cancer due to its favourable toxicity pro-
file. Capecitabie is therapeutically equivalent when it
has been compared to an infusion or bolus of 5-FU,
as has been confirmed in numerous phase III studies.
Therefore, capecitabine has become an acceptable
alternative to 5-FU in several indications.*”

These comparative trials have shown that HFS was
the only clinical adverse event and it occurred more
frequently in the capecitabine arm.'?

This is the reason why the HFS is emerging as an
increasingly common and dose-dependent toxicity
which requires an extensive knowledge of its inci-
dence and diagnosis to enable early management of
the symptoms.

The aim of this paper is to offer a complete descrip-
tion of this syndrome in capecitabine-treated patients,
and to offer a review about its etiology, clinical and
histological features and its optimal prevention or
management.

Capecitabine (Xeloda®)

Capecitabine is a prodrug of 5-FU which is rapidly
converted to 5-FU in neoplastic tissues.'"!? After oral
administration, capecitabine is rapidly absorbed by
the gut and converted into its metabolites 5-deoxy-
S-fluorocytidine and 5-deoxy-5-fluorouridine. First it
is metabolized to 5-deoxy-5-fluorocytidine in the liver
by a carboxylesterase. This metabolite is converted to
5-deoxy-5-fluorouridine by a cytidine deaminase in
the liver and also in tumour tissues, and finally trans-
formed into 5-FU intracellularly by thymidine phos-
phorylase. The inactivation of 5-FU is achieved by
dihydropyrimidine dehydrogenase (DPD).!>!3

Systemic levels of 5-FU after taking capecitabine
are low. The absolute bioavailability is estimated to
be 40%-45%." Capecitabine binds to albumin by
54% and its metabolites 5-deoxy-5-fluorocytidine/
5-deoxy-5-fluorouridine and also 5-FU by 10%, 62%
and 10% respectively."* Due to its relatively low rate
of binding to albumin, no relevant interactions at this
level are to be expected.

Capecitabine is eliminated mainly as metabolites
(95% of the dose) via the urine. No clinically relevant
demographic or ethnic factors affecting its pharma-
cokinetics have been found.'

Although, clinically, the most important interac-
tion between capecitabine and other drugs is with
coumarins, the combination with inhibitors of DPD
could induce severe toxicity, as seen when it is com-
bined with antivirals such as sorivudine.'>'® There is
no controlled study available about alternative medi-
cine use with capecitabine.'’

Due to known toxicity, it is necessary to be cau-
tious when administering capecitabine in patients
with liver or renal function impairment. In mild-to-
moderate liver disease, the absolute bioavailability of
capecitabine is higher than in patients without liver
dysfunction, so it would be safe to reduce the dose. In
cases of renal dysfunction, dose reductions may also
be necessary. Creatinine clearance of 30—50 ml/minute
is associated with increased exposure and higher inci-
dence of serious adverse events, and in the case of
creatinine clearance that is lower than 30 ml/minute,
capecitabine therapy is not recommended.'*!*!¥

On the other hand, no relevant effect of age was
found in patients undergoing capecitabine therapy. '

The recommended dose of capecitabine as a single
agent is 1,250 mg/m? b.i.d. for 14 days repeated on
day 22; although there are other schedules, this is the
most usual.

Hand-Foot Syndrome (HFS)

HFS is typically described as localised and non-
specific dermatologic toxicity affecting the palmar
and plantar surfaces of the hands and feet in patients
who are taking oral capecitabine or other drugs as a
cancer treatment.>'%!"22 [t has been reported a vari-
able incidence depending on the drug used. There
are clear differences between a continuous infusion
of 5-FU with an incidence of 34% and a bolus of
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5-FU with 13%.*>** With capecitabine, the incidence
of grade 3 HFS is approximately of 5%—-20%.
Differences related to race, gender and age have not
been described.?*?®

Little is known about the predisposing factors that
influence its emergence or its intensity. In the study
by Heo et al*’ evaluating three combination schedules
with capecitabine (capecitabine/cisplatin/docetaxel,
capecitabine/vinorelbine and capecitabine/cisplatin),
they suggest that the combined treatment agent and the
patient’s susceptibility to chemotherapy-related toxic-
ity may increase the risk of capecitabine-induced HFS.
In this way, they observed that combined use of doc-
etaxel and preceding chemotherapy-related stomati-
tis were significant risk factors for the development
of HFS.

Long-term alcohol intake, increased pressure
or temperature in the hands and feet, or strenuous
physical activity could increase the chance of HFS.
Pre-existing inflammatory skin disease might con-
tribute to the involvement of skin areas other than the
hands and feet, e.g. the trunk, neck, chest, scalp or
extremities, but more studies are needed to confirm
all these data.'?

HFS is characterized by a tingling sensation and
dysesthesia as the two first symptoms, which can

Figure 1. Capecitabine-induced grade 1 HFS on the soles.

Figure 2. Capecitabine-induced grade 2 HFS on the palms.

progress in 3—4 days to a burning pain and symmet-
ric swelling and erythema with increased palmar and
plantar temperature.®*?® Usually, the hands are more
commonly affected than the feet, and might even
be the only area affected in several cases.! HFS is
uncomfortable and can interfere with daily activity,
mainly when blistering, desquamation or ulceration
have appeared.’*

Although it typically resolves in 1-2 weeks after
stopping capecitabine treatment, without significant
sequelae, it may, however, progress to blistering
desquamation, ulceration, crusting and epidermal
necrosis if the treatment is not promptly stopped or
its dose reduced."* In these cases, HFS would prog-
ress to an extremely painful and debilitating condi-
tion, and although usually it is not life-threatening,
the secondary discomfort and relevant impairment of
function,' lead to a deterioration in quality of life in
patients receiving capecitabine, which otherwise is
very well-tolerated.

The lesions of this syndrome have been classified
according to its severity in several grades which are
illustrated in Table 1.

Mechanism of Hand-Foot

Syndrome (Hfs)

5-FU was the first agent to be consistently identi-
fied as a causative drug for HFS and the agent most
frequently associated with HFS, particularly when
administered by continuous infusion.? More recently
capecitabine has substituted for 5-FU in colorectal
cancer treatment and HFS has became a recognized
secondary event and one of the most common adverse
effects with this relatively new agent.'*
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Table 1. Common terminology criteria for adverse events v3.0 (CTCAE).55%

Hfs grading adapted to the five-grade common toxicity criteria (CTC) of the world health organisation (WHO)

Minimal skin changes or dermatitis (e.g. erythema) without pain, dysesthesia/paresthesia, tingling,

painless swelling or erythema of hands and/or feet, and/or discomfort that does not impair the patient’s

Skin changes (e.g. peeling, blisters, bleeding, oedema) or pain that does not interfere with function,

painless erythema and swelling of hands and/or feet causing discomfort that affects daily activity

Grade 1

normal activities.
Grade 2

of the patient.
Grade 3

of palms and soles.
Grade 4-5

Ulcerative dermatitis or skin changes with pain interfering with function, painful erythema and swelling

Life-threatening side-effects or death have not been reported so far in the literature.

The exact mechanism of HFS is not known, and
the symptoms and signs of this syndrome may vary
according to the type of cytotoxic agent used."

With 5-FU and also with capecitabine, HFS is dose-
dependent and probably related to drug accumulation
in the skin but whereas HFS induced by 5-FU is more
common in elderly women, this relationship has not
been encountered in capecitabine treatment.!!%12

The frequency or severity of HFS appears to
correlate with plasma concentrations of various
fluoropyrimidines metabolites.?’2° Several hypoth-
eses have been proposed. Asgari et al’' have hypoth-
esized that keratinocytes may increase the levels of
the enzyme thymidine phosphorylase, which could
cause the accumulation of capecitabine metabolites.
This might result in an increased likelihood of devel-
oping HFS. Mrozek-Orlowski et al*? have suggested
that capecitabine might be eliminated by the eccrine
system throught sweat secretion. This might be the
cause of HFS and its severity would be related to
the number of eccrine glands present on the hands
and feet. Others have argued that cyclooxigenase 2
(COX-2) overexpression might be a potential media-
tor for the development of this syndrome.*

Globally, although several mechanisms have been
suggested, the precise mechanism which leads to the
onset of HFS is largely not known to date.'

Histology

Although the diagnosis of HFS in general can be
established by the clinical picture and its course after
stopping treatment, in some cases, it has been neces-
sary to take biopsies to exclude other causes.”® It is
in these cases where histological findings have been
described. They are nonspecific and consistent with a

basal keratinocyte toxicity as has been demonstrated in
cases secondary to other chemotherapeutic drugs.’*%
In cases where HFS appears after pegylated liposomal
doxorubicin, the epidermis shows a marked tendency
to premature keratinization (dyskeratosis) and kera-
tinocyte proliferation rate is usually high.*® In a gen-
eral way, not specifically related to capecitabine, it
has been shown that basal dyskeratosis and hyperpro-
liferation are not equally distributed. Broadly dilated
capillaries with pericyte proliferation are found in the
papillary dermis. Activation (swelling) of endothelial
cells and multinuclear pericytes can be recognized
in the microvessels of the upper dermis. The basal
lamina seems to be intact and eccrine sweat glands
are absent.”®

Prevention and Management of Hfs

If treatment combinations or schedules are likely to
induce HFS, patient education is necessary, with the
aim of helping patiens to recognize early symptoms
in order to start therapy or dose modifications without
any delay.

Several reports have been published on success-
ful alleviation of HFS with use of different agents
such as vitamin products, antiinflammatory agents,
peripheral vasoconstricting drugs, steroids or topical
treatments.'*8:3738

Pyridoxine

Pyridoxine, also known as vitamin B6, is the most
popular treatment in clinical practice. Although its
mechanism of action is not known, the use of pyri-
doxine at variable doses has been reported as being
useful for prophylaxis and treatment of HFS induced
by several cytotoxic drugs.!® A study carried out in
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a non-Hodgkin’s lymphoma canine model involving
liposomal doxorubicin treatment showed that oral
pyridoxine delayed the onset and severity of HFS
but did not prevent it.*® Similar results were obtained
by Fabian et al in a small study of 25 patients. They
found that 5 of the 16 patients with metastatic colon
cancer who developed HFS from 5-FU continuous
infusion were treated with 50 mg or 150 mg of pyri-
doxine each day. When severe HFS developed, con-
current oral pyridoxine enabled patients to continue
chemotherapy infusions for an average of 3.5
months longer than those who did not receive the
pyridoxine without influence on clinical response
rates.*® But unfortunately, although these results are
promising, the number of patients who received pyri-
doxine was very small, so this treatment needs further
research.

The useful doses are not clear but it has been sug-
gested that higher doses of pyridoxine might be better
for alleviating the symptoms. Lauman et al* carried
out a retrospective study comparing three groups with
capecitabine and pyridoxine for HFS. The groups
were:

e capecitabine alone
e pyridoxine prophylactically along with capecitabine
e pyridoxine to alleviate symptoms of HFS.

Patients who took =200 mg pyridoxine per day
had better symptom control of their HFS than patients
who took <200 mg per day.

Another study carried out by Yoshimoto et al tried
to assess the impact of prophylactic pyridoxine on
HFS in patients taking capecitabine for metastatic
breast cancer.”’ They administered prophylactic pyri-
doxine to 38 patients receiving capecitabine (alone
or in combination with cyclophosphamide) and com-
pared their clinical outcomes against historical data
from a control group 40 patients receiving capecit-
abine without pyridoxine in their institution. At the
same time, they assessed the impact of urea ointment.
They found that 52.6% patients developed HFS in
spite of receiving pyridoxine treatment compared
to the control group, which showed an 82.5% rate
of HFS (P < 0.01). They also detected a nonsignifi-
cant trend towards less severe HFS among patients
who received urea ointment at the first appearance
of symptoms. In addition, nonsignificant trends

towards higher rates of HFS were seen among those
who were older than 60 years and those who derived
clinical benefit (clinical response or stable disease)
from capecitabine. They concluded that prophylac-
tic pyridoxine and urea ointment at first appearance
of symptoms appears to reduce the risk of severe
capecitabine-induced HFS.

However, the true benefit should be determined
after randomized, placebo-controlled studies evaluat-
ing the role of pyridoxine in the prevention of HFS.
Such studies need to confirm whether pyridoxine has
no effect on capecitabine efficacy and whether effec-
tive prophylaxis might permit administration of a
higher cumulative dose of capecitabine.

Corticosteroids

Topical steroids have been reported to be useful for
prophylaxis and treatment of HFS induced by several
cytotoxic drugs, although their use in capecitabine-
associated HFS is unproven.?®*4? In the cases with
blistering and erosions, the use of high-potency steroids
has been found to be as effective as topical therapy.?®
While steroids are anti-inflammatory agents that are
capable of reducing inflammation, their long-term use
can lead to thinning of the skin, which can cause more
symptoms.** Two case studies of oral steroids used
to treat cytarabine-induced HFS showed that they
appeared to be beneficial for these two patients; how-
ever, no larger studies have been done to determine
the risks and efficacy of oral steroids.*4’

Anti-inflammatory drugs
Cyclooxigenase (COX-2) inhibition has also been shown
to be effective as a systemic approach for prophylaxis of
chemotherapy-associated HFS. Celecoxib is a COX-2
antagonist used for control of pain and arthritis.*®

In a retrospective series of more than 60 patients
receiving capecitabine, the addition of celecoxib
showed a reduction of the rate of severe HFS (more
than grade 1) from 34% with capecitabine alone to
13% with capecitabine plus celecoxib. However, in
this series, most patients required dose reductions.*
Although this study has served to hypothesize that
celecoxib might help in treating HFS, it needs to be
tested in a prospective randomised setting. Until then,
there is insufficient evidence to recommend the use of
celecoxib in the prophylaxis of HFS.
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Topical treatments

Several topical pharmacologic and nonpharmacologic
treatments have been used as prevention strategies for
HFS. Nonpharmacologic therapy include avoiding of
extremes of temperature, undue pressure, friction on
the skin and vigorous exercise.'*

Several retrospective studies have been published
on HFS that is secondary to pegylated liposomal dox-
orubicin. In these studies, regional cooling with ice
packs around the wrists and ankles was combined with
taking iced liquids during pegylated liposomal doxo-
rubicin infusion. A reduced frequency and severity of
HFS was reported compared with cases where these
measures were not used.*’!

In addition, these type of measures have been
demonstrated to be useful as a palliative treatment
through cooling the affected areas without intensive
friction or washing.!

Although regional cooling appears promising for
the prevention of HFS and also treatment, the data
are not sufficient to support its routine use in clinical
practice. In addition, no data are available for patients
receiving capecitabine.

On the other hand, the use of topical emollients
and moisturizing creams>>> such as Bag Balm® or
aloe vera lotions would appear to be helpful as a pro-
phylactic and symptomatic treatment at the first signs
of grade 1 HFS, although there have been no con-
trolled trials.

Bag Balm® has been evaluated in the study by
Chin et al.>* They studied 39 patients receiving sev-
eral agents of chemotherapy. Thirteen patients devel-
oped HFS: four with grade 1, eight with grade 2 and
one with grade 3. All of them received Bag Balm®
three times daily to the affected areas. Twelve patients
showed clear improvement when their HFS symptoms
were evaluated by the objective grading of severity
according to the National Cancer Institute Common
Toxicity Criteria.”> Despite these results and because
this study was not blinded, it has been suggested that
some patients may have experienced a placebo effect.
This is the reason why larger and placebo-controlled
studies are needed to determine the effectiveness of
this measure.

Topical petroleum-lanolin-based ointment with
antiseptic hydroxyquinoline sulphate applied three
times a day has been reported to alleviate the symptoms

of HFS induced by several chemotherapeutic agents,
including capecitabine. Its mechanism of action
appears to be related to maintaining skin integrity.'

Topical administration of 99% dimethyl sulfoxide
(DMSO) has also been reported to alleviate HFS.!
Historically, DMSO was used to treat chemotherapy
drug extravasation because it rapidly penetrates tis-
sues following topical application. DMSO has been
used successfully to treat extravasation of conven-
tional doxorubicin.**>’

It 1s a known potent free radical scavenger with
anti-inflammatory properties. Lopez et al used topical
DMSO in two patients who were taking pyridoxine
for mild HFS.%® Despite the pyridoxine use, both
patients experienced worsening of their HFS, and
in both cases, the condition progressed to grade 3
toxicity. Topical DMSO enabled these patients to
continue therapy while simultaneously resolving all
the signs and symptoms of HFS.

A recent study suggests that the application of
henna (dye derived from Lawsonia inermis) reduces
the symptoms of this syndrome.>

Unfortunately, all these studies have concluded
that treatment interruption or dose reduction remains
the only method to manage HFS effectively, but
supportive measures to reduce pain and discomfort
and prevent secondary infection are very important.
Therefore, prospective randomized controlled trials
are needed to prove the efficacy of the various meth-
ods used to treat HFS. The study by Gressett et al®
confirmd this statement after evaluating the effective-
ness of topical emollients and creams, topical corti-
costeroids, nicotine patches, vitamin E, pyridoxine
and COX-2 inhibitors as measures to manage HFS
induced by capecitabine.

Nicotine patches
An interesting approach is the prophylactic use or
treatment of HFS with local vaso-constrictive nicotine
patches. Several ongoing clinical trials are being con-
ducted but have not yet obtained conclusive results.
Many clinicians have used this measure to achieve a
reduction in the symptoms associated with HFS on the
basis of a case report in which symptoms were alleviated
in a patient receiving a continuous infusion of 5-FU.*!
The investigators hypothesize that because nico-
tine is a peripheral vasoconstrictor, it could be able to
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reduce the signs and symptoms of HFS by decreasing
the amount of blood, and therefore the amount of drug,
that reaches the hands and feet. This could reduce the
accumulation of drugs in the eccrine glands.'*%

Dose modification or drug Interruption
While HFS is almost always manageable, if left
untreated it can progress rapidly to a more severe tox-
icity.! Reacting quickly to the first signs and symptoms
should prevent development of grade 2 or 3 toxicity
and therefore reduce the impact on dose intensity.'

Despite all measures described previously, capecit-
abine dose interruption or dose reduction is often
necessary.’!$* Reducing the capecitabine dose with-
out stopping the treatment at the first signs of HFS
is likely to result in progression of the syndrome to a
more severe toxicity.! Dose interruption followed, if
necessary, by dose reduction has become the mainstay
of HFS management. The discontinuation of capecit-
abine usually leads to healing after several days or
weeks, depending on the syndrome severity.*

After the first episode of HFS, and once symptoms
and signs have been reduced, therapy can usually be
restarted according to the initial doses and schedule.
But when the episode recurs or appears even more
severely, dose reduction becomes mandatory. '

Following discontinuation of capecitabine treat-
ment, the guidelines for dose reduction should be the
same as guidelines used for the management of any
adverse events occurring during capecitabine therapy
as specified in the summary of the product.'

To establish general recommendations, it is rel-
evant to distinguish between the first appearance of
HFS and recurrence of the syndrome, and to evaluate

the severity of this toxicity. When these guidelines
are followed, the rate of more significant HFS is
extremely low.

When the first evidence of HFS appears. the thera-
peutic approach should be different according to the
grade of severity?® (see Table 2).

In cases of grade 2 or 3 HFS, after initial inter-
ruption of therapy until reaching grade 0—1, the drug
should be reinitiated with the same dosage as at the
beginning, or dosage should be reduced, re-starting
with 75% of the initial dose.”® When two or more
recurrences of grade 2 or 3 HFS occur, it is necessary
to reduce doseage in all cases or to withdraw the ther-
apy completelyt.?® But in cases with grade 1 toxicity,
no dose adjustment seems to be necessary.

Conclusions
HFS is a common and uncomfortable side-effect of
capecitabine therapy. Although the condition is easily
managed with dose interruption or, if necessary, dose
reduction, prompt intervention helps to the patients to
maintain dose intensity for long periods of time and
continue to benefit from capecitabine therapy.
Patients should be given appropriate education
with the aim of enabling them to recognize early
symptoms in order to start therapy or dose modifica-
tions without any delay, requiring patients to become
active in their own treatment. In this way, the side-
effects might be prevented, recognised early and
managed adequately.
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Table 2. Managing a patient with HFS and capecitabine dose-modification."?8

CTCAE toxicity Toxicity During therapy Next cycle (related
grade with initial dose)
1 - No modification No modification
2 First time Stop until recovery to grade 01 100%

Second time Stop until recovery to grade 0-1 75%

Third time Stop until recovery to grade 0—1 50%

More times Stop definitively -
3 First time Stop until recovery to grade 0-1 75%

Second time Stop until recovery to grade 0—1 50%

Third time Stop definitively -
4-5 First time Stop definitively -
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