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Prophylactic pyridoxine was not able to reduce the incidence
of capecitabine-induced hand-foot syndrome: A meta-analysis
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Abstract. Hand-foot syndrome (HFS) is a dose-limiting
adverse event of capecitabine, which commonly leads to
early discontinuation of capecitabine-based therapy in the
palliative and adjuvant settings. Although pyridoxine has
been used for the prevention of capecitabine-associated
HFS, its efficacy is controversial. The aim of this study was
to evaluate whether prophylactic pyridoxine reduces the
incidence of capecitabine-associated HFS by performing a
meta-analysis of the literature involving available studies.
Systematic searches for trials were undertaken through
PubMed, Embase, Web of Science, the Cochrane Library,
the American Society of Clinical Oncology (ASCO) and
the ASCO Gastrointestinal Cancers Symposium, updated to
March, 2013, to identify relevant studies. A meta-analysis
was conducted with eligible studies that evaluated the
efficacy of the prophylactic use of pyridoxine against
capecitabine-induced HFS. We performed a meta-analysis of
five studies (n=793 patients) that evaluated the efficacy of the
prophylactic use of pyridoxine in cancer patients treated with
capecitabine. The odds ratio (OR) comparing prophylactic
pyridoxine to placebo was 0.91 [95% confidence interval (CI):
0.67-1.24] for HFS of all grades; OR=1.17 (95% CI: 0.82-1.67)
for HFS = grade 2 and OR=1.05 (95% CI: 0.60-1.85) for
HFS = grade 3. Based on our meta-analysis, prophylactic
pyridoxine did not appear to reduce the incidence of HFS in
patients receiving capecitabine.

Introduction
Capecitabine (Xeloda®), an oral fluoropyrimidine, is a systemic

prodrug of 5-fluorouracil (5-FU), with the advantage of oral
vs. intravenous administration, which is required for 5-FU.
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Capecitabine is effective in the treatment of various malig-
nancies, including colorectal, breast and gastric cancer (1-4).
Although capecitabine is generally well-tolerated, hand-foot
syndrome (HFS) is the most common adverse event associated
with capecitabine and was proven to be a chronic dose-limiting
toxicity, leading to significant morbidity in patients receiving
this type of treatment (5).

HFS, also referred to as palmar-plantar erythrodyses-
thesia (PPE), is a distinctive toxic reaction associated with
certain chemotherapeutic agents (6). The incidence of HFS
associated with capecitabine is 50-60% and the incidence
of severe HFS (= grade 3) may be 10-70% (7). HFS is
dose-dependent and its occurrence is determined by peak drug
concentration and total cumulative dose (8). The mechanism
underlying the development of HFS has not been elucidated,
although the majority of researchers consider it to be an
inflammatory reaction. The mainstay of the management of
HFS is temporary treatment interruption and, if necessary,
dose reduction. Topical agents, such as potent topical steroids
and emollients are occasionally used to reduce pain and
discomfort and protect against infections.

Since HFS was found to resemble a rat disease (acro-
dynia) caused by pyridoxine (vitamin B6) deficiency,
capecitabine-associated HFS was empirically treated with
pyridoxine (9,10). Several studies investigated whether pyri-
doxine is able to reduce the incidence of capecitabine-induced
HEFES (15,16,30-32). However, the results of those studies were
inconclusive and no consensus was reached. The purpose of
our study was to determine whether pyridoxine therapy is able
to prevent the development of HFS in patients being treated
with capecitabine. In addition, we performed analyses of
publication bias and heterogeneity between published studies.

Materials and methods

Search strategy and study selection. The following databases
were searched using the medical subject headings and search
tags 'capecitabine' or 'Xeloda', 'pyridoxine' or 'vitamin B6/,
'hand-foot syndrome' or 'palmar-plantar erythrodysesthesia':
PubMed, Embase, Web of Science, the Cochrane Library,
the American Society of Clinical Oncology (ASCO) and the
ASCO Gastrointestinal Cancers Symposium. The upper date
limit of March, 2013 was applied, with no lower date limit.
A manual search for general reviews on HFS associated with
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=4 Duplicate publications
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Figure 1. Flow chart of search strategy.

capecitabine and references cited by the included studies were
also used to complete the search. The search results were
downloaded to reference databases and then screened.

In order to be eligible for inclusion in this meta-analysis,
a study was required to meet the following criteria: i) the
patients received chemotherapy that included capecitabine;
ii) the trials included a treatment group receiving pyridoxine
during chemotherapy and a control group that did not receive
pyridoxine; iii) the evaluation of HFS in the published trials
adopted the toxicity grading of the National Cancer Institute
Common Toxicity Criteria (NCI-CTC). Trials were excluded
if they did not meet the criteria described above. Additional
exclusion criteria included the following: i) animal or in vitro
studies; ii) not primary studies (e.g., review articles, letters
to the editor); or iii) duplicate publications of other studies
previously identified in our systematic evaluation. To identify
multiple publications from the same data sets, we investigated
all author names, different institutions involved and the time
period of patient recruitment of each study. When the same
author reported results from the same patient population, the
most recent or the most complete study was included. The
abstracts of all candidate studies were read by two independent
readers (L.P. and Y.Z.). Studies that could not be classified
based on the title and abstract alone were retrieved for full-text
review. Disagreements were resolved by consensus between
the two readers.

Data extraction. The final studies included were indepen-
dently assessed by two readers (L.P. and Y.Z.). Information
was carefully retrieved from the studies, using a standard-
ized data collection form, including the following items:
first author, year of publication, country of origin, number
of patients allocated, patient characteristics and chemo-
therapeutic regimen. If data from any of the above categories
were not reported in the study, the items were treated as 'not
specified. To ensure accuracy, targeted data were extracted
by two authors working independently. If the study had more

than one grade criteria, only data regarding HFS incidence
graded on the basis of the NCI-CTC were extracted. The
authors of the primary studies were not contacted for addi-
tional or unreported information. We did not use prespecified
quality-related inclusion or exclusion criteria and did not
weigh each study by a quality score, since the quality score
has not received general approval for use in meta-analyses,
particularly observational studies.

Statistical methods. The primary outcome for analysis was
the incidence of HFS in patients receiving capecitabine.
Dichotomous variables were analyzed with odds ratios (ORs)
with mean differences at a 95% confidence interval (CI).
The calculations were performed under the hypothesis that
the variance of the two groups was identical (11). Two-sided
P-values were computed for the differences between dichoto-
mous variables, which were considered significant at P<0.05.
The heterogeneity of the individual ORs was calculated with
¥’ tests according to Peto's method (12). A heterogeneity test
with inconsistency index (I?) statistic and Q statistic was
performed. If P>0.10 or I’<50%, the heterogeneity of the trial
was considered acceptable and the differences between the
OR and 95% CI were computed by the fixed-effects model. If
P<0.10 or I>>50%, the differences between the OR and 95% CI
were computed by the random-effects model.

Publication bias was identified with funnel plots (13,14),
whereby asymmetries in the funnel plot indicated publica-
tion bias. Intercept significance was determined by the t-test
suggested by Egger (P<0.05 was considered representative of
statistically significant publication bias). All the calculations
were performed by Stata software version 11.0 (StataCorp,
College Station, TX, USA).

Results

Study selection and characteristics. A total of 51 potentially
relevant citations were reviewed and five studies met the
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Table I. Main characteristics and results of the eligible studies.

875

Enrolled patients Dose of
Chemotherapy pyridoxine
Study Country Site of tumor Type of study regimen Pyridoxine Control  (mg/day) Refs.
Mortimer et al United States Colon, breast Retrospective NS 73 99 50-600 (15)
Yoshimoto et al  Japan NS Retrospective X or X with 38 40 60 (30)
CTX and EPI
Kang et al Korea Stomach, colon, RCT X, XP, DXP 180 180 200 31
biliary tract, duodenum
Braik et al United States NS RCT NS 38 39 100 (32)
Corrie et al United Kingdom  Colorectum, breast RCT NS 53 53 150 (16)

Summary table of studies included in the meta-analysis. NS, not specified; X, Xeloda® (capecitabine); CTX, cyclophosphamide; EPI, epirubicin; RCT,
randomized controlled trial; XP, capecitabine and cisplatin; DXP, docetaxel, capecitabine and cisplatin.

Table II. HFS grading according to the National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 4.0.

Severity Criteria

Grade 1 Minimal skin changes or dermatitis (e.g., erythema, edema or hyperkeratosis) without pain

Grade 2 Skin changes (e.g., peeling, blisters, bleeding, edema or hyperkeratosis) with pain; limiting instrumental ADL
Grade 3 Severe skin changes (e.g., peeling, blisters, bleeding, edema or hyperkeratosis) with pain; limiting self care ADL

HFS, hand-foot syndrome; ADL, activities of daily living.

inclusion criteria in the search strategy and study selection
section, comprising 793 patients for the final analysis (Fig. 1).
Of the five studies, three were prospective randomized
control trials, whereas the remaining two were retrospective
studies. The major baseline characteristics of the five eligible
publications are presented in Table I. The studies were
conducted in four countries (Japan, Korea, the United States
of America and the United Kingdom) and were published
between 2003 and 2012. The dose of pyridoxine varied from
50 to 600 mg/day. All the studies reported the incidence of
HFS in patients receiving capecitabine. As regards chemo-
therapy outcome, two trials (15,16) compared the treatment
outcome between the two groups according to the response
evaluation criteria in solid tumors (17). The characteristics of
the included trials are listed in Table I. The NCI-CTC criteria
are listed in Table II.

Meta-analysis. The results of the meta-analysis are shown
in Fig. 2. The five trials included in this study evaluated
capecitabine-induced HFS according to the NCI-CTC. The
pooled analysis revealed that, compared to the placebo, pyri-
doxine did not reduce the number of patients with HFS of all
grades, with an OR of 0.91 (95% CI: 0.67-1.24). The combined
ORs for the studies evaluating the prophylactic use of pyri-
doxine in preventing capecitabine-associated HFS of = grade 2
and severe (= grade 3) were 1.17 (95% CI: 0.82-1.67) and
1.05 (95% CI: 0.60-1.85), respectively, indicating that pyri-
doxine was not effective in the prevention against HFS of any
grade. No significant heterogeneity was observed among the

studies (all grades: Q=9.55, I°=58.1%, P=0.049; > grade 2:
Q=1.74, I’=0.0%, P=0.628; and > grade 3: Q=3.44, I’=0.0%,
P=0.487).

Treatment outcomes of chemotherapy. The effects of chemo-
therapy on unresectable tumors in the placebo and pyridoxine
groups were compared between two trials. No significant
differences were observed in the response rates, disease
control rates or survival times between the two groups. The
results indicated that the use of pyridoxine did not appear to
increase the recurrence of tumors.

Publication bias. Begg's funnel plot and Egger's test were
performed to evaluate the publication bias of the eligible
studies (Fig. 3). The Egger's test score of pyridoxine in the
prevention against capecitabine-induced HFS of all grades,
> grade 2 and severe (= grade 3) yielded P-values of 0.200,0.11
and 0.016, respectively, indicating that there was publication
bias in severe HFS.

Discussion

Capecitabine is an oral fluoropyrimidine that is used to treat
various types of cancer. Chemotherapy regimens including
capecitabine are currently considered to be a standard of
care in the management of colorectal, breast and gastric
cancers. However, capecitabine-induced HFS is a commonly
occurring adverse event that affects the quality of life of the
patients and may lead to postponement or even interruption
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Figure 2. Meta-analysis (forest plot) of the eligible studies.

of capecitabine therapy. Hand-foot syndrome, also referred
to as palmar-plantar erythrodysesthesia or palmoplantar
keratoderma, is a dose-limiting adverse effect associated
with capecitabine. Several chemotherapeutic drugs have been
identified as a cause of HFS, such as doxorubicin, liposomal
doxorubicin, docetaxel and fluoropyrimidine (18-21). The

clinical manifestations present as dysesthesia, followed by
painful, symmetric, well-defined erythema and edema. The
median time of onset is 79 days, although the range may be
11-360 days (22). HFS is an emerging issue in capecitabine
cancer treatment, leading to additional morbidity, suboptimal
dosing and poor compliance with treatment.
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Figure 3. Funnel plot for studies included in the meta-analysis.

The mechanism underlying the development of HFS
has not been elucidated. One suggested hypothesis was that
the keratinocytes in the skin may upregulate the enzyme
thymidine phosphorylase, which increases the accumulation
of capecitabine metabolites. Another hypothesis was that
capecitabine may be excreted by sweat glands, which are
profuse in the palms and the soles (7). It was also hypothesized
that HFS is induced by capecitabine metabolites through a
prostaglandin-like action (23).

The treatment for capecitabine-induced HFS is dose
reduction or permanent discontinuation of capecitabine.
Topical agents, such as steroids, emollients and 99% dimethyl
sulfoxide are occasionally used for relief (24). Since HFS was
found to resemble a rat disease (acrodynia) caused by pyri-
doxine deficiency, capecitabine-induced HFS was empirically
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treated with pyridoxine. Animal studies, case reports and
other small studies previously suggested that the administra-
tion of pyridoxine may help prevent and treat HFS induced
by chemotherapy drugs (9,10,25-27). It appears to be effective
in preventing against HFS in at least some individuals who
experience this side effect. As pyridoxine is a safe nutritional
supplement, its prophylactic use seems appealing. Pyridoxine
is often used to treat HFS associated with capecitabine;
however, the evidence regarding its beneficial effect is not
adequate. There is no consensus to prove that pyridoxine
prevents or treats HFS. Therefore, the present meta-analysis
was conducted to determine the effect of prophylactic pyri-
doxine administration in reducing the incidence of HFS in
patients receiving capecitabine.

The present meta-analysis, which was based on data
provided by five studies including a total of 793 patients to
yield statistics, compared the administration of pyridoxine
to placebo regarding the prevention of capecitabine-induced
HFS. Pyridoxine did not provide any marked benefit against
capecitabine-induced HFS. An important issue in these studies
was that the dose of pyridoxine varied from 50 to 600 mg/day.
Long-term use of high doses of pyridoxine may lead to the
development of additional side effects or health problems or
interfere with the absorption and use of other important nutri-
ents. Since a preclinical model or pharmacodynamic data on
the dose-response relationship of pyridoxine are not available,
the optimal dose of pyridoxine cannot be determined.

Another controversial issue was the possible effect of
pyridoxine on tumor response and patient survival. The inves-
tigation on the correlation between HFS and clinical outcome
has been limited. It was suggested that patients who were
administered high doses of pyridoxine exhibited worse tumor
response (26). In our meta-analysis, two of the primary studies
evaluated tumor response in the pyridoxine vs. placebo groups,
which revealed no difference in the tumor response rate. This
may be explained by the different doses of pyridoxine used in
the studies, which requires further investigation.

Our meta-analysis has several limitations. First, two of
the included studies were not randomized controlled trials but
retrospective studies. Retrospective studies limit confidence in
the further clinical utility of pyridoxine. Second, although there
was no significant heterogeneity among the primary studies, it
should be noted that, due to the small number of primary studies
analyzed in each group, the power of detection of potentially
important differences was limited. Third, the meta-analysis
relied on publication, rather than individual patient data (IPD).
Therefore, the results must be interpreted with caution, since
the IPD-based analysis provides the least bias and is more reli-
able compared to the literature-based meta-analysis (28).

Biases should also be handled with caution. First, publica-
tion bias is a major concern in all forms of meta-analysis, as
published studies are often positive (29). As for the results of
insignificant publication bias, it should be noted that when the
sample size of the studies or the number of eligible studies is
limited, the power of detecting publication bias by the linear
regression model is reduced. Considering the limited number
of studies included, the findings from our meta-analysis
require confirmation by further studies. Furthermore, the
language bias could not be completely avoided, as the inclu-
sion criteria was restricted to studies published in English. A
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selection process with rigid inclusion criteria was adopted in
ascertaining studies, thereby reducing selection bias.

In conclusion, to the best of our knowledge, our meta-anal-
ysis is the first study to systematically evaluate the efficacy
of prophylactic pyridoxine in preventing capecitabine-induced
HFS. Our results led to the conclusion that pyridoxine was not
able to prevent capecitabine-induced HFS. Therefore, the use
of pyridoxine may not be currently recommended for prophy-
laxis against HFS. To strengthen our findings, well-designed
prospective studies may help determine the efficacy of pyri-
doxine in the prevention of capecitabine-induced HFS.
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