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Randomized trial of vitamin B6 for 
preventing hand-foot syndrome from 
capecitabine chemotherapy 
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Background Capecitabine is an oral fuoropyrimidine that is used to treat various malignancies. Hand-foot syndrome (HFS) is a 
dose-limiting toxicity of capecitabine that can limit the use of this agent in some patients. Some investigators have observed that 
pyridoxine (vitamin B6) can ameliorate HFS that is caused by capecitabine. We designed a prospective trial to determine if pyridox-
ine can prevent HFS in patients who receive capecitabine.
Methods In our double-blind, placebo-controlled trial, we randomly assigned eligible patients who were treated with capecitabine 
to receive either daily pyridoxine 100 mg or placebo along with their capecitabine-containing chemotherapy regimen. Patients 
were observed during the frst 4 cycles of capecitabine treatment. The primary endpoint was the incidence and grade of HFS that 
occurred in both study arms.
Results Between 2008 and 2011, 77 patients were randomly assigned to receive either pyridoxine (n = 38) or placebo (n = 39). 
Dosages of capecitabine were equally matched between both arms of the study. HFS occurred after a median of 2 chemotherapy 
cycles in both groups. HFS developed in 10 of 38 (26%) patients in the pyridoxine group and in 8 of 39 (21%) patients in the 
placebo group (P = .547). Therefore, the risk of HFS was 5 percentage points higher in pyridoxine group (95% confdence interval 
[CI] for difference, –13 percentage points to +25 percentage points). Given our study results, a true beneft from pyridoxine can be 
excluded. No difference in HFS grades was observed.
Limitations Single-institution study.
Conclusion Prophylactic pyridoxine (vitamin B6), given concomitantly with capecitabine-containing chemotherapy, was not effective 
for the prevention of HFS.

C
apecitabine is a rationally designed oral fuo-
ropyrimidine carbonate that is metabolized 
by the liver and converted into 5-fuoro-

uracil (5-FU) by the enzyme thymidine phosphor-
ylase (TP), which is found at higher levels within 
tumor cells, compared with normal cells.1 5-FU 
works by several diferent pathways to induce tu-
mor cell death. 5-FU inhibits thymidilate synthase 
(TS) and is also incorporated into deoxyribonucleic 
acid (DNA) and ribonucleic acid (RNA), interfer-
ing with cell replication. Capecitabine is currently 
registered for the following 4 indications: 

n Monotherapy in the frst-line treatment of ad-
vanced colorectal cancer.

n Adjuvant treatment in patients with stage III co-
lon cancer.

n In combination with docetaxel in the treatment 
of locally advanced or metastatic breast cancer. 

n  As monotherapy in advanced breast cancer after 
failure of taxane- and anthracycline-containing 
chemotherapy for patients for whom an anthra-
cycline is contraindicated. 

Te recommended dosage of capecitabine is usu-
ally 1,000 to 1,250 mg/m2 twice daily for 14 days, 
repeated every 21 days. Te dose-limiting toxicities 
of this agent are mucositis, diarrhea, and hand-foot 
syndrome (HFS).2 

Hand-foot syndrome, also known as palmar-
plantar erythrodysesthesia, is a widely recognized 
dose-limiting toxicity of certain agents, specifcally 
capecitabine, infusional 5-FU, cytarabine, and lipo-
somal doxorubicin; capecitabine is the drug most 
frequently associated with chemotherapy-induced 
HFS.3-7 HFS is reported in 45%-56% of patients 
who are treated with capecitabine, and can be severe 
in 15%-20% of patients, making dose reductions or 
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treatment delays a common problem during capecitabine 
therapy. 

Hand-foot syndrome is a skin reaction that appears 
on the palms of the hands or the soles of the feet.8 It was 
frst described in 1974 in association with mitotane ther-
apy for renal cell carcinoma.9 Te disease presents initially 
with prodrome of dysesthesia and numbness on the palms 
and soles, followed in a few days by painful, well-defned  
erythema and edema. In one study, 92% of patients who 
were treated with capecitabine and had HFS developed it 
in the frst 2 cycles of treatment.3 It has been suggested 
that 5-FU metabolites, not 5-FU itself, are responsible for 
the HFS. Te following 3 theories ofer possible causes of 
the HFS: 

n Te TP enzyme that is responsible for 5-FU metabo-
lism is present in abundance in the skin, leading to a 
high level of 5-FU metabolites in the skin. 

n Capecitabine is excreted in eccrine glands, which are 
found in high concentration in the skin, and particularly 
in the dermis of the hands and feet, hence the predomi-
nant palm and sole involvement.

n 5-FU metabolites are extravasated from small capillaries 
in areas of constant pressure (like palms and soles) into 
the dermis, causing direct toxic efect. 

Currently, the mainstay of the management of HFS that 
is caused by capecitabine is dose reduction, and – if the 
HFS is severe – withdrawal of treatment. If the HFS could 
be prevented or decreased in severity or duration, there 
might be less need for dose reductions of capecitabine, and 
therefore improved efcacy of the drug and better out-
comes for these patients. 

Currently, no prevention or therapy for HFS has been 
proved in large-scale clinical trials. Interestingly, some in-
vestigators observed that HFS resembles a disease seen in 
rats called acrodynia, which is caused by vitamin B6 de-
fciency.10 Tis observation led to the frst use of vitamin 
B6 in 1 patient whose 5-FU–induced HFS was success-
fully treated without interruption of 5-FU.11 Subsequently, 
4 of 5 patients were treated with pyridoxine supplement 
for 5-FU treatment–related HFS.12 In another study of 26 
patients, a signifcant proportion of those treated with pyri-
doxine experienced amelioration of their HFS.13 

Despite the limited evidence for its efectiveness, some 
physicians use pyridoxine for prevention or treatment of 
HFS because it is inexpensive and relatively safe. Others 
have tried alternative therapies, including emollients, both 
topical and systemic steroids, or topical dimethyl sulfoxide 
(DMSO), but none has been proved efective in any ran-
domized, controlled trial. We therefore performed a pro-
spective, randomized, double-blind, placebo-controlled tri-
al to determine if pyridoxine can prevent HFS in cancer 
patients who are treated with capecitabine. 

Materials and methods

Eligibility
Patients older than 18 years of age were eligible for the 
study if they had cancer requiring capecitabine therapy and 
had never received capecitabine before. After they were ad-
equately randomized, patients started capecitabine chemo-
therapy at the same time they started pyridoxine or placebo. 
Other patient inclusion criteria were the following:

n A performance status of 0 to 2, according to the Eastern 
Cooperative Oncology Group (ECOG) classifcation. 

n Life expectancy was longer than 6 months. 
n Not being on vitamin B supplements. 
  No prior HFS. 
n No contraindication to chemotherapy (ie, patient had 

adequate bone marrow function, including an absolute 
neutrophil count > 1,500 cells/L and a platelet count > 
100,000/L). 

n Adequate renal function (as indicated by a serum creati-
nine concentration < 1.5 mg/dL). 

n Adequate liver function (as indicated by a serum biliru-
bin concentration < 1.5 mg/dL, a transaminase level < 3 
times the upper normal limit, and a serum albumin level 
> 2.5 mg/dL). 

Exclusion criteria included previous treatment for HFS; 
hypersensitivity to pyridoxine; immunosuppression or pos-
itive human immunodefciency virus (HIV) serology; and 
pregnancy or lactation. During the study, no other vitamin 
or pharmacologic intervention that was specifcally intend-
ed for the prevention or treatment of HFS (other than an-
algesics) was allowed. Te following topical agents were 
specifcally not permitted to be used during the study be-
cause they contain urea or lactic acid: 

n Aqua Care medicated calamine lotion (0.3%). 
n Dr. Scholl’s Smooth Touch deep moisturizing cream. 
n Dove moisturizing cream wash. 

Hand-foot syndrome toxicity was graded according 
to the National Cancer Institute–Common Terminology 
Criteria for Adverse Efects (NCI-CTCAE; v3.0) toxicity 
grading criteria.14 All patients provided written informed 
consent before enrollment (Figure 1).

Study design and outcome
Our study was a randomized, placebo-controlled, double-
blind trial that compared the incidence of HFS among can-
cer patients receiving capecitabine-containing chemothera-
py with either vitamin B6 or placebo. In this study, eligible 
patients were randomized to receive either pyridoxine at a 
dose of 100 mg/day plus capecitabine-containing chemo-
therapy, or placebo plus capecitabine-containing chemo-
therapy. Prior to initiation of the study, placebo tablets were 
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purchased from the hospital 
wholesaler and were evaluated 
for the similarity to pyridoxine 
50-mg tablets. Te decision to 
purchase commercially available 
tablets instead of overencapsu-
lating pyridoxine to match the 
placebo was based on limited 
resources. During the study pe-
riod, the manufacturer available 
in the pharmacy for dispense 
was Rugby and pyridoxine 50-
mg tablets were on the hospi-
tal’s formulary. Te investiga-
tors deemed the size, smell, and 
color of the placebo tablets to be 
similar to that of the pyridoxine 
50 mg tablets. However, the po-
tency of pyridoxine 50 mg was 
not evaluated, and the lot num-
bers were not the same because 
of the duration of the study and 
the availability of pyridoxine 
tablets provided by the hospital 
pharmacy. Pyridoxine 100 mg 
or placebo was initiated on the 
frst day of capecitabine treat-
ment. After each cycle, the on-
cologist completed an on-study 
sheet to provide all the required 
data for study patients and a fol-
low-up sheet to monitor their responses to intervention. Be-
cause most patients who develop HFS on capecitabine do 
so within the frst 2 cycles,3 the study followed patients for 
up to 4 cycles of chemotherapy. Patients were of study after 
completing their 4, 21-day cycles of capecitabine. Te study 
was conducted from 2008 to 2011.

To ensure compliance with capecitabine as well as vita-
min B6 versus placebo, study investigators called patients by 
phone during the third week of each chemotherapy cycle to 
inquire about symptoms as well as compliance with medi-
cations. In addition, compliance was measured by counting 
the pyridoxine/placebo tablets during each oncology vis-
it. Patients, primary investigators, and treating oncologists 
were blinded to which drug  B6 versus placebo) the patient 
was receiving. Patients were followed every 3 weeks by their 
primary oncologists during the treatment period, for a to-
tal duration of 4-6 months, depending on when the fourth 
cycle of chemotherapy was completed. 

Te study protocol was approved by the institutional re-
view board at John H. Stroger Jr. Hospital of Cook County, 
Illinois. Te protocol and the statistical analysis plan are 
available at Clinicaltrial.gov (ClinicalTrials.gov Identifer: 
NCT00767689).

Statistical analysis
Te study explored the ability of pyridoxine in preventing 
HFS in patients receiving capecitabine, by comparing all 
grades of HFS in patients receiving pyridoxine and in pa-
tients receiving placebo with capecitabine chemotherapy. 
Study patients were evaluated every 3 weeks by their on-
cologists. Te treating oncologist assessed toxicity, and, in 
case of documented hand-foot syndrome, the HFS grade 
was assessed by a nurse clinician according to the NCI-
CTCAE (v3.0; Table 1).14 Te nurse clinician was blinded 
to the treatment assignments. Te reason for dedicating the 
nurse to grade the HFS toxicity was to reduce interobserver 
variability and to standardize HFS grading among all study 
patients. A sample size of 47 subjects was planned in each 
group to provide 80% power to detect a diference of 30 
percentage points between groups in the incidence of HFS 
(eg, 25% vs 55%), assuming an alpha error of 5%. However, 
because of slow accrual, 38 patients were enrolled in the vi-
tamin B6 arm and 39 patients were enrolled in the placebo 
arm. Te reason for the slow accrual was the tendency for 
most oncologists in our hospital group to prefer 5-FU in-
fusion over capecitabine Te number of patients develop-
ing any grade of HFS in both study arms was obtained. Te 
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Assessed for eligibility (n = 85)

Randomized (n= 77)

Excluded (n = 8)
■   Not meeting inclusion criteria (n = 5)
■   Declined to participate (n = 3)

Allocated to pyridoxine (n = 38)
■ Received allocated intervention (n = 38)

Allocated to placebo (n = 39)
■ Received allocated intervention (n = 39)

Allocation

Lost to follow-up (n = 0)
Discontinued intervention (n =0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Follow-up

Analyzed (n = 38))Analyzed (n = 39)

Analysis

Allocation

FIGURE 1  Patient eligibility and enrollment 
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percentage of HFS in both arms was compared. In order 
to determine whether the diference between groups was 
signifcant, the number of patients receiving capecitabine, 
with and without HFS, was obtained, and the P value was 
determined through chi-square and Fisher exact calcula-
tion.

Results
In all, 77 patients were enrolled in the study, includ-
ing 38 patients who were randomized to pyridoxine and 
39 patients randomized to placebo. Te mean patient age  
(+/- standard deviation) was 54.1 +/- 10.41 years (range, 
25-78 years), and 10 patients of 77 (13%) were aged ≥ 65 
years. Of the 77 enrollees, 48 patients (62%) were women 
and 29 (38%) were men. Both sexes were equally distrib-
uted in both arms of the study. Te majority of patients 
(53%) were African American, 21% were white, 18% were 
Hispanic, and 7% were of Asian ethnicity (Table 2).

Te dosage of capecitabine that was used in the major-
ity of the patients was 1,000 mg/m2 twice daily on days 1 
through 14 in every 21-day cycle. Capecitabine was given 
as a single agent in 43 of 77 patients) or in combination 
with other agents (such as capecitabine plus oxaliplatin or 
lapatinib) in 34 of 77 patients (Table 2). In all, 10 patients 
were on a monoclonal antibody (trastuzumab) or cetux-
imab in combination with capecitabine). Also, 16 patients 
received capecitabine concurrently with radiotherapy.

Of the 38 patients who received pyridoxine, 21 patients 
were on single-agent capecitabine and 17 patients were 
on a capecitabine-containing chemotherapy combination. 
Of the patients who were on placebo, 22 patients were on 
single-agent capecitabine and 17 were on a capecitabine- 
containing chemotherapy combination.

Te mean number of capecitabine chemotherapy cy-
cles did not difer between groups. Mean compliance for 
taking the assigned intervention (pyridoxine versus pla-
cebo) was measured by using the percentage of the pa-
tients on the study who used all the intervention tablets 
in the bottles (96% versus 98%, respectively). Te majority 
of patients (69 patients) received a capecitabine dosage of  
1,000 mg/m2 twice daily. A total of 5 patients received 
capecitabine 825 mg/m2 twice daily, 2 patients received 

capecitabine 700 mg/m2 twice daily, and 1 patient received 
capecitabine 500 mg/m2 twice daily.

HFS occurred after a median of 2 chemotherapy cycles 
in both groups. Overall, 23% of patients developed HFS 
(all grades), of whom 16% developed grade 2 or 3 events. 
HFS developed in 10 of 38 (26%) patients in the pyri-
doxine group and in 8 of 39 (21%) patients in the placebo 
group (P = .547). Terefore, the risk of HFS was 5 percent-
age points higher in pyridoxine group (95% confdence in-
terval for diference, -13 percentage points to +25 percent-
age points). Given our study results, a true beneft from 
pyridoxine can be excluded. No diference in HFS grades 
was observed. No diference was seen between groups in 
grade 2/3 events; 6 of 12 events (50%) occurred in both 
the pyridoxine group and the placebo group (Figure 2). 
Capecitabine dose reductions occurred in 9 patients in the 
pyridoxine group, including 2 patients who had grade 3 di-
arrhea that required hospitalization, 1 patient with grade 
3 stomatitis, 4 patients with grade 3 HFS, and 2 patients 
with grade 3 neutropenia. In patients who received placebo, 
the capecitabine dose was reduced in 8 patients, including 
3 patients with grade 3 HFS, 3 patients with grade 3 diar-
rhea, and 2 patients with grade 3 stomatitis. 

Discussion
Te advent of new therapeutic agents in the battle with cancer 
has ofered an increase in the survivorship of these patients. 
Nevertheless, the treatment objective in most advanced-
stage cancers is still palliation. Because cancer patients are 
living longer, the idea of converting cancer into a chronic 
illness requires particular attention to the patient’s quality of 
life. Physicians and health care professionals who take care 
of cancer patients are now focusing on methods to improve 
tolerability of these chemotherapeutic agents and achieve a 
balance between good tumor control and minimized toxicity. 
In this randomized, double-blind, placebo-controlled clini-
cal trial involving patients with diferent types of cancer that 
were treated with capecitabine, prophylactic vitamin B6 was 
not found to lower the incidence of HFS, compared with 
placebo. Furthermore, there was no diference in the grades 
of HFS in both arms of the study. 

Several reports and anecdotal evidence have suggested 
the use of diferent strategies to lower the incidence of HFS, 
such as the use of vitamin B6. Several studies have exam-
ined the use of prophylactic vitamin B6 to prevent HFS.11-16 
Te results of a study of vitamin B6 in the prophylactic set-
ting indicated that the incidence of HFS was lower in the 
study group, compared with historic control.14 We have ex-
amined prospectively the role of vitamin B6 in the prophy-
lactic setting, compared with placebo, and our results were 
similar to a recently published study that showed no difer-
ence in the incidence of HFS with the use of vitamin B6.

16

HFS has been reported to be the most common adverse 
efect of capecitabine-containing chemotherapy, with an 
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TABLE 1  NCI-CTCAE grading of hand-foot syndrome (v3.0)

Grade Symptoms

1 Painless skin changes or dermatitis.

2  Painful skin changes (erythema or peeling) that do not 
interfere with daily activities and function.

3  Painful skin changes (erythema or peeling) causing dis-
comfort that interferes with daily activities and function.

NCI-CTCAE, National Cancer Institute–Common Terminology 
Criteria for Adverse Effects



February 2014  n  THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY 69 Volume 12/Number 2

Braik et al

incidence of 45% to 68% in clinical trials.16 Te incidence 
of HFS in capecitabine-treated patients in our study was 
21% and 26% in the placebo and pyridoxine arms, respec-
tively, which is less than the reported incidence in the lit-
erature. Tis observation could be because the majority of 
the patients treated with capecitabine received a dosage of 
1,000 mg/m2 twice daily. Tis dosage is lower than the US 
Food and Drug Administration–recommended dosage of 
1,250 mg/m2 twice daily, and appears to reduce the inci-
dence of grade 3 HFS. 17,18  In these 2 prospective stud-
ies in which capecitabine was given at a starting dosage 
of 1,000 mg/m2 twice daily, only 2% of patients developed 
grade 3 HFS. Tis more tolerable dose is still highly active. 
In a recently reported randomized, phase III trial, the same 
dosage (1,000 mg/m2 twice daily) provided a signifcant 
survival beneft, compared with the standard cyclophos-
phamide, methotrexate, and 5-FU (CMF).19 Te major-
ity of study patients received 1,000 mg/m2 of capecitabine; 
very few patients were allowed on the study with a lower 
dose due to age or liver dysfunction, and those were equally 
distributed in both arms of the study. Te dosage of pyri-
doxine that we used in the study was 100 mg once daily, 
which is higher than the pyridoxine dosage that was used 
in the trial that reported an HFS-prevention beneft from 
pyridoxine,14 and yet our study did not demonstrate similar 
beneft despite using the higher dose. High-dose pyridox-

ine may have a negative efect on the efcacy of chemo-
therapeutic agents, as pyridoxine adversely afected the re-
sponse duration to hexamethylmelamine in patients treated 
for ovarian cancer.16,20 However, the impact of high-dose 
pyridoxine has not been studied in patients treated with 
capecitabine.

In our study, there was a trend towards higher incidence 
of HFS in the pyridoxine group. To our knowledge, there 
has never been a description of HFS associated with pyri-
doxine use. In addition, this higher incidence of HFS in the 
pyridoxine group did not reach statistical signifcance and 
should be interpreted carefully, in light of the small number 
of study patients. Our study included higher proportions of 
African Americans, because the patients we see at John H 
Stroger Jr Hospital of Cook County in Chicago are pre-
dominantly of African American ethnicity. To our knowl-
edge, no data in the literature confrm ethnic disparity in 
the incidence of HFS in patients receiving capecitabine.

Te limitations of our study include the low percentage 
of Asian patients. As a result, our conclusion applies only 
to the other ethnicities that constituted the majority of the 
study population. In addition, the number of patients in 
both arms did not reach the preplanned accrual number 
to achieve the power to detect 30% diference. Neverthe-
less, given our study results, a true beneft from pyridoxine 
can be excluded. Finally, we did not include the dose of 
capecitabine in the eligibility criteria, and we did include 
patients who received doses of capecitabine that were lower 
than the standard dose, which might explain the lower in-
cidence of HFS in the studied population. 

 Several strategies have been suggested to prevent HFS 
secondary to capecitabine chemotherapy. Although topi-
cal or systemic corticosteroids have been reported useful 
in the prophylaxis and treatment of HFS induced by oth-

TABLE 2  Patient demographics and treatment

 Pyridoxine Placebo Total

Patients, n (median age, y) 38 (53.5) 39 (53.5) 77 (n/a)

Ethnic group, n (%)a,b

African American 22 (58) 19 (49) 41 (53)
White 10 (26)  6 (15) 16 (21)
Hispanic   5 (13)  9 (23) 14 (18)
Asian 1 (2)  4 (10)

Tumor type, n (%) 
Colon 14 15 29 (39) 
Breast 14 13 27 (35)
Pancreas  7  1   8 (10)
Stomach  2  2     4 (5)
Sarcoma  0  3     4 (5)
Bile duct  0  4     4 (5)
Unknown primary  1  0          1

Chemotherapy regimen, n
Capecitabine alone 21 22 43
Capecitabine + oxaliplatin  12 12 24
Capecitabine + lapatinib  2  3   5
Capecitabine + trastuzumab  2  1   3
Capecitabine + cetuximab  1  1   2

Dose, mg/m2  
1,000 32 37 69
   825  3  2   5
   700  2  0   2
   500  1  0   1 

aThe ethnicity of 1 patient was listed as ‘other.’ bPercentages do not add up 
because of rounding.

Placebo

■ HFS grade 1   ■ HFS grade 2   ■ HFS grade 3   ■ No HFS

74% 79%

11%

5%

11%

Pyridoxine

8%

8%
5%

FIGURE 2  Incidence and grades of hand-foot syndrome in pyridoxine 
and placebo groups
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er agents, including liposomal doxorubicin, cytarabine, and 
docetaxel, efcacy in patients with capecitabine-associated 
HFS has, to the best of our knowledge, never been deter-
mined.16 In addition, urea or lactic acid–based cream (12% 
or 6%, respectively) is extensively used in dermatology for 
a wide variety of conditions, including eczema and xero-
sis, because of its keratolytic and hydration properties. Tis 
cream was studied in HFS secondary to capecitabine by the 
North Central Cancer Treatment Group (N05C5 study) in 
a phase III randomized, double-blind trial. Te data from 
that study did not support the efcacy of urea/lactic acid 
topical cream for preventing HFS symptoms in patients 
receiving capecitabine.21 Interestingly, a cyclooxygenase-2 
(COX-2) inhibitor could reduce the incidence of HFS, 
possibly by preventing proangiogenic tissue injuries occur-
ring secondary to the acute infammation of HFS.23 How-
ever, the cited retrospective study lacked a control group. 
Te randomized, phase III trial investigating the role of 
celecoxib in preventing HFS caused by capecitabine was 
terminated prematurely because of poor patient accrual.22 
Te combination of capecitabine and lapatinib has higher 
HFS incidence, reaching 56%.22 

Nevertheless, we determined to allow the participation 
of these patients in our study; by giving them pyridoxine, 
we were trying to determine whether this supplementation 
will even have any efcacy in preventing HFS in this group 
with high incidence of HFS or even lower the incidence of 
HFS. We did not perform any subgroup analysis to deter-
mine if there was any diference in those patients receiv-
ing a capecitabine-plus-lapatinib combination, because the 
number of this subgroup was too small to elucidate any 
conclusions.

In conclusion, our study has shown that using vitamin 
B6 with capecitabine did not lower the incidence of hand-
foot syndrome and other strategies should be developed to 
prevent capecitabine-induced HFS. 
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