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AIMS

The oral fluoropyrimidine prodrug capecitabine is widely used in
oncology. Capecitabine was designed to generate 5FU via the
thymidine phosphorylase (TP) enzyme, preferentially expressed in
tumoral tissues. Hand-foot syndrome (HFS) is a limiting toxicity of
capecitabine. A pilot study on healthy volunteers was conducted in
order to test the hypothesis that the occurrence of HFS could be
related to tissue-specific expression of drug-metabolizing enzymes in
the skin of the palm and sole.To this end, the expression of TP
(activating pathway), dihydropyrimidine dehydrogenase (DPD, catabolic
pathway) and cell proliferation (Ki67) were measured in the skin of the
palm (target tissue for HFS) and of the lower back (control area).

METHODS

Two paired 4-mm diameter punch biopsy specimens (palm and back)
were taken in 12 healthy volunteers. Immunohistochemical analyses
were performed on frozen tissues.

RESULTS

Proliferation rate (Ki67 staining) was significantly higher in epidermal
basal cells of the palm compared with the back (P=0.008). Also, TP and
DPD expression were significantly greater in the palm relative to the
back (P=0.039 and 0.012, respectively). TP and Ki67 expression were
positively and significantly correlated in the palm.

CONCLUSIONS

The high proliferation rate of epidermal basal cells in the palm could
make them more sensitive to the local action of cytotoxic drugs.
TP-facilitated local production of 5FU in the palm during capecitabine
treatment could explain the occurrence of HFS. This observation may
support future strategies to limit the occurrence of HFS during
capecitabine therapy.
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Introduction

Capecitabine (Xeloda®; F. Hoffmann La-Roche,

Basel,

Switzerland) is a widely used oral fluoropyrimidine

prodrug that is both effective and well-tolerated

in the

treatment of a number of cancers, including breast cancer
and gastrointestinal (GI) cancers such as colorectal,
gastric, pancreatic cancer and others [1]. Capecitabine

(N4-pentyloxycarbonyl-5’-deoxy-5-fluorocytidine)

was

designed to generate fluorouracil (5FU) preferentially
in tumour tissue compared with healthy tissue [2].
Capecitabine is metabolized to 5FU via a three-step enzy-
matic process (Figure 1). In the first step, capecitabine
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is hydrolysed by carboxylesterase in the liver to the inter-
mediate 5-DFCR. In the second step, 5"-DFCR is converted
to 5’-deoxy-5-fluorouridine (5’-DFUR) by cytidine deami-
nase, which is highly active in the liver and tumour tissue.
In the third step, 5-DFUR is converted to 5FU by thymidine
phosphorylase (TP), which is present in tumour tissue,
resulting in the release of 5FU preferentially in tumour
tissue. In addition, TP is also involved in the activation of
5FU into fluorodeoxyuridine that will further inhibit the
DNA synthesis pathway (Figure 1). TP occurs at levels 3-10
times higher in tumour cells than in healthy tissue [2]. This
can enable selective drug activation of 5FU at the tumour
site and limit systemic toxicity [3].Finally,5FU is catabolized
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Figure 1

Capecitabine metabolic pathways

FUrd = fluorouridine

FUMP = fluorouridine monophosphate
TK = thymidine kinase

TP = thymidine phosphorylase

UP = uridine phosphorylase

UK = uridine kinase
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into dihydrofluorouracil by the dihydropyrimidine deshy-
drogenase (DPD) enzyme that is present in almost all
tissues.

Capecitabine is generally well-tolerated and has an
improved tolerability profile compared with bolus 5FU/LV
[1, 4]. Its most common dose-limiting adverse events are
diarrhoea, hyperbilirubinaemia and hand—foot syndrome
(HFS), also called palmar-plantar erythrodysaesthesia.
Other frequent adverse events include fatigue/weakness,
abdominal pain and other Gl effects such as nausea/
vomiting and stomatitis/mucositis. Compared with bolus
5FU/LV, capecitabine is associated with more HFS but less
stomatitis, alopecia, diarrhoea, nausea and neutropenia [4,
5].Of note, HFS is a side-effect that occurs with continuous
5FU infusion, but which is almost absent with bolus 5FU
[6].HFS is also observed with other cytotoxic drugs such as
liposomal doxorubicin, cytarabine and docetaxel [7, 8] or
targeted therapies such as sorafenib [9]. The overall inci-
dence of HFS observed with capecitabine in clinical trials
of breast or colorectal cancer is around 50%, with 17% of
patients reporting a severe form (grade 3) [1].

The symptoms of HFS have been well-studied and
include numbness, dysaesthesia/paraesthesia, tingling,
erythema, painless swelling or discomfort and, in more
severe cases, blisters, ulceration, desquamation or severe
pain on the palms of the hands and/or the soles of the feet
[10-12]. The majority of patients present with dysaesthe-
sia, usually a tingling sensation of the palms and soles,
which may progress to burning pain with swelling and
erythema in 3-4 days.The hands are usually more affected
than the feet and can be the only area affected. More
severe HFS can be uncomfortable and can interfere with
patients’ everyday activities. Moreover, it can necessitate
a reduction in the dose of the chemotherapeutic agent
or treatment interruption or withdrawal. Nevertheless,
treatment interruption followed by dose reduction, if nec-
essary, usually leads to rapid reversal of signs and symp-
toms without long-term consequences [5]. HFS is never
life-threatening.

Tissues affected by HFS exhibit inflammatory changes
such as dilated blood vessels,oedema and white blood cell
infiltration [7, 10]. However, the causative mechanisms of
HFS are still unknown. Local delivery of high drug concen-
trations though eccrine glands has been advocated in the
aetiology of HFS induced by doxorubicin [13] or sorafenib
[9].HFS may also be favoured by the increased vasculariza-
tion, temperature and pressure in the hands and feet. For
5FU, HFS is dose-dependent and is possibly related to the
accumulation of 5FU or its metabolites in the skin [14, 15].
In contrast, for capecitabine, no correlation has been
reported between plasma concentrations of capecitabine
metabolites and the occurrence of HFS [4, 16, 17]. This lack
of correlation for capecitabine is not surprising, since 5FU is
generated intracellularly by thymidine phosphorylase.The
fact that 5FU prodrugs containing DPD inhibitors, such as
uracil/tegafur (UFT), do not frequently induce HFS [18] is
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intriguing and suggests a role of 5FU catabolites in the
occurrence of HFS, particularly in case of high DPD activity
in HFS target tissue.The presence of TP has been reported
in human epidermal keratinocytes [19, 20]. Thus, another
possible mechanism for capecitabine-related HFS could be
that keratinocytes in the skin of the palm and sole may
contain increased levels of TP, which leads to the produc-
tion and accumulation of 5FU through local capecitabine
metabolic activation. The aim of this study, specifically
focused on the understanding of capecitabine-related
HFS, was thus to test the above hypotheses.To this end, we
compared TP and DPD expression between the palm area
(target zone) and a control area (skin of the back) in 12
healthy volunteers. In addition, the expression of Ki67,
which is a marker of cell proliferation, was examined. As
quantification method, we adopted immunohistochemical
(IHQ) analysis, since it allows the expression of the studied
parameters to be examined within the different areas of a
complex tissue such as the epidermis, along with the dis-
tribution among and within the cells (i.e. cytoplasm vs.
nucleus).

Methods

Subjects

This study was conducted in 12 healthy volunteers (seven
men, five women, mean age 37.5 years, range 27-54 years).
All volunteers provided written, informed consent and the
study received the approval of the local ethics committee.

Skin biopsies

Two paired skin biopsy specimens (punch biopsies) of
4 mm diameter were taken from each subject by a derma-
tologist. One was taken from the palm of the hand (thumb
base or lateral palmar area) and the other from the lower
back, which served as the control area. Before sampling,
the skin around the biopsy site was cleaned and a local
anaesthetic (1% lidocaine) administered. A small cylinder
of skin was then removed using a punch biopsy taken
perpendicular to the skin.The skin biopsy specimens were
placed in a cryotube, labelled, and immediately frozen in
liquid nitrogen and stored at —80°C until use.

Immunohistochemical analyses

IHC analyses were performed on frozen tissue sections.
Skin biopsy specimens were sectioned using a freezing
microtome (cryotome), which produced 3-5-um samples
from the punch biopsies. Sections spontaneously adhered
to glass slides by unfixed proteins and were air-dried.
IHC was performed using the classical indirect method:
unlabelled mono-specific primary antibody incubation
followed by a second incubation with horseradish
peroxidase-conjugated secondary antibody (antimouse
IgG). The peroxidase reaction was developed using
the 3-amino 9-ethylcarbazole (AEC) kit from Dako as



chromogen, and sections were counterstained with hae-
matoxylin. Omission of the primary antibody was used as a
negative control.

Manufacturer  Type of antibody Dilution Incubation length

TP Calbiochem
DPD  Roche

Ki67 Dako

Monoclonal 1:100 30 min
Monoclonal 1:100 30 min

Monoclonal 1:50 30 min

After staining, slides were evaluated by two patholo-
gists (S.L. and PH.) in a blinded fashion, using a light
microscope. Discrepancies were resolved by the two
pathologists using a multihead microscope. All IHC evalu-
ations were performed blind with respect to the clinical
information. Each observer counted 10 fields per sample
(x1000 magnification microscopic fields). Immunoreactiv-
ity was classified by estimating the percentage of epithelial
cells showing immunopositivity (from 0% to 100%) and by
estimating the intensity of reactivity (absent, moderate,
strong reactivity). Briefly, Ki67 and TP scoring were per-
formed by determining the percentage of positive nuclei
from regions of maximal nuclear reactivity after counting
1000 epithelial cells. Similarly, DPD scoring was performed
by determining the percentage of positive cytoplasmic
cells from regions of maximal cytoplasmic reactivity after
counting 1000 epithelial cells. The IHC score was assigned
according to both the percentage of positive cells and the
intensity of reactivity, as follows:

% of positive cells

<10% 10-25%
No staining 0 0 0
Moderate staining + + ++
Strong staining + ++ 4+

Statistics

Since literature data did not provide data on interpatient
variability in TP and DPD expression in skin, the present
study was a pilot study aimed at testing a hypothesis on a
limited set of 12 healthy volunteers. Paired-comparison of
IHC scores was performed according to the nonparametric
sign test, using an exact test method so as to estimate the
exact two-sided P-value. Correlations between IHC scores
were tested by means of the nonparametric Spearman
test. Statistics were drawn up on SPSS Inc. software, version
15.0 (SPSS Inc., Chicago, IL, USA).

Results

Localization of reactivity of TP and Ki67 was limited to the
nuclei, whereas reactivity of DPD was exclusively localized
in the cytoplasm. DPD and Ki67 reactivity were located
predominantly in the basal layer of the epidermis, whereas
TP reactivity was distributed across the basal and supra-
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Figure 2

Dihydropyrimidine dehydrogenase (DPD) immunoreactivity in skin
biopsy specimens from the palm (A, x1000) and back (B, x1000), subject 3

basal areas of the epidermis, with generally higher inten-
sity in the basal layer (Figures2-4). In all subjects,
immunopositivity (+ to +++) for TP and Ki67 was observed
in both the palm area and the back area (Table 1). For DPD,
11 out of the 12 volunteers had immunopositivity in the
palm as well as in the back area (Table 1).

Intrapatient comparison between palm and back areas
revealed that TP, DPD and Ki67 reactivity was significantly
higher in the palm area compared with the back area
(Table 1). The highest significance was observed for Ki67
(P=0.008, eight cases with greater expression in the palm,
four equal cases). For DPD, one case was not assessable
(P=0.012, 10 cases with greater expression in the palm
and one opposite case). For TP, eight subjects expressed
greater reactivity in the palm, one expressed the opposite
and three equal cases were observed (P =0.039).

Interestingly, TP and Ki67 expression were positively and
significantly correlated in the palm (r=0.658, P=0.020),
whereas no such relationship was observed in the back
area (P=0.93).In both palm and back areas, no relationship
was observed between DPD and Ki67 expression, nor
between DPD and TP expression. Paired-comparison
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Figure 3
Ki67 immunoreactivity in skin biopsy specimens from the palm (A, x1000)
and back (B, x1000), subject 9

between palm and back areas showed a slight correlation
for Ki67 expression (r=0.59, P=0.044), but no correlation
for TP or DPD.

Discussion

HFS is a common dose-limiting toxicity of capecitabine,
which can occur in up to 53% of patients [1]. If not
promptly managed, HFS can progress to an extremely
painful and debilitating condition, causing significant dis-
comfort and impairment of function, potentially leading to
worsened quality of life in patients receiving capecitabine.
However, treatment interruption and/or dose reduction
usually leads to rapid reversal of the signs and symptoms
of HFS. It is important to understand the pharmacological
basis for HFS so as to provide a rationale for preventive or
curative interventions.To this end, we analysed the expres-
sion (IHC) of the two main metabolic enzymes of capecit-
abine, namely TP (activating enzyme) and DPD (catabolic
enzyme), along with the proliferation marker Ki67, in the
HFS target tissue (palm area) and in a control area (lower
back area) of 12 healthy volunteers.
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Palm

Figure 4

Thymidine phosphorylase (TP) immunoreactivity in skin biopsy speci-
mens from the palm (A, x1000) and back (B, x1000), subject 3

The greatest significant difference observed in the
present study was shown by the Ki67 analyses. Impor-
tantly, Ki67 was markedly overexpressed in the palm com-
pared with the back (P =0.008).The high proliferation rate
of basal cells in the epidermis of the palm,as demonstrated
by increased Ki67 expression, could make this skin area
more sensitive to the action of cytotoxics in general,
including the locally produced 5FU metabolites.This differ-
ence in cell kinetics between the skin of the palm and that
of the back may result from differences in skin stem cells.
Jones et al. [21] have shown that the distribution of stem
cells in the skin is not random. In human epidermis, stem
cells express high levels of o,f1 and oif; integrins whose
labelling varies between sites and correlates with the
distribution of S-phase cells [21]. Interestingly, a typical
pattern of integrin staining was seen in the palms com-
pared with other body sites [21]. Also, stem cells reside
mainly in hair follicles [22] and, unlike the back area, palms
and soles are devoid of hair follicles. Other features
characterize palms and soles, such as the absence of
melanocytes.

A major determinant of 5FU-related toxicity is DPD, the
rate-limiting enzyme of 5FU catabolism being responsible



Table 1

Immunohistochemistry results

TP

Subject Age Sex Palm
1 54 F A
2 53 M ++
3 34 M +++
4 33 F +++
5| 39 M +++
6 37 M ++
7 28 M 4+
8 27 F +

9 40 F +++
10 30 M ++
1 44 F +++
12 31 M ++

Statistics (sign paired test) P=0.039

Capecitabine-related hand—foot syndrome BJCP

DPD Ki67

Back Palm Back E] Back
++ +++ + +++ +
++ +++ + + +
+ 0 +++ +++ ++
++ ++ NA +++ ++
++ ++ + +++ ++
+ + 0 ++ ++
++ ++ + +++ ++
+++ ++ + ++ ++
++ ++ + +++ ++
++ ++ + ++
++ +++ ++ ++ +
+ ++ + + +

P=0.012 P=0.008

TP, thymidine phosphorylase; DPD, dihydropyrimidine dehydrogenase; NA, not assessable.

for 80-90% of the drug’s clearance [23]. Present data
showed that DPD expression was significantly higher in
the palm compared with the back area. Theoretically, an
increased DPD level should enhance the production of
5FU catabolites, dihydrofluorouracil (FUH2) and o-fluoro-
B-alanine (FBAL), for which cytotoxicity is not clearly estab-
lished. A recent experimental study from our group on
human keratinocytes has shown that FUH2 and FBAL did
not enhance the cytotoxicity of 5’DFUR [16].In contrast, on
Ehrlich ascites tumour cells, Diasio et al. have reported
cytotoxic activity of FUH2, with LDs, being 2.7-fold that of
5FU, whereas FBAL did not exhibit a major cytotoxic effect
[24]. Also, neurotoxicity of FBAL was reported by Akiba
et al. on murine cerebellar myelinated fibres [25]. Interest-
ingly the clinical observation that HFS is almost absent
with oral 5FU prodrugs containing DPD inhibitors, such as
UFT or S-1, as recently discussed by Yen-Revollo and col-
leagues [6], supports a possible role of 5FU catabolites in
the aetiology of HFS. The presence of a DPD inhibitor
favours elevated 5FU concentrations in biological fluids,
associated with elevated 5FU anabolite and low 5FU
catabolite concentrations. In contrast, a 5FU prodrug not
containing DPD inhibitor, such as capecitabine, favours
the production of 5FU catabolites, as corroborated by the
high proportions of FUH2 and FBAL, relative to 5FU and
5’DFUR, measured in patients receiving capecitabine [26].
Thus, the high DPD expression presently observed in the
palm area should enhance the local production of 5FU
catabolites that may increase cell cytotoxicity on this
target tissue, although their cytotoxic effects are not
clearly established.

Another major determinant of capecitabine activity is
the TP enzyme responsible for capecitabine activation.
Above all, the present study has shown that TP is markedly
expressed in the skin, with significantly higher reactivity in
the palm compared with the back area (only one subject

out of the 12 showed the opposite pattern). This result
strongly suggests that elevated TP expression in the HFS
target tissue may favour cell cytotoxicity through elevated
local production of 5FU during capecitabine treatment.
This cell cytotoxicity is possibly emphasized by the
elevated proliferation rate observed in the palm area that
may render it more sensitive to the cytotoxic effects of the
locally produced 5FU. Moreover, since TP is also an angio-
genic marker [27], this locoregional toxicity may also be
linked to higher blood flow in the palm. In all, the present
data provide strong arguments towards explaining the
causative mechanisms of HFS specifically induced by
capecitabine.

Additional results were provided by the present study,
such as the positive correlation observed between Ki67
and TP expression in the palm area.This result corroborates
correlations between TP expression and cell proliferation
markers reported by other investigators in various other
tissues [28, 29]. Also, intrasubject analysis revealed a posi-
tive correlation for Ki67 expression between palm and
back areas. This latter observation may result from a ger-
minal polymorphism of genes involved in cell proliferation,
such as, for example, the epidermal growth factor receptor
(EGFR) gene. However, the EGFR gene is subject to several
polymorphisms that control EGFR expression [30].

In summary, the present data suggest that the presence
of elevated TP expression in the palms of the hands along
with an increased basal cell proliferation rate could be a
major causative mechanism for capecitabine-related HFS.
Although direct measurement of drug levels in skin
samples may pose a challenge, it would be interesting, in
the light of the present results, to analyse 5FU and catabo-
lites in palm vs. back in patients treated with capecitabine.
These observations may provide an explanation for the
origin of capecitabine-related HFS and may stimulate

similar future studies in treated patients and support
/ 66:1
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strategies to limit the occurrence of HFS during capecitab-
ine treatment.
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