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Abstract. Hand‑foot syndrome (HFS) is a frequent adverse 
effect of various anti‑tumour drugs, such as capecitabine, 
that affects their dose‑limiting toxicity. The mechanism of 
HFS remains unknown and there are currently no effective 
strategies to treat HFS, except for cessation. The current study 
presented a female case where one hand, affected by brachial 
plexus infiltration due to the subclavian lymph node metastasis 
of breast cancer, exhibited not only pain and partial motor 
paralysis but also anhidrosis, oedema and skin colour changes. 
The patient met the diagnostic criteria for complex regional 
pain syndrome (CRPS). After treatment with capecitabine, 
their anhidrosis hand completely prevented HFS. The other 
hand and both feet demonstrated typical symptoms of HFS, 
which improved consequent to capecitabine cessation. The 
CRPS‑affected hand remained normal. Considering the 
limited presentation of HFS concomitant with anhidrosis, 
the exocrine release of condensed capecitabine through sweat 
glands might be a promising mechanism of HFS induction.

Introduction

Hand‑foot‑syndrome (HFS), which was first reported in 
1974 (1), is a frequent adverse effect of numerous anti‑tumor 
drugs including chemotherapeutic agents and targeted 
multi‑kinase inhibitors. Especially, patients taking capecitabine 
therapy are most likely to suffer from HFS. Capecitabine is 
the first‑ or second‑line treatment for multiple tumor types 

including gastric, breast and colorectal cancer. However, 
adjuvant chemotherapy with capecitabine is frequently not 
completed due to adverse events like as HFS. HFS, that reaches 
a moderate‑to‑severe condition (Grade 2 or more), not only 
impairs their quality of life but also requires discontinuation 
or postponement of the treatment. Therefore, HFS can affect 
their prognosis. The mechanism of the capecitabine‑induced 
HFS remains unknown, and there are also no effective strate‑
gies to recover from the capecitabine‑induced HFS except for 
its cessation. We here report a single case to help to disentangle 
the pathophysiological mechanism of the capecitabine‑induced 
HFS.

Case report

A woman in her late 50s, who had received right breast cancer 
surgery three years before, gradually suffered severe pain 
and slight motor paralysis of the right upper limb with the 
brachial plexus infiltration due to the subclavian lymph node 
metastasis. She developed Complex‑regional‑pain‑syndrome 
(CRPS; previously known as reflex sympathetic dystrophy) in 
the right hand, accompanied by edema and anhidrosis. Her 
CRPS was treated with opioids in combination with neural 
blockade and physiotherapy in our pain clinic. Soon after, her 
pain and CRPS‑featured signs (i.e., edema, dark purple skin 
color change) improved, but slight allodynia, sensory loss, 
partial motor paralysis and hypohidrosis persisted. Then, she 
was treated with capecitabine (1,500 mg/day, suspended by 
HFS after 4 courses), which is widely used as the second‑line 
breast cancer chemotherapy. Capecitabine‑induced HFS, 
which are typically characterized as erythema, swelling, 
numbness, and desquamation, emerged in the distal portions 
of limbs (equivalent to grade 3) except for the CRPS‑affected 
limb about 3 months after the start of capecitabine treatment. 
In the CRPS‑affected limb, any of these HFS symptoms were 
not observed and tips of the fingers remained soft and normal 
(Fig. 1). During chemotherapy, sweat remained stopped in the 
CPRS‑affected limb, and sweat in another hand was almost 
normal until the onset of HFS. HFS of the residual three limbs 
improved subsequent to cessation of capecitabin, and the 
CRPS‑affected limb kept normal. Patient was provided with 
topical steroids.
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Discussion

HFS, also known as palmar‑plantar erythrodysesthesia, is 
one of complications, that occurs on the skin (especially the 
hands and feet) by anti‑cancer drug treatments. The main 
symptoms of HFS begin with sensory abnormalities such 
as numbness and pain, erythema and swelling in the hands 
and feet, and subsequently pigmentation, desquamation, 
ulcers and cracks emerge. There are three levels (Grade 2, 
which indicates moderate level, affects activities of daily 
living) of clinical severity in HFS. When it becomes severe 
(Grade 3), HFS will cause serious problems in activities 
of daily living. HFS occurs with many chemotherapeutic 
agents (capecitabine, 5‑fluorouracil, docetaxel, cytarabine, 
doxorubicin, liposomal doxorubicin, etc.) (2), but one of the 
highest incidences of HFS is capecitabine (e.g., up to 71% 
for capecitabine) (3). Capecitabine and multi‑kinase inhibi‑
tors, all of which are approved in recent years, have a high 
incidence of HFS and thereby markedly affect patient's 
quality of life (QoL) and activities of daily living (with 
17% of capecitabine patients are afflicted with a serious 
condition) (4). The pathophysiological mechanism of the 
capecitabine‑induced HFS remains still unclear, and there‑
fore causal therapeutic strategies to prevent and treat HFS 
have not yet been established. HFS becomes more frequent 
and serious with increased cumulative doses of capecitabine, 
indicating that HFS in capecitabine therapy represents a 
cumulative toxicity (5). Most guidelines recommend the 
dose reduction or deferred treatment, as key prevention 
and curable strategies (6). Because these recommendations 
require interruption or discontinuation of the treatment, 
a greater understanding of its prevention and causal treat‑
ment is necessary to improve prognosis of cancer patients 
receiving capecitabine. Following four mechanisms are 
mainly proposed as capecitabine‑induced HFS. First, cyto‑
toxicity is emerged by mitochondrial dysfunction following to 
activating the caspase‑dependent apoptosis and consequently 
death of keratinocytes occurs (7). Second, its condensation 
and exocrine through eccrine sweat‑glands, many of which 
especially locate in the hands and feet, directly induce local 
tissue injury (8). Third, local trauma to the small vessels 
due to the mechanical stress on fingertips by daily activities 
leads to leak capecitabine into the surrounding tissue, and 
then directly cause local tissue injury (9,10). And finally, 
the cyclooxygenase‑2 (COX‑2) overexpression in the tips of 
fingers by capecitabine might be a potential mediator (11,12).

CRPS is a syndrome in which pain, allodynia and sensory 
disturbance are usually sustained and mainly caused by 
trauma and/or nerve injury, with a prevalence of approximately 
5.4‑26.2 per 100 000 person years (13). In addition to these 
symptoms, the clinical features include (1) Atrophic change of 
skin and nails (i.e., keratosis skin thinning and crack) and also 
bones and muscles, (2) skin color change (redness and/or dark 
purple pale), (3) skin edema, and (4) hyperhidrosis or anhi‑
drosis/hypohidrosis alternatively (14). The pathophysiological 
mechanism(s) of CRPS is not completely understood. CRPS is 
subdivided into two types: One is type 1 without overt nerve 
injury; and the other is type 2 with overt nerve injury. Because 
of pain and allodynia in the affected limb, CRPS patients tend 
to avoid the use of the affected limb.

Our patient was diagnosed as CRPS type 2, according to the 
clinical diagnostic criteria (15) presenting with continuous pain, 
skin ‘glittering’ atrophy, incomplete motor paralysis, edema and 
anhidrosis with overt brachial plexus injury by cancer infiltra‑
tion. The patient demonstrated less movements of the affected 
upper limb, because of incomplete paralysis and pain deteriora‑
tion following the movements. Such disuse of the affected limb 
might decrease mechanical stress on the affected hand and HFS 
might not be observed in this patient. Unilateral HFS cases 
resembling our case were previously reported (16‑18). In each 
case, they are hemiplegic patients after cerebral stroke and 
developed HFS on the intact‑sided hand and foot only. These 
cases might reinforce the mechanism that HFS develops from 
mechanical stress. Local trauma to the small vessels due to the 
mechanical stress on fingertips by daily activities and leakage of 
capecitabine from injured vessels is suggested as one of mecha‑
nisms of HFS. In our case, the CRPS‑affected hand was her 
dominant hand, and moving the affected hand was still routinely 
executed. Further, the patient was treated with rehabilitation and 
exercise therapy of the affected hand, but HFS did not develop. 
Therefore, mechanical stress and small vessels injury would be 
apart from mechanisms of HFS. Alternatively, patients after 
stroke or spinal cord injury sometimes demonstrate CRPS‑like 
manifestations, which include anhidrosis/hypohidrosis resem‑
bling our case. A local toxic effect of capecitabine is one of 
the pathomechanism of HFS. The accumulation and excretion 
through the sweat glands have been suspected to cause the 
cytotoxic effects on skin sites with increased density of sweat 
glands. Sweat samples taken one week after oral administration 
of capecitabine showed substantial increased concentration (19). 
Considering continuous presentation of anhidrosis/hypohidrosis 
by CRPS, among the suggested mechanisms of HFS, exocrine 
of condensed capecitabine through sweat glands would be a 
promising mechanism to induce HFS.

We here reported that anhidrosis of one hand, caused 
by the brachial plexus infiltration due to lymph node 
metastasis of breast cancer, could completely prevent the 
capecitabine‑induced HFS. The patient's symptoms of the 
affected hand prior to starting capecitabine were not only pain 
and partial motor paralysis but also anhidrosis, edema and skin 
colour change, of which met the diagnostic criteria of CRPS. 

Figure 1. Unilateral hand‑foot syndrome with capecitabine. The left hand 
(including both feet) demonstrated typical symptoms of hand‑foot syndrome 
[numbness, pain, pigmentation, desquamation and cracks (arrows)]. These 
symptoms did not appear in the patient's right hand, which exhibited complex 
regional pain syndrome with anhidrosis.
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After improving most CRPS manifestations except for anhi‑
drosis, other three hand and feet developed typical symptoms 
of the HFS, but the CRPS‑affected hand did not present HFS 
and remained soft and normal. After cessation of capecitabine, 
HFS on the three extremities completely improved and the 
CRPS‑affected hand kept normal. This indicates that exocrine 
of condensed capecitabine through sweat glands would be a 
promising mechanism to induce HFS.
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