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Introduction

Hand-foot syndrome (HFS) and hand-foot skin reaction 
(HFSR) are common dermatologic adverse events that are 
often associated with numerous cytotoxic chemotherapeu-
tic agents and molecular-targeted multi-kinase inhibitors 
(MKIs) [1-4]. Although these dermatologic toxicities on 
hands and feet are not life-threatening, they are associated 
with compromised quality of life (QoL), increased possibility 
of dose reduction or discontinuation of anticancer drugs, and 
reduced efficacy of cancer treatments [1-4].

HFS, also known as palmar-plantar erythrodysesthesia, is 
associated with cytotoxic chemotherapeutic agents, such as 
fluoropyrimidines, pegylated liposomal doxorubicin, and 
taxanes [1-4]. HFSR is caused by MKIs, including sorafenib, 
sunitinib, axitinib, pazopanib, and regorafenib [1-3]. HFS 
is characterized by diffuse, symmetrical paresthesia, ery-

thema, and desquamation of the palms and soles, whereas 
HFSR is characterized by more localized, well-demarcated 
yellow plaques in friction-prone areas, such as the inter-
digital web space and lateral aspect of the feet. The onset 
of symptoms on the hands and feet in HFS shows a dose-
dependent pattern occurring several weeks to months after 
starting chemotherapy, whereas symptoms of HFSR show a 
dose-independent pattern occurring within days after start-
ing MKI. However, the pathogenesis of HFS and HFS/HFSR 
still remains unclear. HFS is an inflammatory process caused 
by cyclooxygenase (COX)-2 activation due to the accumula-
tion of chemotherapeutic agents and metabolites in sweat 
glands and keratinocytes. The main mechanisms of HFSR 
are considered to involve the disruption of the balance of 
vascular and epithelial trauma and repair in areas of pres-
sure and friction through effects on a variety of molecular 
signaling pathways. Therefore, the treatment of HFS/HFSR 
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Purpose  Hand-foot syndrome (HFS) and hand-foot skin reaction (HFSR) are relatively common toxicities that interfere with the quality 
of life (QoL) of patients with cancer. Anti-inflammatory tripeptide cream (ATPC) is a complex formulation of anti-inflammatory tripep-
tides, the CD99-agonist Binterin and the Wnt-antagonist Winhibin. The present study aimed to assess the therapeutic effects of ATPC 
in HFS/HFSR associated with anticancer drugs. 
Materials and Methods  This was a single-center, randomized, double-blind, placebo-controlled trial. Patients who developed grade 1 
HFS/HFSR after systemic anticancer treatments were enrolled, and randomly assigned to receive either ATPC or placebo cream (PC) 
and followed up at 3-week intervals for up to 9 weeks. Primary endpoint was the development of grade ≥ 2 HFS/HFSR. 
Results  Between April 2019 and July 2022, 60 patients (31 in the ATPC and 29 in the PC group) completed the study. The incidence 
of grade ≥ 2 HFS/HFSR was significantly lower in the ATPC than in the PC group (25.8% vs. 51.7%, p=0.039). The ATPC showed trends 
towards a better QoL score, assessed by a HFSR and QoL questionnaire at 9 weeks (26.0 vs. 29.9, p=0.574), and a lower frequency 
of discontinuation, interruption, or dose reduction of anticancer drugs (51.6% vs. 58.6%, p=0.586) than the PC group over 9 weeks, 
though without statistical significance.
Conclusion  Our results showed that ATPC significantly decreased the development of grade ≥ 2 HFS/HFSR in patients already with 
HFS/HFSR. Therefore, ATPC may be an effective treatment for HFS/HFSR associated with anticancer drugs. 
Key words  Hand-foot syndrome, Hand-foot skin reaction, Anticancer drug, Anti-inflammatory tripeptide cream
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is based on reducing local inflammation, decreasing hyper-
keratosis, and preventing hyperplasia of epithelial cells. Sev-
eral clinical trials have evaluated different drugs, including 
pyridoxines, topical urea creams, and COX-2 inhibitors, for 
the management of HFS/HFSR; however, the effectiveness 
of prevention and treatment strategies remains controversial.

Anti-inflammatory tripeptide cream (ATPC) is a combi-
nation formula of anti-inflammatory tripeptides (Palmitoyl 
sh-Tripeptide-4 Amide [Binterin] and Palmitoyl Tripep-
tide-53 Amide [Winhibin]), which have been used commer-
cially as cosmetic ingredients in South Korea, United States, 
and other countries [5,6]. Binterin is a tripeptide composed 
of three amino acids derived from CD99, which is an anti-
inflammatory protein that regulates the activation of nuclear 
factor kappa B and release of inflammatory cytokines, such 
as tumor necrosis factor-α and interleukin-1 in damaged 
skin [7]. It has anti-inflammatory, analgesic, and smooth-
ing effect. Winhibin is a tripeptide derived from the secreted 
frizzled-related protein 5, which inhibits the Wnt signaling 
pathway and has anti-inflammatory and anti-pigmentation 
effects [8,9]. Both peptides have been shown to exert benefi-
cial effects on skin barrier function. Also, these tripeptides 
are ultra-low-molecular-weight peptides of less than 500 Da 
that can be effectively absorbed into the skin [10].

The current pilot study aimed to investigate the therapeu-
tic effects of ATPC on HFS/HFSR associated with anticancer 
drugs, and to determine the feasibility of a larger trial.

Materials and Methods

1. Study design and population
This single-center, randomized, double-blind, placebo-

controlled trial was conducted at Chungbuk National Uni-
versity Hospital to assess whether ATPC could prevent 
the onset of grade 2 or higher HFS/HFSR (Fig. 1). Patients 
with advanced cancer who developed grade 1 HFS/HFSR, 
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE) ver. 5.0 
[11], during treatment with chemotherapeutic agents or MKI 
were enrolled in the study. Patients were required to have 
a life expectancy of ≥ 3 months and adequate hematologic, 
hepatic, and renal function. Patients with pre-existing der-
matologic conditions that could affect the hands or feet, and 
concurrent use of non-steroidal anti-inflammatory drugs 
(NSAIDs) and corticosteroid were excluded; however, use of 
antiemetic dexamethasone or prophylactic use of steroids for 
hypersensitivity reactions to chemotherapy were allowed.

The primary objective was to assess the efficacy of ATPC 
relative to that of a placebo cream (PC) in preventing HFS/
HFSR of grade 2 or higher within a 9-week period. Second-

ary endpoints included QoL assessments, the percentage of 
patients with dose reductions/interruptions and discontinu-
ation, and the relative dose intensity of anticancer drugs.

2. Treatment regimens
PC was a cream that only had a moisturizer, excluding 

the anti-inflammatory tripeptides (Binterin and Winhibin) 
of ATPC. ATPC and PC were applied twice a day, 1.0 to 1.5 
g (approximately 1 teaspoon), to the hands and feet for 9 
weeks. No other skin care product was allowed on the hands 
or feet during the study. If grade 2 or higher HFS/HFSR 
occurred, ATPC and PC were combined with the treatment 
recommended in the guidelines [1]. For grade 2 events, topi-
cal corticosteroids for painful blisters and topical analgesics 
could be applied twice daily. For grade 3 events, dose inter-
ruptions of anticancer drugs could be required in addition to 
oral analgesics, such as NSAIDs and opioids.

3. Toxicity and QoL assessments
HFS/HFSR grading and QoL assessment were performed 

at baseline and triweekly for 9 weeks (the visits numbered 
as 1, 2, and 3). HFS/HFSR was graded by investigators 
according to the NCI-CTCAE ver. 5.0 [11]. Grade 1 HFS/
HFSR was defined as minimal changes in the skin or der-
matitis without pain; grade 2 was defined as changes in the 
skin with pain, limiting instrumental activities of daily living 
(ADL); and grade 3 involved severe skin changes with pain, 
limiting self-care and ADL. Patients completed a validated 
Korean version of the hand-foot skin reaction and quality of 
life (HF-QoL) questionnaire, which consisted of 38 questions 
concerning 10 symptoms each for the hands and feet and 18 
daily activities (S1 Table) [12,13].

4. Statistical analysis
Data were reported as numbers and percentages for cat-

egorical variables and as means and standard deviations for 
numerical variables. The chi-square test was used to com-
pare percentages, and the Student’s t test was used to com-
pare mean values. All statistical analyses were two-sided, 
and p < 0.05 was considered statistically significant. SPSS 
ver. 21 software was used for statistical analysis (IBM Corp., 
Armonk, NY).

Results

1. Patient characteristics
Between April 2019 and July 2022, 68 patients who devel-

oped grade 1 HFS/HFSR during treatment with chemother-
apeutic agents or MKIs were randomized. Of these, eight 
were excluded from the analyses due to discontinuation of 
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the anticancer drugs that caused HFS within 9 weeks. Sixty 
patients (31 in the ATPC group and 29 in the PC group) com-
pleted the study and were included in the analysis.

Baseline characteristics of the patients are presented in 
Table 1. There was no significant difference in age, sex, East-
ern Cooperative Oncology Group performance status, intent 
of anticancer treatments, or type of anticancer drugs (che-
motherapeutic agent vs. MKI, monotherapy vs. combina-
tion therapy) between the ATPC and PC groups. Of all the 
patients analyzed, 88.3% were treated with chemotherapeu-
tic agents and 53.3% were treated with combination chem-
otherapy. All patients receiving chemotherapeutic agents 
were treated with fluoropyrimidine-based regimens: 28 in 
the ATPC group with capecitabine, and in the PC group, 20 
with capecitabine, two with 5-fluorouracil, and two with S-1. 
Combination therapy included platinum combinations for 

all 18 patients in the ATPC group and 11 in the PC group, 
while the remaining three patients in the PC group received 
capecitabine and lapatinib. There were no significant differ-
ences in regimens between the two groups (p=0.119).

2. Prevention of HFS/HFSR of grade 2 or higher
Twenty-three patients (38.3%) developed grade 2 or higher 

HFS/HFSR. Only one patient in the PC group who was treat-
ed with capecitabine developed grade 3 HFS. Following the 
baseline evaluation after grade 1 HFS/HFSR occurred, the 
incidence of grade 2 or higher HFS/HFSR was lower in the 
ATPC group than in the PC group at visit 1 (12.9% vs. 20.7%), 
visit 2 (19.4% vs. 37.9%), and visit 3 (25.8% vs. 37.9%) (Fig. 2). 
The overall incidence of grade 2 or higher HFS/HFSR within 
a 9-week period was significantly lower in the ATPC group 
than in the PC group (25.8% vs. 51.7%, p=0.039) (Fig. 2).

Table 1.  Patient characteristics

 ATPC (n=31) PC (n=29) p-value

Age (yr), median (range) 65.0 (39.0-80.0) 57.0 (40.0-78.0) 0.468
Sex
    Male 17 (54.8) 17 (58.6) 0.768
    Female 14 (45.2) 12 (41.4) 
ECOG PS   
    0 4 (12.9) 3 (10.3) 0.871
    1 24 (77.4) 24 (82.8) 
    2 3 (9.7) 2 (6.9) 
Intent of systemic therapy   
    Adjuvant 10 (32.3) 10 (34.5) 0.855
    Palliative 21 (67.7) 19 (65.5) 
Anticancer drug   
    Chemotherapeutic agent 28 (90.3) 25 (86.2) 0.500
    MKI 3 (9.7) 4 (13.8) 
Regimen   
    Monotherapy 13 (41.9) 15 (51.7) 0.119
    Combination therapy 18 (58.1) 14 (48.3) 
Values are presented as numbe (%) unless otherwise indicated. ATPC, anti-inflammatory tripeptide cream; ECOG PS, Eastern Cooperative 
Oncology Group performance status; MKI, multikinase inhibitor; PC, placebo cream.

Placebo cream

Patients who developed grade 1
HFS/HFSR

during treatment with
chemotherapy or MKI

Anti-inflammatory
tripeptide cream

R

Baseline

·NCI-CTCAE grade for HFS/HFSR 
·HF-QoL questionnaire

Visit 2 Visit 3Visit 1

6 wk 9 wk3 wk

Fig. 1.  Study design. HF-QoL, hand-foot skin reaction and quality of life; HFS, hand-foot syndrome; HFSR, hand-foot skin reaction; MKI, 
multikinase inhibitor; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events.
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3. HF-QoL and dose modification of anticancer drugs
QoL scores of hands, feet, and daily activities, and the 

overall score in the ATPC group tended to be lower than 
those in the PC group, indicating a better HF-QoL (Fig. 3, S2 
Table). The ATPC group tended to have better overall HF-
QoL scores than the PC group at visit 3, although the differ-
ence was not statistically significant (26.0 vs. 29.9, p=0.574) 
(Fig. 3D, S2 Table). While the HF-QoL scores in the ATPC 
group tended to be lower than those in the PC group from 
baseline before the application of ATPC or PC, the HF-QoL 
scores persisted for the whole of 9 weeks (Fig. 3, S2 Table, S3 
Fig.).

The ATPC group showed a lower overall frequency of 
discontinuation, interruption, and dose reduction of antican-
cer drugs than the PC group; however, the difference was 
not statistically significant (51.6% vs. 58.6%, p=0.586). There 
were no significant differences between the two groups in 
the proportions of patients undergoing discontinuation, 
interruption, or dose reduction of anticancer drugs, as well 
as in dose intensity (Table 2).

Fig. 3.  HF-QoL score of hands (A), feet (B), daily activities (C), and overall by treatment group (D). ATPC, anti-inflammatory tripeptide 
cream; HF-QoL, hand-foot skin reaction and quality of life; PC, placebo cream; SD, standard deviation.
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Discussion 

This study was the first to demonstrate the efficacy of 
ATPC in the treatment of HFS/HFSR related to chemothera-
peutic agent or MKI. Development of moderate-to-severe 
HFS/HFSR in the patients was significantly lower in the 
ATPC group than in the PC group. The ATPC group showed 
a better HF-QoL than the PC group, and the proportion of 
patients who reduced, interrupted, or discontinued their 
anticancer drugs tended to be lower in the ATPC group than 
in the PC group, although this difference was not statistically 
significant.

Several agents have been investigated for the manage-
ment of HFS/HFSR, based on the pathogenesis of COX infla- 
mmatory-type reactions, impairment of wound repair mech-
anisms, and histopathological findings, such as hyperkera-
tosis, epidermal necrosis, and dermal inflammation [1-4]. 
Pyridoxine, celecoxib, and urea-based creams are the most 
widely studied treatment strategies for HFS and HFSR. Pyri-
doxine is a relatively non-toxic and inexpensive treatment, 
and its metabolite, pyridoxal, accelerates skin barrier repair 
and prevents epithelial hyperplasia [14-17]. Celecoxib is a 
non-steroidal anti-inflammatory COX-2 inhibitor that has 
been widely investigated in the management of HFS/HFSR, 
since HFS is a type of inflammation caused by COX-2 over-
expression [18-21]. Urea cream is a topical agent that has no 
systemic effects and is readily available and inexpensive. It 
has keratolytic properties, softens hyperkeratotic areas, and 
reduces epidermal proliferation [22-25]. A recent meta-analy-
sis reported that celecoxib and urea cream were both effective 
in preventing HFS/HFSR in patients receiving chemothera-
peutic agents or MKIs, while pyridoxine failed to show sig-
nificant benefits [26]. In particular, celecoxib was found to be 
more effective in preventing capecitabine-induced HFS while 
urea cream was more beneficial in preventing moderate-to-
severe sorafenib-induced HFSR. Considering the pathogen-
esis of HFS/HFSR, COX-2 inhibitors are effective for HFS, 
which is mainly caused by COX-2 inflammatory reaction, 
and urea cream is effective for HFSR, which is mainly caused 

by hyperkeratosis due to the impairment of the skin barri-
er mechanism. However, considering the several causative 
mechanisms of HFS/HFSR and the side effects associated 
with long-term use of current treatments, novel preventive 
and therapeutic measures are still required. Celecoxib is 
associated with long-term cardiovascular or upper gastro-
intestinal side effects upon long-term use [27,28], and does 
not have topical keratolytic and moisturizing effects. Urea 
cream does not have anti-inflammatory effects. For moder-
ate-to-severe HFS/HFSR, the use of topical corticosteroids is 
recommended in order to directly reduce inflammation and 
irritation. However, long-term use of topical corticosteroids 
over weeks to months may cause local side effects, such as 
skin thinning, easy bruising, prominent capillaries, or pus-
tular psoriasis [29]. Therefore, conventionally applied drugs, 
such as celecoxib, urea cream, or topical corticosteroids, have 
limitations for long-term use and for preventive strategies or 
treatment of mild HFS/HFSR.

ATPC is a combination of the anti-inflammatory tripep-
tides Binterin and Winhibin. It has anti-inflammatory, anal-
gesic, smoothing and skin barrier function and is a topical 
agent with no systemic effect that can control the various 
pathogenic and histopathological findings of HFS/HFSR. 
Most previous studies on HFS/HFSR had focused on pro-
phylactic strategies [14-26], and very few focused on ther-
apeutic strategies for HFS/HFSR [30]. When ATPC was 
applied to mild HFS/HFSR that occurred during systemic 
cancer treatment with chemotherapeutic agents or tyrosine 
kinase inhibitor, it not only lowered the frequency of moder-
ate or severe development but also showed improvement in 
mild HFS/HFSR while continuing the anticancer treatment 
(S4 Fig.). Therefore, ATPC is expected to be an effective pro-
phylactic strategy for HFS/HFSR and for the treatment of 
mild HFS/HFSR.

The final goal of HFS/HFSR management is to improve 
the patient’s QoL as well as anticancer effects through appro-
priate anticancer drug administration without decreasing 
the dose density or discontinuation. In our study, the HF-
QoL questionnaire specific to HFS/HFSR was used to meas-

Table 2.  Dose modification of anticancer drug by treatment group

 ATPC (n=31) PC (n=29) p-value

Dose modification 16 (51.6) 17 (58.6) 0.586
    Discontinuation 0 ( 1 (3.4) NA
    Interruption 3 (9.7) 3 (10.3) 0.931
    Dose reduction 15 (48.4) 16 (55.2) 0.599
Dose intensity (%) 87.3±15.3  85.7±15.8 0.698
Values are presented as number (%) or mean±SD. ATPC, anti-inflammatory tripeptide cream; NA, not applicable; PC, placebo cream; SD, 
standard deviation.
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ure QoL. The HF-QoL questionnaire was developed to meas-
ure HFS/HFSR symptoms associated with anticancer drugs 
and their effect on daily activities [10,11]. The ATPC group 
showed better HF-QoL than the PC group, which remained 
consistent over 9 weeks. However, the baseline HF-QoL 
tended to be lower in the ATPC group and showed no statis-
tically significant improvement over 9 weeks. Furthermore, 
the grading of HFS/HFSR was assessed by the investigator at 
the clinic, and HF-QoL questionnaires were completed by the 
patients at the clinic during each visit. The recall period for 
adverse events or QoL encompassed the entire period from 
the last clinic visit. In many cases, patients may not be able to 
fully reflect on their experiences of HFS/HFSR and QoL over 
a 3-week period. Therefore, a daily self-reported diary would 
be more accurate for the assessment of HFS/HFSR and QoL. 
In terms of maintaining an appropriate dose of anticancer 
drugs, which is the final goal of HFS/HFSR management, 
the ATPC group had a lower rate of dose reduction, inter-
ruption, or discontinuation of anticancer drugs, and the dose 
intensity was higher than that in the PC group; however, 
statistical significance was not observed. Dose reduction of 
anticancer drug was recommended for patients who devel-
oped grade 3 HFS/HFSR or recurrent grade 2 HFS/HFSR. 
However, there was only one patient who developed grade 
3 HFS/HFSR, and the study period was relatively short to 
determine the recurrence of grade 2 or higher HFS/HFSR. 
Therefore, there was no significant difference in dose modifi-
cation of anticancer drug between the ATPC and PC groups. 
Prospective clinical trials with a large number of patients and 
long-term follow-up would be required in future to deter-
mine whether active prophylaxis and treatment for HFS/
HFSR could improve the efficacy of anticancer treatment by 
maintaining appropriate anticancer drugs.

This pilot study was conducted at a single institution to 
estimate the efficacy of ATPC for HFS/HFSR. It had some 
limitations. First, our study was based on a relatively small 
sample size, which limited the analysis to secondary end-
points and subgroups. In particular, patients with MKI-
induced HFSR accounted for only 11.7% (n=7) of all patients 
analyzed. Therefore, caution should be exercised when inter-
preting the efficacy of ATPC for HFSR. Second, since HFS 
and HFSR differ in terms of the causative agents, pathogen-
esis, histopathology, symptomatology, and treatment, inde-
pendent studies on the efficacy of ATPC in HFS and HFSR 
are recommended. Third, clinical factors that may influence 
HFS/HFSR were not stratified during randomization in this 
pilot study. Stratification factors that might affect HFS/HFSR 
include age, sex, dose or regimen of anticancer drugs, and 
intent to undergo cancer therapy. Although stratification was 
not performed in this study, there was no significant differ-
ence in the proportions of these major clinical factors between 

the two groups. Fourth, two-thirds of the patients received 
chemotherapy for palliative intent, and because the treat-
ment goal was to maintain the patient’s quality of life during 
the treatment, the proportion of dose reduction according 
to the investigators’ decision dose was high (51.7%). Clari-
fication of dose reduction guidelines in protocols could lead 
to clear benefits in the dose intensity of chemotherapy with 
interventions for HFS/HFSR. 

Our pilot study showed that ATPC significantly decreased 
the development of moderate-to-severe HFS/HFSR in 
patients with basal HFS/HFSR related to anticancer drugs. 
Therefore, ATPC could be effective for the prophylaxis or 
treatment of HFS/HFSR associated with anticancer drugs. 
Further prospective, large-scale, randomized controlled tri-
als would be required to confirm the efficacy of ATPC in can-
cer patients treated with anticancer drugs associated with 
HFS/HFSR.
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