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Abstract

Purpose—~Palmar-plantar erythrodysethesia (PPE) is a common chemotherapy and anti-VEGF
multi-kinase inhibitor class-related toxicity that often results in debilitating skin changes and often
limits the use of active anti-cancer regimens. Mechanistic and anecdotal clinical evidence
suggested that topical application of sildenafil cream may help reduce the severity of PPE.
Therefore, we conducted a randomized, double-blind, placebo-controlled pilot study to evaluate
the feasibility, safety and efficacy of topical sildenafil cream for the treatment of PPE.

Methods—Eligible subjects were required to have grade 1-3 PPE associated with either
capecitabine or sunitinib. Subjects were randomized to receive 1% topical sildenafil cream to the
left extremities or right extremities and placebo cream on the opposite extremity. 0.5 mL of cream
was applied to each affected hand/foot two times per day. The primary endpoint was improvement
in PPE grading at any point on study. Clinical assessments were evaluated by NCI-CTC 4.0
grading and patient self-reported pain.

Results—Ten subjects were enrolled; 9 were evaluable for safety and efficacy. Five of nine
subjects reported some improvement in foot pain and 3 of 8 subjects for hand pain improvement.
One of these subjects noted specific improvement in tactile function. No treatment-related
toxicities were observed.

Conclusions—In this limited, single center study, topical cream containing 1% sildenafil is
feasible to administer, is well-tolerated, and may mitigate PPE-related symptoms due to anti-
cancer therapeutic agents. Further validation is necessary.
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Introduction

Palmar-plantar erythrodysethesia (PPE), also known as hand foot syndrome (HFS), is a
common adverse event of many anticancer agents, including intravenous (1) 5FU,
capecitabine (Oral 5-FU, Xeloda™), ara-C (Cytosar-U®), liposomal doxorubicin (Doxil™),
and the multi-kinase inhibitors (MKIs) sorafenib (Nexavar™), sunitinib (Sutent™).
Although PPE is rarely life-threatening, the skin changes are often painful and debilitating
and can impair activities of daily function. PPE is among the most common reasons for dose
reduction and/or discontinuation of these agents. For example, capecitabine is associated
with any grade PPE in over 50% of patients and approximately 10-15% of patients have
grade 3 (severe) PPE [1-3]. Sunitinib is associated with any grade PPE in approximately 14—
21% of patients, and grade 3 PPE is seen in approximately 4-5.5% of patients [4, 5].
Regorafenib (Stivarga®) is associated with any grade PPE in approximately 50% of patients,
and grade 3 PPE is seen in approximately 17% of patients [6, 7]. Cabozantinib (Cometrig™)
is associated with any grade PPE in approximately 50% of patients and grade 3 PPE is seen
in approximately 13 % of patients [8].

The mechanisms underlying PPE remain poorly understood, due to the lack of preclinical
models and the difficulty of obtaining biopsies of inflamed tissues in patients. Limited
dermato-pathologic studies have reported inflammatory and vascular changes consistent
with a wound healing response [3, 9-11]. The common association of PPE with sunitinib,
regorafenib, sorafenib, and cabozantinib, as well as pazopanib and axitinib, is particularly
interesting. These agents inhibit multiple VEGF and PDGF receptors which are critical for
endothelial cell proliferation and survival and are markedly up-regulated in wound healing
[12, 13]. Thus, it is hypothesized that inhibition of these targets may impair wound healing
in dermal capillary endothelium [14]. Likewise, vascular targeting may also be involved in
the mechanisms of PPE related to infusional 5-fluoruracil, capecitabine and liposomal
doxorubicin, three other chemotherapy drugs commonly associated with PPE. 5-FU is
known to cause vasospasm and has potent anti-angiogenic properties [15]. Capecitabine, an
oral pro-drug of 5-FU, is activated by the enzyme thymidine phosphorylase, also known as
platelet derived endothelial cell growth factor, another potent angiogenic factor up-regulated
in tumor and wound tissues [2, 9, 16]. Liposomal formulations of doxorubicin preferentially
exit the vasculature in areas of increased vascular permeability, such as in tumors and
inflamed tissues [17]. Thus, all agents commonly associated with PPE have known vascular
and endothelial cell toxicities.

Many endothelial cell functions, including, vasodilation, proliferation, and survival are
mediated by nitric oxide (NO) signaling which is critical for many wound healing responses
[18, 19]. NO works primarily via up-regulation of cyclic guanosine monophosphate
(cGMP), which in turn is regulated by cGMP-specific phosphodiesterases (PDES), such as
PDES. In vascular beds that express PDES5, inhibition of PDE5 prevents the degradation of
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cGMP, thereby augmenting and prolonging the effect of NO [20]. Intriguingly, nitric oxide is
down-regulated by anti-VEGF therapy [12, 13]. Sildenafil is a highly selective PDE5
inhibitor and is approved by the Food and Drug Administration (FDA) for the treatment of
erectile dysfunction and for the treatment of pulmonary hypertension [21]. Based upon its
effects on endothelial cell nitric oxide, sildenafil has been shown to improve wound healing
in a variety of preclinical wound models [22—26]. Topical sildenafil has also been reported to
improve clinical wound healing in the setting of vascular compromise, such as digital
ulceration related to Raynaud’s syndrome [27-30], and complicated anal fissures [31, 32].

Attempts to prevent and/or treat PPE related to chemotherapeutic agents have included
various emollients, Cox2 inhibitors, pyridoxine, DPD (dihydropyrimidine dehydrogenase)
inhibitors, and corticosteroids, among other approaches. However, few of these have been
validated with randomized controlled trials [33-35]. As a result, current standard care for
PPE includes use of emollients and modifying daily activities to reduce friction and heat
exposure in addition to dose interruption and/or reduction of the anti-cancer agent [36-38].

At our institution, a patient with capecitabine associated Raynaud’s and concurrent PPE was
treated with topical sildenafil, with an improvement of several dermal ulcers associated with
her Raynaud’s. The patient’s PPE near these ulcers also improved with topical sildenafil.
When topical sildenafil was more broadly applied to her PPE, these affected areas also
improved. Two additional patients with refractory PPE were subsequently treated with
topical sildenafil, one with PPE related to capecitabine and one with PPE related to
sunitinib. In all three patients, treatment was initiated on only one hand or foot at a time and
their PPE-related symptoms markedly improved as a result of topical sildenafil treatment. To
further evaluate these anecdotal findings, we conducted a pilot, randomized, double-blind,
placebo-controlled study to evaluate the safety, efficacy and feasibility of topical sildenafil
cream for the treatment of PPE.

Patients and Methods

Patient Selection

Eligible patients were required to have grade 1-3 PPE related to capecitabine or sunitinib,
where these agents were administered as part of the patients’ standard anti-cancer therapy.
Additional eligibility requirements included: age =18 years, Karnofsky performance status
(KPS) performance status >70%. Adequate organ and marrow function was defined as:
absolute neutrophil count (ANC) =1,000/ul; platelets =75,000/ul; total bilirubin < 1.5 times
the upper limit of normal (ULN); aspartate aminotransferase/alanine aminotransferase (AST/
ALT) <5 times ULN; creatinine clearance >40 mL/min/1.73 m2. Additional eligibility
parameters included: absence of pregnancy; absence of hypersensitivity or intolerance to
sildenafil or other related products; no current use of sildenafil or other related products; no
resting hypotension (blood pressure (BP) <90/50 mmHg) or hypertension (BP >170/110
mmHg); no cardiac failure or coronary artery disease causing unstable angina; no history of
myocardial infarction, stroke or life-threatening arrhythmia; no known retinitis pigmentosa;
no concomitant use of organic nitrates, strong cytochrome P450 3CYPA4 inducers or
inhibitors or other treatments for PPE other than standard emollients. Other acute or chronic
inflammatory conditions or infections of the hands or feet that would complicate safety,
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application of topical creams, or study endpoints were prohibited. Any other serious medical
conditions that might have significantly affected patient safety or toxicity assessment were
also prohibited.

Study Design

The primary endpoint was to assess the number of subjects who achieved at least one grade
improvement in PPE according to National Cancer Institute Common Toxicity Criteria
Adverse Events (NCI CTCATE) version 4.0 at any time during protocol treatment. Subject
cream assignment was un-blinded at the 8 or 9 week time period or when subjects came off
study however subjects with a 2 grade improvement were eligible for early unblinding. Each
subject served as her/his own control and were eligible to receive topical sildenafil for up to
a maximum of 6 months.

The doses and schedules of sunitinib and capecitabine were left to the discretion of the
treating physician.

Figure 1 illustrates the study schema. Patient extremities (right hand/foot vs. left hand/foot)
were randomized to treatment with topical sildenafil or topical placebo cream.

Subjects were instructed to apply active 1% sildenafil cream to either the right or left
extremity (hand/foot) and placebo cream to the opposite extremity. New allotments of
topical sildenafil and placebo creams were dispensed at every visit. Subjects were instructed
to apply 0.5 mL of cream to each affected extremity two times per day. Non-latex
waterproof gloves were supplied to help rub the cream into the hand or foot being treated
and minimize contamination of creams; separate gloves were used for every application
(each hand or foot, each time point)

This was a single-center study (NCT01219023) approved by the Duke Institutional Review
Board (IRB) and followed the guidelines of the Helsinki Declaration. All patients provided
informed written consent prior to any study-related procedure and were treated at Duke

University Medical Center. Subject accrual took place from August 2010 to February 2011.

Patient Evaluation

All patients completed a routine medical history, baseline physical examination and clinical
assessment prior to receiving study cream. Safety and efficacy assessments were performed
at each standard of care visit and as clinically indicated. These assessments included vital
signs, routine complete blood count (CBC) and a biochemistry profile. General symptom
management and supportive care were provided as clinically indicated to ensure optimal
patient compliance.

Subjects were given diary cards and asked to record study cream application, visual skin
changes and daily hand and foot pain scores using a scale of 1-10, 0 (none) to 10 (severe), at
rest and stressed (i.e. clenching fists for hands and standing for feet, each for at least 5
seconds).
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Use of standard emollients was encouraged as part of standard care for PPE. Patients were
instructed to apply the emollient at least approximately 2 hours after administration of
topical sildenafil to allow for as much sildenafil absorption as possible prior to emollient
treatment. Patients were instructed to gently wash affected extremities with soap and water
or commercially available skin wipes prior to each application of topical study cream. NCI
CTCAE version 4.0 was used to grade adverse events [39].

Statistical Analysis

PPE grade and any treatment-related adverse events were assessed at each visit.

Time of day and use of affected limbs is known to affect pain from PPE; in addition, some
patients experience different levels of pain in their affected extremities. To preliminarily
evaluate patterns (levels) of pain reporting, mean placebo pain scores for all the patient
extremities were plotted by day comparing three different parameters: 1) amount of
pressure, stressed versus rested, 2) type of extremity, hands versus feet and 3) time of day,
AM versus PM. Placebo pain scores were used as a baseline measurement to detect possible
differences in pain reporting under the different parameters. Each parameter was
individually assessed while controlling for the other two.

Treatment efficacy was assessed by using the differences in pain scores between placebo and
active study cream, for each patient, averaged over the first 40 days on study and plotted by
extremity (hands and feet) while stressed and while rested (AM). The 40 day landmark time
point was selected to capture maximum efficacy on treatment and to minimize confounding
related to changes in chemotherapy related to toxicity or disease progression. Difference in
pain score was defined as placebo minus active score; thus, efficacy of the treatment was
reflected by a positive difference. In all cases, mean differences greater than zero indicate
that the study drug cream was effective; mean differences less than or equal to zero indicate
that the study drug cream was ineffective. The Wilcoxon Signed Rank test was used to test
the hypothesis of no improvement in pain score differences.

Study Cream Formulation

Topical sildenafil cream was compounded by the Duke compounding facility at Duke
University Hospital using commercially available 100 milligram (mg) sildenafil citrate
tablets (Viagra®, Pfizer) finely ground via a Strand grinder (high-speed grinder) and added
to cold cream unscented (Medisca) using an unguator, a high speed mixing device set for the
cream setting. To make 1% sildenafil citrate cream, enough tablet debris was used to make
10 mg of sildenafil citrate per gram of cold cream. The placebo was made by adding Blue
Dye number 2 to 70 grams of lactose powder to match the appearance of the active cream.
Twelve grams of this mixture was added to 88 grams of Cold Cream using an Unguator. The
active study drug cream and color-matched placebo was packaged into 20 mL Unguator jars
with AcuCap adapters (Medisca) or Topi-Click® metered dispensing units to ensure proper
dispensing of study cream.
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Patient demographics are summarized in Table 1. A total of 10 patients were enrolled; 9
were evaluable for safety and efficacy. One patient was unable to apply any study cream due
to intercurrent illness and was considered inevaluable. The median age was 58.5 years
(range 43-74). Two subjects received capecitabine monotherapy, four subjects received
capecitabine plus bevacizumab, and three patients received sunitinib. At baseline, nine
subjects had grade 2 PPE and one subject had grade 1 PPE. Median duration of blinded
study drug treatment was 77 days (range 36-88). All nine treated patients reported pain
scores on a scale from 0 (none) to 10 (severe) from day 1 of protocol therapy through last
day of study cream application.

Patterns of pain reporting

Placebo pain scores were used to detect any differences in parameters that influenced pain
reporting and identify which parameters would maximize the ability to evaluate the active
study cream. Average placebo pain scores for the first 40 days for stressed extremities were
higher than those for extremities at rest (Figure 2A) and average pain scores for feet were
higher than those for hands (Figure 2B). No differences were seen for average pain scores
measured in the AM and PM (data not shown). Thus, the placebo pain scores were highest
on stressed extremities regardless of time of day and were subsequently used to assess
treatment efficacy.

Efficacy and Safety

There were no significant changes in the NCI CTC grade of PPE with active treatment.
Mean differences in pain scores for stressed extremities in the AM per subject are illustrated
in Figure 3; results in the PM were comparable (data not shown). Three of eight patients
(0.37) reported some pain relief on active drug applied to hands, both stressed and rested
(exact 95% binomial confidence interval, 0.09, 0.76). Similarly, five of nine patients (0.55)
reported some pain relief of stressed feet (exact 95% binomial confidence interval 0.21 to
0.86). Differences in mean pain scores were not significant. Figure 4 illustrates daily pain
scores for one individual with pain improvement on treatment for feet. Another patient
reported an unexpected grade 2 improvement in PPE pain between the placebo and active
study cream.

Reported improvements in skin-related symptoms included mild reductions in erythema,
dryness and cracking. Additionally, one subject specifically reported an improvement in
tactile function.

No treatment-related toxicities were observed.

Discussion

PPE is a common chemotherapeutic-related toxicity often associated with debilitating skin
changes resulting in dose adjustment and/or interruption which may potentially limit active
anti-cancer regimens. PPE has also been noted for the majority of orally available VEGF
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inhibitors. In addition the rates of PPE associated with chemotherapy appear to increase with
the addition of bevacizumab [40-43].

Our study was prompted by three marked responses in patients treated with topical sildenafil
for PPE before this study. One of these responses, in a patient with recurrent PPE related to
sunitinib, was dramatic, with essentially normalization of grade 3 PPE within two weeks.
The treatment utilized for these patients was sildenafil [citrate or other salt] active
pharmaceutical ingredient mixed in A-Mantle cream. Due to regulatory considerations, the
current study used sildenafil derived from sildenafil citrate (Viagra®) tablets and used cold
cream as the vehicle. The current study was designed to be pilot in nature, in large part due
to resource constraints, particularly around the cost of drug formulation.

Our study evaluated patients with pre-existing grade PPE related to either capecitabine or
sunitinib. Our study also took advantage of the usually highly symmetrical involvement of
PPE and was double-blinded, which allowed each patient to serve as his or her own control.
While no improvement in PPE grading was reported for the active study cream, a trend was
noted for relative improvement in pain. Interestingly, improvements in skin texture were
seen in 2 patients and one patient noted significant improvement in tactile functioning. The
NCI grading system may under-estimate modest to moderate differences in pain as
experienced by the patient. The 2 grade improvement in PPE symptoms associated with
placebo treatment in one patient was unexpected and no reversal of treatment application
was identified.

The treatment effect seen with the current formulation of topical sildenafil appears less
robust than that seen in our earlier anecdotal findings. The current findings may better reflect
the effect of topical sildenafil on PPE. However, these differences may also reflect the effect
of differing formulations. Our initial anecdotal experience used sildenafil [salt] active
pharmaceutical ingredient in A-Mantle cream. Amantyl cream is commonly used to increase
drug penetration into the skin. The current clinical trial used ground Viagra® tablets and
commercial cold cream. It is possible that the excipients and fillers in the pills and the
barrier properties of cold cream may have affected drug absorption.

Our study was not designed to assess whether PPE related to different agents would respond
better to topical sildenafil. The focus on PPE related to capecitabine and sunitinib was
pragmatic based upon local treatment usage of agents causing PPE. Interestingly, modest
improvements in PPE related pain were noted in patients taking capecitabine or sunitinib.
The effect of topical sildenafil in PPE related to other agents is not known. Similarly, the
effect of prophylactic treatment with topical sildenafil is not known. However, it is possible
that earlier and more pro-active use of topical sildenafil may reduce the severity of PPE that
emerges on treatment more readily than it can reverse moderate to severe PPE once it is
established. Lastly, the use of oral sildenafil for the treatment of PPE is not known. However,
we are not aware of case reports of this activity and oral sildenafil at its standard dose of
50mg per day had no effect on the PPE of our anecdotal patient who had a dramatic
response to topical sildenafil. The ability of topical formulations to deliver higher and more
sustained levels of local drug concentrations may help explain this finding.
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In summary, topical sildenafil cream may improve PPE toxicity related to several common
anti-cancer agents. Future studies with sildenafil in combination with alternative topical
formulations are warranted.
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Figure 1.
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Figure 2. Patterns of Pain Reporting
Placebo pain scores were graphed to assess parameters that influenced pain reporting. X axis

represents days on treatment; Y axis represents mean placebo pain scores for all patient
extremities (n=9 for hands, n=8 for feet). Pain scores used a scale of 1-10, 0 (none) to 10
(severe). A.) For the amount of pressure, the solid line represents pain scores at rest, the
dotted line represents pain scores when stressed. B.) For type of extremity, the solid line
represents feet pain scores; the dotted line represents hand pain scores.
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Figure 3. Evaluation of Study Cream Efficacy
Mean differences in pain scores are shown for each extremity in the AM: A) stressed and

rested feet and B) stressed and rested hands. Each bar represents one individual. The average
of the difference was calculated across the first 40 days on protocol. Difference in pain score
was defined as placebo minus active score; thus, efficacy of the treatment is reflected by a
positive difference.
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Figure 4. Pain Improvement for Patient 7
Daily pain scores are plotted for patient 7 with pain improvement on treatment for stressed

feet. X axis represents days; Y axis represents daily pain scores The solid line represents
pain scores on the foot with study cream; the dotted line represents the pain score for the
foot receiving placebo cream.
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Table 1

Patient Characteristics

Characteristics No. of patients
Total Patients 10
Gender

Male 3
Female 7

Age (Years)

Median 58.5
Range 43-74

Karnofsky performance status, (%)

Median 90
Range 80-100
Baseline PPE Grade

1 1

2 9

3 0

Current Cancer Therapy

Capecitabine 2

EN

Capecitabine plus bevacizumab
Sunitinib 4
Primary Tumor Type
Colorectal

Renal

Breast

Pancreatic

GIST

N L

Angiosarcoma
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