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Abstract
Background  The first-in-class peptide CY-002 was developed to target 
neoplastic and HPV-infected cells. Topical CY-002 was investigated on patients 
with cutaneous warts. 

Objectives  The primary objective was assessment of safety and tolerabil-
ity of CY-002 in adults with cutaneous warts. Exploration of efficacy was the 
secondary objective. 

Methods  CY-002 was investigated in a single-centre, randomized, dou-
ble-blind, placebo-controlled, first-in-human, Phase-I trial including a safety 
run-in. Sixty-three adult patients with ≥ 1 cutaneous warts (on the hands) 
received CY-002 (1%) or placebo 1:1. Treatment was topically administered 
under occlusion for 28 consecutive days. Safety and multi-modal efficacy 
assessments were performed weekly and at 3-month follow-up. 

Results  Baseline characteristics were similar except for a higher fraction 
of treatment-naïve patients among placebo compared to CY-002-treated 
patients (67.9% versus 33.3%, p=0.009). CY-002 was well tolerated with no 
differences in adverse events or treatment discontinuations. Exploratory 
efficacy measures (wart size, clearance, morphology and HPV load) did not 
differ statistically significant between groups. After CY-002, 2 patients (7.7%) 
achieved full clearance and 4 patients (15.4%) had clearance of ≥1 warts, com-
pared to respectively 1 (3.8%) and 3 placebo patients (11.5%). Partial clearance 
was 44% in the CY-002-treated group versus 29% in placebo. 

Conclusion  CY-002 is safe and well tolerated for topical daily use up to 
4 weeks. While explorative efficacy outcomes showed no statistically sig-
nificant outcomes, a trend favouring CY-002 across multiple parameters 
warrants further studies. The design of this trial allows exploration of effi-
cacy parameters without compromising on primary assessment of novel 
compound safety and tolerability.

Introduction
Cutaneous warts, or verrucae, are common skin lesions that affect most 
people at some point in their lifetime. Reported prevalence is 3.6–22% in 
schoolchildren and 0.84–13% in adults.1⁻5 Cutaneous warts are caused by 
the human papillomavirus (HPV).6 Some HPV types (e.g. type 16 and 18) have 
malignant potential in the genitourinary or oropharyngeal tract, where-
as others give rise to benign skin lesions. HPV type 1, 2, 7, 27 and 57 most 
commonly cause cutaneous warts in the general population.7,8 People with 
cutaneous warts may report physical or psychological discomfort, including 
pain or embarrassment.9 Cutaneous warts can lead to social stigmatisation 
and lower quality of life.10,11 

Untreated or unsuccessfully treated warts pose a pool of infection on an 
individual as well as a community level.12,13 Current treatment options for 
cutaneous warts focus on general destruction of the epithelium rather than 
specifically targeting the HPV-infected keratinocyte.14⁻16 The efficacy rate 
of these treatments varies between 24–40%, with frequently reported side 
effects including pain, burning sensation and blistering.17,18 Development 
of a wart treatment sparing healthy tissue would be of considerable added 
value. Currently there are no treatments effectively eliminating the HPV in-
fection.19 Therefore, there is a need for novel treatments that treat cutaneous 
warts with higher specificity, improved efficacy and reduced side effects. 

CY-002 is a synthetic, tumour-targeted membranolytic peptide that aims 
at an HPV-oriented, immune-targeted cutaneous wart therapy. CY-002 was 
previously shown to selectively induce cell death in multiple tumour cell 
lines whilst sparing normal cells in vitro.20 Here, we report the results of a 
Phase I, first-in-human trial of CY-002 in otherwise healthy subjects with cu-
taneous warts. 

The primary objective of this first-in-human proof-of-concept clinical 
study was to assess the safety and tolerability of topically applied CY-002 in 
adults with cutaneous warts. The secondary objective was to explore efficacy 
of CY-002 on reduction of wart number, size and HPV load after four weeks 
of daily topical application. Thirdly, new measurement approaches towards 
a multi-modal follow-up in wart trials were considered.
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Methods
Study Design
The study was designed as a randomized, placebo-controlled, double-blind, 
single-centre Phase I, first-in-human trial with a safety run-in. Safety and effi-
cacy of CY-002 was evaluated after 4 weeks of treatment at home, preceded 
by a separate clinical safety run-in. Patients, study personnel and investiga-
tors were blinded throughout study conduct. The study was conducted at 
the Centre for Human Drug Research, Leiden, The Netherlands from Feb-
ruary 2019 to December 2019. The Declaration of Helsinki was the guiding 
principle for trial execution and the study was approved by the indepen-
dent medical ethics committee ‘Medisch Ethische Toetsingscommissie van 
de Stichting Beoordeling Ethiek Biomedisch Onderzoek’ prior to any pro-
cedure. All patients provided written informed consent before enrolment.

Study population
Patients were considered eligible if they were healthy, ≥ 18 years old and had ≥ 1 
cutaneous warts on the hand with a diameter ≥ 3 mm. Patients were excluded 
if they had used wart-removing products within 30–60 days prior to enrol-
ment, depending on the treatment. Effective contraception was required. 
Warts which were > 6 years old or had been treated with > 5 different treat-
ments were excluded. 

Study outline
The safety in-clinic phase was performed in 8 patients. CY-002 or placebo 
(randomised 1:1) was administered on 5x5 cm healthy skin on the back and 
on cutaneous warts during 7 consecutive days. Following no safety concerns 
during the initial phase, 55 ambulatory patients visited the clinical research 
unit once weekly (baseline, week 1, 2, 3 and 4) during at-home topical treat-
ment of 28 days (Supplementary Figure 1). The patients applied one droplet 
(15–30mg) of CY-002 1% or placebo cream once daily followed by overnight 
occlusion using Tegaderm™ film (3M healthcare, Maplewood, MN, USA) on 
max. 3 warts. Patients returned for follow-up after 6 weeks (week 10) and 
after 12 weeks for end of study (EOS, week 16). Treatment compliance was 
monitored using a mobile e-diary application.21 A pre-defined minimum of 
21/28 planned applications was considered acceptable to include a patient for 
efficacy analysis.22 Patients who failed to apply the study drug were replaced. 

Safety measurements
The safety assessments comprised of evaluation of adverse events (AE), appli-
cation site inspection for local tolerability, physical examination, ECG, vital 
signs (including systolic and diastolic blood pressure, pulse rate and temper-
ature) and clinical laboratory testing. Systematic exposure to CY-002 was 
assessed in plasma on Day 28 and analysed by Ardena Bioanalytical Labora-
tory (Assen, The Netherlands) after study completion. 

Efficacy measurements
Efficacy measurements were obtained at baseline and at every following visit 
to the clinic (Supplementary Figure 1). 

Wart size and clearance 

Dimensions of the target warts (long diameter, short diameter, height and 
volume) were measured using a digital vernier caliper (0–75 mm) (HBM 
Machines B.V., Moordrecht, the Netherlands). The wart volume was calculat-
ed (volume = π * (diameter/2)2 * height). Wart clearance was determined by 
medical study personnel recording total wart count at each visit. Complete 
clearance was defined as the diameter of the lesion being zero.

HPV typing and quantification

Swab samples were collected by rubbing the surface of the target wart five 
consecutive times with a sterile, pre-wetted cotton-tipped applicator (Puri-
tan Medical Products, Guilford, Maine, USA), subsequently placed in 1 mL of 
saline solution and stored at -40 degrees Celsius. HPV type was determined 
with bead-based xMAP suspension array technology simultaneously identi-
fying 23 wart-associated HPV types from the alpha- (HPV2, 3, 7, 10, 27, 28, 29, 
40, 43, 57, 77, 91 and 94), gamma- (4, 65, 95, 48, 50, 60 and 88), mu- (HPV1 
and 63) and nu-genus (HPV41) (DDL Diagnostic Laboratory BV, Rijswijk, The 
Netherlands).23⁻25 HPV viral load of HPV types HPV1, HPV2, HPV-4, HPV27 and 
HPV57 was determined by quantitative PCR in all baseline and follow-up sam-
ples if the baseline sample was positive for the respective HPV type.

Morphology

Clinical photography was obtained using conventional 2D and the LifeViz 
3D camera.26 At each study visit, the treated warts were assessed for mor-
phological properties according to the dichotomous nine-point CWARTS 
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method.27,28 A 3 mm punch biopsy of the target wart was obtained at the 
end of study and assessed according to conventional pathological standards 
at DDL after haematoxylin and eosin (H&E) staining. Quantitative skin mor-
phology analysis was determined by optical coherence tomography (D-OCT 
VivoSight, Michelson Diagnostics, UK). 

Multimodal responder/non-responder analysis

The obtained data from 2D photography in addition to novel techniques (3D 
photography, OCT imaging and HPV-load analysis) was combined for in-depth 
study of potential effects. One partial responder after treatment with CY-002 
and one non-responder from the placebo group were compared. 

Statistics 
Sample size justification

A group size of 25 patients was considered common for early exploration of 
safety, tolerability and efficacy of novel topical formulations with a safety 
run-in group size of 4. This sample size power of 0.8 to detect a difference in 
means of 24.3 mm3, assuming that the common standard deviation was 30, 
using a two-group t-test with a 0.05 two-sided significance level.

Randomization

The patients were randomized 1:1. In the ambulatory part, randomization 
was performed in blocks of 10. The randomization code was generated in 
SAS 9.4 by an independent statistician and patient numbers were allocat-
ed by chronological enrolment. Patients, study personnel and investigators 
were blinded. The randomization code was made available for data analysis 
after study closure and database lock.

Statistical analysis

All safety and statistical programming was conducted with SAS 9.4. Each 
efficacy parameter was analysed using a mixed model analysis of covariance 
(ANCOVA) with treatment, time, and treatment by time as fixed factors and 
patient as random factor and the (average) baseline measurement as covari-
ate. The Kenward-Roger approximation was used to estimate denominator 
degrees of freedom and model parameters were estimated using the restrict-
ed maximum likelihood method.

Results
Patients
Following an acceptable safety profile in the first 8 patients (safety run-in), 
55 patients (50 patients and 5 reserves) started treatment in the ambulatory 
part of the study (Intention to Treat population, ITT). Throughout the study, 
52 patients completed treatment (per protocol population, PP) and 49 com-
pleted follow-up (Figure 1 and Supplementary Figure 2). Baseline and disease 
characteristics were comparable for the two treatment groups (Table 1). The 
placebo patients were more treatment-naïve compared to CY-002 patients 
(67.9% versus 33.3%, p=0.009). Baseline wart morphology according to the 
CWARTS scoring was similar across groups (Supplementary Table 1).27 Home 
treatment compliance ranged from 25–28 topical applications with a mean 
of 27 applications per subject (96.4%). Three patients were replaced due to 
incompliance failing study drug application for the pre-defined minimum 21 
of 28 planned doses. There was no statistically significant difference in treat-
ment adherence between groups.

Safety and tolerability
Adverse events (AE) were similar between the treatment and placebo groups 
(Supplementary Table 2). No treatment emergent severe AEs or clinically sig-
nificant changes in vital signs, clinical laboratory results, or ECG occurred in 
any patients throughout the study. Two patients reported mild application 
site tolerability issues, with one patient reporting a mild burning sensation 
lasting 10 seconds after study drug application. All pharmacokinetic samples 
showed no levels above the lowest level of quantification (LLOQ), concluding 
that there was no systemic exposure of CY-002.

Wart clearance and size
Table 2 shows that after treatment with CY-002, 2 patients (7.7%) achieved 
full clearance and 4 (15.4%) patients had clearance of a minimum of one of 
the treated warts. In the placebo group, clearance was observed in 1 patient 
(3.8%) and 3 patients (11.5%), respectively. Three out of 4 responders in the 
CY-002 group had unsuccessfully used salicylic acid for wart treatment in 
their medical history. All placebo responders had treatment-naïve warts. Par-
tial clearance (≥50% volume reduction) was observed in 21 treated warts (41%) 
in the CY-002 group compared to 13 treated warts (25%) following placebo 
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(p=0.0962) at end of treatment (EOT, week 4). At the end of study (week 16), 
the partial clearance was 43% (22 warts) in CY-002 group versus 29% (15 warts) 
in placebo (p=0.0940). There were no statistically significant differences in 
the clearance rates between groups. Diameter, height and volume of the 
treated lesions were determined at each visit (Figure 2). There were no sta-
tistically significant differences in wart dimensions comparing CY-002 and 
placebo over time. Both the lesions treated with CY-002 and placebo showed 
reduction in lesion volume within the first week of treatment persisting until 
the end of study, although the difference between treatment groups was not 
statistically significant (p=0.0896).

HPV type and load
The predominant HPV types found >50% of patients were HPV type 27 and 57 
(Table 1). HPV viral load decreased within the first week after treatment ini-
tiation in both the CY-002 and placebo group (Figure 3), with high variability 
found between samples (range 41477–3·109 copies/mL). For CY-002, the HPV 
viral load remained reduced at the end of treatment (-73.4%,) and up until the 
end of study (-80.2%). After placebo, a decrease in HPV viral load was observed 
in the first week, but the results varied during the remainder of the study 
period (+6.2 at end of treatment, -78.4% at end of study). There were no sig-
nificant differences between the groups or over time, probably due to high 
variability observed between samples.

Multi-modal responder/non-responder evaluation
Conventional 2D photography, 3D reconstructions and cross-sectional OCT 
images showed changes in wart characteristics and morphology over time 
for the CY-002 partial responder (Figure 4A), but not for the placebo non-
responder (Figure 4B). HPV load reduced considerably following the first week 
of CY-002 treatment (Figure 4C), although a spike occurred at follow-up. Mor-
phologically, the responding wart showed extensive roughness and epithelial 
hyperintensity at baseline in the OCT cross-sectional slides. This signifies a 
thick epithelium with considerable callous, which can also be seen in the 2D 
images. The level of roughness and hyperintensity were not present at end 
of treatment and end of study, although it was observed at follow-up, con-
curring with HPV-load finding and the 2D images. No distinct morphological 
changes over time were observed in the placebo subject. HPV load changes in 
the placebo subject were also less pronounced with no clear pattern.

Discussion
This first-in-human study shows for the first time that topical CY-002 is safe 
and well tolerated after 4-week treatment. In this study, no statistically sig-
nificant effect on reduction of wart number, size or HPV load was discerned 
between treatment and placebo. This poses considerations on mode of action, 
placebo formulation, drug delivery, and adequate dosing regimen as well as 
statistical power of the study. Yet, as shown in Figure 2 and Figure 3, the lesions 
treated with CY-002 showed a potential trend in volume and HPV-load reduc-
tion at end of treatment, during follow-up and at end of study. To further 
substantiate these results, increasing and aligning patient groups with differ-
ent drug delivery strategies should be considered. Of note, the clearance of 
≥1 warts in the placebo group was pronounced (11.5%). Other recent cutane-
ous warts trial investigating topicals presented 0–11.6% clearance in placebo 
groups.25,29 In addition, one recent study with occlusion of a topical report-
ed complete clearance in 1 subject (3.4%) and partial clearance in 1 subject 
(3.4%) within the placebo group.30 In this study, the placebo group includ-
ed more treatment-naïve patients compared to the CY-002 group (imbalance 
of 67.9% versus 33.3%). It should be emphasized that warts exposed to prior, 
unsuccessful therapy may be more resistant to other treatments.31 All place-
bo patients showing response in this trial were treatment-naïve. In contrast, 
75% of responders receiving CY-002 had a previous history of salicylic acid 
use. Although this small group size does not allow formal comparisons, this 
observation could partially explain the relatively high placebo response in 
this study compared to CY-002. This first-in-human study was primarily 
aimed at assessing the safety and tolerability of CY-002 and was not pow-
ered for efficacy.

Early-phase dermatology trials are increasingly introduced to novel 
techniques for effect exploration guiding drug development.32 This study 
presents a combined phenotypical lesion follow-up of a responder and non-
responder (Figure 4). The addition of 3D photography, HPV load and OCT im-
aging to conventional wart count allows for detailed observation, suggesting 
minor changes in HPV load and wart morphology although no effect was ob-
served at group level. Additionally, a trend in partial response was discernible 
after 16 weeks at the end of study (CY-002 43%, placebo 29%, p=0.0940). Al-
though full lesion clearance is the clinically relevant outcome for wart trials,19 
these positive exploratory observations may substantiate further develop-
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ment of CY-002 for the indication of cutaneous warts at different dose levels.  
The rationale for investigating CY-002 as possible treatment for cutaneous 
warts comes from its cytolytic activity in malignant neoplasia and its intend-
ed mechanism of action directly targeting the HPV-infected cell and subse-
quently mounting an immune response against HPV.20 Several potential 
topical and intralesional compounds targeting immune activation are under 
investigation, especially for recalcitrant warts and immunocompromised pa-
tients.33,34 Topically, the TLR-7 agonist imiquimod has shown complete wart 
clearance of 27–89% in immunocompetent and 33–50% in immunocompro-
mised patients in a recent literature review.35 Intralesional injections of bleo-
mycin have shown 70–95% response rates of treated warts.36 Administration 
pain and local blistering limits intralesional application as first-line treat-
ment, prompting development of topical bleomycin spray following several 
wart abrasion strategies to optimize drug delivery.37,38 Intralesional C. albi-
cans antigen therapy has shown additional efficacy against distant, untreated 
lesions39, as have intralesional Bacillus Calmette-Guérin (BCG) vaccine deriv-
atives.40 Recent trials including an intralesional saline control report wart 
clearance of 0–40%, showing the marked effect of vehicle or manipulation 
potentially confounding therapeutic observations.40⁻46

The main strength of this study is its two-tiered design of a first-in-human 
trial to a novel topical compound in which safety was investigated without 
compromising on exploring efficacy parameters. Most first-in-human, Phase 
I trials are carried out clinically for safety surveillance. Here, safety and tol-
erability could be closely monitored by starting with a run-in population of 8 
patients during the in-clinic part with focusing on potential systemic expo-
sure.47 The subsequent ambulatory phase with weekly follow-up allowed for 
evaluation of safety with exploration of efficacy. Wart treatment trials have 
essential challenges and limitations, which add to the low level of evidence 
for most wart therapy modalities.19,48 Therefore, this study focused on recog-
nizing and removing potential confounders from its design. Within-subject 
placebo-control studies (‘left-right studies’) are flawed as a response of dis-
tant warts may occur.19,49,50 Indeed, recent topical wart trials have reported 
treatment effects on distant, untreated warts, citing immune activation as 
a possible explanation.25,51 A biopsy was only obtained after 16 weeks at the 
end of this study, as potential effects may also apply to concomitant therapy 
or interventions on distant lesions.23,52

The putative limitation of this study is the lack of confirmation that CY-002 
reaches HPV-infected keratinocytes and induces cell death in vivo. There was 
no systemic exposure of CY-002, which is beneficial considering potential 
systemic effects. However, this may imply lack of dermal penetration. Any 
interventions to enhance drug delivery may act as a confounder on treat-
ment efficacy, illustrated by the marked placebo effect of intralesional saline 
injections. Overnight occlusion was included in this study to increase the 
likelihood of transdermal penetration despite potential confounding. Trans-
dermal drug delivery always poses a key question in dermatology trials.53,54 
This is even more challenging with calloused cutaneous warts. Even salicylic 
acid, the golden standard in topical treatment, requires erosive interven-
tion.19 Other experimental wart treatment modalities are often accompanied 
by drug-delivery enhancing, abrasive methods such as microneedling, tape 
stripping or lesion shaving, especially in plantar warts.55⁻57 

In conclusion, topical CY-002 is considered safe and tolerable when used 
daily up to 28 consecutive days with no systemic exposure. There was no 
significant reduction of wart size, number or HPV load comparing active 
treatment to placebo, although a higher partial response was observed in 
the warts treated with CY-002. A noteworthy observation in this study is 
an unprecedented placebo response, which may be the result of overnight 
occlusion. The design of this data-rich trial with a first-in-its-class topical 
treatment with a clinical safety run-in followed by ambulatory application 
allows for in-depth exploration of efficacy parameters without compromis-
ing on primary assessment of novel topical compound safety and tolerability.
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Table 1  Baseline characteristics.

Safety run-in Ambulatory trial

Characteristic CY-002
(n=4)

Placebo (n=4) CY-002
(n=27)

Placebo (n=28) 

Age (years),  mean (SD) 31.0 (9.4)  23.0 (4.7) 28.1 (11.4) 25.1 (9.9)

Sex, n (%)

Male 3 (75.0) 2 (50.0) 14 (51.9) 12 (42.9)

Female 1 (25.0) 2 (50.0) 13 (48.1)  16 (57.1)

Fitzpatrick skin type, n (%)

I 1 (25.0) 1 (25.0) 2 (7.4) 3 (10.7)

II 3 (75.0) 2 (50.0) 13 (48.1) 12 (42.9)

III 0 (0) 1 (25.0) 7 (25.9) 8 (28.6)

IV 0 (0) 0 (0) 4 (14.8) 3 (10.7)

V 0 (0) 0 (0) 0 (0) 2 (7.1)

VI 0 (0) 0 (0) 1 (3.7) 0 (0)

Height (cm), mean (SD) 174.0 (10.0) 177.9 (16.9) 177.6 (9.5) 174.1 (8.0)

Weight (kg), mean (SD) 69.9 (7.2) 71.5 (11.0) 72.8 (10.0) 72.0 (10.6)

BMI (kg/m2), mean (SD) 23.2 (1.5) 22.8 (4.4) 23.1 (3.0) 23.8 (3.3) 

Wart characteristics

Wart age (years),  
mean (SD)

1.88 (2.77) 5 (4.69) 2.32 (1.54) 1.92 (1.26)

Total warts per  
patient (n), mean (SD)

2 (2) 1 (0) 3.56 (3.26) 3.04 (2.3)

Treated warts per 
patient (n), mean (SD)

1.5 (1) 1 (0) 1.93 (0.96) 2 (0.9)

Long diameter of  
treated warts (mm), 
mean (SD)

6.12 (2.5) 4.95 (1.5) 4.61 (1.83) 4.31 (1.7)

Short diameter of  
treated warts (mm), 
mean (SD)

4.45 (1.38) 3.95 (1.48) 3.73 (1.36) 3.49 (1.25)

Height of treated warts 
(mm), mean (SD)

1.32 (0.59) 1.28 (0.34) 0.84 (0.53) 0.83 (0.6)

HPV type of target wart, n (%)

HPV2/2var 0 (0) 2 (50) 3 (11.1) 5 (17.8)

HPV4 0 (0) 0 (0) 2 (7.4) 4 (14.3)

HPV27 1 (25.0) 0 (0) 8 (29.6) 8 (28.6)

HPV57 3 (75.0) 1 (25.0) 8 (29.6) 6 (21.4)

HPV65* 0 (0) 0 (0) 1 (3.7) 1 (3.6)

Other** 0 (0) 0 (0) 2 (7.4) 2 (7.1)

Missing 0 (0) 1 (25.0) 2 (7.4) 2 (7.1)

Previous wart treatment, n (%)

Cryotherapy, n (%) 1 (25.0) 2 (50.0) 11 (40.7) 7 (25.0)

Salicylic acid 2 (50.0) 2 (50.0) 10 (37.0) 4 (14.3)

Mono/bi/trichloracetic 
acid

1 (25.0) 0 (0) 0 (0) 0 (0)

Surgical excision 1 (25.0) 0 (0) 0 (0) 1 (3.6)

Other *** 0 (0) 1 (25.0) 0 (0) 0 (0)

No previous wart treat-
ment

2 (50.0) 1 (25.0) 9 (33.3) 19 (67.9)

HPV = Human papillomavirus. * HPV65 was found as a co-infection with HPV4 in 2 patients from the 
placebo group. ** Other HPV types which were reported once included HPV3, HPV10, HPV88 and HPV95. 
*** Homeopathic topical formulation. Display of the intention to treat (ITT) population. 

Table 2  Cutaneous wart clearance. 

CY-002 
N=26

Treated warts = 51

Placebo
N=26

Treated warts = 51

p-value

Subjects with clearance of all 
treated warts at EOS, N (%)

2 (7.7) 1 (3.8) 0.6092

Subjects with clearance of at 
least 1 wart at EOS, N (%)

4 (15.4) 3 (11.5) 0.7019

Treated warts completely 
cleared at EOT (Day 28), N (%)

0 (0) 1 (2) 1.0000

Treated warts completely 
cleared at EOS (Day 112), N (%)

6 (12) 4 (8) 0.5162

Treated warts with partial  
clearance at EOT (Day 28), N (%)

21 (41) 13 (25) 0.0962

Treated warts with partial  
clearance at EOS (Day 112), N (%)

22 (43) 15 (29) 0.0940

*Partial clearance was defined as >50% reduction in wart volume. Analysis performed on the per protocol 
(PP) population. EOT = End of Treatment, EOS = End of Study.

(continuation Table 1)
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Figure 1  Study flow chart.  

ITT = intention-to-treat population. PP = per-protocol population. FU = follow-up. 

Figure 2  Volume change of cutaneous warts over time. In blue, active treatment with 
CY-002 is shown. In pink, placebo is shown. 

CFB = change from baseline. EOT = end-of-treatment. FU-1 = follow-up visit 1. EOS = end-of-study.

Figure 3  HPV load of target wart, percentage change over time. In blue, active 
treatment with CY-002 is shown. In pink, placebo is shown. 

HPV = human papillomavirus. EOT = end-of-treatment. FU-1 = follow-up visit 1. EOS = end-of-study,  
qPCR: quantitative polymerase chain reaction
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Figure 4  Multimodal analysis of responders and non-responders using imaging and 
sequencing techniques. Imaging techniques shown include conventional photography, 
stereophotogrammetric three-dimensional photography and optical coherence 
tomography analysis. A) Individual randomised to active treatment with CY-002.  
B) Individual randomised to Placebo. C) HPV load as determined by qPCR. 

a

b

c

OCT = optical coherence tomography 
EOT = end of treatment
EOS = end of study,
qPCR =quantitative polymerase 
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Supplementary Table 1  Wart morphology of target wart at baseline according to 
CWARTS during the ambulatory trial.

CWARTS characteristic of TW CY-002 (n=27) Placebo (n=28)

Arrangement Confluent 2 (7.4%) 1 (3.6%)

Solitary 25 (92.6%) 27 (96.4%)

Level Elevated 22 (81.4%) 23 (85.2%)

Skin level 5 (18.5%) 5 (17.9%)

Aspect Rough/lobed 19 (70.3%) 19 (67.9%)

Smooth/not lobed 8 (29.6%) 9 (32.1%)

Border Sharp 23 (85.2%) 23 (82.1%) 

Unsharp 4 (14.8%) 5 (17.9%)

Colour Skin colour 8 (29.6%) 8 (28.6%)

Lighter than skin 5 (18.5%) 4 (14.3%)

White 8 (29.6%) 11 (39.3%)

Red 5 (18.5%) 3 (10.7%)

Dark 1 (3.7%) 2 (7.1%)

White skin flakes Present 16 (59.3%) 21 (75.0%)

Absent 11 (40.7%) 7 (25.0%)

Capillary thrombosis Present 13 (48.1%) 13 (46.4%)

Absent 14 (51.9%) 15 (53.6%)

Border erythema Present 10 (37.0%) 8 (28.6%)

Absent 17 (63.0%) 20 (71.4%)

Callus Present 12 (44.4%) 13 (46.4%)

Absent 15 (55.6%) 15 (53.6%)

CWARTS = cutaneous WARTS, TW = target wart

Supplementary Table 2  Treatment Emergent Adverse Events – Analysis of the 
Intention to Treat (ITT) population.

  Safety run-in At-home trial

CY-002 (N=4) Placebo (n=4) CY-002 (N=27) Placebo (n=28)

Total reported adverse 
events (% subjects)

12 (100%) 8 (75%) 11 (33.3%) 12 (39.3)

Gastrointestinal  
symptoms

3 (50%) 1 (25%) 1 (3.7%) 0

Application site pain 0 0 1 (3.7%) 0

Skin abrasion* 1 (25%) 1 (25%) 1 (3.7%) 0

Dermatitis** 1 (25%) 0 0 0

Pruritus*** 2 (50%) 1 (25%) 0 0

Cystitis 0 0 0 1 (3.6%)

Skin infection**** 0 0 0 2 (7.1%)

Upper respiratory  
tract infection

1 (25%) 1 (25%) 4 (14.8%) 5 (17.8%)

Respiratory tract  
infection

0 0 0 1 (3.6%)

Influenza like illness 0 0 1 (3.7%) 2 (7.1%)

Headache 3 (75%) 3 (75%) 1 (3.7%) 0

Increased  
transaminases

1 (25%) 0 0 0

Musculoskeletal pain 0 1 (25%) 1 (3.7%) 1 (3.6%)

Wrist fracture 0 0 1 (3.7%) 0

* Caused by occlusive tape. One patient in Part 2 discontinued treatment on wart #3 / ** Caused by ECG 
lead adhesive / *** Reported on target area on the back where study drug was applied / **** One subject 
reported an infection on his foot, 1 patient reported impetigo on the axilla.
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Supplementary Figure 1  Study design of run-in trial.

EOT = end of treatment, EOS = end of study

Supplementary Figure 2  Study design of ambulatory trial. 

 

 

 

 

 

 

 

EOT = end of treatment, EOS = end of study

Supplementary Figure 3  Flow-Chart of the run-in trial. 
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