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Abstract: Infection is common in many chronic, inflammatory skin conditions but is often
difficult to treat, in part due to growing bacterial resistance to antibiotics. Liposomal polyvinyl-
pyrrolidone (PVP)-iodine hydrogel has a unique mode of action, combining the antiseptic and
anti-inflammatory actions of PVP-iodine with the drug delivery and moisturizing properties of
liposomes. We investigated the utility of liposomal PVP-iodine to treat infective dermatoses. In
this prospective, single-arm (uncontrolled), open-label Phase II pilot study, patients with acne
vulgaris (n=30), atopic dermatitis (n=20), impetigo contagiosa (n=10), and rosacea (n=10)
received PVP-iodine (3%) hydrogel for <4 weeks. Global Clinical Severity score improved for
all dermatoses (range: 0.5 for acne vulgaris [p<0.001] to 1.0 for impetigo contagiosa [p=0.011]).
Improvements in pain, quality of life, (Freiburg Life Quality Assessment), and Eczema Area
and Severity Index scores were also seen. Treatment was well tolerated; most frequent adverse
events were burning (14%) or itching (9%) sensations. Thus, liposomal PVP-iodine hydrogel
has potential utility as an effective treatment for inflammatory skin conditions associated with
bacterial colonization.

Keywords: acne vulgaris, atopic dermatitis, impetigo contagiosa, liposomal PVP-iodine
hydrogel, polyvinylpyrrolidone, rosacea

Introduction
Chronic skin conditions are among the leading causes of nonfatal disease burden
worldwide.! Diseases such as acne vulgaris, atopic dermatitis, impetigo contagiosa,
and rosacea negatively impact numerous aspects of patients’ quality of life, increasing
their risk of depression and anxiety, as well as feelings of social inhibition and low
self-esteem.>

Many chronic skin diseases involve a complex interplay between skin barrier
abnormalities, immune dysregulation, and an infectious component. For example, in
acne vulgaris, seborrhea and altered keratinocyte differentiation at the hair follicle leads
to blockage of sebum secretion and comedones, promoting follicular colonization by
Propionibacterium acnes which induces the release of inflammatory mediators.>” Colo-
nization by Staphylococcus aureus is very common in patients with atopic dermatitis
and impetigo contagiosa, with bacterial alpha toxins aggravating these conditions.®!?
While the underlying causes of rosacea are less clearly defined, evidence also points
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toward a role of colonization by Staphylococcus epidermis
and Bacillus oleronius.'*'

The management of infective dermatoses presents
numerous challenges which include the sensitive skin of
affected individuals and difficulties accessing the site of the
underlying infection. Due to their multifactorial etiology, a
variety of treatments are used to manage infective derma-
toses, including pharmacological and nonpharmacological
approaches.!¢2!

Topical antibiotics and antiseptics are commonly used
in combination to control mild-to-moderate acne, with oral
antibiotics being reserved for patients with more severe
symptoms.>'*?? There is a lack of agreement regarding stan-
dard therapy to manage the infective component of impetigo
contagiosa. '%2?* Despite an infective component in the
etiology of atopic dermatitis or rosacea, topical antibiotics
are not generally recommended.!®!® Patients with infective
dermatoses who are treated with antibiotics quickly become
recolonized, and the bacteria associated with impetigo, atopic
dermatitis, and acne vulgaris are demonstrating growing
resistance to commonly used antibiotics.*!%?>?” Further-
more, formation of biofilms can exacerbate symptoms of
infective dermatoses and increase bacterial resistance to
antibiotics.?®**° Consequently, there is a substantial need for
efficacious and well-tolerated alternate agents to target bacte-
rial colonization in order to manage infective, inflammatory
skin conditions.

Liposomal drug products provide topical activity and are
generally considered less toxic than conventional drug for-
mulations.?! A wide variety of liposomal drugs are currently
marketed.?? Liposomes are composed of concentric phospho-
lipid bilayers and can enhance the penetration of drugs into
skin and mucus membranes. These multilamellar vesicles
also act as microreservoirs to prolong the release of active
ingredient.’! Liposomal polyvinylpyrrolidone (PVP)-iodine
(3%) hydrogel (Repithel®/Repigel®, [Mundipharma GmbH,
Limburg, Germany] marketed in Germany, Switzerland, and
South Korea) combines the antiseptic activity of PVP-iodine
with the drug delivery properties and moisturizing effects of
liposomes.>! PVP-iodine is an established antiseptic and has
been used as a skin cleanser in atopic dermatitis and acne vul-
garis.**3* PVP-iodine ointment has also been shown to reduce
inflammation (oxidative stress) and wound healing times in
patients with burns,* and to have an anti-inflammatory effect
when used in periapical surgery which was attributed to an
inhibitory effect on leukocyte chemotaxis and extravasation.*
The antimicrobial activity of PVP-iodine arises from its strong
oxidizing effects which cause coagulation of nuclear material

and pore formation in cells walls of bacteria and fungi.*’ This
mechanism of action explains why PVP-iodine is not associ-
ated with development of bacterial resistance.’® In contrast,
resistance is commonly observed with antibiotics which act
via specific biochemical pathways due to de novo mutations
or acquisition of resistance genes from other organisms which
overcome the antibiotic mechanism of action.* PVP-iodine
has clinical activity against a range of antibiotic-resistant
bacteria and at therapeutic concentrations is superior to sev-
eral other antiseptic agents.* Liposomal PVP-iodine (3%)
hydrogel has been shown to be well tolerated, effective against
biofilm formation, and have wound healing properties.*

The aim of this preliminary pilot study was to examine the
potential utility of liposomal PVP-iodine (3%) hydrogel as a
novel treatment for common inflammatory skin conditions
associated with bacterial colonization: acne vulgaris, atopic
dermatitis, impetigo contagiosa, and rosacea.

Methods
Patients and study design

This prospective, single-arm (uncontrolled), open-label Phase
II pilot study was performed at the Department of Dermatol-
ogy, Clinic St. Urban, Freiburg, Germany (in conjunction
with the University Clinics of Freiburg, Germany). Patients
218 years with the following diseases were recruited from
inpatient and outpatient clinics: acne vulgaris (comedonic
and/or papular and pustular types), atopic dermatitis, impe-
tigo contagiosa, and rosacea papulo-pustulosa. Exclusion
criteria included diagnoses of dermatitis herpetiformis,
hyperthyroidism, or other thyroid diseases; allergies to
iodine, PVP-iodine, or excipients of the study medication;
radioiodine treatment or diagnostic use of radioiodine <4
weeks prior to study entry or <4 weeks after study end,
lithium therapy; and use of topical antibiotics, corticosteroids,
or antiseptics <1 day prior to receiving study medication.
Concomitant medications were permitted during the study
with the exception of the following: acne vulgaris (topical
benzoyl peroxide gels, topical retinoids, topical acelaine acid,
and systemic retinoids); atopic dermatitis (topical immuno-
suppressive agents); and rosacea (topical metronidazole and
systemic retinoids). Pregnant or breastfeeding women were
also excluded.

Following a baseline screening visit (conducted prior to
study treatment to assess eligibility and to document medical
history, demographic and disease characteristics), patients
attended weekly study visits for 4 weeks (acne vulgaris
and rosacea) or 2 weeks (atopic dermatitis and impetigo
contagiosa). Patients were advised to apply a thin smear of
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liposomal PVP-iodine (3%) hydrogel to the skin area under
assessment using a single-use wooden spatula. Patients
with acne vulgaris applied study medication once daily for
4 weeks, after washing their face with mild soap and water.
Following a 15-minute application, the study medication was
removed from the skin with water. Other patients applied
the study medication several times a day for 2 weeks (atopic
dermatitis and impetigo contagiosa) or 4 weeks (rosacea),
according to each individual’s skin condition. Treatment with
study medication began on the same day as the screening
visit, or 1 day later if a washout period was required due to
nonpermitted concomitant medications. The treatment regi-
men in this pilot study was based on the anticipated duration
of skin penetration,* length of time for which an effect may
be observed, and practical aspects including anticipated
compliance.

This study was performed in accordance with the Dec-
laration of Helsinki (version October 2000), good clinical
practice recommendations, and the German Arzneimittelge-
setz (Medicinal Products Act). The study protocol was also
approved by the local ethics committee (Ethik-Kommission
Universitdtsklinikum Freiburg), and all patients provided
informed, written consent.

Outcomes and assessments

Baseline disease characteristics and medical history were
assessed at screening. Vital signs, pain score, plasma
thyroid-stimulating hormone levels, and bacterial swabs of
the treatment site (except for patients with acne vulgaris)
were assessed at screening and at study end (data not shown),
while the use of concomitant medications was documented
at each study visit.

No primary end point was planned. The efficacy of lipo-
somal PVP-iodine hydrogel was of particular interest, which
was assessed using the Global Clinical Severity score. This
was calculated at each study visit as the mean of disease-
specific scores for individual symptoms. Affected skin areas
and clinical symptom severity were each rated on a numeric
analog scale (1=not at all, 2= a little, 3= fairly, 4= strongly,
5= very strongly). The following symptoms were assessed:
acne (erythema, papules, comedones, pustules, teleangiec-
tasia, and seborrhea, based on Modified Nottingham Acne
Score); atopic dermatitis (erythema, induration, excoriation,
lichenification, exudation, and itching); impetigo contagiosa
(erythema, postulation, erosion, crusts, and exudation), and
rosacea (erythema, papules, pustules, teleangiectasia, and
seborrhea).

Other outcomes included Eczema Area and Severity
Index (EASI) score (0—72), obtained at each study visit for
patients with atopic dermatitis.* Four body regions (head and
neck, trunk, upper limbs, lower limbs) were assigned an area
score based on the percentage of skin affected (0= none to
6=90%-100%) and severity (sum of erythema, induration,
excoriation, and lichenification, each assessed on a four-point
scale: 0= none to 3= severe). Pain and quality of life were
documented in all patients at each study visit using a visual
analog scale (O=no pain to 100=worst pain) and the validated
Freiburg Life Quality Assessment (FLQA) core question-
naire, respectively.*® Patient and physician clinical global
assessment of study treatment was performed at each study
visit using a seven-point numeric analog scale (1=very good
to 7=very poor). Safety was assessed throughout the study via
documentation of adverse events and serious adverse events,
in accordance with the World Health Organization’s Adverse
Reaction Terminology List. Patient compliance with study
treatment was also assessed at each study visit.

Statistical methods

Baseline demographic and disease characteristics as well
as safety outcomes were analyzed in the safety population.
Efficacy variables were analyzed in the intent-to-treat popula-
tion (all patients who received =1 dose of study medication
and with =1 post-screening study visit).

Statistical analyses were performed for Global Clinical
Severity score only. Change from baseline to end of treatment
was assessed using Wilcoxon signed rank test for ordinal
pairwise differences (0:=5.0%). Descriptive analyses of other
outcomes were performed.

As this pilot study aimed to provide the first assessment
of liposomal PVP-iodine hydrogel treatment for chronic
infective, inflammatory dermatoses, the study design did
not include a formal calculation of sample size. A cohort of
70 patients (acne vulgaris [n=30], atopic dermatitis [n=20],
rosacea [n=10], and impetigo contagiosa [n=10]) remain-
ing in the study for at least 2—4 weeks was estimated to
provide sufficient preliminary evidence for the efficacy and
tolerability of liposomal PVP-iodine hydrogel across the
dermatoses under investigation and help to guide the design
of future studies.

Results

Patient characteristics
Seventy patients received liposomal PVP-iodine hydrogel
between May 2002 and December 2002, and 62 patients
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completed the planned durations of study treatment. Four
patients (acne vulgaris [n=1], atopic dermatitis [n=2],
impetigo contagiosa [n=1]) discontinued the study treat-
ment prematurely, and final study visit data were missing for
four patients (acne vulgaris [n=1], atopic dermatitis [n=2],
impetigo contagiosa [n=1]; Figure 1).

Demographic and disease characteristics are summa-
rized in Table 1. Individuals with acne vulgaris tended to
be younger (median age 23.0 years) compared to those with
atopic dermatitis, impetigo contagiosa, and rosacea (median
age 41.5-60.0 years). There was a trend for patients with
atopic dermatitis and impetigo contagiosa to have more
concomitant illnesses and to be taking more medications
compared with the acne vulgaris and rosacea groups. Most
patients had a body mass index within the normal range,
and all were Caucasian, with the exception of one patient
with impetigo contagiosa who was Asian. No patients had
a history of alcohol abuse and 37% were current smokers.

Systemic prednisolone was the most common concomitant
medication (n=10). Other common concomitant systemic
medications included antihistamines (clemastine hydrogen
fumarate [n=3], fexofenadine [n=2]), antibiotics (cefotiam,
ciprofloxacin, doxycycline, each n=1), and cyclosporine (n=3).

Enrolled (N=70)

Allocated to liposomal PVP-iodine hydrogel (N=70)
Acne vulgaris (n=30)
Atopic dermatitis (n=20)
Impetigo contagiosa (n=10)
Rosacea (n=10)
Received allocated intervention (N=70)

Discontinued liposomal PVP-iodine hydrogel (N=4)
Acne vulgaris: withdrew consent (n=1)
Atopic dermatitis: withdrew consent (n=1)
Atopic dermatitis: adverse event (n=1)
Impetigo contagiosa: lack of compliance (n=1)

Lost to follow-up: final study visit data missing (N=4)
Acne vulgaris (n=1)
Atopic dermatitis (n=2)
Impetigo contagiosa (n=1)

Analyzed (N=70)

Figure | Disposition of enrolled patients.
Notes: Outcomes were analyzed in the intent-to-treat population (N=70)
Abbreviation: PVP, polyvinylpyrrolidone.

Commonly used topical concomitant medications included
tacrolimus (n=3), antifungal agents (clioquinol and selenium
disulphide, both n=1), and antibacterial agents/antibiotics
(benzoyl peroxide and isotretinoin erythromycin, both n=1).

Baseline mean (SD) Global Clinical Severity scores
ranged from 2.3 (0.3) for patients with acne vulgaris to 3.0
(0.5) for patients with impetigo contagiosa. The following
skin areas were treated with study medication and assessed:
acne vulgaris (cheeks [n=18, 60%], forehead [n=6, 20%],
perioral area and chin [n=2, 7%], back [n=3, 10%], and
breast [n=1, 3%]); atopic dermatitis (arms [n=9, 45%], legs
[n=3, 15%], foot [n=2, 10%], back [n=2, 10%], elbow, breast,
shoulder, and neck [each, n=1, 5%]); impetigo contagiosa
(nose, chin, leg, arm, elbow, finger, shoulder, breast, abdo-
men, and axilla [each n=1, 10%]); and rosacea (nose [n=4,
40%], cheeks [n=4, 40%], and forehead [n=2, 20%]). Swabs
collected at baseline and end of study treatment indicated no
unanticipated bacteria were present on the skin sites treated
with the study medication.

Efficacy and quality of life outcomes
Compared with baseline scores, Clinical Severity Scores of
the individual symptoms for the four infective dermatoses
investigated were lower following treatment with study
medication (Table 2). Statistically significant improvements
in Global Clinical Severity score were observed from baseline
to end of study treatment for all dermatologic conditions
(Figure 2). The median change in Global Clinical Severity
score from baseline ranged from 0.5 for patients with acne
vulgaris (p<0.001) to 1.0 for patients with impetigo conta-
giosa (p=0.011). These changes in Global Clinical Severity
score are supported by clinically relevant improvements in
inflammation, wound healing, and infection from baseline
to Week 2 of treatment, evident from patient photographs
(Figure 3).

Improvements in all individual EASI scores, assessed
for patients with atopic dermatitis only, were observed
(Table 3). EASI global score decreased from a mean (SD)
of 5.8 (2.6) at baseline to 4.8 (2.4) at final visit. For patients
with rosacea, the total mean (SD) number of papules counted
on the face was lower at the end of study treatment (17.8
[16.4]) compared with baseline (43.0 [26.6]). Also, with the
exception of rosacea (for which patients reported no pain
at baseline), pain intensity diminished during the course of
study treatment (Table 4). Highest baseline mean (SD) pain
scores were observed in patients with impetigo contagiosa
(17.0 [25.4]) and were reduced by ~60% by the end of study
treatment (6.7 [13.2]).
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Table | Patient demographic and disease characteristics at baseline

Parameter Infective dermatoses
Acne vulgaris  Atopic dermatitis Impetigo Rosacea All patients
(n=30) (n=20) contagiosa (n=10)  (n=10) (N=70)
Median age, years (range) 23.0 (18.047.0) 45.0 (18.0-72.0) 41.5 (28.0-79.0) 60.0 (32.0-82.0) 34.0 (18.0-82.0)
Female, n (%) 24 (80) 10 (50) 4 (40) 6 (60) 44 (63)
Median BMI, kg/m? (range) 20.2 (17.3-28.3) 23.6 (20.1-31.9) 25.8 (17.8-54.5) 24.7 (21.0-27.9) 22.5(17.3-54.5)
Smoking habits, n (%)
Never smoker 18 (60) 8 (40) 3(30) 8 (80) 37 (53)
Exsmoker 1 (3) 2 (10) 2 (20) 2 (20) 7 (10)
Current smoker 11 (37) 10 (50) 5 (50) 0 26 (37)
Presence of 2| concomitant disease, n (%) 22 (73) 20 (100) 9 (90) 7 (30) 58 (83)
Number of concomitant illnesses, 1 (0-5) 3(1-9) 3 (0-10) I (0-5) 2 (0-10)
median (range)
Concomitant medications for the infective
dermatosis under investigation, n (%)
Adapalene 1 (3) 0 0 0 (1)
Benzoyl peroxide 1 (3) 0 0 0 ()
Betamethasone 0 1 (5) 0 0 ()
Calcium dobesilate 0 0 0 I (10) ()
Cefotiam 0 0 1 (10) 0 I ()
Cyclosporine 0 3 (15) 0 0 3(4)
Ciprofloxacin® 0 1 (5) 0 0 (1)
Clemastine hydrogen fumarate® 0 3 (15) 0 0 3(4)
Clioquinol 0 0 1 (10) 0 ()
Doxycycline 0 0 0 1 (10) (1)
Fexofenadine 0 2 (10) 0 0 2(3)
Isotretinoin erythromycin 1(3) 0 0 0 (1)
Linolic acid 0 1 (5) 0 0 ()
Prednisolone (systemic) 0 4 (20)¢ 5 (50) 1 (10) 10 (14)
Selenium disulphide 0 1 (5) 0 0 ()
Soya bean oil 0 1 (5) 0 0 ()
Tacrolimus® 0 3(15) 0 0 34
Unlisted 0 1 (5) 0 I (10) 2(3)
Baseline Clinical Global Severity score, 2.3 (0.3) 2.8 (0.5) 3.0 (0.5) 2.9 (0.4) NR
mean (SD)¢

Notes: *Ciprofloxacin was given to a patient with superinfected atopic dermatitis. ®Atopic dermatitis and allergic rhinitis (n=1). ‘For one of the three patients receiving
concomitant tacrolimus, this treatment was not applied to the area of skin under investigation in the present study. “One additional patient with atopic dermatitis was using
topical prednisolone cream at screening, but due to missing data it is unclear if this medication was continued during the study. ‘Mean baseline Global Clinical Severity score
represents different clinical symptoms for the skin area treated with study medication, rated on a five-point numerical analog scale (1= not at all to 5= very strongly).

Abbreviations: NR, not reported; BMI, body mass index.

FLQA domain scores were slightly lower at Week 2 of
study treatment compared with baseline (end of treatment for
patients with atopic dermatitis and impetigo contagiosa). Fur-
ther reductions were observed in all domains except “mental
health” at Week 4 of the study treatment (end of treatment for
patients with acne vulgaris and rosacea; Figure S1).

Data indicated that all patients were compliant with study
medication throughout the study. Overall, patients’ mean
(SD) global assessment of study medication at final visit
was 2.8 (0.9). Highest values were reported by patients with
atopic dermatitis (3.3 [1.0]) and lowest values were reported
by patients with impetigo (2.1 [0.9]). Similar global assess-
ments of efficacy were reported by physicians: overall (2.9

[0.9]), highest for atopic dermatitis (3.3 [0.9]) and lowest for
impetigo (2.3 [1.0]).

Safety outcomes

In total, 26 patients (37%) reported 34 adverse events dur-
ing the course of the study. The most frequent all-causality
adverse events were burning sensation or itching at the skin
area following application of study medication (n=10 [14%]
and n=6 [9%], respectively; Table 5). Two patients, both with
impetigo contagiosa, discontinued study medication due to
local skin reactions following application of study medica-
tion: one patient experienced moderate itching, dry skin,
and mild burning, while the second patient experienced dry
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Table 2 Clinical severity of individual symptoms assessed in the
skin areas treated with study medication (patients with available
data)

Disease symptoms Clinical Severity score

Baseline Final visit

Median (range) Median (range)

Acne vulgaris

Erythema 3.0 (24) 2.0 (1-3)
Papules 3.0 (2-5) 2.0 (1-4)
Comedones 2.0 (14) 2.0 (1-3)
Pustules 2.0 (1-4) 1.0 (1-3)
Telangiectasia 1.0 (1-2) 1.0 (1-2)
Seborrhoea 2.0 (1-4) 2.0 (1-3)
Atopic dermatitis
Erythema 3.0 (24) 2.0 2-4)
Induration 3.0 (24) 3.0 (1-4)
Excoriation 3.0 (24) 2.0 (14)
Lichenification 3.0 (24) 3.0 (24)
Exudation 2.0 (1-3) 1.0 (1-2)
Itching 3.0 (24) 2.0 (1-5)
Impetigo contagiosa
Erythema 34 (14) 2.0 (1-3)
Pustulation 2.5 (1-5) 1.0 (1-3)
Erosion 3.5 (2-5) 2.0 (1-4)
Crusts 4.0 (1-5) 2.0 (1-4)
Exudation 2.0 (24) 2.0 (1-3)
Rosacea
Erythema 4.0 (1-4) 3.0 (1-3)
Papules 3.5 (24) 3.0 (14)
Pustules 3.0 (24) 1.5 (1-3)
Telangiectasia 2.0 (1-3) 2.0 (1-2)
Seborrhea 2.0 (2-3) 2.0 (2-2)

Notes: Clinical Severity scores were rated on a five-point numerical analog scale
(I=not at all to 5= very strongly)

skin and mild burning. These events resolved completely
and were considered possibly related to study medication. Of
the two patients with elevated thyroid-stimulating hormone
levels, this was considered clinically relevant in one patient
(baseline: 2.9 mIU/L to final visit: 5.1 mIU/L; normal range
0.1-4.0 mIU/L) and described as mild and unlikely to be
related to study medication. One serious adverse event of
syncope was also reported. The patient was hospitalized
for 4 days (investigations performed were inconclusive)
and recovered without sequelae. The event was considered
unrelated to study medication and did not result in study
treatment discontinuation or interruption. No deaths occurred
during the study.

Discussion

This uncontrolled pilot study was designed as a preliminary
investigation of the potential usefulness of liposomal PVP-
iodine hydrogel as a treatment for infective dermatoses.

It demonstrated that liposomal PVP-iodine hydrogel can
potentially provide effective treatment for a range of inflam-
matory skin diseases associated with bacterial colonization.
Following short-term treatment for 2 or 4 weeks, statistically
significant improvements were observed in Global Clinical
Severity scores for patients with acne vulgaris, atopic der-
matitis, impetigo contagiosa, and rosacea. Ordinal scales are
widely used and accepted for global clinical assessments and
to capture symptom severity in numerous settings, including
dermatology and pain.***” This supports the reliability and
validity of the improved Global Clinical Severity scores
observed in this study. Clinically meaningful improvements
in disease-specific symptoms were also observed, including
a full categorical (1 point) decrease in the widely used and
validated EASI global score in patients with atopic derma-
titis,*®*° over twofold improvement in the number of facial
papules in patients with rosacea, and a 2.5-fold reduction in
pain intensity for patients with impetigo contagiosa, the most
painful dermatosis at baseline in this study. These improve-
ments in Global Clinical Severity and disease-specific scores
reflect the observed gains from baseline in patients’ quality
of life, indicated by reductions in FLQA domain scores.
While these efficacy outcomes cannot be compared with
other agents due to differences in study design and patient
populations, the response to liposomal PVP-iodine hydrogel
exceeded the outcome anticipated by the investigators, based
on prior observations with standard treatments in similar
cases. Recent head-to-head trials provide some insight into
the efficacy of topical agents, albeit with different treatment
schemes and durations (topical azelaic acid for 15 weeks
resulted in <1.7-fold decrease in rosacea inflammatory
lesions, and a 1.8-point reduction in EASI score following
2 months of emollient and topical corticosteroid use has
been reported).’’!

Liposomal PVP-iodine hydrogel was well tolerated by
most patients, including those with conditions commonly
associated with sensitive skin such as atopic dermatitis and
rosacea. This may be because only relatively low concen-
trations of PVP-iodine (3%) are required in the liposomal
hydrogel formulation for an antiseptic effect, which is in
contrast to case reports of allergic reaction with non-liposome
formulation of PVP-iodine in patients with infective, inflam-
matory dermatoses.>?> The most commonly reported adverse
events were a burning sensation (14%) or itching (9%) fol-
lowing the application of study medication. Two patients
discontinued the study treatment due to local skin reactions
which were considered possibly related to study medication.
It is possible that these symptoms relate to the iodine in the

submit your manuscript

378

Dove

Clinical, Cosmetic and Investigational Dermatology 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Liposomal PVP-iodine hydrogel for infective dermatoses

Median (95% Cl), p-value

Acne vulgaris (n=29) 0.5 (0.2-0.8), p<0.001

Atopic dermatitis (n=18) 0.7(0.2-1.0), p<0.001

Impetigo contagiosa (n=9) 1.0(0.8-1.4), p=0.011

Rosacea (n=10) 0.8 (0.6—1 .O), p<0.005

-1.5 -1 -0.5 0 0.5 1 1.5

Worsened from baseline Improvement from baseline
Change Global Clinical Severity score

Figure 2 Change in Global Clinical Severity scores from baseline to end of treatment.

Notes: Global Clinical Severity score was the mean score of different clinical symptoms for the skin area treated with study medication and rated on a five-point numerical
analog scale (1= not at all to 5= very strongly). Median (range) Global Severity scores at baseline and final visit were: acne vulgaris (2.3 [1.5, 2.8], 1.7 [1.2, 2.8]); atopic
dermatitis (2.8 [2.0, 3.7], 2.2 [1.5, 3.2]); impetigo contagiosa (3.2 [2.2, 3.6], 1.8 [I.0, 2.6]); and rosacea (2.9 [2.2, 3.6], 2.1 [01.6, 2.8]). Statistical analysis was performed using
Wilcoxon signed-rank test.

Baseline Week 1 Week 2
Impetigo contagiosa
(chin)
Infected, wet wound with Dry lesion with residual Wound healed, some
offensive odour scab redness of skin
Acne vulgaris
(left cheek, chin)
Inflammatory papules and Reduced redness and Lesions healed. No pustules,
pustules inflammation papules or inflammation
Atopic eczema
(cubital fossa)
Infected, watery and Wound healed, no wet or
encrusted lesions infected lesions

Figure 3 Impact of liposomal PVP-iodine (3%) hydrogel on treated skin areas.
Notes: Photographs of representative patients with infective dermatoses at baseline and following | week and 2 weeks of study treatment.
Abbreviation: PVP, polyvinylpyrrolidone.
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Table 3 Eczema Area and Severity Index scores in patients with atopic dermatitis

Eczema Area and

Skin area, Median (range)

Severity Index score* Upper extremities Lower extremities Trunk Head and neck
Erythema®

Baseline visit 1.5 (0-3) 1.0 (0-3) 2.0 (0-3) 1.0 (0-2)

Final visit 1.0 (0-2) 1.0 (0-2) 1.0 (0-3) 1.0 (0-2)
Induration®

Baseline visit 20 (0-2) 15 (0-2) 20 (0-3) 1.0 (0-2)

Final visit 1.0 (0-2) 1.0 (0-2) 1.0 (0-3) 1.0 (0-2)
Excoriation®

Baseline visit 1.5 (0-3) 1.0 (0-3) 15 (0-2) 1.0 (0-2)

Final visit 1.0 (0-2) 1.0 (0-2) 1.0 (0-2) 1.0 (0-2)
Lichenification®

Baseline visit 2.0 (0-3) 1.0 (0-3) 2.0 (0-3) 1.0 (0-3)

Final visit 2.0 (0-3) 1.0 (0-3) 2.0 (0-3) 1.0 (0-3)
Areac

Baseline visit 3.0 (0-6) 2.0 (0-6) 2.0 (0-6) 2.0 (0-5)

Final visit 2.5 (0-5) 2.0 (0-5) 2.0 (0-5) 1.0 (0-4)

Notes: *Baseline visit (n=20), final visit (n=18); "erythema, induration, excoriation, and lichenification were assessed on a four-point scale (half points permitted): 0= none,
I= mild, 2= moderate, 3= severe; “area score is the percentage of skin affected: 0= no atopic dermatitis in this region, |=1%-9%, 2=10%-29%, 3=30%—49%, 4=50%—69%,

5=70%-89%, 6=90%—100%.

Table 4 Pain intensity

Pain intensity

Pain intensity score

by disease Baseline Final visit

Patients (n) Mean (SD) Median (range) Patients (n) Mean (SD) Median (range)
All patients 70 5.1 (14.8) 0 (0-70) 66 1.5 (6.4) 0 (0-30)
Acne vulgaris 30 2.8 (94) 0 (0-45) 29 1.0 (5.6) 0 (0-30)
Atopic dermatitis 20 5.0 (l6.1) 0 (0-70) 18 0.6 (2.4) 0 (0-10)
Impetigo contagiosa 10 17.0 (25.4) 0 (0-70) 9 6.7 (13.2) 0 (0-30)
Rosacea 10 0 0 10 0 0

Notes: Scores were rated on a 100-point visual analog scale (0= no pain to 100= worst pain).

Table 5 All-causality adverse events (all patients with available

data)

Adverse event

Patients (N=70) n (%)

Burning sensation® 10 (14)
ltching? 6(9)
Erythema® 3(4)
Aggravated burning® 2 (3)
Bicycle accident 2(3)
Elevated thyroid-stimulating hormone 2(3)
Aggravated itching® I (1)
Bladder inflammation (1)
Bruised eye I (I)
Elevated blood pressure I (I)
Herpes labialis I (l)
MRSA infection (1)
Severe itching® (1)
Suspicion of syncope (1)
Wound to arm (1)

Notes: *Burning sensation, itching, and erythema were experienced at study skin
area following application of study medication. ®Aggravated burning was reported
following application of study medication. “Severe itching was a patient-reported
event.

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.

product; however, itching and burning sensations are com-
monly reported side effects associated with topical treatments
for infective dermatoses.!' Elevated thyroid-stimulating
hormone levels were observed in two patients. While it is
plausible that the iodine content of liposomal PVP-iodine
hydrogel may impact thyroid function, studies of PVP-iodine
(0.25%—0.5%) irrigation treatment and a Phase III trial of
liposomal PVP-iodine (3%) hydrogel revealed no significant
alterations in thyroid function.*-%

In addition to the previously described broad spectrum of
antiseptic properties and lack of bacterial resistance associ-
ated with PVP-iodine,*”* liposomal formulation may also
result in improved distribution of PVP-iodine in the skin and
penetration into follicles, adding to the beneficial effects of
this treatment.> Importantly, the antiseptic efficacy of PVP-
iodine delivered via liposomal hydrogel does not appear to
impair wound healing, as has been reported with conventional
PVP-iodine preparations.’® Indeed, randomized, controlled
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studies have demonstrated that compared with standard
treatments, liposomal PVP-iodine hydrogel enhanced epithe-
lialization and reduced loss of skin grafts as well as resulting
in faster complete healing of burn wounds and improved
cosmetic outcomes.**7*® While the wound healing effects of
liposomal PVP-iodine hydrogel undoubtedly relate to anti-
sepsis, anti-inflammatory and moisturizing effects also play
arole. The anti-inflammatory activity arises from the iodine
component which was shown to interact with various stages
of the inflammatory cascade in vitro, including scavenging
superoxide anions, inhibiting production of reactive oxygen
species by neutrophils, and stabilizing mast cells.*® This
mechanism of action also explains the free-radical scaveng-
ing and improved oxidative stress parameters observed in
burn wounds treated with liposomal PVP-iodine hydrogel.>
Furthermore, the moisture providing capacity and release
of phospholipid molecules by hydrosomes into the wound
tissue support cellular repair.*'*® The amphiphilic nature of
phospholipids also permits dispersion of hydrophilic and
lipophilic compounds without disturbing skin integrity.5®¢!
Based on its unique formulation and properties supporting
skin penetration, antimicrobial efficacy, and wound healing,
liposomal PVP-iodine hydrogel may be particularly suited
as a treatment for the infected and inflammatory dermatoses
investigated in this preliminary study.

This pilot study was associated with a number of limi-
tations, including the small number of patients and short
duration of study treatment. Absence of a placebo or active
comparator group also limits the interpretation of efficacy
outcomes. While patients experience fluctuations in symp-
tom severity over time, significant improvements in Global
Clinical Severity score observed in all the dermatoses studied
strongly points to an efficacious effect of PVP-iodine hydro-
gel. A further limitation relates to the open-label design of this
pilot study, in which patients were responsible for adminis-
tering their own treatment; 8 of the 70 patients recruited did
not receive the full course of liposomal PVP-iodine hydrogel
(n=4 discontinued study medication, n=4 lost to follow-up
[final study data missing]). As analyses were based on the
intent-to-treat population to reflect real-life clinical practice, a
small number of patients were included who received nonper-
mitted medications. Clinical efficacy and safety of liposomal
PVP-iodine hydrogel were the focus of this preliminary study,
and infection was not assessed in detail since the antiseptic
properties of PVP-iodine are well described.’”*34° The pur-
pose of the swabs was to provide a qualitative assessment of
the bacterial species present. A valid, quantitative analysis
of the impact of liposomal PVP-iodine hydrogel on bacterial

load was not feasible, given the small number of patients
and lack of a comparator group in this study. Also, while
absorption of PVP-iodine from the liposomal hydrogel by
the diseased skin types under investigation was not assessed,
this was assumed to be lower than that previously reported
in mucosa or wounds where no stratum corneum is present.
However, the beneficial effects of liposomal PVP-iodine
hydrogel in complex skin conditions were demonstrated in a
study of split-thickness skin grafts which represent different
skin depths likely present in patients in the present study.®

The preliminary findings from this pilot study can be
used to inform the design of larger scale studies, including
randomized, controlled trials in order to assess the impact
of treatment on bacterial load and elucidate how the clinical
benefit of liposomal PVP-iodine hydrogel can be maximized
for patients with various types of inflammatory, infective der-
matoses. Indeed, the design of an ongoing Phase II study of
liposomal PVP-iodine hydrogel in patients with acne vulgaris
utilized learnings from the present study (NCT02126709).
The delay in publishing the findings from this pilot study
reflects in part previous decreased interest in the wider sci-
entific community regarding new treatment approaches for
infected, inflammatory dermatoses.

In summary, liposomal PVP-iodine hydrogel has potential
utility as a treatment with a novel mode of action for vari-
ous inflammatory skin conditions associated with bacterial
colonization. In this small-scale study, liposomal PVP-iodine
hydrogel improved disease-related symptoms and Global
Clinical Severity scores of acne vulgaris, atopic dermatitis,
impetigo contagiosa, and rosacea. The complex pathophysi-
ology of inflammatory, infective dermatoses necessitates a
multifaceted treatment approach directed at healing the skin
barrier, managing microbial colonization, and addressing
immune dysfunction. Due to its unique mode of action and
good tolerability profile, liposomal PVP-iodine hydrogel may
represent a useful addition to the current armamentarium of
treatments available to manage these difficult-to-treat skin
diseases.
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Figure S| Quality of life assessed using Freiburg Life Quality Assessment (FLQA) domain scores (all patients with available data).
Notes: Week 2 was end of study treatment for patients with atopic dermatitis and impetigo contagiosa; patients with acne vulgaris and rosacea were scheduled to receive

4 weeks of study treatment.
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