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Abstract: The increase in antibiotic resistance requires effective non-antibiotic therapies for acne.
Cold atmospheric plasma (CAP) inactivates bacteria and improves wound healing, but its effect on
acne has not been investigated. The objective of this controlled split-face study was to assess safety
and efficacy of CAP in moderate acne. One side of the face received 8-10 treatments with cold helium
plasma within 4-6 weeks; follow-up was two and four weeks thereafter. Acne lesions were counted,
followed by global acne severity ratings. Of the 34 patients included, 29 completed the study. No
serious adverse events occurred. The two facial sides did not significantly differ in the number of
inflammatory and non-inflammatory lesions. An interaction effect of number and type of treatment
was found for inflammatory lesions. Lesion reduction after 10 treatments was significantly higher
on the treated than on the untreated side. Percentage of patients reporting improved aesthetics was
higher for the treated than for the untreated side after treatment completion (79% vs. 45%) and at
the two- (72% vs. 45%) and four-week follow-up (79% vs. 52%). In conclusion, CAP was safe with
excellent tolerability, showed moderate reduction in acne lesions and led to higher patient-based
ratings of aesthetics than non-treatment.

Keywords: acne; antibiotic resistance; CAP; cold plasma

1. Introduction

Acne vulgaris is the most common skin disease with a prevalence of acne ranging
from 35% to close to 100% of adolescents having acne at some point [1-3]. Common
treatments consisting of topically applied retinoids or benzoyl peroxide usually cause
intolerance reactions, such as dryness of the skin, scaling, redness, irritation and even
allergies [2]. Frequently used oral antibiotics may cause nausea, diarrhoea, disruption of
the microbiome, photosensitivity, drug reactions and allergies [2]. Especially the prolonged
use of oral or topical antibiotics leading to bacterial resistance is of major concern among
dermatologists [4]. Because of side effects, patient adherence to acne treatment is often low,
resulting in negative therapeutic outcomes, permanent scarring and negative psychosocial
consequences. Better tolerable and effective treatments for acne are needed to improve
adherence to therapy and to limit antibiotic use.

Cold atmospheric plasma (CAP) is a rapidly developing technology with a great
potential in medicine [5-7]. Plasma is a partly ionised gas composed of a highly reactive mix
of ions and electrons, reactive oxygen and nitrogen species, electric fields and ultraviolet
radiation. Natural plasma is usually hot, but non-thermal plasma can be generated in
normal atmosphere to be used in humans. In the past years, several CAP devices have
been developed. Unique compositions of active plasma can be generated upon ignition,
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depending on the different plasma technologies available, the ionization processes, the
density and temperature, and the gas used [8]. CAP has been shown to be very effective
not only against all types of bacteria including multi-resistant germs but also against
biofilm-forming bacteria, viruses, fungi and spores [9-12]. The suggested mechanisms for
the antimicrobial effects include lysis of microorganisms due to accumulation of charged
particles and oxidative damage to cytoplasmic membranes, bacterial proteins and DNA [13].
Treatment with CAP may therefore constitute an effective alternative to antiseptics and
antibiotics for the eradication of pathogens. In dermatology, CAP is being used for treating
chronic leg ulcers [14-19], acute wounds [20], shingles [21], skin aging [22] and actinic
keratosis [23]. In wounds, CAP has been found to not only significantly reduce the
bacterial load but also to accelerate wound healing [14-19]. So far, no serious adverse
events have been described after CAP treatment; furthermore, no mutagenic potential has
been found [24-26]. The advantage of CAP is its pain-free, non-invasive, easy and fast
application. Bacterial resistance and allergic or toxic reactions are very unlikely because of
its physical mode of action.

Because of its gaseous form, CAP can penetrate into hair follicles [27], in which inflam-
mation is triggered by Cutibacterium acnes in patients with acne [2,3]. We hypothesised that
the antibacterial and anti-inflammatory properties of CAP have the potential to improve
skin affected by acne. Therefore, we conducted a controlled, randomised, split-face study
to investigate the safety and efficacy of CAP in patients with moderate acne vulgaris.

2. Materials and Methods
2.1. Study Design and Sample Size Rationale

This trial was designed as a prospective, randomised, controlled, single-blinded,
single-centre study. A split-face design was used to compare CAP treatment to no treatment
in patients with moderate papulopustular facial acne. Based on the initially defined primary
efficacy endpoint of mean percentage reduction in the total number of lesions between
the treated and the untreated side of the face, 37 patients would enable the detection of
an absolute difference of 20% with at least 80% power and a 5% level of significance if the
standard deviation of this difference is no higher than 42%. Adjusting for a drop-out rate
of 10%, a total of 41 patients was set as the recruitment goal.

2.2. Ethical Considerations and Study Registration

This study was conducted in accordance with the German Medical Device Law (§22a
Medizinproduktegesetz, MPG), the Harmonised Tripartite Guideline for Good Clinical
Practice (ICH-GCP E6), the International Standard Organization (ISO); ISO 14155-1; ISO
14155-2, and the Declaration of Helsinki (64th WMA General Assembly, Fortaleza, Brazil,
October 2013). The study was approved by the Ethics Committee of the University of
Regensburg (reference number: 16-121-0120) and the German Federal Institute for Drugs
and Medical Devices (BfArM, reference number: 94.1.01-5660-10252). This federal institute
did not permit the inclusion of patients younger than 18 years of age in this study, as
originally planned.

The study was registered with the study register DRKS (Deutsches Register Klinischer
Studien, registration number DRKS00025008), was submitted to the WHO and is searchable
via its Meta-registry (http://apps.who.int/trialsearch, (accessed on 7 April 2021)).

2.3. Inclusion and Exclusion Criteria

Key inclusion criteria were age of at least 18 years, moderate papulopustular acne
with lesions on both sides of the face, an Investigator Global Assessment (IGA) scale score
of 3 at screening, a negative pregnancy test in female subjects, written informed consent
and failure to respond to standard acne treatments.

Key exclusion criteria were concomitant topical (during the four weeks preceding
study treatment) and systemic (during the eight weeks preceding study treatment) acne
treatment, planned topical or systemic acne treatment in the next ten weeks, immunosup-
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pression, severe internal diseases, pregnancy, lactation, active implants and severe ocular
and facial diseases.

2.4. Study Procedures

The screening visit took place after patients had given their written informed consent.
Prior to the first treatment, eligibility criteria were checked, the medical history was
documented, and CAP treatment to the left or right side of the face was randomised
according to a block randomisation scheme.

Inflammatory (papules and pustules) and non-inflammatory lesions (comedones) of
each side of the face were counted by a dermatologist blinded to the type of treatment at
six time points: screening, before treatment 1 (baseline), before treatment 4, before the last
treatment as well as two and four weeks after the last treatment.

CAP treatment was conducted with the BioWeld1l system (IonMed Ltd., Yokneam,
Israel), which had been certified as class Ila medical device for surgical wound closure. The
BioWeld1 system was designed to enable controlled cold plasma (<40 °C) ejection. When
the device is connected and turned on, a helium gas flows from a tank and enters a plasma
tip through the hand piece, in which the helium gas is ionised by radiofrequency energy
and transformed into plasma. The plasma flows out of a handheld tip and interacts with
the skin (Figure 1). Thus, plasma was applied to the facial skin through the plasma tip that
was slowly moved over the skin.

All patients received 8-10 CAP treatments within four to six weeks; the follow-up
period was two and four weeks after treatment completion. According to randomisation,
each treatment was conducted on the same side of the face, while the other side of the face
remained untreated. During treatment, the patients had to wear goggles for eye protection.
The area of the skin was continuously exposed to CAP for less than 10 s with a maximum of
two repetitions per treatment. The tip was supplied sterilised for single use. The duration
of CAP treatment was documented at each visit.

194 gaptings
TS

Figure 1. The BioWeld1 System consists of a plasma ejector base unit (height 12 cm, width 32 cm), a
hand-piece with a cable, a plasma tip and a foot switch.
2.5. Patient Enrolment

The first patient entered the study in November 2016, and the last patient finished the
study in March 2018.
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The study was closed by the sponsor IonMed Ltd. after 37 patients had been enrolled.
The decision on premature closure was purely business-related and not due to any concerns
regarding safety or efficacy.

Three patients were excluded from the analyses because they dropped out before
the first treatment. Five patients dropped out during the treatment period because of
organisational reasons (2 patients after 2 treatments, 2 patients after 5 treatments, and
1 patient after 7 treatments). The remaining 29 patients completed the study (Figure 2).

[ Enrolment ]

Assessed for eligibility (n=37)

Excluded (n=3)
+ declined to participate (n=3)

Randomised (n=34)
I

[ Allocation ]

Split-face design
Allocation of intervention on the left side (n=16) of the face
Allocation of intervention on the right side (n=18) of the face (split-face design)
¢ received allocated intervention (n=34)

[ Follow-Up ]

Discontinued intervention (drop-outs) (n=5)
+ declined to participate in treatment 2 (n=2)
+ declined to participate in treatment 5 (n=2)
+ declined to participate in treatment 7 (n=1)

v
[ Analysis ]

Analysed for safety endpoints (n=34)
+ excluded from analysis (n=0)

Analysed for efficacy endpoints (n=29)
+ excluded from analysis (n=5) due to drop-out before the end of treatment

Figure 2. Flow chart diagram.

2.6. Primary Endpoints

The primary objective of this study was to evaluate the safety and efficacy of the
cold helium plasma device BioWeld1 in patients with moderate facial papulopustular
acne vulgaris.

The primary safety endpoint was the unanticipated device-related (serious) adverse
event ((S)AE) rate. (5)AEs were continually assessed after the first treatment until study
completion at the four-week follow-up. All (5)AEs deemed clinically significant by the
investigator were recorded.

The primary efficacy end-point was the reduction in the mean percentage change in
the number of lesions on the treated side versus the untreated side between baseline and
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completion of the treatment protocol (week 4-6) in at least one of the two types of lesions
(inflammatory and non-inflammatory lesions) and overall. Because acne lesions are com-
monly differentiated into inflammatory and non-inflammatory lesions, and inflammatory
lesions are expected to respond better to treatment, efficacy was analysed separately for
both types of lesions and not for the total of all lesions. Moreover, the relative change
turned out to be an inappropriate measure because of the count of zero lesions at baseline.

Thus, we used the absolute change from baseline to treatment completion as a primary
endpoint. In addition, the mean percentage change was calculated on the basis of the mean
absolute change.

2.7. Secondary Endpoints

According to the protocol, the following secondary endpoints were examined: The
change in the number of inflammatory and non-inflammatory acne lesions from baseline
to the two-week and four-week follow-ups compared between the CAP-treated and the
untreated side.

Subject satisfaction was assessed separately for the treated and the untreated side after
the last treatment as well as two and four weeks after the last treatment, using the Global
Aesthetic Improvement Scale (GAIS).

Improvement of the skin condition, as determined by the Investigator Global Assess-
ment (IGA) score, was separately assessed by a blinded dermatologist for each side of the
face at baseline, at the last treatment as well as two and four weeks after the last treatment.
GAIS and IGA ratings are presented in Table 1.

After completion of each CAP treatment, the patients were asked to mark their pain
level on a visual analogue scale (VAS) ranging from 0 (no pain) to 10 (insufferable pain).

Table 1. Ratings of secondary efficacy endpoints.

Global Aesthetic Improvement Scale (GAIS)

Investigator Global Assessment (IGA)

3 = very much improved: Optimal cosmetic
result for the treatment in this subject.

0 = clear skin with no inflammatory or
non-inflammatory lesion

2 = much improved: Marked improvement in
appearance from the initial condition but not
completely optimal for this subject.

1 = almost clear, rare non-inflammatory lesions
with no more than one small inflammatory
lesion

1 = improved: Obvious improvement in
appearance from the initial condition.

2 = mild, some non-inflammatory lesions, no
more than a few inflammatory lesions

0 = no change: The appearance is essentially
the same as baseline.

3 = moderate, up to many non-inflammatory
lesions and may have some inflammatory
lesions, but no more than one small nodular
lesion

—1 = worse: The appearance is worse than the
original condition.

4 = severe, up to many non-inflammatory and
inflammatory lesions, but no more than a few
nodular lesions.

—2 = much worse: Marked worsening in
appearance from the initial condition.

—3 = very much worse: Obvious worsening in
appearance from the initial condition.

2.8. Statistical Analyses

Descriptive analyses are presented for demographic and treatment-related data, lesion
counts and the safety endpoints, using frequency (1), percentage (%) and mean (m) +
standard deviation (sd).

For the primary efficacy endpoints, mixed linear models (MLMs) were calculated to
compare the change in lesions between the treated and the untreated side separately for
the two types of lesions from baseline to treatment completion. The MLMs (maximum
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likelihood method, unstructured repeated covariance type) included the following fixed
effects: the number of treatments (8 vs. 10 treatments), the type of treatment (CAP vs.
no treatment) and the number of treatments by treatment type interaction term. Baseline
lesion counts of the treated and the untreated side are entered as a covariate. Estimated
means with corresponding 95% confidence intervals (CI) are reported as effect estimates.
Additionally, the percentages of mean change in the number of inflammatory and non-
inflammatory lesions are provided for the treated and untreated side.

The secondary efficacy endpoints, i.e., the change in the number of lesions from
baseline to the two- and four-week follow-ups, were also analysed with regard to the
primary efficacy endpoints.

In addition to the analyses described in the protocol, the course of the number of
inflammatory and non-inflammatory lesions from baseline to the four-week follow-up
was assessed for the treated and untreated side to explore the impact of treatment on
the reduction in lesions by means of MLMs (maximum likelihood method, unstructured
repeated covariance type) including time, the number of treatments and the interaction of
time and number of treatments as fixed effects.

Wilcoxon tests were conducted to compare GAIS and IGA scores between the treated
and the untreated side at completion of treatment and at the two- and four-week follow-ups.
The pain ratings were averaged over each treatment and are descriptively reported.

The level of significance was set at p < 0.05 for all tests. Because data analyses are of
exploratory manner, no adjustments for multiple testing were conducted.

Statistical analysis was done using the software package SPSS (Version 26, SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Demographic and Treatment-Related Data

Table 2 shows the demographic data of the patients. The mean duration of treating one
side of the face with the BioWeld1 system was 3:06 &£ 0:38 min per session; the minimum
was 1:15 min and the maximum 5:40 min (1 = 270 recordings).

Table 2. Demographic data of patients.

Safety Population Primary Efficacy Endpoint Population
Number of patients 34 29
Age in years mean =+ sd (range) 26.1 + 8.3 (18-54) 26.9 + 9.0 (18-54)
Sex

men 5(14.7%) 4 (13.8%)

women 29 (85.3%) 25 (86.2%)
Fitzpatrick type

II 19 (55.9%) 15 (51.7%)
I 14 (41.2%) 13 (44.8%)

1\ 1(2.9%) 1 (3.4%)

Ethnic origin

Caucasian 34 (100%) 29 (100%)

3.2. Primary Safety Endpoints

No SAEs were observed. In total, two AEs in two patients were documented: pain
and redness during one treatment and pain during another treatment. Both AEs were of
mild intensity, and no actions had to be taken. AEs were resolved without sequelae. AEs
were related to the treatment.
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3.3. Secondary Safety Endpoint

Pain during treatment (n = 267 ratings) ranged from 0 to 4.6, but the majority of the
ratings (80.5%) were 0 (no pain).

3.4. Course of the Number of Lesions

In total, 29 patients had a valid lesion count at baseline, at treatment completion as
well as at two and four weeks after treatment completion. The courses of the inflammatory
and non-inflammatory lesion counts are presented separately for the treated and the
untreated side in Figure 3. The treated sides showed a significant decrease in inflammatory
lesions (p = 0.007) but not in non-inflammatory lesions (p = 0.288). The untreated sides
neither showed any reduction in inflammatory (p = 0.241) nor in non-inflammatory lesions
(p = 0.554). No further significant effects were observed.

(a) Inflammatory lesion number
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8.7 9.0
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: . J 8 ) I T I —
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(b) Non-inflammatory lesion number
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10 10.0
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baseline last treatment two-weeks follow-up four-weeks follow-up

Figure 3. Course of the number of inflammatory lesions (a) and non-inflammatory lesions (b). Blue = treated side;
orange = untreated side. Mixed linear models (MLMs) were used to compare the number of lesions between the mea-
surement time points. MLMs additionally included the fixed effects of the number of applied plasma treatments and the
interaction of the time and number of applied plasma treatments (data not shown). Presented are the estimated/adjusted
means with a corresponding 95% confidence interval (CI) out of four separate MLMs. In total, 29 patients had a valid
lesion count; 25 patients had 10 plasma treatments, and 4 patients 8 treatments. Only inflammatory lesions on the treated
side were significantly reduced from baseline to the last treatment (—30%, p = 0.020), to the two-week follow-up (—43%,
p = 0.002) and the four-week follow-up (—48%, p = 0.040).
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3.5. Primary Efficacy Endpoints

The primary efficacy endpoint related to the difference between the absolute number
of lesions at the last treatment and the absolute number of lesions at baseline, and this
endpoint was specified for both inflammatory and non-inflammatory lesions.

The difference between the treated and the untreated side with regard to inflammatory
lesions was not significant (p = 0.669, Table 3, Figure 4), neither was the difference in non-
inflammatory lesions (p = 0.879, Table 3, Figure 4).

An interaction effect of the number and type of treatment was found for inflammatory
lesions. The reduction in lesions after 10 treatments was significantly higher on the treated
side than on the untreated side (mean difference = 2.1 lesions, 95% CI = 0.4-3.9 lesions,
p = 0.017, Table 3). No further significant differences in the change in inflammatory and
non-inflammatory lesions were found (p-values > 0.05, Table 3).

Table 3. Change in the number of lesions compared between the treated and the untreated side of the face.

Treated Side Untreated Side A
Change Lesions Treatment
Number m 95% CI m 95% CI m 95% CI p
43 38
303 62 23 gy 67 08 05 18 28 0669
. . _
Last mtammatory 8 48 85 -11 59 ns 04 2 55 32 059
treatment— 10 38 52 23 16 38 06 21 04 39 0017
baseline 39 30
on (o1 55 08 o 56 05 014 17 20 0879
inflammatory 8 35 79 09 42 89 05 07 -42 28 0685
10 28 46 11 19 37 00 10 04 24 0159
63 -39
(atay 84 A1 g 61 -8 23 01 48 0061
infl t _
Two-week | ommaony 8 7.0 o 30 48 87 08 22 23 68 0323
follow-up to 10 55 71 -39 31 47 15 24 07 43 0010
baseline 33 21
on 00 B8 08 gy A4 01 23 19 42 04
inflammatory 8 38 84 09 27 70 15 10 -46 66 0711
10 28 47 10 15 32 01 13 -10 35 0254
74 - 5.7
o 101 B (aomy 90 23 18 01 37 0068
inflammatory - -
Four-week 8 87 e 37 73 s U113 22 49 040
follow-up to 10 6.2 -82 43 —4.0 -65 -1.6 22 -37 08 0.003
baseline
4.0 25
on ooy 68 12y A9 01 15 2 43 0263
inflammatory 8 45 98 07 35 80 10 10 —41 61 069
10 35 56 14 ~1.4 32 04 21 00 41 0047

Mixed linear models (MLMs) were used to compare the change in the number of lesions between the treated and the untreated side. MLMs
additionally included the number of applied plasma treatments and the number of lesions at baseline. Presented are the estimated /adjusted
means including 95% confidence interval (CI) out of six separate MLMs (two types of lesions x three time points). For both types of lesions,
the mean change in the number of lesions is additionally presented as mean change in percentage. Moreover, mean differences (A) of mean
change in the number of lesions including 95% CI are presented. In total, 29 patients had a valid lesion count; 25 patients had 10 plasma
treatments, and 4 patients had 8 treatments.
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Figure 4. Primary and secondary efficacy endpoints: change in inflammatory lesions (a) and non-inflammatory lesions (b).
Blue = treated side; orange = non-treated side. Mixed linear models (MLMs) were used to compare the change in the number
of inflammatory and non-inflammatory lesions between the treated and the non-treated side. MLMs additionally included
the fixed effects of the number of applied plasma treatments, the type of treatment, the interaction of the treatment type with
the number of applied plasma treatments and the baseline number of lesions. Presented are the estimated /adjusted means
with corresponding 95% confidence interval (CI) out of six separate MLMs (three time points and two types of lesion). The
mean change in the number of lesions was additionally presented as mean change in percentage. In total, 29 patients had a
valid lesion count; 25 patients had 10 plasma treatments, and 4 patients 8 treatments. Mean reduction in the number of
lesions did not significantly differ between the treated side and the untreated side.

3.6. Secondary Efficacy Endpoints
3.6.1. Change in Lesions until the Two- and Four-Week Follow-Ups

At each follow-up, the number of inflammatory and non-inflammatory lesions was
reduced on both sides of the face (Figure 4). In general, the reduction in lesions tended to
be higher on the treated than on the untreated side, but there was no significant difference
in mean reduction between the two treatment sides (p-values > 0.05, Table 3). Inflammatory
lesions tended to respond better to plasma treatment than non-inflammatory lesions
(Figure 4). Except for non-inflammatory lesions on the untreated side, the mean reduction
in lesions from baseline tended to increase with time (Figure 4).

The reduction in lesions after 10 treatments was significantly higher for inflammatory
lesions on the treated side than on the untreated side at the two- and four-week follow-
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ups as well as for non-inflammatory lesions at the four-week follow-up (p-values < 0.05,
Table 3).

3.6.2. Subjective Aesthetic Change

Subjective aesthetic change (GAIS) was measured at the last treatment as well as
two and four weeks after treatment completion. The percentage of patients reporting
improved aesthetics was higher for the treated side than for the untreated side at treatment
completion (79% vs. 45%) and at the two-week follow-up (72% vs. 45%) and the four-week
follow-up (79% vs. 52%) (p-values < 0.05, Table 4).

Table 4. Comparison of the Global Aesthetic Improvement Scale between the treated and the
untreated side of the face.

Untreated Side

Treated Side Worse No Change  Improved Total p
worse 1 0 0 1
last treatment ?;;?g\rfg 8 141 112 253 0.004
total 1 15 13 29
worse 1 0 0 1
two-week no change 1 5 1 7 0.008
follow-up improved 1 8 12 21 :
total 3 13 13 29
worse 1 0 0 1
four-week no change 0 4 1 0.013
follow-up improved 1 8 14 23 '
total 2 12 11 29

Blue diagonal = same aesthetic change rating for the treated and the untreated side; below blue diagonal =
aesthetic change rating better for the treated side; above blue diagonal = aesthetic change rating better for the
untreated side.

3.6.3. Acne Severity

Acne severity (IGA) was assessed by a blinded physician for each side of the face
at baseline, at the last treatment as well as two and four weeks after the last treatment.
At baseline, all patients had moderate acne severity on both sides of the face. Acne severity
ratings by the physician did not significantly differ between the treated and the untreated
side (p-values > 0.05). Table 5 presents the IGA scores for the treated and the untreated side
of the face.

Table 5. Comparison of the Investigator Global Assessment between the treated and the untreated
side of the face.

Untreated Side

Treated Side Alm(s)ls(tir(ljlear Mild Moderate Total p
almost clear skin 0 1 0 1
last mild 0 9 7 16 0.132
treatment moderate 0 3 8 11
total 0 13 15 28
almost clear skin 1 2 0 3
two-week mild 0 7 6 13
follow-up moderate 0 3 10 13 0.132
total 1 12 16 29
almost clear skin 0 0 0 0
four-week mild 1 13 6 20
follow-up moderate 0 1 8 9 0.157
total 1 14 14 29

Blue diagonal = same acne severity rating for the treated and the untreated side; above blue diagonal = acne
severity rating better for the treated side; below blue diagonal = acne severity rating better for the untreated side.
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4. Discussion

In this first controlled clinical trial with a split face design, CAP (8—10 treatments
within four to six weeks) was shown to be a safe and effective method for treating moderate
facial acne in adults. The treated side of the face showed a significant and continuous
decrease in inflammatory acne lesions from baseline to the last treatment (—30%) as well as
to the two-week follow-up (—44%) and the four-week follow-up (—52%). No significant
reduction was found for non-inflammatory lesions on the treated side and for inflammatory
and non-inflammatory lesions on the untreated side. The mean absolute change in acne
lesions did not significantly differ between the treated and the untreated side from baseline
to the last treatment and the two- and four-week follow-ups, although the treated side
showed a clear trend for an increased reduction in lesions. Indeed, significant differences
between the treated and the untreated side were found in the subgroup of patients who had
received 10 instead of 8 CAP treatments. After 10 treatments, the reduction in inflammatory
acne lesions was significantly higher on the treated side than on the untreated side at the
time of treatment completion as well as at the two- and four-week follow-ups. In general,
inflammatory acne lesions responded better to CAP treatment than non-inflammatory
lesions. Significant differences were also found for the subjective aesthetic change as
measured by means of the GAIS. The percentage of patients reporting improved aesthetics
was higher for the treated side than for the untreated side at the last treatment (79% vs. 45%)
and at two-week (72% vs. 45%) and four-week follow-ups (79% vs. 52%). The physicians’
ratings of aesthetics (GAIS) and the physicians’ acne severity ratings (IGA) however, did
not yield significant differences between the treated and the untreated side after therapy.

The major pathogenetic factors in the development of acne are increased sebum
production by hyperplastic sebaceous glands, follicular hyperkeratinisation, bacterial
hypercolonisation of the follicle and immune reactions triggering inflammation [28].
Cutibacterium acnes contributes to the formation of micro-comedones and inflammatory le-
sions, triggering the secretion of proinflammatory cytokines, such as interleukin (IL)-1e, IL-
8 and tumour necrosis factor (TNF)-« through activation of toll-like receptors (TLR) [29-31].
The rationale for using CAP to treat acne was the assumption that CAP may target some
of these causative factors. CAP has been shown to inactivate Cutibacterium acnes grown
on culture media in planktonic and even in biofilm state in a time-dependent manner [32].
In addition, CAP uses hair as a conductor that transports the plasma deep into the hair
follicles, thus enabling local antisepsis of the follicular reservoir [27]. In an in vivo animal
model, CAP induced energy-dependent microscopic changes in the follicular epithelium
and the sebaceous glands [33]. The authors suggest that sebaceous glands can be selec-
tively modified or damaged by selecting the proper gaseous sources for generating CAP
with regulated energy settings. Furthermore, CAP modulates the induction of several
cytokines and growth factors in wound healing (e.g., IL-1, IL-6, IL-8, TNF-c, 8-defensins
and matrix metalloproteinases), which also play a pathogenetic role in acne [34-37].
Thus, it can be hypothesised that CAP effects on acne result from inactivation of
Cutibacterium acnes, alteration of the follicular milieu and reduced sebum production
as well as from immunomodulatory and anti-inflammatory effects.

Cold plasma has been studied with regard to its use for the treatment of several
dermatological conditions, but controlled clinical studies on acne are still lacking. In an
uncontrolled study conducted in Thailand, a Direct Barrier Discharge air plasma contact
skin-type electrode (called BioPlasma device) was used for acne treatment. 30 volunteers
had one side of their face treated with BioPlasma once per week for four weeks [38]. A
sebum reduction in up to 80% of cases was measured by a sebumeter. The effect of oil
reduction lasted until four weeks after treatment cessation, which could explain why, in
our study, the number of acne lesions further decreased up to four weeks after treatment
cessation. However, the study from Thailand did not report any further details about
patients, methodology and results. Arisi et al. treated 2 patients with mild to moderate
facial acne with CAP, using a plasma torch producing argon plasma (SteriPlas, Adtec
Healthcare), which resulted in a reduction in acne lesions after treatment [39]. Sebum
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excretion parameters, as measured by sebometry and trans-epidermal water loss, also
improved as compared to base values. These preliminary studies together with the results
of our study confirm the potential of different CAP devices for this new indication.

The cold plasma device used in this study was the BioWeld1 System, which is CE-
marked for surgical wound closure. Treatment with the BioWeld1 system included CAP-
exposure of each skin segment for no more than 20 s per day including a minimal UV-
exposure well below the maximum exposure according to the American Conference of
Governmental Industrial Hygienists (ACGIH) guidelines. Thus, no UV-induced side
effects such as eye damage or sun burn had to be expected. The application of CAP was
quick and comfortable for the patients. Patients tolerated the treatment very well, and
only two mild AEs relating to pain and no SAE were documented. In comparison with
other topical and systemic treatment modalities for acne, there is no other conventional
therapy with such a favourable spectrum of side effects. For moderate acne, guidelines
recommend therapies combining benzoyl peroxide (BPO), retinoids and topical or systemic
antibiotics [1,40]. Although oral antibiotics remain one of the main options for treating
moderate to severe acne, current guidelines strongly advocate limiting their use due to
rising concerns of antibiotic resistance [40,41]. In this context, CAP could become a new
therapeutic alternative with a completely different and mainly physical mode of action that
warrants to be further explored in larger studies that also include patients of younger age.

In our study, CAP treatment led to a continuous reduction in acne lesions with the max-
imal decrease of about —50% in inflammatory acne lesions and —36% in non-inflammatory
acne lesions (as compared to —41% and —23% on the untreated side, differences not sig-
nificant) at the four-week follow-up. Interestingly, the lesion counts continued to show a
decrease in lesions after the last CAP treatment until the four-week follow-up, indicating
that CAP continues to be efficacious beyond treatment cessation. Efficacy of CAP was
superior for inflammatory lesions than for non-inflammatory lesion, as is also known for
most other acne therapies. A meta-analysis of placebo-controlled trials indicated that oral
minocycline was more active than placebo against inflammatory acne lesions, producing a
—45.5% reduction compared to —32.0% for placebo after twelve weeks of therapy [42]. The
effect against non-inflammatory acne lesions was smaller with —14.9% versus —6.3% after
placebo. For topical acne treatments, the reduction in inflammatory lesions after twelve
weeks of therapy ranges from —44% to —72% for BPO, from —46 to —57% for adapalene,
and from —62% to —70% for a combination of BPO and adapalene [43]. With a mean
reduction in inflammatory acne lesions of about —50% after a study period of ten to twelve
weeks, CAP seems to be slightly less effective than conventional topical treatments but
shows much better skin tolerability.

An obvious limitation of this study is the non-achievement of the recruitment goal
due to the sponsor’s decision to close the study prematurely. Nevertheless, the effects were
robust enough so that they were detectable in a smaller sample size. Another limitation
is that we were not allowed to include patients younger than 18 years by the authorities
(BfArM), although acne shows the highest incidence in teenagers. Thus, we cannot be
sure that the results obtained in this study would have been the same in younger patients.
Several questions remain unanswered in this first controlled trial and should be addressed
in further studies. The optimal duration and frequency of CAP treatment have yet to
be determined. A longer treatment duration would probably improve efficacy because
10 CAP treatments already showed better results than 8 CAP treatments. A longer follow-
up would help to define how long the therapeutic effect lasts and if maintenance therapy is
necessary to prevent relapses and sustain the achieved improvement. Since studies have
shown that CAP treatment of lesions after laser ablation leads to healing with aesthetically
pleasing results [44]; CAP treatment could possibly also reduce scarring in patients with
acne. The mechanisms of action by which CAP exerts its anti-inflammatory effects in acne
still have to be examined in more detail. Studies are desirable that also measure the extent
of colonisation with microbiota in pilosebaceous units, including the antibiotic resistance
status before and after CAP treatment. Also, the microbial composition of the skin should
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be studied before and after CAP treatment to clarify if CAP also influences the steady-state
cutaneous microbiome. Finally, patient adherence to CAP treatment could be fostered by
future developments of low-cost and easy-to-handle plasma devices that can be purchased
by or lent to patients for home use.

5. Conclusions

In conclusion, CAP turned out to be a safe treatment option, showed moderate
reduction in acne lesions and led to higher patient-based ratings of aesthetics than non-
treatment. Because of the premature closure of the trial, results should be replicated in a
larger Phase III trial.
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