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Background: Detachable microneedles (DMNs) are dissolvable microneedles that detach from the base during administration. The
use of DMNs-containing steroids for acne has never been investigated.

Methods: Thirty-five patients with facial inflammatory acne were evaluated for acne treatment efficacy and safety of DMNs and
DMNs containing triamcinolone acetonide (TA) via a 28-day randomized, double-blind, controlled trial. Four inflammatory acne
lesions were selected from each participant and randomly treated with a single application of 700 um DMNs containing 262.02 +
15.62 pg TA (700DMNTA), 1000 um DMNSs containing 160.00 + 34.92 pg TA (1000DMNTA), 700 pm DMN without TA
(700DMN), and a control. Efficacy was measured by assessing physical grading, diameter, volume, erythema index, and melanin
index. Safety was evaluated by assessing reports of adverse effects from patients and physicians.

Results: All three treatment groups achieved resolution of inflammatory acne significantly faster than the control group, with median
times for resolution of 4.6, 5.25, 6.7, and 8.1 days in the 1000DMNTA, 700DMNTA, 700DMN, and control, respectively. When
compared to the control group, the diameters and post-acne erythema of inflammatory acne were significantly reduced in the treatment
groups. The 1000DMNTA decreased acne size and erythema more than other treatments. DMNTA also tended to decrease acne size
and erythema more than DMN with no TA, but there was no statistically significant difference. All participants preferred DMN over
conventional intralesional steroid injection due to less pain and self-application. No adverse effect was observed.

Conclusion: DMNTA is a safe, effective alternative treatment for inflammatory acne and significantly reduces post-acne erythema.
Keywords: acne vulgaris, microneedle drug delivery, intralesional steroid, steroid injection, acne adjunctive treatment

Introduction

Acne is one of the most common skin diseases worldwide affecting quality of life." It mostly occurs during adolescence
and can persist into adulthood with life-time prevalence of about 85%." Inflammatory acne is painful, uncomfortable,
and unsightly; therefore, people seek a fast and effective treatment to accelerate the healing of these inflammatory
lesions. Topical and oral medications are first-line treatments for acne.” ® Unfortunately, these treatments are not effective
in accelerating the resolution of inflammatory lesions once they occur. Intralesional steroid injection (ILS) has been
commonly and widely used to treat inflammatory acne for many years.”® It is recommended as an adjunctive treatment
for large cysts and nodules when systemic medications may not always be effective. Another popular usage of ILS is for
inflammatory acne, which effectively reduces inflammation and accelerates resolution of inflammatory lesions.” It is
a way to directly access the lesion and cause dramatic flattening of most inflammatory acne.® However, it must be
performed by medical personnel and is less accepted by patients due to pain and needle phobia. Furthermore, ILS is an
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operator-dependent procedure that needs skilled personnel to deliver effective treatment, and side effects such as skin
atrophy, hypopigmentation, and infection can occur after treatment.”

Various topical or transdermal delivery systems have been investigated for improving drug permeation through the
skin.'® The stratum corneum, which generally allows penetration of only small (400 Da) and lipophilic molecules, is the
major barrier to transdermal drug delivery.'®'! ILS, which uses a hypodermic needle, can bypass the stratum corneum
and directly deposit the drug into the upper and deep dermis, where inflammatory acne lesions occur. Many drug delivery
methods can enhance drug’s penetration through the stratum corneum, such as topical enhancers and transdermal patches,
however, they cannot deliver drugs directly to the lesion in the dermis.

Microneedles are a transdermal drug delivery method that uses small needles with micron dimensions to pierce the
skin and deliver drugs to the target area.'®'? Nowadays, there are different types of microneedles available for drug
delivery, including solid, coated, dissolving, hollow, and hydrogel microneedles.'® Recently, detachable dissolvable
microneedles, microneedles that can detach from the base and be deposited into the skin during the short application
time, have also been introduced.'*'* The detachable dissolvable microneedles can be loaded to deliver drugs into the
target area of the skin.

The advantage of DMN is that it can effectively deliver drugs directly to the dermis in a minimally invasive way and
potentially be self-administered by the patient. DMN may be a good alternative to ILS for treating inflammatory acne
lesions. Therefore, this study aimed to investigate the efficacy and safety of DMN and DMN-containing triamcinolone
(TA) (DMNTA) compared to control for the treatment of inflammatory acne lesions and the prevention of post-acne
erythema.

Materials and Methods

Study Design

This prospective, randomized, double-blinded, intraindividual, comparative study was conducted from October 2021 to
August 2022, and was approved by the Human Research Ethics Committee of Srinakharinwirot University (SWUEC/
F-488/2563) and was performed in compliance with the Declaration of Helsinki. The study was performed at the Skin
Center, Srinakharinwirot University in accordance with relevant guidelines and regulations. The protocol was registered
at Thai Clinical Trials Registry (registration number TCTR20211215006). All participants gave written informed consent
before enrollment.

Participants

Participants were eligible if they were 18 years or older with mild to severe facial acne and were required to have at least
four facial inflammatory papules or pustules. All participants agreed to participate in the trial and signed the informed
consent form. Participants were allowed to continue using their usual routine of cosmetics, sunscreen, drinking the same
amount of herbal tea, taking oral antibiotics, and taking oral isotretinoin in order to simulate the real-life scenario of an
acne patch for inflammatory lesions. Other spot treatments for acne, concealers, new cosmetics, new cosmeceuticals, and
new sunscreens are not allowed. Participants who had comedone extraction, ILS, used herbal supplements, or received
any other sorts of facial laser and energy-based device treatments within two weeks of the trial’s start were disqualified.
Participants with a history of dermatitis, photodermatitis, or skin infection on their face, and pregnant or lactating women
were excluded. Four facial inflammatory acne lesions with similar morphology, height, and diameter were chosen by
physicians and randomized to receive different treatments.

Detachable Microneedle Patches

The microneedles in this study (Figure 1) were 7.4x7.4 mm? circular patches containing an array of 61 needles with
a tetragonal pyramidal shape with square bases 700 pm or 1000 um in height. Three types of DMNs were used in this
study: 1) a 700 um DMN containing 262.02 + 15.62 pg of TA per patch (700DMNTA); 2) a 1000 pm DMNTA
containing 160.00 + 34.92 nug of TA per patch (1000DMNTA), and 3) a 700 um DMN without TA (700DMN).
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Figure | (A) Representative microneedle packaging comes with DMN and sterile saline pad for application, (B) Photograph of DMN, (C) Representative stereomicroscopic
images of the 1000 ym DMN-containing triamcinolone acetonide.
Abbreviation: DMN, detachable microneedle patch.

Microneedle arrays were prepared via the molding method using sodium hyaluronate and sucrose as composite materials.
DMNs contained sodium hyaluronate and sucrose. DMNTASs contain sodium hyaluronate, sucrose, and TA.

Randomization, Allocation, Concealment, and Interventions

A randomized list was generated prior to the intervention period using block randomization from the website randomiza-
tion.com. The clinic staff who was not involved in recruitment, intervention, or assessment received the list and labeled
the different DMN types in accordance with the randomization list before recruitment day. At the first study visit, four
facial inflammatory acne lesions were chosen from each patient for intervention. Each lesion was labeled A-D from
superior to inferior order or left to right side from the investigator’s perspective and received different microneedle
interventions as described or a control as previously assigned through randomization. Microneedle patches (700DMNTA,
1000DMNTA, 700DMN) were randomly applied to three inflammatory acne lesions on the first visit and one was left
untreated as a control. All participants cleaned their faces with cleanser (CeraVe Hydrating Facial Cleanser, L’Oreal
(Thailand) Co., Ltd., Bangkok, Thailand) provided by the researcher before the application of microneedle patches. After
cleaning the tested area with a 70% alcohol pad, the microneedle patch was applied to the selected inflammatory papule
in a perpendicular direction. Then the area on top of the patch was rubbed using a saline-soaked pad for two minutes to
allow the microneedles to detach and dissolve into the skin.

Efficacy Assessments

The primary outcome was time to resolution by physician grading, which was measured by a blinded dermatologist.
Physician grading of inflammatory papules (Table 1) was described in 3 grades with 2 representing visible and palpable,
1 representing invisible but palpable, and 0 representing invisible and non-palpable. The time of resolution was
determined when the lesion reached grade 0. Other efficacy outcomes consisted of acne diameter measured in millimeters
by physicians using a Vernier caliper (ABSOLUTE Digimatic Caliper 500, Mitutoyo Corporation, Kanagawa, Japan). At
each visit, the outcomes were measured with the same room and lighting conditions. All outcomes were measured at
baseline and days 2, 3, 7, 14, and 28 of treatment.

Table | Physician Grading

Grading Definition
0 Invisible and non-palpable = Resolution
| Invisible but palpable = Partial resolution
2 Visible and palpable = No response
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Additionally, we evaluated the effect of DMN on post-acne erythema and hyperpigmentation. Erythema (a* value of
CIEL*a*b*) and melanin index (L* value) were evaluated using a DSM III Colorimeter (Cortex Technology, Hadsund,
Denmark) at baseline and 28 days of treatment. Patient and physician satisfaction were assessed at day 7 of treatment
using a visual analog scale. Moreover, participants who had received ILS for treatment of inflammatory acne previously
were asked for their preference.

Safety Assessments
Adverse events including skin irritation, pain, pruritus, skin infection, bruising, skin atrophy, skin hypopigmentation, and

hyperpigmentation were recorded at each visit via clinical observation by physician and participant reports.

Statistical Analysis

To estimate the sample size, we assumed the median survival time on control treatment was equal to 6.3 days'> and treatment
groups were 3 days with a type I error rate (alpha) of 5% and a type II error of 20% (power of 80%). The accrual time during
which patients were recruited was 30 days and additional follow-up time after the end of recruitment was 28 days. A sample
size of 29 patients was required (29 patients for each group), with 95% confidence and 80% power. The sample size was
calculated using the Power and Sample Size Calculation (PS) program. With a dropout rate of 20%, a sample of 35 patients had
to be recruited (35 patients in each group). Baseline characteristics of patients were described by treatment group using mean +
SD or median (interquartile range) for the continuous data and frequency and percentage for the categorical data. All patients
were included in the analyses (intention-to-treat analysis). For continuous outcomes (such as diameter, volume, erythema
index, and melanin index), multilevel data analysis (mixed linear model) was used to compare the difference between groups
and the difference between baseline and days 2, 3, 7, 14, and 28. Resolution of acne was defined by invisible and non-palpable
acne (physician grade 0). The estimated median time and rate of acne resolution were extracted from the Kaplan—Meier
method in all groups. A p-value <0.05 was considered as statistically significant. Statistical analyses were performed with
STATA version 14 (StataCorp, Texas, USA).

Results

Participant Demographic Data and Treatment History

Thirty-five participants with facial acne between 18 and 38 years with Fitzpatrick skin type III and IV were enrolled in
this study. Two participants were missing at day 28 due to follow-up loss and COVID-19 infection (Figure 2). Twenty-
seven participants were female (77.14%), and eight participants were male (22.86%). Most participants presented with
mild to moderate acne, including 45.71% with mild acne, 48.57% with moderate acne, and 5.71% with severe acne. Acne
types included 42.86% comedone, 91.43% papulopustular, and 2.86% nodulocystic acne. There were 94.29% of
participants who had received prior acne treatment and 88.57% of patients had received ILS previously. Demographic
data and treatment history are listed in Table 2.

Time to Resolution of Inflammatory Acne

The primary outcome in this study was time to resolution of inflammatory acne by physician grading (Table 1). Table 3
demonstrates the number of participants who achieved resolution at each visit. In the 700DMNTA and 1000DMNTA
groups, participants started to achieve resolution at day 2, while 700DMNTA and control groups started at day 3.
Statistically significant differences were observed among the four groups at day 2, 3, and 7 of treatment with p-values of
<0.001, 0.042, and 0.013, respectively (Table 3). The Kaplan—Meier curve showed all three groups had shorter resolution
times than the control (Figure 3). The median time to resolution was 4.6, 5.25, 6.7, and 8.1 days in the 1000DMNTA,
700DMNTA, 700DMN, and control, respectively, from the Kaplan—-Meier curve (Figure 3). At day 14 and 28, not all
inflammatory lesions were resolved; however, all three-treatment groups demonstrated higher resolution of acne lesions
than the control group despite lacking statistical significance (Table 3).
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Figure 2 CONSORT diagram. Screening, enrollment, and follow-up of study participants.

Diameter of Inflammatory Acne, Erythema, and Melanin Index

The diameter of inflammatory acne, measured by Vernier calipers, was significantly decreased in the three treatment
groups (700DMNTA, 1000DMNTA, 700DMN) compared to the control group (p-values 0.001, <0.001 and 0.020,
respectively; Figure 4). Erythema and melanin index were assessed by Colorimeter at day 1 and 28 to evaluate post-
acne erythema and hyperpigmentation after inflammatory acne resolved. There was a significant difference in
erythema in the three treatment groups compared to the control group (p-value of 0.004 in 700DMNTA, 0.003 in
1000DMNTA and <0.001 in 700DMN group; Figure 5). The melanin index at day 28 was worse compared to day 1
in all groups although not statistically different (Figure 5). The mean patient satisfaction by visual analog scale for
700DMNTA, 1000DMNTA, 700DMN, and the control were 9, 8.88, 8.52, and 7.44, respectively, while the
corresponding values of physician satisfaction were 8.85, 8.94, 7.64, and 6.32, respectively. Both patient (p <
0.001 in 1000DMNTA and 700DMNTA, p = 0.001 in 700DMN) and physician satisfaction (p < 0.001 in all three
treatments) were significantly higher than the control group. Regarding patient treatment preference, every partici-
pant who had experienced ILS for acne lesions preferred the use of microneedle patches over conventional needles.
Clinical photographs of a representative case are shown in Figures 6 and 7.
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Safety Outcome
We also evaluated side effects including irritation, dermatitis, pain, infection, bruising, skin atrophy, hyperpigmentation,

and hypopigmentation. There were no reported side effects in this study.

Table 2 Participant Demographic Data and Treatment History

Number (%)

Gender, No. (%)

Male 8 (22.86)
Female 27 (77.14)
Age

Mean, year (SD) 25.14 (5.87)
Min, Max 18, 38
Acne severity, No. (%)

Mild 16 (45.71)
Moderate 17 (48.57)
Severe 2 (5.71)
Main types of acne, No. (%)

Comedone 15 (42.86)
Papulopustular 32 (91.43)
Nodulocystic 1 (2.86)
Prior experiences in acne treatment, No. (%)

Yes 33 (94.29)
Topical 33 (94.29)
Oral 13 (37.14)
Extraction 20 (57.14)
Intralesional steroid injection 31 (88.57)
Treatment or IPL 8 (22.86)
Laser 8 (22.86)

Abbreviations: IPL, Intense pulsed light; SD, standard deviation.

Table 3 Number of Lesions That Achieved Resolution Each Follow-Up Day

Day Control 700DMNTA 1000DMNTA 700DMN P-value*
(n=35) (n=35) (n=35) (n=35)

| 0 0 0 0 N/A

2 0 4 (11.42) 3 (8.75) 0 <0.001

3 2 (5.71) 9 (25.71) 11 (31.42) 6 (17.14) 0.042

7 15 (42.85) 24 (68.57) 26 (72.28) 18 (51.42) 0.013

14 28 (80) 32 (91.42) 31 (88.57) 32 (91.42) 0.189

28 31 (88.57) 32 (91.42) 32 (91.42) 32 (91.42) 1.000

Notes: *The p-value indicates the between-treatment comparison using linear mixed model analysis, <0.05 is considered
statistically significant. Bold font indicates statistical significance.
Abbreviations: 700DMN, 700 um detachable microneedle patch; 1000DMNTA, 1000 ym detachable microneedle patch
containing triamcinolone acetonide; 700DMNTA, 700 um detachable microneedle patch containing triamcinolone acetonide.

Discussion

In our practice, ILS is often requested by patients with inflammatory papules because of its effectiveness in dramatically
flattening inflammatory lesions within 48—72 hours,” ® but there are very few studies that explore this treatment. In this
study, we investigated the efficacy of DMN as a drug delivery method as an alternative to ILS. Our study is the first to
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Figure 3 Kaplan—Meier curve of time to resolution of inflammatory acne by physician grading.
Abbreviations: 700DMN, 700 uym detachable microneedle patch; I000DMNTA, 1000 pm detachable microneedle patch containing triamcinolone acetonide; 700DMNTA,
700 pym detachable microneedle patch containing triamcinolone acetonide.

Mean Diameter by Vernia Caliper
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Figure 4 Diameter of inflammatory acne measured by Vernier caliper in millimeter *Significance difference from baseline. **p-value comparing each treatment and control
using multi-level data analysis, <0.05 is considered statistically significant.

Abbreviations: 700DMN, 700 um detachable microneedle patch; I000DMNTA, 1000 pm detachable microneedle patch containing triamcinolone acetonide; 700DMNTA,
700 pym detachable microneedle patch containing triamcinolone acetonide.

evaluate the safety and efficacy of microneedle patches containing TA in the treatment of inflammatory acne. This study
revealed that DMNs were effective in reducing the size and post-acne redness of inflammatory acne. Our primary
outcome, median time to resolution of acne, showed a faster time to resolution in all three treatment groups compared to
the control. Participants started to achieve resolution at day 2 of treatment in the 700DMNTA and 1000DMNTA groups,
similar to that of ILS. All three DMN treatments showed significantly faster times to resolution of inflammatory acne
compared to the control. The survival curve (Figure 3) shows that given I000DMNTA, 700DMNTA, and 700DMN, the
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Figure 5 Mean erythema and melanin index of inflammatory acne at days | and 28 measured by colorimeter. *p-value comparing each treatment and control using multi-
level data analysis, <0.05 is considered statistically significant.

Abbreviations: 700DMN, 700 um detachable microneedle patch; I000DMNTA, 1000 pm detachable microneedle patch containing triamcinolone acetonide; 700DMNTA,
700 pym detachable microneedle patch containing triamcinolone acetonide.

Treatment Day Day 2

Day 3 Day 7

Figure 6 Clinical photographs of subject; (A) I000DMNTA, (B) 700DMNTA, (C) control, (D) 700DMN.
Abbreviations: 700DMN, 700 pym detachable microneedle patch; I000DMNTA, 1000 pm detachable microneedle patch containing triamcinolone acetonide; 700DMNTA,
700 ym detachable microneedle patch containing triamcinolone acetonide.

median time to resolution was 4.6 days, 5.25 days, and 6.7 days, respectively. The timeframes are quicker than the
median time to resolution of 8.1 days for the control.

Facial skin thickness manifested in variable ranges: epidermis (110—135um) and dermis (16002500 pum).'®'” The
depth of 90% adnexal structures which were previously reported are about 386—1321um."” Acne is a skin disease of
pilosebaceous units that involves both sebaceous glands and hair follicles. Hence, we selected the depth of DMNs at
700um and 1000um to target the inflammatory pilosebaceous units.

In DMN treatments containing TA, 1000DMNTA tended to be more effective than 700DMNTA, despite
1000DMNTA having a lower amount of TA (160 pg/patch vs 262 pg/patch in 700DMNTA). Therefore, this emphasizes
that a low dose of TA is enough for the treatment of inflammatory papules. This is consistent with the findings of Levine
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Treatment Day Day 2

Day 3

Figure 7 Clinical photographs of subject; (A) 700DMNTA, (B) control, (C) 1000DMNTA, (D) 700DMN.
Abbreviations: 700DMN, 700 uym detachable microneedle patch; I000DMNTA, 1000 pm detachable microneedle patch containing triamcinolone acetonide; 700DMNTA,
700 pym detachable microneedle patch containing triamcinolone acetonide.

and Rasmussen® who conducted a study to determine the lowest intralesional TA and betamethasone dose for cystic acne
treatment. The study reported that TA at a concentration of 0.63, 1.25, and 2.5 mg/mL had similar efficacy as
intralesional injections for cystic acne. Moreover, in clinical practice, where a TA concentration of 2.5 mg/mL is usually
administered in small injection amounts (approximately 0.05 mL), the amount of TA injected in each lesion is about
125 pg. Therefore, from our findings, when using DMN as a drug delivery system, a TA dose of 160 pg/patch or lower is
suggested. However, the depth of the microneedle might be a more important factor in delivering drugs into inflamma-
tory lesions that rise and swell.

In our study, the 700DMN, which did not contain TA, also improved inflammatory acne. This is likely because
microneedles that puncture the lesion subsequently help the drainage of pus or other contents from the lesion. Therefore,
a shortened resolution time of the inflammatory papules and pustules was observed.

Interestingly, all DMN treatments can significantly reduce post-acne erythema when compared to no treatment. Post-
acne erythema is a common sequelae of acne after inflammatory lesions, causing psychological distress and frustration in
many patients.'®2° In this study, we observed the positive effect of DMN on post-acne erythema. Even 700DMN that
does not contain steroids demonstrated efficacy in decreasing post-acne erythema. This effect may be explained by DMN,
which hastens the time of resolution and results in a shorter inflammatory duration and less erythema in the area. We do
not believe that this result was due to the prolonged effect of steroids since we only applied a single application of DMN
in our study. Nevertheless, post-inflammatory hyperpigmentation represented by the melanin index was not significantly
different after DMN treatment at day 28. This is possibly because the post-acne erythema was still more prominent than
hyperpigmentation during that follow-up period. Therefore, the effect of DMN on post-inflammatory hyperpigmentation
cannot yet be determined, and further studies with longer follow-ups should be performed to explore this issue.

Regarding safety, both higher (262 pg/patch) and lower (160 pg/patch) TA doses had no adverse effects. The major
concerns of administering DMN containing steroids directly to the skin are atrophy and hypopigmentation. These side
effects did not occur from treatment day until the end of the follow-up period of 1 month, which is within the period that
atrophy and hypopigmentation usually occur in our experience after ILS (3—4 weeks after ILS). Therefore, a single
application of DMN containing TA with a dose of up to 262 pg/patch is safe for acne treatment.

Another major advantage of using DMN instead of ILS is the self-application of the patch, which does not require skilled
medical personnel to be present. In our study, we asked for the preference between DMN and ILS in participants who had
experienced ILS for the treatment of inflammatory acne previously. All patients preferred the use of microneedle patches over
conventional needles for the treatment of inflammatory acne because it was less painful and could be self-applied.
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Limitations of this study include that the frequency of follow-up in the first week was limited due to the restrictions
caused by the COVID-19 pandemic policy. Additionally, most inflammatory lesions in this study were inflammatory
papules and pustules since it is difficult to identify participants with four similar nodules or cystic lesions at a single time
period. For further study, the frequency of follow-up should be increased in the first week after treatment and a longer
follow-up period may allow for the detection of unexpected side effects of DMN. In addition, the lowest effective
concentration of DMN containing TA and multiple repeated applications of DMN can be explored for safety and efficacy.
Finally, randomized controlled trial comparing DMN containing TA and ILS is recommended to compare the efficacy of
these two treatments for inflammatory acne.

Conclusion
DMNTA is effective in accelerating the resolution of inflammatory acne and reducing post-acne erythema. It is safe and
no adverse effects were reported; thus, it could be considered an alternative treatment for inflammatory acne.
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