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ABSTRACT

Introduction: Keloids are a prevalent chronic
skin disorder with significant psychosocial
morbidity. Intralesional corticosteroid injec-
tions are the first-line treatment but are painful
and require repeated injections by medical
professionals. Dissolving microneedles are a
novel method of cutaneous drug delivery that
induces minimal/no pain and can be self-ad-
ministered. The objective of the study was to
evaluate the efficacy and safety of
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triamcinolone-embedded  dissolving micro-
needles in treatment of keloids.

Methods: This was a single-blind, intra-indi-
vidual controlled two-phase clinical trial of
8-week duration each. Two keloids per subject
were selected for (1) once-daily 2-min applica-
tion with microneedles for 4 weeks, followed by
no treatment for the next 4 weeks, or (2) non-
intervention as control. Primary outcome was
change in keloid volume as assessed by a high-
resolution 3D scanner.

Results: There was significant reduction in
keloid volume compared with controls after
4 weeks of treatment. This reduction was greater
with a higher dosage of triamcinolone used.
Conclusions: Once-daily application of dis-
solving triamcinolone-embedded microneedles
significantly reduced the volume of keloids. The
treatment was safe, can be self-administered
and can serve as an alternative for patients
unsuitable for conventional treatments.

Trial Registration: Trial Registry: Health Sci-
ence Authority (Singapore) Clinical Trials
Register Registration number: 2015/00440.

Keywords: Keloids; Microneedles; Scars

INTRODUCTION

Keloids are a common skin disorder in a younger
age group [1] and in certain racial groups, in
particular those of Afro-Caribbean [2, 3] or Asian
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[4] descent. The pathophysiology is poorly
understood and is likely multifactorial [2]. Itch
and pain are common symptoms that affect up to
80% of patients [5]. The undesirable, disfiguring
appearance of keloids can also lead to emotional
distress and psychosocial burden [6, 7].

Current therapeutic options are limited and
pose significant problems for patients. The first-
line option is multiple repeated intralesional
corticosteroid injections by a health profes-
sional. The treatment is operator-dependent,
painful (because of keloid hypersensitivity [5]
and the need to push the triamcinolone sus-
pension into a dense nodule) and inconvenient,
thereby precluding therapy in many patients
[8]. In a previous study, the mean pain score of
conventional triamcinolone injection was 7.9/
10 with 33% of patients giving up treatment
within ten injections because of pain and lack
of immediate improvement [9, 10]. Moreover,
there is a high recurrence rate of up to 50%
when treatment ceases [11]. Other commonly
employed therapies include cryotherapy,
radiotherapy and occlusive dressings, which
have poor efficacy rates, prominent side effects
or a high rate of recurrence [11-14].

Microneedles are micron-sized needles typi-
cally ranging from 150 to 800 p in length. Dif-
ferent types of microneedles exist, such as solid,
coated, hollow and dissolving microneedles,
each with distinct advantages and disadvantages
[15, 16]. Microneedles are able to effectively
penetrate the stratum corneum without strongly
stimulating the pain-transmitting nerve fibres
residing in the deeper dermis. Microneedles are
increasingly being used in the fields of drug and
vaccine delivery, interstitial fluid extraction and
cosmetic applications such as skin rejuvenation
and scars [17, 18] as they are minimally painful,
safe and can even be self-administered.

We hypothesize that dissolving triamci-
nolone-embedded microneedles can be an
effective and safe alternative for treatment of
keloids. We embedded triamcinolone acetonide,
the corticosteroid frequently used for intrale-
sional keloid injections, into microneedles
composed of hyaluronic acid, a naturally occur-
ring ground substance in the dermis. We per-
formed preclinical studies in cell cultures, mice,
guinea pigs and rabbits, comprising sterility,

cytotoxicity, systemic toxicity, skin irritation,
delay contact sensitization and phototoxicity
tests, which demonstrated safety of this phar-
maceutical composition. In this clinical trial, we
aim to evaluate the efficacy and safety of triam-
cinolone-embedded dissolving microneedles in
reducing the volume of keloids. Secondarily, we
aim to determine whether keloidal pain and itch
scores vary with the treatment.

METHODS

This was a single-blind intra-individual con-
trolled two-phase clinical trial of 8-week duration
each, conducted at a national dermatology
institution. This study was approved by the
Health Sciences Authority, Singapore, and the
National Healthcare Group’s Ethics Review
Board. All procedures performed in studies
involving human participants were in accor-
dance with the 1964 Helsinki Declaration and its
later amendments or comparable ethical stan-
dards. Informed consent was obtained from all
individual participants included in the study.

Subjects

The subjects were patients who fulfilled the
inclusion and exclusion criteria set out in the
protocol. In each subject, two similar keloids
approximately 1-2 cm in size (corresponding to
the size of the microneedle patch) were identified
and were allocated to either microneedle treat-
ment or control arms. The keloid that was located
in an anatomical region within easier reach by
the subject (either on the chest, arms or shoul-
ders) was allocated for self-treatment using
microneedles. A non-interventional control arm
was allocated as keloids are known to sponta-
neously change in size over time [19]. All patients
except one had received prior treatment for
keloids with intra-lesional triamcinolone with a
washout period of at least 6 months.

Intervention

Subjects were taught to perform self-application
of the microneedles at a dosage of one patch per
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day for 30 days. A spring applicator delivering
the microneedles into the skin at a speed of
2m/s and a force of 1.0-1.6 N was used, such
that the administration of the microneedles was
repeatable and consistent throughout the trial
(Fig. 1). The skin surface was sterilized with 70%
ethanol/isopropyl alcohol solution and the tri-
amcinolone-embedded  microneedles  were
applied for 2 min. This duration was used as we
had previously determined that application for
2min in the skin allows full delivery of the
drug.

Drug-Eluding Dissolving Microneedles

The hyaluronic acid microneedles (Micropoint,
Singapore) were 600 pm in height arranged in
14 x 14 arrays. Triamcinolone acetonide (Yung

(A)

Fig. 1 a Dissolving triamcinolone-embedded hyaluronic
acid microneedle patch (bottom). A holder (left) is used to
affix the patch to a spring applicator (right). The latter is
used so that the force delivering the microneedles into the
skin is constant throughout the trial. b Close-up view of
hyaluronic acid microneedles with triamcinolone acetonide

embedded at the sharp ends

Shin Pharm., Taiwan) was embedded into 50%
of the microneedles from the sharp end. In the
first phase of the study, 0.025 mg of triamci-
nolone was loaded per microneedle patch,
which amounts to a cumulative dose of
0.750 mg over 30 days. In the second phase, a
fourfold increase in dosage was used: 0.1 mg of
triamcinolone was loaded per patch, which
amounts to a cumulative dose of 3.0 mg over
30 days. This dosage of 3.0 mg per month mat-
ches the expected dosage of conventional
monthly intralesional corticosteroid injection.

Outcome Measures

Assessments were performed at baseline (visit
1), after 4 weeks of treatment (visit 2) and after
another 4 weeks of non-treatment (visit 3). The
primary outcome measure was an objective
volumetric assessment using a high-resolution
three-dimensional scanner, which has a 3D
resolution of 0.1 mm (Space Spider, Artec 3D,
Luxembourg). Three measurements were taken
for each keloid at each reading and the mean
volume was used in the analysis.

The secondary outcome measures were sub-
jective assessments, comprising the average
pain and itch scores the subjects experienced in
their keloids over the preceding 1 week, and the
Vancouver Scar Scale (VSS) administered by a
blinded evaluator. The pain and itch scores were
assessed using numerical rating scales ranging
0-10. The VSS is a clinical scoring scale assessing
the severity of scars using the parameters of
height, pliability, vascularity and pigmentation
[20, 21]. Throughout this study, the VSS was
evaluated by a single investigator to avoid inter-
individual variability in scoring.

At the end of the trial, subjects were asked to
compare the convenience of use, perceived
efficacy and overall preference between the
microneedles and their previous treatment
using intralesional corticosteroid injections.

Monitoring

To monitor for compliance and proper admin-
istration of microneedles, subjects were to
return the used microneedles and we checked
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that dissolution of the sharp ends of micro-
needles had occurred.

At baseline and after 4 weeks of treatment,
we used high-definition optical coherence
tomography (HD-OCT, Skintell, Agfa, Belgium)
to image each of the keloids. At baseline, the
mean 3D thickness of the epidermis was mea-
sured: over a scanned surface area of 1.5 mm?,
the 3D image volume was segmented into the
epidermis and dermis using an algorithm, and
the mean thickness of the undulating epidermal
layer was calculated. At 4 weeks, the depths of
microneedle penetration into the skin were
determined using the en face images in HD-
OCT, and the mean at two sites of microneedle-
penetration per keloid was calculated.

Safety Evaluation

Safety and tolerability to the microneedles was
monitored throughout the study. At each fol-
low-up, subjects were evaluated for side effects.
The keloids were clinically screened by a der-
matologist for signs of infection and contact
dermatitis.

Statistical Analysis

We calculated that 25 patients were required to
achieve > 90% power in detecting a 30%
change in keloid size. Multi-level mixed effect
models were used to test the difference in keloid
volume, pain score, itch score and VSS score
across the visits and between the treatment
groups, adjusting for baseline characteristics
including age, gender, race and size of keloid at
baseline. p < 0.05 was considered statistically
significant. Statistics was generated using
STATA version 14.0. All subjects who started on
the intervention were included in this inten-
tion-to-treat analysis.

RESULTS

Phase One

A total of 28 patients, 24 (85.7%) males and four
(14.3%) females, were recruited into the study.

Twenty-seven subjects completed the study and
one defaulted without starting treatment. The
mean duration of keloids was 4.77 years. The
median baseline volume of the control keloids
(49.3 mm?, range 2.5-855.0 mm?®) was higher
than that of the microneedle-treated keloids
(30.7 mm?, range 1.4-1467.3 mm?®). Imaging
and measurement using HD-OCT revealed the
mean depth of microneedle penetration to be
96.2 ym (range 64.6-154.2 pm) from the skin
surface, at the dermal layer. In comparison, the
mean 3D epidermal thickness of the keloids at
baseline was 29.0 ym (range 15.4-43.4 pm).

After 4 weeks of microneedle treatment, the
mean keloid volume reduced significantly from
117.6 mm? at visit 1 to 108.5mm? at visit 2
(mean change: — 9.1 &+ 15.4 mm?®, p =0.001)
(Table 1). This change was significantly greater
compared with the change in the control
keloids (p =0.019). After the subsequent
4 weeks without treatment (visit 3), the mean
volume of treated keloids significantly increased
in size (p = 0.017), which was not significantly
different from the size at baseline (p = 0.312).

The mean baseline pain and itch scores were
low for both the microneedle-treated (pain 0.9,
itch 1.8) and control (pain 1.2, itch 2.2) keloids.
There was a significant reduction in pain scores
in the microneedle-treated keloids after 4 weeks
of treatment (p = 0.007) and this effect persisted
at 8 weeks from baseline (p = 0.035) (Table 2).
There were no significant differences in itch
scores and the investigator-graded VSS scores
between the microneedle-treated and control
keloids (Table 3).

Phase Two

Phase two was conducted with a 6-month
washout period after completion of phase one.
Seventeen subjects from phase one continued
participation in phase two, and they comprised
15 (88.2%) males and 2 (11.8%) females. All 17
subjects completed the study. Similar to phase
one, the median baseline volume of the control
keloids (66.3 mm?®, range 7.0-1341.2) was
higher than that of the microneedle-treated
keloids (35.7 mm?, range 8.4-1826.9).
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After 4 weeks of microneedle treatment, the
mean keloid volume reduced significantly from
171.6 mm® at visit 1 to 149.6 mm® at visit 2
(mean change: — 22.1 + 28.0 mm?, p = 0.001)
(Table 1). This change was significantly greater
than the change in the control keloids
(p =0.035) (Figs.2, 3). After the subsequent
4 weeks without treatment (visit 3), the mean
keloid volume significantly increased in size
(p = 0.006), which was not significantly differ-
ent from the size at baseline (p = 0.917).

The mean baseline pain and itch scores were
low for both the microneedle-treated (pain 0.4,
itch 1.7) and control (pain 0.6, itch 1.8) keloids.
There was a significant reduction in itch scores
in the microneedle-treated keloids after 4 weeks

Fig. 2 Scanning photos with a three-dimensional camera
of a microneedle-treated keloid (left) and a control keloid
(right) in a subject with the two keloids in close proximity.
Compared with baseline (a), the volume of the micro-
needle-treated keloid was significantly lower after 4 weeks
of treatment (b)

TORRREER QR e i enpenegennt ||I Illlllll'
T T O e e O O T
6 7 8 9 10,5 5T

Fig. 3 Representative clinical photos of a keloid at the
umbilicus at baseline (a) and after 4 weeks of treatment
with triamcinolone-embedded dissolving microneedles (b).
Erythaema and volume of the keloid were reduced,
associated with wrinkling on the skin surface and enlarge-
ment of the umbilical opening

of treatment (p = 0.005) and this effect persisted
at 8 weeks from baseline (p = 0.002) (Table 3).
This reduction in itch score after treatment for
4 weeks was also significantly more than for the
controls (p = 0.005).

There was no significant change in the pain
score for either the microneedle-treated or
control keloids. For the investigator-graded VSS
score, a significant reduction in the micro-
needle-treated keloids after 4 weeks of treat-
ment was observed (p = 0.002).

Comparisons Between Phase One and Two
The dosage of triamcinolone used in phase two
was four times higher than that in phase one.
The mean reduction in keloid volume after
4 weeks of treatment in phase two was signifi-
cantly greater than in phase one (p = 0.029)
(Table 1). Correspondingly, the reduction in
investigator-graded VSS score after 4 weeks of
treatment was significantly greater in phase two
than in phase one (p=0.017). The main
parameters within the VSS scoring that resulted
in this difference were the pliability, height and
pigmentation scores.

A\ Adis



Dermatol Ther (Heidelb) (2019) 9:601-611

609

Subjective Assessment

The subjects tolerated the microneedles well
and there was no trial withdrawal. There were
no incidences of infection or contact dermatitis
from the microneedles. There was also no
reported aggravation or worsening of keloids
after microneedle application. Patients experi-
enced occasional mild itch and/or pain with
application of the microneedles and only two
patients stopped applying the microneedles
earlier because of moderate itch (at day 23 and
day 26 respectively).

At the end of both phases of the trial, the
subjects were asked to compare the microneedle
treatment with the conventional intralesional
corticosteroid injections. Seventeen subjects
had participated in both phases of the trial and
all of them had prior experience of receiving
intralesional corticosteroid injections for their
keloids. All felt that the microneedle treatment
was not painful and 15 felt that the microneedle
treatment was more convenient. Six subjects
felt that microneedle treatment was more
effective, three felt that it was equally effective,
while eight felt that it was less effective. Overall,
13 of these 17 subjects preferred microneedle
treatment to intralesional injections.

DISCUSSION

To circumvent the problems of intralesional
steroid injections, we used dissolving micro-
needles as a novel method of drug delivery in
the treatment of keloids. Preliminary studies in
animals and humans demonstrated dissolution
of the drug-embedded portion of the micro-
needles in the skin after 2 min [22]. The main
advantages of the microneedles are that they are
not painful and can be self-administered by
patients. The dosage of triamcinolone used in
phase two corresponds with the monthly
dosage of intralesional triamcinolone adminis-
tered in clinical practice—0.1 ml of 20 mg/ml
triamcinolone for a 1-2-cm-diameter Kkeloid,
averaging 3 mg per month.

The triamcinolone delivered by dissolving
microneedles is deposited at the upper dermis
over a wide area. In both phases of the study,
there was a significant reduction in keloid

volume compared with control and this reduc-
tion was significantly higher when a higher
dose of triamcinolone was used. After a reduc-
tion in keloid volume with 4 weeks of treat-
ment, the keloids increased back in size after the
end of treatment, approaching the size at base-
line. These findings indicate that the micro-
needle treatment is efficacious. In conventional
intralesional treatment, such occurrences are
similarly observed, and Kkeloids frequently
regrow after initial treatment; multiple monthly
injections are thus performed, such that recur-
rence may be reduced. Similarly, we expect
multiple months of treatment with micro-
needles will be required to reduce the regrowth
of keloids.

There was no consistent significant
improvement in itch and pain scores across the
two dosages of triamcinolone. This is likely due
to the low baseline pain and itch scores of the
keloids in this study. Overall, almost half of the
subjects (8/17) felt that conventional intrale-
sional corticosteroid injection was more effec-
tive than microneedle treatment. However,
despite this perception, most subjects (13/17)
preferred microneedle treatment over intrale-
sional injections. This was accounted for by the
markedly less pain experienced (17/17) and
convenience (15/17) of microneedle treatment
compared with intralesional injections. On
average, 20-30 triamcinolone injections are
required over 3 to 5 years for effective treatment
of keloids [9]. Given the long duration of
treatment, self-administration with dissolving
microneedles is preferable. These advantages
can potentially translate into improved patient
compliance and persistence with treatment,
which may possibly result in a lower rate of
recurrence over a longer period of time.

The limitations of this study include 63%
(17/27) of the subjects in phase one participated
in phase two of the study, which was conducted
after a 6-month interval. Treatment was allo-
cated based on keloid location (in an easy-to-
reach anatomical location) instead of being
randomized from all keloids present on the
patient. The keloid volumes were determined
objectively using a high-resolution 3D scanner;
however, manual delineation of the borders of
the keloids in a software is still required. Keloid

I\ Adis



610

Dermatol Ther (Heidelb) (2019) 9:601-611

thickness and volume varied at baseline and
may have influenced the depth of penetration
and hence effectiveness of treatment. Although
the investigator performing this work was
blinded, the element of human inconsistency in
keloid volume assessment cannot be totally
eliminated. With respect to subjective scorings
of pain, itch and VSS scores, the margins of
inaccuracies are likely high because of the low
baseline levels of pain and itch and sizes of the
keloids. Comparison of the experience of
microneedle treatment with previous conven-
tional intralesional injection was also subjected
to recall bias.

CONCLUSIONS

In summary, results of this study demonstrate
that once-daily application of dissolving triam-
cinolone-embedded microneedles significantly
reduces the volume of keloids and this reduc-
tion was greater with a higher dose of triamci-
nolone used. The treatment was safe and can
serve as an alternative for patients unsuit-
able for conventional treatments.
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