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ABSTRACT

Introduction: Nail psoriasis treatment is challenging due to difficult drug delivery and systemic therapy
toxicities. Self-dissolvable microneedle patches embedded with corticosteroids offers a potentially rapid,
minimally invasive drug delivery platform with good efficacy and minimal adverse side effects.

Methods: We conducted a 4-month prospective randomised controlled trial. Subjects with psoriatic
nails were randomised to receive microneedle device delivered topical steroids on one hand and control
treatment (topical Daivobet gel) on the other. Two independent dermatologists blinded to the treatment
assignment scored their Nail Psoriasis Severity Index (NAPSI) during visits at baseline, 2 and 4 months.
All treatment was discontinued after 2 months. Average NAPSI score on each hand was analysed.

Results: A total of 25 participants were recruited, aged 22 to 73 years. Majority were Chinese
(72%), followed by Indian and Malay. There was equal randomisation of treatment to the left and right
nail. While there was a rapid significant improvement in average NAPSI score for the control arm at 2
months, the treatment arm had a greater, more sustained improvement of the NAPSI score at 4 months.
The average NAPSI score improved for both treatment and control group at 4 months compared to
baseline. However, only the NAPSI value improvement in the controls at 2 months compared to baseline
was statistically significant (P=0.0039). No severe adverse effects were reported.

Conclusion: To the best of our knowledge, this is the first prospective randomised control trial
comparing microneedle technology against conventional topical steroids in nail psoriasis treatment. Our

findings demonstrate microneedle technology is as efficacious as topical therapy.
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INTRODUCTION

Psoriasis is a chronic immune mediated inflammatory
skin condition that affects about 2—4% of the Western
populations, with rising incidence over the years.!?
The presentation of psoriasis varies from mild localised
plaques to more severe erythrodermic forms, with
plaque-type psoriasis being the most common. It
frequently affects the skin and scalp, with up to one-
third of patients with joint involvement® and over half
with nail psoriasis.* Classical psoriatic nail lesions
include nail plate pitting, onycholysis, nail bed
discolouration, subungual hyperkeratosis and
onychodystrophy. Pitting is the most common sign,
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followed by onycholysis;’ but this may not be specific
and can be seen in a variety of other nail conditions. The
lifetime prevalence of nail involvement for psoriasis
patients is estimated to be 80-90%* and this may
present in the absence of cutaneous or joint disease in
5-10% of patients.® It is likely that the prevalence of
nail psoriasis may be underestimated’ and commonly
overlooked as it is largely asymptomatic in the early
stage, especially when patients experience more
symptoms from their skin and joint involvement.
However, early recognition is important for early
intervention as nail psoriasis is considered an indicator
for future or early psoriatic joint damage,® and can
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CLINICAL IMPACT

What is New

* Microneedle patches are as effective as
conventional topical steroid treatment at 4 months to
serve as additional or alternative treatment for nail
psoriasis.

Clinical Implications

* Self-application of our novel microneedle patches
may improve delivery of care and healthcare
outcomes for patients compared to intralesional
triamcinolone injections that require physician
administration and clinic visits.

be associated with longer disease duration, greater
disease severity, and greater restrictions in activities of
daily living. This can result in lower quality of life as
measured with validated instruments such as Dermatology
Life Quality Index (DLQI) and Nail Psoriasis Quality
of life 10 (NPQ10).>1°

Routine evaluation and early treatment of nail
involvement in psoriasis patients is therefore important.
Patients should be evaluated in a holistic manner for
severity of nail changes, as well as extent of skin and
joint involvement. Nail psoriasis is known to be difficult
to treat; current treatment modalities include topical
therapy, intralesional therapy, photochemotherapy, laser
therapy, radiotherapy and systemic therapy, including the
use of biologics. Most importantly, patient education on
general nail care measures is essential as some patients
turn to manicuring practices such as artificial nails and
nail extensions to conceal dystrophy, which may in turn
irritate nails'' and worsen their overall condition.

While topical therapy is a good initial option for
patients with proximal nail matrix disease manifesting
as pitting of the nails, it has limited efficacy for nail
bed disease with subungual hyperkeratosis as topical
therapy has suboptimal nail bed access. Beyond topical
treatments, procedural therapies such as pulsed dye laser
and intralesional corticosteroids have been investigated
as possible treatment options. Monthly pulse dye laser
therapy has limited efficacy, with long duration of
treatment required.'? Intralesional injection of
corticosteroids can have moderate efficacy but requires
in-person weekly injections by a physician for months.'"
The treatment is very painful, precluding its routine use.
Further treatment options such as oral systemic and biologic
therapies have been found to be effective but the potential

associated adverse side effects limit their use to patients
with concurrent more severe cutaneous involvement.'
Patients are often fatigued, due to poor efficacy of various
treatment modalities and failure to comply to long-term
treatments with topical agents. The treatment of nail
psoriasis remains challenging due to great difficulty in
drug delivery to site of action and possible toxicities of
most conventional systemic therapies. With the advent
of a new transdermal drug delivery platform in the form
of microneedle technology,' the option of a rapid and
painless drug delivery to the nail matrix is promising.
To investigate the therapeutic effects and advantages of
using microneedle technology to deliver topical
corticosteroids to psoriatic nails in a rapid and painless
way, we conducted a prospective, randomised controlled
study to compare microneedle technology with current
conventional topical steroid treatment in the treatment
of nail psoriasis.

METHODS

We conducted a4-month prospective randomised controlled
trial in National Skin Centre, a tertiary dermatology centre
in Singapore to evaluate treatment response of nail psoriasis
following treatment with a self-dissolving microneedle drug
delivery patch to administer topical steroids to psoriatic
nails. We included all adult patients, aged 21 years and
above, with nail psoriasis affecting both hands in varying
severity, diagnosed by certified dermatologists. All patients
recruited also had classical chronic plaque psoriasis
diagnosed by dermatologists. There was consideration
of alternative differentials for 2 of the patients. However,
their fungal nail microscopy and culture performed were
negative, suggesting that the diagnosis of onychomycosis
was unlikely. The study excluded those with unilateral
nail psoriasis present on one hand had previous localised
phototherapy to their nails, oral systemic agents, biologics
or have a history of allergy to alcohol swabs, steroids or
hyaluronic acid. Patients with recent topical treatment of
nails or who were undergoing whole body narrow band
ultraviolet B therapy were included but were advised to
maintain symmetrical positioning during treatment. All
patients underwent a fingernail clipping for microscopy
to rule out onychomycosis before enrolment in the study.

This was a left to right intrapatient comparison trial
where study participants received sterile microneedle
topical steroids treatment on 1 hand and control treatment
(topical Daivobet gel containing 50ug/g calcipotriol
and 500pg/g betamethasone, as dipropionate) on the
other hand. Randomisation was performed for each
participant to determine treatment allocation for 2
hands. This was done with a computer-generated
sequence by a dedicated person who had no further
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involvement in the rest of the study. Patients were taught
by research assistants on the way to administer the
treatment patch and control treatment.

These dissolving microneedle patches (Fig. 1) were
made of sodium hyaluronate as water-soluble matrix
material with a total of 0.5mg triamcinolone embedded
in the distal 50% of the microneedles. The microneedles
are 600um in length and pyramidal in shape. They
are prepared via a micromould-based method with a
stainless steel master structure consisting of 225
pyramidal needles created using an electrical discharge
machining process. The total amount of triamcinolone
(0.5mg) in each microneedle patch to be applied twice
weekly was calculated based on the weekly dosage of
up to a maximum of 0.1mL of 10mg/mL injected to
proximal nail folds in reported literature.'® Alcohol
swabs were provided to wipe the nail fold prior to
application. The microneedle patches were being held
in place over the nail fold area with a nail patch
applicator clip (Figs. 2 and 3).

Fig. 1. Microneedle self-dissolving patch.

To assess the severity of psoriatic nail disease, Nail
Psoriasis Severity Index (NAPSI) was used in our
study. Being one of the most comprehensive assessment
tools of psoriatic nail disease used in clinical trials,'”
it has been validated as a numeric, reproducible,
objective and simple tool for evaluation of treatment
response of psoriatic nails. In this system, the nail is
divided into 4 quadrants and 1 point is awarded if there
is any finding of nail matrix and 1 for nail bed change
that is seen, per quadrant, or 0—8 per nail. Nail matrix
psoriasis was assessed by the presence of any feature of
nail matrix psoriasis, including nail pitting, leukonychia,
red spots in the lunula, and crumbling in each quadrant
of the nail. Nail bed psoriasis was assessed by the
presence of features such as onycholysis, oil drop
(salmon patch) dyschromia, splinter haemorrhages,
and nail bed hyperkeratosis in each quadrant of the nail.
NAPSI scoring was administered by 2 independent

Fig. 2. Application of microneedle patch over horizontal
nail fold.
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Fig. 3. Clinical photograph of application of nail patch
applicator clip.

dermatologists blinded to the treatment assignment at
baseline and follow-up visits (2-month and 4-month
visits). The average NAPSI nail score of the affected
nails on each hand was analysed. This was calculated
from the total NAPSI nail score of psoriasis-affected
nails divided by the number of affected nails. Other
clinical information such as Psoriasis Area Severity
Index (PASI), Dermatology Life Quality Index (DLQI)
and NPQ10 were measured at baseline and follow-up
visits. All recruited patients were reviewed at baseline
and at 2 and 4 months after treatment initiation. All
treatment was discontinued after 2 months. The study
concluded after the third visit (4 months) and all
patient information was collated. Any localised side
effects to the fingers were also recorded during the
follow-up visits.
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In previous studies,'®!” patients recruited at baseline
from a population with psoriatic nails had a mean
NAPSI nail score of about 6 with a standard deviation
of 2. Based on the assumption that patients recruited
for our study will have similar baseline scores for both
the case and control groups, we expect a 1-1.5 point
score difference in nail changes between active and
control groups after 4 months of treatment at the end of
the study. Based on these assumptions, a sample size of
16-34 is required to detect 1-1.5 point score difference
in nail changes between the 2 groups with statistical
power of 80%, at 5% significance level. Hence, a
sample size of 20 patients was decided to achieve the
above statistical power at 5% significance level. The
primary outcome of this study was NAPSI scores, and
secondary outcomes were PASI, DLQI and NPQ10
scores, all measured at the 2-month and 4-month
follow-up visits. Differences between the active against
control group, as well as differences between study
visits within each treatment group were reported in
medians with ranges and means with standard deviations
(SD). Wilcoxon signed-rank test was used to compare
differences. Statistical significance was assessed at a
level of 0.05. All statistical analysis were performed
using R version 3.5.3 software. The above study design
and methods were approved the Singapore institute
ethics board prior to initiation.

RESULTS

A total of 25 patients were recruited for the study, and
their demographic characteristics were shown in Table 1.
They were aged 22 to 73 years with most of them being
males (76.0%). Majority of the patients were Chinese
(72%), followed by Indians (3%) and Malays (3%). There
was approximately equal randomisation of treatment
to the left (48%) and right nail (52%). Four study
participants did not complete the third study visit as
they were either lost to follow-up or could not complete
their follow-up due to COVID-19 visit restrictions.

There was a rapid significant improvement in average
NAPSI score for the control arm at 2 months, while the
treatment arm with microneedles had a more sustained
and greater improvement of the NAPSI score at 4 months
(Fig. 4). The average NAPSI score improved for both
the treatment and the control arm in the third visit
compared to the first visit, but only the improvement
of the NAPSI value in the control group at 2 months
compared to baseline was statistically significant
(P=0.004) (Table 2). The control group showed higher
improvement at 2 months compared with the treatment
group but the improvements at 4 months for both groups

Table 1. Demographics of study participants

Characteristics n=25

Age, years
Median (range) 43 (22-73)
Mean (SD) 43.28 (14.44)

Sex, no. (%)
Male 19 (76.0%)
Female 6 (24.0)

Race, no. (%)

Chinese 18 (72.0)

Malay 3(12.0)

Indian 3(12.0)

Others 1 (4.0)
Randomisation, no. (%)

Treatment: Left nail 12 (48.0)

Treatment: Right nail 13 (52.0)

SD: standard deviation

were similar (Table 3). These findings reflect that
treatment with microneedle patches are at least as
effective as the conventional topical steroid treatment.
In addition, more than half of patients (52%) indicated
a score of at least 7 when asked to rate their willingness
to use the microneedle patch if it was available in the
market on a scale of 0 to 10. All patients were monitored
for adverse events (AE) with only 1 patient with missing
AE data. Of the 9 (37.5%) patients who reported AE,
7 reported pain, 1 reported discomfort with the clip,
1 reported peeling skin and 1 reported numbness. Of
the 7 patients who reported pain, none reported a pain
score exceeding 2 out of 10. The Koebner phenomenon
was not observed at the nail folds where microneedles
were applied. The overall psoriasis severity remained
similar throughout the 4-month study period with
similar PASI scores for all 3 visits. However, it was
noted that there was a significant decrease in DLQI
scores from baseline to 2 months as the study participants
received localised therapies targeted to their nails.
(Table 4).

DISCUSSION

Nail psoriasis is prevalent in both psoriasis and psoriatic
arthropathy. There is recent increased emphasis on
treatment as nail psoriasis is increasingly recognised to
have negative impacts on the quality of life and ability
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Fig. 4. Comparison of average Nail Psoriasis Severity Index
baseline (V1) and follow-up visits (V2 and V3).
V: visit

to perform daily activities. With limitations to current
therapy methods due to poor penetration,?® tedious
administration and side effects, microneedle technology
for drug delivery has come into focus. This is especially
relevant in psoriasis, where keratinocyte hyperprolifera-
tion causes the formation of prominent plaques that
further hinders transdermal delivery. Microneedles can
potentially serve as a method of drug delivery considered
superior to conventional transdermal delivery as it is
known to be minimally invasive, painless, convenient
and promotes improved patient compliance.?! So far,
the use of microneedles has been tested with the
administration of methotrexate,”* cyclosporin** and
biologics?**?” such as anti-TNF-alpha antibody, with
good results and minimal side effects. The use of a
hyaluronic acid-based microneedle patch had previously
been examined in a pilot open trial to treat psoriatic plaques

(NAPSI) scores between treatment and control arms across

with promising results, but evidence on microneedle
patches to treat psoriatic nails is lacking.?®

Our findings demonstrate that treatment with
microneedle patches were at least as effective as
conventional topical steroid treatment. The conventional
topical steroids treatment had demonstrated a rapid
better treatment response compared to the microneedle
treatment. While the observed higher NAPSI score at
visit 2 for treatment arm was not statistically significant
(Table 2), the significantly better improvement scores
at visit 2 for control group compared to treatment
group could be attributed to a possible delay in any
treatment effects from the microneedle compared to the
control treatment. Nevertheless, any visible treatment
effects seem to be similar between the 2 treatment arms
after 4 months, suggesting that the microneedle
treatment might have a slower onset or the effects could

Table 2. Average NAPSI score within each group across baseline (V1) and follow-up visits (V2 and V3)

V1 (n=5) V2 (n=5) V3 (n=21) P value P value
(V2vs V1) (V3vs V1)
Treatment
Median (range) 3.02 (1.83-5.5) 3.4(1.17-5.8) 2.9(1.38-5.5) 0.90 0.06
Mean (SD) 3.42(1.19) 3.42 (1.39) 3.31(1.39)
Control
Median (range) 3(1.32-6.5) 2.8 (1.12-5.8) 3.2(1.63-5.6) 0.004 0.10
Mean (SD) 3.54 (1.45) 3.22(1.41) 3.53(1.39)

NAPSI: Nail Psoriasis Severity Index; SD: standard deviation; V: visit
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Table 3. Percentage improvement of NAPSI scores at follow-up visits (V2 and V3) from baseline (V1)

V1 (n=25) V2 (n=25) V3 (n=21)
% % %

Treatment

Median (range) 3.02 (1.83-5.5) -2.5(-37.5-50) 6.38 (-58.18—41.32)

Mean (SD) 3.42 (1.19) 0.07 (24.34) 21;5.71 (21.26)
Control

Median (range) 3 (1.32-6.5) 9.3 (-16.67-37.5) 3.45 (-28-36.8)

Mean (SD) 3.54 (1.45) 9.68 (12.84) 21;4.73 (14.72)
P value 0.13 0.02 0.84

NAPSI: Nail Psoriasis Severity Index; SD: standard deviation

Table 4. Quality of life markers: PASI, DLQI, NPQ10 across baseline (V1) and follow-up visits (V2 and V3)

\ %! V2 V3 P value P value
(V2vs V1) (V3vs V1)
PASI n=24 n=23 n=20
Median (range) 1.65 (0-20.1) 1 (0-10.7) 1.9 (0-17.4) 0.26 0.58
Mean (SD) 2.86 (4.60) 2.23 (3.02) 2.92 (4.18)
DLQI n=25 n=24 n=20
Median (rrange) 4 (0-24) 2 (0-19) 3.5 (0-27) 0.02 0.33
Mean (SD) 6.16 (5.75) 4.25(5.02) 6.10 (7.52)
NPQ10 n=25 n=24 n=19
Median (range) 0(0-14) 0(0-14) 0 (0-15) 0.86 0.89
Mean (SD) 1.40 (2.96) 1.54 (2.98) 1.84 (3.58)

DLQI: Dermatology Life Quality Index; NPQ10: Nail Psoriasis Quality of life 10; PASI: Psoriasis Area Severity Index; SD: standard deviation

possibly be more persistent.

Various matrix materials have been utilised in previous
studies to examine the efficacy of drug delivery. Our
study used hyaluronic acid as the matrix material for
the microneedles in view of its excellent biological
properties of biodegradability and non-immunogenicity.
The self-dissolvable hyaluronic acid microneedle patch
loaded with corticosteroids provides enhanced drug
delivery to the nails. These microneedle patches have
micron-scale needles that can permeabilise the stratum
corneum by creating microchannels in the skin, thereby
allowing the embedded corticosteroids to penetrate
the nail matrix and bed. These microneedles are long
enough to pierce through the barrier but short enough
to avoid causing pain. We observed that the treatment
arm with microneedles had a more sustained and greater
improvement of the NAPSI score at 4 months, but this

was not statistically significant. This might be related to
the need for a larger sample size or a longer duration of
follow-up for the clinical trial.

A strength of this study is its intrapatient design where
each patient served as his own case and control for
treatment response, which reduces the possible
confounders to treatment response. In addition, patients
with recent prior treatment with systemic effects were
excluded. Our study demonstrates that microneedle
patches have the potential to serve as an important
adjunct treatment option for nail psoriasis, an alternative
to topical therapy, and even intralesional triamcinolone
injections. With the potential for self-application
of microneedle patches at home, patients have the
convenience of home therapy. This will be ideal for
patients with busy schedules who are not able to make
regular clinic visits for triamcinolone injections. There
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will also be potential time and cost savings as patients
need not make multiple clinic visits. Delivery of care to
patients and their healthcare outcomes are also likely to
improve. Most patients reported no adverse outcomes
from applying the nail microneedles and most adverse
effects were limited to during the application process.
In addition, better designed or customised nail fold
applicators could be considered for improved fitting and
less discomfort for application.

One of the main limitations of this study is the lack of
long-term follow-up, as it is possible that nail dystrophy
can relapse just like psoriasis. Furthermore, given the
natural speed of nails growth, there might be a lag in
any visible nail improvement. Since all treatment was
concluded in 2 months but followed up for 4 months,
this limited duration might have limited the efficacy of
each treatment. Conversely, possible longer-term side
effects of microneedle use not observed in this study
include infection, irritant contact dermatitis, allergic
contact dermatitis, post-inflammatory hyperpigmentation,
abnormal scarring, and irritant and allergic granulomas.”
A longer duration of treatment and follow-up could
show more promising results with the microneedle
patch. Further studies with a larger sample size could
be performed by expanding on this pilot trial to detect
smaller treatment differences with adequate statistical
power.

CONCLUSION

To the best of our knowledge, this is the first prospective
randomised control trial comparing the efficacy of
microneedle technology against current conventional
topical steroid treatment in the treatment of nail
psoriasis. While new biologic therapies effective for
both plaque psoriasis and psoriatic arthritis are
promising for the treatment of nail psoriasis, topical
treatments should still be the first-line therapy especially
in individuals who have predominantly nail psoriasis
with limited systemic involvement. Further research
with larger sample sizes is required to further support
the use of microneedles to fill treatment gaps in terms
of optimal dose adjustments and application frequency,
as part of clinical management of nail psoriasis and for
further development in this drug delivery field.
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