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Abstract

Background. Scientific rationale and encouraging first cliicesults suggest the interest of
using apremilast for treating vitiligo.

Objective. To compare the efficacy of apremilast in combmatherapy with narrowband
(NB)-UVB versus placebo and NB-UVB treatment for repigmentatiopatients with non-
segmental vitiligo.

Design. 52 weeks prospective randomized placebo-contrsliedy.

Participants. Adult patients with vitiligo

Interventions. Group A received, in addition to phototherapy eapifast at the label dosage
and group B received placebo. After 24 weeks, ptiesho responded (decreased
VASI>30%) were re-randomized to receive apremitaigilacebo, combined with twice
weekly NB-UVB for 24 additional weeks.

Main outcome and measure. The primary outcome measure was the comparisarcieet

the two groups of the VASI score at 24 weeks.

Results. 80 patients were randomized (40 in each groupgrAf4 weeks, the mean VASI
score decreased from 23.63 to 19.49 (p=0.011)renaiast+UVB group and from 21.57 to
15.25 (p<0.0001) in the placebo+UVB group. Theat#hce between the two groups was not
statistically significant (p=0.18). No statistigaflignificant differences were observed
between the two groups after additional 24 weekseaftment.

Conclusions and Relevance. Apremilast does not bring any benefit to NB-UVB feeating

vitiligo.



Vitiligo is an acquired depigmentation disordeteating 0.5 to 2% of the general population.
There is strong evidence for both oxidative steegsthe immune system to play a role in
genetically predisposed individuals (Bellei et 2013, Jin et al., 2012, Passeron and Ortonne,
2012, Schallreuter et al., 2013, Spritz, 2012). fidhe of lymphocyte T helper (Th)1 and
Th17 has been reported by several studies (Kotaddukdi, 2012, Santaguida et al., 2010,
Wang et al., 2011). Recent data emphasized thedkeyf the interferon gamma (IFN
pathway in vitiligo. Under IFM stimulation, keratinocytes are stimulated to pazdu
chemokines such as CXCL9 and CXCL10 which furtiteaet and activate CD8+ T cells
(Richmondet al., 2016). We recently demonstrated that the innelts play a key role in the
initiation of the disease and that CXCL10 is respole for the initial apoptosis of some
melanocytes resulting in release of auto-antigeassubsequently triggers the auto-immune
destruction of melanocytes by the T cells (Tetial., 2019). These data emphasized the
potential usefulness of targeting the immune systehalt vitiligo progression and to help
the repigmentation when associated with ultravi(ilat) exposure. Many treatment
modalities are currently used for vitiligo, suchtagical steroids, topical immunomodulators
and phototherapy (Ezzedine et al., 2016, Pass2@dr). So far, there is no treatment
approved by the FDA or the EMA for repigmentingligpb. Narrow band UVB (NB-UVB)
remains the gold standard treatment for widespvédido (affecting more than 5% of the
total surface body area) although providing onl¢a3@hprovement of the VASI score
(validated scoring system for vitiligo (Komehal., 2015)) after 6 months of treatment.
Apremilast is a phosphosdiesterase 4 (PDE4) irgiltitat showed efficacy and very good
tolerance in rheumatoid arthritis and psoriasipfPet al., 2015, Paul et al., 2015).
Apremilast induces a potent activation of the ayélIMP (CAMP) pathway leading to anti-
inflammatory effect by decreasing the Th1l and TlybTphocyte response. It also decreases

the production of CXCL9 and CXCL10 (Schaétal., 2010) and modulates innate immunity



(Schaferet al., 2014). Interestingly, the cAMP pathway is alsdlwwemonstrated to be the
main pathway for promoting melanogenesis and fdua@mg the differentiation and the
proliferation of melanocytes (Khaletial., 2010). Indeed, the cAMP pathway induces the
phosphorylation of the transcription factor CRERttim return activates MITF. MITF is the
key transcription factor of melanocyte which regedatheir proliferation and melanogenesis
by increasing the transcription of tyrosinase ai@ili@nzymes. Interestingly, stimulating the
CcAMP pathway has been proven to be effective t@eoé the UVB-induced repigmentation
in vitiligo patients (Limet al., 2014). Thus, by these mechanisms, we hypothésite
apremilast could potentiate the repigmentationitiifigo lesions and at the same time, halt the
disease progression thanks to its anti-inflammagdigcts. A recent case report and a
retrospective study further suggested that apretmbaght be useful for treating vitiligo (Huff
and Gottwald, 2017, Majid et al., 2019). Takingpiaccount this strong rationale and these
first encouraging cases, some dermatologists havied proposing this treatment off label as
a treatment option to help their most difficultipats. The objective of the study was to
compare the efficacy of apremilast at the labebdesn combination with NB-UVBersus

placebo and NB-UVB for repigmentation in patientdhwnon-segmental vitiligo.

Methods

We conducted a prospective randomized placebo-atedrstudy in the Department of
Dermatology of the university hospital of Nice, Rta. The study was approved by the Ethics
Committee (Comité de Protection des Personnes Siditdtranée V — n° 16.063) and is
registered on Clinicaltrial.gov (NCT03036995).

Patients above 18-years-old with vitiligo affectaigeast 5% of their body surface area were
included after written informed patient consent whtined. Exclusion criteria were

segmental or mixed vitiligo, pregnant or breastiiegdvomen, active infections, congenital or



acquired immunosuppression, personal history ofgnahcy, prior use of apremilast, any
topical therapy within the two weeks before randation, use of phototherapy or systemic

steroids or immunosuppressive drugs within 4 weelks to randomization.

The main objective of the study was to comparer &t weeks of treatment, the efficacy of
apremilast at the label dosage of 30mg BID withperditration, in combination therapy with
NB-UVB versus placebo and NB-UVB for repigmentation in patiewtth non-segmental
vitiligo. The primary outcome measure was the VA&re (Komeret al., 2015). The
secondary outcomes measures were the Vitiligo Ex8eare (VES) (van Geet al., 2016),

the VETF (Vitiligo European Task Force) assessni€aieb and Picardo, 2007), the DLQI
score and the delay until the first signs of regtation.

As apremilast may also promote the proliferatiomefanocytes when they have been
differentiated, we wanted to assess the poterffedteof apremilast in responsive patients
who started to repigment after UVB treatment. Thalighe patients who had at least 30%
decrease in their VASI score at 24 weeks (W24) wemandomized to receive either
apremilast and NB-UVB or placebo and NB-UVB (pardBhe study). The same criteria of
evaluation were used. In addition, we comparetiéntivo treatment arms, the rate of patients
who lost their initial response, defined by a VASbre back to 10% of improvement or less
at W36, W48 and W52, compared to W24.

The evaluation was performed by two physicians\dad to the treatment received, on
standardized pictures performed at W0, W12, W246 W848 and W52. If the scores of the
evaluators differed by more than 10% a joint assess$ was done to reach an agreement.
Participants were randomly allocated to one of tiseatment arms; group A received
apremilast and NB-UVB phototherapy while group Beiged placebo and NB-UVB
phototherapy. NB-UVB was performed twice a weekwdtstarting dose of 200 mJ/cm2 and

an increase of 10-20%er week to induce an asymptomatic erythema. Placei@premilast



were given orally. Apremilast was given with adtton pack at the initiation of the study and

afterwards at the dose of 30 mg twice a day. Therse of the study is presented in Figure 1.

The placebo looked, tasted and smelled as the dpstipills. The exact same number of pills
were given in the arms. The labelling of the tweatments could not be differentiated from
each other. Randomization was balanced (1:1) aatifi&d by skin phototype group (fair
skin types (Fitzpatrick I, Il, 1ll) and dark skigges (Fitzpatrick IV, V, VI)). Centralized block
randomization was conducted by the Department inical Research and Innovation (DRCI)
at Centre Hospitalier Universitaire (CHU) Nice upsiNquery© Advisor v 7.0. software.
Calculation of sample size

According to the literature (Lirat al., 2015), we anticipated a mean VASI score
improvement in placebo + narrow UVB treatment ati@4 of about 30%. We expected
that patients in the combination group (photothgraapremilast) will have at least a 50%
mean improvement of their VASI score. Considerirgpaservative standard deviation of 25
(calculated SD with data from Lim et al. is 22 (Latral., 2015)), a power of 90%, an alpha
risk of 5% and a bilateral hypothesis, a total 4fpatients were required in each group.
Taking into account the potential subjects lodottmw-up within 6 months of study, a total
of 80 patients (40 in each group) was chosen.

Statistical analysis

Analysis of the primary objective as well as anadysonsidering VETF and VES scores were
performed on a modified intention-to-treat (ITTrmneiple. All patients who underwent
randomization and took at least one dose of mdaditatere included in these analyses.
Missing values were imputed according to the Ldss&dvation Carried Forward (LOCF)
procedure. Per-protocol analyses were also perihromsidering only patients who
completed the entire study (phase A or B) withaalation to the protocol and with an

adequate compliance.



Firstly, VASI, VETF and VES scores evolution wasmgared between both treatment arms
using ANCOVA models adjusted on the baseline seahee (W24 score value for the phase
B analyses) and the phototype group. We then casddaL QI score evolution between the
groups the same way. For delay until repigmentafaiow-up started on the first day of
treatment, and cumulative event curves were estitnaith the Kaplan-Meier method;
survival curves were compared with the logrank tesphase B, at W36, 48 and 52, loss of

initial response was compared between both arnmgjtise Fisher's exact test.

All tests were two sided. We used SAS Enterprisel&software version 7.1(SAS institute,
Inc, Cary, North Carolina, USA) for statistical &ses.
Raw anonymized data are available for researchggegoupon request to fontas.e@chu-

nice.fr

Results

For the first part of the study, 80 patients wemredomized (40 in each group). One patient
withdrew his consent in apremilast group and netanted the treatment. During the 6
months treatment 2 other patients withdrew themsent (one in each group), 4 were lost to
follow-up (2 in each group) and 1 patient in theesmpilast group refused to continue. A total
of 39 patients were included in the ITTm analysishie placebo group and 38 in the
apremilast group (Cf. Flow diagram). The descriptid the population is summarized in
Table 1. After 24 weeks of treatment, the medi@R(| interquartile range) VASI score
decreased from 12.90 (5.70 — 39.60) to 10.00 (5.80.30) (Ancova adjusted mean
difference -4.12 +- 1.58; p=0.011) in apremilasi#B group and from 13.90 (10.00 — 26.00)
to 10.40 (5.10 — 20.00) (Ancova adjusted mean iiffee -6.81 +-1.51; p<0.0001) in the
placebo + UVB group (Figure 2). The difference bestw the two groups was not statistically

significant (p=0.18). After 24 weeks of treatmem iedian (IQR) VES score decreased



from 9.05 (4.60 — 36.20) to 8.00 (4.00 — 25.00)¢éva adjusted mean difference -3.38 +-
1.43; p=0.021) in apremilast + UVB group and frotnQD (8.00 — 24.50) to 7.70 (5.20 —
21.00) (Ancova adjusted mean difference -5.71 #-1p30.0001) in the placebo + UVB
group (Suppl. Figure 1). The difference betweentweegroups was not statistically
significant (p=0.2). No significant differences Wween the two groups were observed using
the VETF score or when only patients with signadifvity (defined by blurry borders or
confetti-like depigmentation) were analyzed. Thegetocol analysis showed similar non-
significant results. Both groups experienced ahslmt statistically significant decrease of
their DLQI scores (p=0.023 and p=0.004, for aprasti#tUVB and placebo+UVB,
respectively). Again, the difference between the groups was not statistically different
(p=0.656). The median timeline to observe the Bigh of repigmentation was 43.5 days in
the apremilast+UVB group and 65 days in the pla¢ceb group (logrank, p=0.105)
(suppl. Figure 2).

For the second part of the study, 39 patients whgéle and 38 underwent randomization
(19 in each group). One patient never startedré@rhent in apremilast group. During the 6
months of treatment, 9 patients were lost to follgu(5 in placebo and 4 in apremilast group)
and 5 patients refused to continue (2 in placelib3aim apremilast group). A total of 19
patients were included in the ITTm analysis in plaxgroup and 18 in the apremilast group
(Cf. Flow diagrams). After 24 additional weeks @a@tment, the median (IQR) VASI score
increased from 8.00 (4.70 — 28.10) to 9.00 (4.28-20) (Ancova adjusted mean difference
0.64 +- 1.15; p=0.583) in apremilast + UVB groupl #mm 7.00 (5.10 — 14.40) to 7.50 (5.30
—13.90) (Ancova adjusted mean difference -0.62:6:1p=0.594) in the placebo + UVB
group (Figure 3). The difference between the twaupgs was not statistically significant
(p=0.40). After 24 additional weeks of treatmerd thedian (IQR) VES score increased from

6.50 (4.00 — 26.00) to 7.25 (3.80 — 25.00) (Ancaslpusted mean difference 0.08 +- 0.81;



p=0.922) in apremilast + UVB group and from 5.7@G®— 18.00) to 6.50 (5.30 — 17.20)
(mean difference -0.47 +-0.81; p=0.562) in the @tec+ UVB group (Suppl. Figure 3). The
difference between the two groups was not staaibyisignificant (p=0.598). No significant
differences between the two groups were observieg tise VETF score or when only
patients with signs of activity (defined by blutvgrders or confetti-like depigmentation) were
analyzed. Finally, when we studied the proportibpatients who lost their response during
the second part of the study, in the apremilasiBdroup 3/17 (17.7%) at W36, 3/15 (20%)
at W48 and 3/12 (25%) at W52 lost the responsthdiplacebo + UVB group, 6/19 (31.6%)
at W36, 7/19 (36.8%) at W48 and 4/12 (33%) at Wa@ lost their response. There was no
statistical difference between the two groups gtarthese time points.

Eighteen side-effects in a total of 9 patients wdrgerved in the apremilast+UVB group.
Diarrhea, abdominal pain and headache were the ineggtent side-effects. There were 2
serious adverse events (one surgery for a benigartof the amygdales and one suicide
attempt). The suicide attempt was attributed tartb@ment. Nine adverse events in 9
patients were observed in the placebo+UVB group.sétious adverse events were observed

in this group.

Discussion

With our improvement knowledge in the pathophysiglof vitiligo and the development of
many drugs aiming to target the different biologmathways implicated in this process,
physicians might be tempted to propose these apipesao help vitiligo patients who suffer
from their disease. Apremilast is an orally takemgdwith a good safety profile and a strong
rationale for being used in vitiligo. Successfelaiment with apremilast was reported in one
patient with a resistant vitiligo (Huff and Gottwal017) however that patient also received

systemic steroids in combination with apremilasbr&recently, 13 patients who failed to



respond to other approaches were treated with alastNone of the patients presented with
progression of their disease and 8/13 (61.5%) tedaepigmentation (Majidt al., 2019).

Our results, obtained in a prospective randomimatdf 80 patients and performed for a total
of 52 weeks, show that apremilast does not brirygaalditional benefit to NB-UVB

treatment. Not only, the apremilast combined to B did not achieve higher
repigmentation after 6 months of treatment compsvedB-UVB alone, but when given to
patients who already started to respond to NB-UiVBid not result in faster repigmentation
process. Our study has shown no effect of apretutaspared to placebo patients were
subdivided according to the extent or activitylofit disease, however these later results must
be interpreted with caution as our study was natgyed for such analyses.

The main limitation of this study is the fact tlagremilast was not assessed as a
monotherapy. However, we designed this schemesafitrent knowing that phototherapy
remains the gold standard of vitiligo treatment] &ecause the first data using targeted
immunomodulators such as JAK inhibitors showed dpitmal repigmentation required sun
exposure or phototherapy (Latial., 2017). As sun exposure of each patient cannot be
controlled and is difficult to obtain during winteme, we preferred using NB-UVB.
Moreover, by elevating the cAMP level, apremilaat potentially stimulate MITF and thus
promote faster repigmentation following photothgrapluced differentiation of melanocyte
stem cells (Yamadet al., 2013). Surprisingly, we did not observe furthmprovement in
repigmentation in the second part of the study.iég hypothesize that the stronger efficacy
of NB-UVB in the 6 first months is due to its imnmasuppressive action. Interestingly, this
study also confirms the efficacy of NB-UVB in halgithe progression of the disease. The
overall rate of repigmentation with NB-UVB duringet 48 weeks of treatment was lower than
expected. These relatively poor results achieveld the NB-UVB might be explained by the

long disease duration of the patients includedhig $tudy (mean around 20 years), their

10



relatively old age and the low proportion of dakingphototypes. These limitations should be
kept in mind for further studies when evaluating #ffect of drugs impacting the immune
system for vitiligo treatment. Thus, patients hguwiacently developed their lesions might be
selected, at least for the proof of concept studeeget the maximum chances of achieving
repigmentation.

In conclusion, we demonstrated that apremilast doesring any additional benefit to NB-

UVB for treating vitiligo and should not be propds&s a treatment option.
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Tables

Table 1. Description of the population.

ArmA ArmB
n n
(n=38) (n=39)
% %
Age (years), Mean 40 49.5 (13.4) 39 45.4 (13.2)
(£SD)
Sex
Male 14 36.8 14 35.9
Female 24 63.2 25 64.1
Height cm, Mean (+SD) 38 168.2 (10.4) 39 168.1 (7.4)
Weight Kg, Mean 37 69.0 (13.7) 39 70.2 (14.6)
(£SD)
Normal clinical exam 38 100.0 39 100.0
Skin type
IV/VIVI 8 21.0 10 25.6
Disease duration 38 22.7 (15.0) 39 18.6 (13.8)
(years), Mean (xSD)
Table 2. Evolution of the DLQI scores
WO W24 Diff WO/W24 5
(n=38) (n=32) (n=32)
DL QI apremilast+UVB
group 6.89 + 4.88 5.03+4.82 -1.31+3.81 0.656!
mean = SD
V1 (JO) V3 (S24) Diff_JO/ S24
(n=39) (n=35) (n=35)
DL QI placebo+UVB
group 7.46 £6.01 557+561 -2.03 £3.85

mean + SD




Figures

Figure 1. Scheme of the study

Figure 2. Evolution of the VASI score between the two groupsduring thefirst part of

the study.

The upper and lower lines of the boxes represen?#i percentile and the 35percentile,
respectively. The line within the boxes represéimtsmedian and the dot within the boxes the
mean. The upper whiskers represent the maximunmadigen below upper fence and the
lower whiskers the minimum observation. The dotaited in the upper part of the graph

represent the maximum observations.

Figure 3. Evolution of the VASI score between the two groups during the second part of

the study

The upper and lower lines of the boxes represen?#i percentile and the #5percentile,
respectively. The line within the boxes represéimtsmedian and the dot within the boxes the
mean. The upper whiskers represent the maximunmadigen below upper fence and the
lower whiskers the minimum observation. The dotaited in the upper part of the graph

represent the maximum observations.
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Supplementary files

Suppl. Figure 1. Flow diagramsof part A of the study

Suppl. Figure 2. Flow diagrams of part B of the study

Suppl. Figure 3. Timeline to observe thefirst signs of repigmentation

Suppl. Figure 4. Evolution of the VES scor e between the two groups during thefirst part

of the study

The upper and lower lines of the boxes represen?#i percentile and the 5percentile,
respectively. The line within the boxes represéimtsmedian and the dot within the boxes the
mean. The upper whiskers represent the maximunmadigen below upper fence and the
lower whiskers the minimum observation. The dotsated in the upper part of the graph

represent the maximum observations.

Suppl. Figure 5. Evolution of the VES scor e between the two groups during the second

part of the study

The upper and lower lines of the boxes represen?#i percentile and the 5percentile,
respectively. The line within the boxes represéimtsmedian and the dot within the boxes the
mean. The upper whiskers represent the maximunmadigen below upper fence and the
lower whiskers the minimum observation. The dotsated in the upper part of the graph

represent the maximum observations.
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Supplementary figure 1. Flow diagram of the Part A of the study
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Supplementary figure 2. Flow diagram of the part B of the study
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Suppl. Figure 3. Timelineto observe thefirst signs of repigmentation
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Supplementary files

Suppl. Figure 1. Flow diagrams of part A of the study

Suppl. Figure 2. Flow diagrams of part B of the study

Suppl. Figure 3. Timelineto observethefirst signs of repigmentation

Suppl. Figure 4. Evolution of the VES scor e between the two groups during thefirst part of
the study

The upper and lower lines of the boxes represent the 75 percentile and the 25" percentile,
respectively. The line within the boxes represents the median and the dot within the boxes the
mean. The upper whiskers represent the maximum observation below upper fence and the lower
whiskers the minimum observation. The dots located in the upper part of the graph represent the

maxi mum observations.

Suppl. Figure5. Evolution of the VES scor e between the two groups during the second part
of the study

The upper and lower lines of the boxes represent the 75+ percentile and the 25" percentile,
respectively. The line within the boxes represents the median and the dot within the boxes the
mean. The upper whiskers represent the maximum observation below upper fence and the lower
whiskers the minimum observation. The dots located in the upper part of the graph represent the

maximum observations.



