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Abstract

Purpose To describe outcomes from the first-in-human study of dersimelagon, an investigational oral selective MC1R
agonist, under development for the treatment of erythropoietic protoporphyria (EPP) and X-linked protoporphyria (XLP).
Methods In this double-blind, placebo-controlled phase 1 study, the safety, tolerability, pharmacokinetics, and pharmaco-
dynamics of single and multiple ascending oral doses of dersimelagon in healthy participants were evaluated.

Results Dersimelagon was generally well tolerated in healthy participants, with the most common TEAEs being lentigo
(52.8%) and skin hyperpigmentation (50.0%) after multiple doses. Systemic exposure to dersimelagon in plasma (based
on AUC,_., and C,,,) increased in a slightly more than dose-proportional manner over the 1- to 600-mg single-dose range.
Following multiple doses, dersimelagon was rapidly absorbed (median T,,,, ranging from 4 to 5 h postdose on days 1 and
14). Mean t,, ranged from 10.56 to 18.97 h on day 14, and the steady state of plasma concentration was generally reached by
5 days of multiple dosing. There were no observable effects of age or race on the PK profile of dersimelagon or its metabo-
lite dersimelagon glucuronide. No treatment-related effects on melanin density (MD) were observed following single doses
of dersimelagon; however, after multiple doses, increases in MD were observed in participants receiving 150 and 300 mg
dersimelagon.

Conclusion Our study results indicate that dersimelagon is generally well tolerated and demonstrates a generally consist-
ent PK profile across diverse subgroups. Treatment-related increases in MD warrant further investigation in a larger study
population and in patients with EPP and XLP.

Trial registration A Study to Investigate the Safety, Tolerability and Pharmacokinetics of MT-7117 in Healthy Subjects,
NCT02834442, https://clinicaltrials.gov/ct2/show/NCT02834442, registration began July 2016.
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Introduction

The porphyrias are a heterogeneous group of rare inherited
metabolic disorders caused by enzymatic deficiencies of
the heme biosynthetic pathway [1-3]. Erythropoietic por-
phyrias, which include erythropoietic protoporphyria (EPP)
and X-linked protoporphyria (XLP), result from mutations
of the ferrochelatase (FECH) gene in EPP and mutations in
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the aminolevulinic acid synthase-2 (ALAS2) gene in XLP
[1-3]. EPP is the most frequent type of porphyria in children
and the third most common porphyria overall, with preva-
lence estimates ranging from 1 in 75,000 in the Netherlands
to 1 in 200,000 in the United Kingdom (UK) [1]. Both EPP
and XLP are characterized by accumulation of protoporphy-
rin in blood, erythrocytes, and tissues, leading to cutaneous
photosensitivity manifesting as burning, swelling, itching,
erythema, and severe pain in sun-exposed areas [1-3].
Current approaches to the management of EPP and XLP
are primarily limited to preventive measures, including sun
avoidance and use of protective clothing and sunscreens,
posing a substantial burden to patients by requiring sig-
nificant lifestyle adjustments [1-3]. In addition, treat-
ment options have been limited to mainly symptomatic
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management, while curative approaches have consisted of
hematopoietic stem cell transplant for patients with EPP who
have severe progressive disease and are at high risk for com-
plications and mortality. Currently, afamelanotide, a melano-
cortin 1 receptor (MC1R) agonist, is the only approved phar-
macological intervention indicated for use in patients with
EPP [1, 4]. Afamelanotide is a subcutaneous implant and
must be administered by a healthcare professional, requir-
ing patients to commute to healthcare facilities [4]. There
remains a high unmet medical need for new safe and effec-
tive treatments, and the development of a well-tolerated oral
treatment for EPP and XLP may address this unmet need.

Dersimelagon, a novel synthetic orally administered
non-peptide small molecule that acts as a selective ago-
nist for MCIR, is currently being investigated for the pre-
vention of phototoxicity in patients with EPP and XLP
and inhibition of the fibrotic process in patients with dif-
fuse cutaneous systemic sclerosis (dcSSc). In preclinical
studies, dersimelagon exhibited the highest affinity for
human MCIR compared with other melanocortin recep-
tors, with a half maximal effective concentration (ECs)
in the nanomolar range [5]. Dersimelagon also has been
shown to induce melanogenesis in both in vitro and in vivo
studies, with increased melanin production occurring in a
concentration-dependent manner in a mouse B16F1 mela-
noma cell line [5]. Furthermore, oral administration of
dersimelagon significantly induced coat color darkening
in mice and significant skin pigmentation in a reversible
manner in monkeys [5].

In a recently completed phase 2 randomized, multicenter,
placebo-controlled clinical trial, ENDEAVOR (Clinical Tri-
als.gov ID: NCT03520036), the safety and efficacy of der-
simelagon at doses of 100 mg and 300 mg were investigated
[6]. The results of ENDEAVOR, which included 102 patients
with EPP or XLP, indicated that dersimelagon was effica-
cious at increasing symptom-free light exposure and had an
acceptable safety and tolerability profile after 16 weeks of
treatment [6]. Here, we report the results of a first-in-human
phase 1 double-blind, placebo-controlled study (ClinicalTri-
als.gov ID: NCT02834442) that evaluated the safety, tolera-
bility, pharmacokinetics (PK), and pharmacodynamics (PD)
of single and multiple ascending oral doses of dersimelagon
in healthy participants, including effects of sex, age, and race
on the PK profile of dersimelagon. To complement these
results, and because the information on distribution volume,
clearance, and absolute bioavailability in animals is helpful
in understanding the PK characteristics of dersimelagon, we
also report findings from the preceding nonclinical animal
studies to demonstrate the similarity between the preclinical
PK profile in animals and the clinical PK profile of der-
simelagon in humans. Moreover, allometric projections from
animal PK data are described.

@ Springer

Methods
Study design

This trial was a phase 1 randomized, double-blind, placebo-
controlled study conducted at a single center in the UK.
Prior to study initiation, the protocol and all other appropri-
ate documents were reviewed and approved by an Independ-
ent Ethics Committee and local regulatory authorities. The
study was conducted in accordance with the ethical princi-
ples stated in the Declaration of Helsinki, the International
Conference on Harmonisation for Good Clinical Practice
guidance, and all local and regional applicable laws and
regulations. Prior to the performance of any study-related
assessments and procedures, all participants signed a writ-
ten informed consent form with details of the trial treatment,
procedures, and potential risks.

Study participants

The study consisted of eight parts, of which only five are
presented in this report (A, D, E, F, and H) and summarized
in eTable 1. Eligible participants were healthy individuals
aged 18 to 55 years (inclusive at screening, except for Part
H) with a body weight > 50 kg for females and > 60 kg for
males and a body mass index (BMI) ranging from 18 to
30 kg/m? at the time of screening and day 1. Part A included
White males, whereas Part D included White females who
were not pregnant or lactating. Part F included Black males,
and Part H included White males aged > 65 years. Partici-
pants who had previously received dersimelagon, who had
used afamelanotide or melanotan within 6 months prior to
the study, or with a history of melanoma and/or dysplastic
naevus were not included in the study. Randomization was
performed according to a computer-generated randomization
list using SAS® version 9.3 (Cary, North Carolina, US) prior
to the first administration of study drug.

Study treatments

Dersimelagon was supplied as a 50-mg tablet or as a powder
(1 to 600 mg, for oral suspension) of active substance, and
placebo was supplied as either a tablet or powder to match
dersimelagon dosage strength.

Single doses

Part A of the study was a single ascending dose (SAD) study
conducted in seven dosed cohorts. Each cohort was com-
posed of eight participants, and in each cohort, participants
were randomized to receive dersimelagon suspension (n=6)
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or placebo suspension (n=2). In total, 56 participants were
included and received dersimelagon at doses of 1 mg, 3 mg,
10 mg, 30 mg, 100 mg, 300 mg, and 600 mg. In parts D, F,
and H of the study, participants received a single oral dose
of either 100 mg of dersimelagon (n=06) or placebo (n=2)
as a tablet formulation. To evaluate the effect of sex differ-
ence Part D included eight female participants, and Part F
evaluated the effect of race, and included eight Black partici-
pants. Part H evaluated the effect of age in eight participants
aged > 65 years.

Multiple ascending doses

The multiple ascending dose (MAD) study (Part E) was
conducted in four cohorts in which participants received
multiple dose administration of dersimelagon as a tablet or
suspension formulation for 14 days in one treatment period.
Each cohort was composed of 12 participants who were
randomized to dersimelagon (n=9) or placebo (n=3). The
dose levels of dersimelagon used were 30 mg (Cohort 1,
suspension), 150 mg (Cohort 2, tablet), 300 mg (Cohort 3,
tablet), and 450 mg (Cohort 4, tablet). A Fitzpatrick scale
test was performed at screening to categorize patient skin
types into type I (always burns, never tans), type II (usually
burns, tans with difficulty), type III (sometimes mild burn,
gradually tans), type IV (rarely burns, tans with ease), type
V (very rarely burns, tans very easily), or type VI (never
burns, always tans) [7]. Participants with Fitzpatrick skin
types I to IV were included in the 30-, 150-, and 300-mg
cohorts. The protocol was amended following emerging pig-
mentation data, and only participants with Fitzpatrick skin
type V were included in the 450-mg cohort.

Safety assessments

Safety and tolerability were assessed by evaluating vital
signs (supine blood pressure, pulse rate, respiratory rate,
and body temperature), 12-lead electrocardiogram (ECG)
parameters, clinical laboratory assessments, and adverse
events (AEs). AEs were considered treatment emergent if
they occurred after the first administration of dersimelagon
or if a predose event increased in severity following dosing.
The frequency and incidence of treatment-emergent AEs
(TEAEs) were summarized by system organ class and pre-
ferred term for each treatment group. AEs were coded using
the Medical Dictionary for Regulatory Activities (MedDRA)
version 19.0. Safety laboratory test results, vital signs, and
ECG parameters were summarized by treatment group
and planned sampling point. All participants in the study
(N'=144) were included in the safety analysis population.

@ Springer

Pharmacokinetic assessments

Blood samples for single-dose PK evaluations (Parts A, D,
F, and H) were collected at predose and at 0.25, 0.5, 1, 2,
3,4,5,6, 8, 10, 12, 24, and 48 h postdose and at day 5
follow-up (96 h). Blood samples for MAD evaluations (Part
E) were collected on day 1 (predose and at 0.25, 0.5, 1, 2,
3,4,5,6,8, 10, and 12 h postdose), day 2 to day 13 (pre-
dose), day 14 (predose and at 0.25, 0.5, 1, 2, 3,4, 5, 6, 8,
10, and 12 h postdose), day 15 (24 h post last dose), day 16
(48 h post last dose), and day 17 (72 h post last dose). To
determine the concentrations of dersimelagon and dersimel-
agon glucuronide (a primary in vitro human metabolite),
plasma samples were analyzed using a validated liquid chro-
matography coupled with tandem mass spectrometry (LC/
MS/MS) method with solid phase extraction with a lower
limit of quantification (LLOQ) of 0.1 ng/mL. The plasma
PK parameters, including maximum observed plasma con-
centration (C_,,), time to maximum plasma concentration
(T nax)» Plasma terminal elimination half-life (t,,), area under
the plasma concentration—time curve from time zero to the
last measurable concentration (AUC ), to infinity (AUC
0-00)> and over the 24-h dosing interval, at steady state (AUC
o0.) were calculated with reference to day 1 dosing and/or the
last day of dosing where applicable for dersimelagon and its
metabolite dersimelagon glucuronide. The PK parameters
were derived by noncompartmental analysis using Phoenix
WinNonlin® software version 6.3 (Certara, LP, Princeton,
New Jersey, US). For the calculation of PK parameters, data
below the LLOQ were imputed a value of zero. Participants
who received at least one dose of dersimelagon and who
had at least one postdose value of plasma concentration
(N=110) were included in the PK analysis population.

Pharmacodynamic assessments

The effect of dersimelagon treatment on pigmentation was
assessed in all participants in Part A by measuring melanin
density on three skin segments (lower back, forehead, and
cheek) by spectrophotometry (Konica Minolta Spectropho-
tometry) prior to dersimelagon administration and at days
3,5, and 15 following a single oral dose of dersimelagon. In
Part E, melanin density was measured prior to dersimelagon
administration and at days 3, 5, 7, 10, 15, 22, 29, and 57 by
spectrophotometry on the lower back, forehead, cheek, neck,
inner upper arm, and outer forearm. The melanin density
was calculated according to the following formula:

Melanin density (MD,,) = 100[0.035307
+0.009974 (R450 — Rygp)]
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where R, is the reflection at 400 nm and R, is the reflec-
tion at 420 nm [8, 9]. Participants who received at least one
dose of dersimelagon or placebo and who had at least one
postdose value of melanin density (Part A: N=56; Part E:
N =48) were included in the PD analysis population.

Statistical methods

The statistical analysis was performed using SAS® version
9.4 (SAS Institute Inc.; Cary, North Carolina, US). All vari-
ables were summarized by dose level for the SAD and MAD
parts and by sex, age, and race category as appropriate.
Unless otherwise stated, continuous data were summarized
descriptively including N (number of participants), n (num-
ber of observations), mean, standard deviation, minimum,
median, and maximum. Categorical data were summarized
using frequency tables (frequency and percent). A linear
model was used to analyze log-transformed AUC (AUC,,_..)
and C_,,, with race (White vs Black), sex (male vs female),
or age (<55 years vs > 65 years) as fixed effects. The differ-
ence in least squares (LS) means and corresponding 90% Cls
were back-transformed to obtain the estimates and CIs of the
geometric mean ratios comparing Black with White, female
with male, and participants aged > 65 years with those who
were aged <55 years. In Part A (SAD) and Part E (MAD),
PK parameters of interest were used to evaluate dose pro-
portionality. A linear model was used to fit the power model
after log transformation of the parameter of interest. The
model included the log-transformed dose as a fixed effect.
The point estimate and its 95% CI were derived for slope f3
to evaluate dose proportionality. The results were considered
dose proportional if the CI included 1.

Nonclinical animal studies

All animal studies were performed according to the rules for
the proper conduct of animal experiments and approved by
the Institutional Animal Care and Use Committee of the test
facility. Additional details regarding the nonclinical study
protocols can be found in the Supplementary methods.

PK study in rats

A study was conducted to characterize the PK of dersimel-
agon in male Sprague—Dawley rats (n=4) after a single oral
administration (0.3, 1, and 3 mg/kg) and intravenous admin-
istration (2 mg/kg).

PK study in monkeys
A study was conducted to evaluate the PK of dersimelagon

up to 48 h when administered orally (3 mg/kg) and intra-
venously (1 mg/kg) to male cynomolgus monkeys (n=4).

In vitro plasma protein binding of dersimelagon

In vitro binding of radiolabeled ['*C] dersimelagon free
base to plasma proteins of rats, cynomolgus monkeys, and
humans was examined by the equilibrium dialysis method.
The ['4C] dersimelagon free base (0.1, 1, and 9 pg/mL)-
spiked plasma was incubated in a rapid equilibrium dialysis
device for 8 h at 37 °C in a CO, incubator.

Allometric scaling

The prediction of human clearance (CL,) from animal PKs
was performed with several allometric approaches, including
simple allometry, allometry with bile flow correction factor
[10], allometry with the rule of exponent [11], allometry
with unbound clearance approach [12], and fu-corrected
intercept method [13]. The human distribution volume was
predicted by simple allometry. The human bioavailability (F)
was calculated employing the following equation:

F=F, xF, xF, (1)

where F,, F,, and Fy, are fractions of orally administered
drugs absorbed from the intestine, intestinal availability, and
hepatic availability, respectively. Human F, was assumed to
be equivalent to rat F, (0.64, which was calculated from a
mass balance study in rats). Human F, was assumed to be
1.0, because dersimelagon was very stable in human intes-
tinal microsomes. Human F; was calculated from the fol-
lowing equation:

F,=1-CL, /R, /Q, )

where R, (blood/plasma concentration ratio) was 0.6
(obtained by in vitro studies), and Q,, (hepatic blood flow
rate) was 1200 mL/h/kg. Based on these parameters, the
plasma concentration—time profile at an oral dose of 100 mg
in humans was simulated using 2-compartment model with
70 kg as the body weight and 1.0 h™! as absorption rate con-

stant, and the resultant C_,, and AUC values were obtained.

Results
Study participants

A total of 144 participants were randomized, of whom 143
completed the study. A total of 110 participants were treated
with at least one dose of dersimelagon, and 34 participants
were treated with a placebo. In parts A, D, F, and H, par-
ticipants (n=>54) were exposed to single doses of dersimel-
agon ranging from 1 to 600 mg. In the MAD study (Part
E), participants (n=36) were treated with multiple doses
of dersimelagon ranging from 30 to 450 mg. The baseline

@ Springer
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demographics of study participants are summarized in
Table 1. All participants were male, except for eight female
participants in Part D. Mean age, weight, and BMI were
generally similar across treatment groups within each part
of the study, with the exception of female participants, who
had a slightly lower body weight than other participants. The
baseline Fitzpatrick skin type of participants in the MAD
study (Part E) is summarized in eTable 2. Of note, 88.9%
of participants who received 450 mg of dersimelagon in the
MAD study identified as Black, and all were Fitzpatrick skin
type V, based on emerging pigmentation data obtained from
previous cohorts in Part E.

Safety and tolerability

The TEAEs reported by at least two participants in any
treatment group are summarized in Table 2. Overall, the
incidence of TEAEs was relatively low, with most events
occurring during Part A (SAD) and Part E (MAD) and the
majority being mild to moderate in severity. No deaths or
serious AEs were reported during any part of the study. Sin-
gle oral doses of dersimelagon were generally well tolerated
at levels of 1 to 600 mg. In Part A (SAD), 24 TEAEs were
reported by 13 (31.0%) participants receiving dersimelagon,
and three TEAEs were reported by three (21.4%) partici-
pants receiving placebo. The most common TEAEs expe-
rienced in Part A were headache and nausea, each reported
in two (4.8%) participants, and contact dermatitis in three
(7.1%) participants. Of these TEAEs, only headache and
nausea were considered possibly related to study drug. In
Part D (effect of sex), there was one TEAE experienced by
one participant receiving placebo and none reported by those
receiving dersimelagon. No TEAEs were reported during
Parts F (effect of race) or H (effect of age). In Part E (MAD),
151 TEAEs were experienced by 34 (94.4%) participants
receiving dersimelagon, and 10 TEAEs were experienced
by four (33.3%) participants receiving placebo.

Overall, participants who received multiple doses (Part E)
had a higher incidence of TEAEs than those who received
a single dose (Parts A, D, F, and H). The most common
TEAESs experienced in participants receiving multiple doses
of dersimelagon were related to skin pigmentation, including
lentigo (n=20), skin hyperpigmentation (n=19), and mel-
anocytic naevus (n=10). Two cases of melanocytic naevus
reported by participants receiving 300 mg of dersimelagon
were considered severe; however, both cases were confirmed
to be nonmalignant. There were no safety concerns based
on laboratory parameters, vital signs, ECG, and physical
examination for any group during the study.

@ Springer

Pharmacokinetics of dersimelagon
Single ascending dose study (Part A)

Following single oral doses of 1, 3, 10, 30, 100, 300, and
600 mg, dersimelagon was rapidly absorbed, with median
T,..x values generally similar at each dose, ranging from
1.99 to 5.00 h postdose (Table 3). After reaching C,,,, the
plasma concentrations of dersimelagon appeared to decline
in a biphasic manner (Fig. 1). The mean t,, of dersimelagon
was generally similar across the 10- to 600-mg doses, with
values ranging from 7.63 to 10.58 h. At the lower dose levels
of 1 and 3 mg, the mean t,, was shorter, ranging between
5.14 to 6.43 h, due to the lack of point estimates in the termi-
nal phase for the estimation of the elimination rate constant
(k.- Dose-normalized plasma PK parameters are presented
in eFig. 1, and analysis of dose proportionality is presented
in eTable 3. The slope estimates (95% CI) from the regres-
sion analysis for AUC,,_ and C . were 1.12 (1.07-1.17)
and 1.05 (1.00-1.10), respectively, for dersimelagon. The
lower limit of the 95% CI above unity indicated that the
systemic exposure to dersimelagon in plasma, based on AUC
0-0 and C_,, values, appeared to increase in a slightly more
than dose-proportional manner over the 1- to 600-mg single
dose range (eTable 3).

Dersimelagon was rapidly metabolized to dersimelagon
glucuronide, a major metabolite of dersimelagon, and dem-
onstrated a similar PK profile to dersimelagon, with a median
T nax similar to dersimelagon across dose levels (between 1
and 5 h postdose); however, the systemic exposures to der-
simelagon glucuronide based on C ., and AUC,_,, were
extremely low compared with that of unchanged dersimel-
agon (ratio of C,, or AUC,,_ , of dersimelagon glucuronide
to that of unchanged dersimelagon: <0.05; data not shown).

Effect of sex (Part D), age (Part H), and race (Part F)

Following a single oral dose, 100 mg of dersimelagon was
rapidly absorbed in all demographic subgroups, with T,
occurring at similar times across comparator subgroups
(Tpax =3 vs 5 h in males vs females; 3 vs 2.6 h in partici-
pants <55 years vs participants > 65 years; 3 vs 3.99 h in
White vs Black participants; Table 3; eFig. 2). The mean t,,
values for dersimelagon were also similar across compara-
tor subgroups, indicating comparable elimination profiles
regardless of demographics.

Both C_,, and AUC,,_ were higher in female partici-
pants compared with those in males; however, only the
difference in AUC,_,, was significant based on the 90%
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Table 3 Pharmacokinetic parameters of a single oral dose of dersimelagon in healthy adult volunteers
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Effect of race
(Part F)

Effect of age

Effect of sex
(Part D)

Single ascending dose (Part A)

Statistical

PK variable

(Part H)

parameter

Black

> 65 years White®

100 mg

years®

<55
100 mg

3mg 10 mg 30 mg 100 mg 300 mg 600 mg Male* Female
W~

1mg

N

100 mg

100 mg

100 mg

100 mg

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=/n=066)

=6/n=6)

=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

(N=6/n=6)

2633.6 (1293.0)

11,553.6 18,836.1 2588.2 4214.8 2588.2 31222 2588.2

15.5(6.82) 52.7(11.2) 313.1(78.1)  664.6 (182.3) 2588.2

Mean (SD)

AUC,.,

(1323.9)
339.6 (230.8)

3.00

(1323.9)

(1588.1)
448.7 (220.5)

5.00

(1323.9)
339.6 (230.8)

3.00

(5814.5)

(3234.4)
1183.4 (316.0)

1.99

(1323.9)
339.6 (230.8)

3.00

(ngeh/mL)

316.7 (153.9)

3.99

407.1 (114.1)

2.60

339.6 (230.8)

3.00

2103.8 (401.2)

5.00

86.5 (23.6)

2.00

38.1 (7.56)

2.00

8.76 (1.86)
2.00

Mean (SD) 2.50 (0.83)
2.

Median
(range)

Cax (ng/mL)

Tnax ()

50

(1.97, 5.00)
9.25(3.97)

(1.00, 6.02)
9.77 (2.26)

(0.98, 4.98)
12.1 (2.80)

(1.00, 6.02)
9.77 (2.26)

(1.00, 6.00)
12.1 (5.60)

(1.00, 6.02)
9.77 (2.26)

(0.98, 5.00)

(0.98, 4.98)
9.49 (1.72)

(1.00, 6.02)
9.77 (2.26)

(1.98, 5.00)
7.63 (1.49)

(1.00,2.00)  (1.98, 4.00)
8.27 (2.69)

6.43 (2.17)

(1.98,3.03)
5.14 (3.43)

10.6 (3.95)

Mean (SD)

ty2 (h)

AUC,_,, area under the plasma concentration versus time curve from time zero to infinity, C,,,, maximum observed plasma concentration, N number of participants, n number of observations,

t;,, terminal elimination half-life, T,,,, time to maximum plasma concentration

4Comparator group is composed of participants from Part A

CI of the ratio of female over male since 90% CIs did not
include the value 1 (Table 4). In participants > 65 years,
geometric LS mean C,,, and AUC,_,, were approximately
37% and 25% higher, respectively, compared with partici-
pants <55 years, but these differences were not statisti-
cally significant. Geometric LS mean C,,, and AUC,,_,
were similar in Black and White participants, and differ-
ences were not statistically significant.

Multiple ascending dose study (Part E)

Following multiple doses at 30, 150, 300, and 450 mg, der-
simelagon was rapidly absorbed, with median T, values
ranging from 4 to 5 h postdose on days 1 and 14. The mean
t,,, values ranged from 6.28 to 15.55 h on day 1 and 10.56
to 18.97 h on day 14 (Table 5). The day 14 slope estimates
(95% CI) from the regression analysis for AUC,,_, and C_,,
were 1.26 (1.14-1.39) and 1.25 (1.13-1.36), respectively,
for dersimelagon. The lower limit of the 95% Cls of the
slopes were over unity, indicating a slightly more than dose-
proportional increase in the systemic exposure over the dose
range of 30 to 450 mg (eTable 3; eFig. 3). There was a slight
accumulation of dersimelagon following multiple dosing on
day 14 compared to day 1, with mean ratio of accumulation
(RA) values ranging from 1.14 to 1.82 across the 30- to 450-
mg dose range while the mean linearity factor (LF) values
were 1.07 to 1.53 over this dose range. The mean trough
concentration ratios were over 0.95 after 5 days of multiple
dosing at each dose level, suggesting that steady state was
generally reached by day 5 of multiple dosing (eFig. 4). The
PK profile of dersimelagon glucuronide followed a simi-
lar trend, with a median T,,, and mean t,,, similar to der-
simelagon across dose levels on days 1 and 14. However,
as shown in Part A (SAD study), the systemic exposure to
dersimelagon glucuronide was extremely low compared with
that of unchanged dersimelagon (data not shown).

Pharmacodynamics of dersimelagon

No treatment-related effects on melanin density were
observed following single doses of dersimelagon (Part A).
In Part E, apparent treatment-related increases in melanin
density during the treatment period were observed in par-
ticipants receiving 150 and 300 mg of dersimelagon com-
pared with those receiving placebo (Fig. 2). At day 15, mean
changes from baseline in the average melanin density were
0.07%, 1.43%, 7.71%, 10.22%, and —2.11% in the placebo,
30-mg, 150-mg, 300-mg, and 450-mg dersimelagon groups,
respectively, and did not reach a plateau during this time
frame. The increases in melanin density were maintained
in the 150- and 300-mg dersimelagon groups up to day 29,
with signs of reversibility observed at day 57.
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Fig. 1 Mean plasma concentrations of dersimelagon following single ascending doses (Part A)

Pharmacokinetics in rats and monkeys

Dersimelagon was rapidly absorbed in rats and monkeys
following oral administration. The bioavailability was 7.2%
and 6.9% at 1 and 3 mg/kg in rats, respectively, and 31% in
monkeys (eTable 4). The t,,, was approximately 2 h in rats
and 5 h in monkeys. Of note, C,, and AUC, ,,,, increased
in a greater than dose-proportional manner between 0.3 and
1 mg/kg and tended to increase with doses between 1 and
3 mg/kg when assessed in rats.

Plasma protein binding of dersimelagon

The in vitro plasma protein binding of dersimelagon free
base ([!*C] dersimelagon free base) in rats, cynomolgus
monkeys, and humans is shown in eTable 5. The plasma pro-
tein bindings of ['*C] dersimelagon free base at concentra-
tions of 0.1, 1, and 9 pg/mL were 98.3%, 98.2%, and 97.8%
in rats; 97.2%, 96.7%, and 97.3% in cynomolgus monkeys;
and 98.3%, 98.4%, and 98.2% in humans, respectively.

Table4 ANOVA analysis between PK parameters and effect of sex, age, and race on exposure

Part D (sex) Parameter LS mean (male) LS mean (female) Ratio of female over 90% CI lower 90% CI upper
N=6/n=6 N=6/n=6 male
Cpax (ng/mL) 287.3 405.2 1.41 0.79 2.53
AUC, , (ng-h/mL) 2353.1 3983.5 1.69 1.09 2.62
Part H (age) Parameter LS mean (<55 years) LS mean (=65 years) Ratio of > 65 years
N=6/n=6 N=6/n=6 over < 55 years
Cax (ng/mL) 287.3 393.8 1.37 0.83 2.26
AUC,, (ng-h/mL) 2353.1 2947.6 1.25 0.80 1.96
Part F (race) Parameter LS mean (White) LS mean (Black) Ratio of Black over
N=6/n=6 N=6/n=6 White
Cx (ng/mL) 287.3 281.6 0.98 0.53 1.81
AUC, , (ng-h/mL) 2353.1 2374.9 1.01 0.61 1.68

ANOVA analysis of variance, AUC,_, area under the plasma concentration—time curve from time zero to infinity, C,,,, maximum observed
plasma concentration, LS least squares, N number of participants, n number of observations, PK pharmacokinetic

@ Springer
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Fig.2 Mean percent change

10 P ® 25

from baseline in average mela- >
nin density over time (Part E). @
Note: In participants receiving a 20
300 mg of dersimelagon, 4 did €
not take study drug on day 14, g 15
and 2 did not take study drug on o
days 13 and 14. In participants g 10
receiving 450 mg of dersimel- z
agon, all were Fitzpatrick skin ;—j i
type V, and 1 participant did not o 5 g
take study drug on days 12, 13, g i{i ‘L 7
and 14 o 0__;,3\..%#;?1_4« _

=T

©

s 7

T I B R
-1 357 10
| Placebo (N=12)
--©- Dersimelagon 300 mg (N=9)

Interspecies scaling

The human C,,, and AUC at an oral dose of 100 mg of
dersimelagon predicted from animal PK data are shown
in Table 6 in comparison to actual results in humans. The
predicted C,,, by several allometric methods was within
threefold of actual C,,,,, and the predicted AUC was gen-
erally estimated to be lower than the actual AUC, except
for allometry with unbound clearance approach, which was
almost equal to actual AUC.

Discussion

The present report describes the first-in-human SAD and
MAD trial of oral dersimelagon conducted in healthy volun-
teers. Dersimelagon was generally well tolerated following
single oral doses between 1 and 600 mg and multiple oral
doses between 30 and 450 mg, including in female, Black,
and older participants. The most commonly reported TEAEs

Table 6 Predicted and actual mean values of C,,,

Time (Hour)

Dersimelagon 30 mg (N=9)
—%— Dersimelagon 450 mg (N=9)

—[3 Dersimelagon 150 mg (N=9)

in participants receiving multiple doses of dersimelagon (Part
E) were related to skin pigmentation changes, including len-
tigo and skin hyperpigmentation. These TEAEs are similar to
those previously reported in the phase 2 ENDEAVOR study
[6], which investigated the safety and efficacy of dersimel-
agon in patients with EPP and XLP, with the most common
TEAE:s being nausea (27.9%), ephelides (23.5%), and skin
hyperpigmentation (20.6%). These TEAEs related to changes
in skin pigmentation may be attributable to the study drug
based on the pharmacological effects of dersimelagon by vir-
tue of its mechanism of action as a selective MC1R agonist.

The pharmacokinetics of dersimelagon in rats and mon-
keys following intravenous administration indicated a moder-
ate volume of distribution, clearance, and half-life. Oral bio-
availability was low in rats and moderate in monkeys. In the
clinical trial, dersimelagon was rapidly absorbed following
single oral doses, with exposure appearing to increase in a
slightly more than dose-proportional manner, similar to that
observed in rats following oral administration of dersimel-
agon. Further, similar PK properties of rapid absorption and

and AUC of dersimelagon after 100 mg oral administration in humans

Model C ax (ng/mL) Ratio of C,, AUC (ng/mL) Ratio of AUC
(predicted/actual) (predicted/actual)

Actual 339.6 - 2588.2 -

Simple allometry 203.9 0.60 463.8 0.18

Allometry with bile flow correction factor 363.1 1.07 901.4 0.35

Allometry with the rule of exponent 250.3 0.74 583.9 0.23

Allometry with unbound clearance approach 957.3 2.82 3400.9 1.31

Fu-corrected intercept method 595.6 1.75 1689.0 0.65

AUC area under the plasma concentration—time curve, C,,,,

maximum observed plasma concentration; fi, fraction unbound

@ Springer
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high plasma protein binding were observed for dersimelagon
in both humans and animals from the present study. In the
drug discovery process, the prediction of human PK of a new
chemical entity is routinely performed using animal PK data.
In this report, the extent to which the predicted human PK
calculated from animal PK data of dersimelagon was con-
sistent with the actual human PK was retrospectively inves-
tigated. The predicted human C,,, values were generally in
good agreement with the actual human C,,, and were within
twofold of the actual C,, except for the unbound clearance
approach method. The predicted human AUC values ranged
from one-third to one-fifth of actual AUC for 3 methods,
but were within twofold of actual AUC for the other two
methods. Overall, the usefulness of commonly used human
PK prediction methods was demonstrated.

There were no statistically significant effects of age or
race on the PK profile of dersimelagon; however, increased
exposure was observed in females (vs males). This differ-
ence can most likely be attributed to differences in the
body weight generally observed in male versus female par-
ticipants. Our findings suggest that future development
of a population PK model will be useful to evaluate the
influence of factors such as body weight, sex, race, and
ethnicity on the PK profile of dersimelagon. Furthermore,
based on the mean trough concentration ratios, steady state
was generally reached by 5 days of multiple dosing, which
may be indicative of the time frame necessary to see any
treatment effects of dersimelagon.

No treatment-related effects on melanin density were
observed following single doses of dersimelagon (Part A).
However, in the MAD study (Part E), treatment-related
increases in melanin density were observed in the 150- and
300-mg groups compared with the placebo group during the
treatment period. This is consistent with previous preclini-
cal reports in which selective activation of MC1R by der-
simelagon led to increases in skin pigmentation (eumelanin
production) in both in vitro and in vivo animal studies [5].
To our knowledge, dersimelagon is the first orally available
compound that has demonstrated increases in melanin den-
sity in humans. Of note, increases in melanin density were
not observed in the 450-mg group. Only participants with
Fitzpatrick skin type V were included in the 450-mg cohort,
limiting comparison of PD effects of dersimelagon in this
cohort. Taken together, the findings of this study suggest
that dersimelagon may have the potential to increase pain-
free light exposure in patients with EPP and XLP due to its
potential photoprotective effects.

In a recently completed phase 2, randomized, multi-
center, placebo-controlled clinical trial (ENDEAVOR),
oral administration of dersimelagon to patients with EPP
or XLP was shown to increase symptom-free light expo-
sure with an acceptable safety and tolerability profile after
16 weeks of treatment [6]. Currently, the only approved

@ Springer

pharmacological intervention indicated for use in patients
with EPP is afamelanotide (an MC1R agonist) administered
as a subcutaneous implant [4]. The availability of dersimel-
agon as an oral formulation will confer advantages, namely
noninvasiveness and convenience, for the treatment of
patients with EPP or XLP.

Conclusions

In this first-in-human phase 1 study, dersimelagon was gener-
ally well tolerated following oral administration and demon-
strated a generally consistent PK profile across diverse groups
of healthy participants. An effective and safe orally admin-
istered treatment will address an important unmet need for
patients with EPP and XLP, especially for pediatric and ado-
lescent patients who have had no approved pharmacological
options to date. Treatment-related increases in melanin den-
sity following multiple doses of dersimelagon support further
investigation into the photoprotective effects of dersimelagon.
A recently completed phase 3 study (ClinicalTrials.gov ID:
NCT04402489) evaluated the efficacy and safety of dersimel-
agon in adults and adolescents with EPP and XLP.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-023-03476-6.
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