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Abstract

Cytochrome P450 (CYP) 3A4 is an enzyme involved in the metabolism of many
drugs that are currently on the market and is therefore a key player in drug-
drug interactions (DDIs). ACT-1004-1239 is a potent and selective, first-in-class
ACKR3/CXRC7 antagonist being developed as a treatment for demyelinating
diseases including multiple sclerosis. Based on the human absorption, distribu-
tion, metabolism, and excretion (ADME) study results, ACT-1004-1239 is pre-
dominantly metabolized by CYP3A4. This study investigated the effect of the
strong CYP3A4 inhibitor, itraconazole, on the pharmacokinetics of single-dose
ACT-1004-1239 in healthy male subjects. In the open-label, fixed-sequence DDI
study, a total of 16 subjects were treated. Each subject received a single dose of
10mg ACT-1004-1239 (Treatment A) in the first period followed by concomi-
tant administration of multiple doses of 200 mg itraconazole and a single dose of
10mg ACT-1004-1239 in the second period. We report a median of difference in
tmax (90% confidence interval, CI) of 0.5h (0.0, 1.0) comparing both treatments.
The geometric mean ratio (GMR) (90% CI) of C,,,, and AUC,_,, was 2.16 (1.89,
2.47) and 2.77 (2.55, 3.00), respectively. The GMR (90% CI) of ¢,,, was 1.46 (1.26,
1.70). Both treatments were well-tolerated with an identical incidence in sub-
jects reporting treatment-emergent adverse events (TEAE). The most frequently
reported TEAEs were headache and nausea. In conclusion, ACT-1004-1239 is
classified as a moderately sensitive CYP3A4 substrate (i.e., increase of AUC >2-
to <5-fold), and this should be considered in further clinical studies if CYP3A4
inhibitors are concomitantly administered.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

ACT-1004-1239 is a first-in-class ACKR3/CXCR7 antagonist with preclinical
efficacy in several animal models of multiple sclerosis (MS). Clinically,
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ACT-1004-1239 demonstrated favorable safety and pharmacokinetic (PK)
properties in single- and multiple-ascending dose studies. Based on the human
absorption, distribution, metabolism, and excretion (ADME) study and preclinical
investigations, the pathway contributing >25% to ACT-1004-1239's elimination is
catalyzed by cytochrome P450 (CYP) 3A4.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study investigates the extent of CYP3A4 inhibition using multiple doses of
the strong index inhibitor itraconazole on the PK of a single 10 mg dose of ACT-
1004-1239 in healthy male subjects.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Inhibition of CYP3A4 moderately increased the exposure to ACT-1004-1239 (up
to 2.9-fold) indicating that ACT-1004-1239 is a moderately sensitive CYP3A4 sub-
strate. Accordingly, other mechanisms are likely to be involved in the elimination
of ACT-1004-1239.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Combination therapies in patients with MS or other demyelinating diseases are
not uncommon. CYP3A4 is a prominent enzyme involved in the metabolism of
more than 50% of orally administered pharmaceuticals, and as such it is of im-
portance to understand the impact on substrates such as ACT-1004-1239. ACT-
1004-1239 was characterized to be a moderately sensitive CYP3A4 substrate in
this study. Nevertheless, drug-drug interactions in patients may not be ruled
out, and thus, attention should be paid on how to implement concomitant use
of strong CYP3A4 inhibitors in further clinical development of ACT-1004-1239.

INTRODUCTION

Drug metabolism includes processes that transform lipo-
philic substances into more polar and better excretable
molecules. The processes are known as phase I and phase
II biotransformation reactions. Phase I metabolic reac-
tions are mainly catalyzed by the cytochrome P450 (CYP)
superfamily, of which CYP3A4 is considered the most
important enzyme as it is involved in the metabolism of
more than 50% of orally administered pharmaceuticals in-
cluding the herein studied ACT-1004-1239."2
ACT-1004-1239 is an orally available, potent, selec-
tive ACKR3/CXRC7 antagonist.” ACKR3/CXRC7 is an
atypical chemokine receptor, which binds and internal-
izes its chemokine ligands CXCL11 and CXCL12 leading
to their degradation. This scavenging function can facil-
itate the establishment and maintenance of a concen-
tration gradient for its ligands. Antagonism of ACKR3/
CXRC7 by ACT-1004-1239 showed in several preclinical
models immunomodulatory as well as promyelinating
effects.*? Specifically, this dual mode of action resulted
in reduced disease score in animal models for multiple
sclerosis.” Therefore, ACT-1004-1239 is being devel-
oped as treatment for demyelinating diseases including
multiple sclerosis. ACT-1004-1239 has been clinically

investigated in healthy subjects. In the clinical single-
and multiple-ascending dose studies ACT-1004-1239
showed favorable safety/tolerability, pharmacokinetic
(PK), and pharmacodynamic (PD) profiles up to and
including a dose of 200 mg in healthy male and female
subjects supporting further clinical development.®’
Briefly, ACT-1004-1239 was safe and well-tolerated up
to and including a dose of 200 mg without QTc liabil-
ity. The PK in healthy subjects were characterized by
a quick absorption with an absolute bioavailability of
53%, a high volume of distribution (183L), and an av-
erage terminal half-life (¢,,,) of 19h. The exposure to
ACT-1004-1239 increased in a dose-proportional man-
ner across the investigated dose range (1-200mg). In
humans, ACT-1004-1239 is considered a low-clearance
drug (23 L/h). Target engagement was shown by a dose-
dependent increase in CXCL12 plasma concentration.®’
Based on the human absorption, distribution, metabo-
lism, and excretion (ADME) study, in which 14C-1abeled
ACT-1004-1239 was administered orally, ACT-1004-1239
is predominately eliminated via feces and is extensively
metabolized. Accordingly, only 15% of unchanged drug
was recovered in excreta. Elimination of ACT-1004-1239
is mainly catalyzed by CYP3A4 with the formation of the
primary metabolite M1, which is a pharmacologically
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inactive amine metabolite formed following oxidative
N-dealkylation of parent drug and found to represent
25.1% of drug-related material in excreta.” Additional
metabolite profiling and identification data suggested
that M1 can undergo further reactions, namely oxida-
tive defluorination and reduction, which result in the
formation of the metabolites Al and A2, respectively.
Al and A2 represented 4.0% and 15.3% of drug-related
material in excreta, respectively. Therefore, the elimina-
tion of ACT-1004-1239 via M1 was shown to contribute
to approximately 44% of drug's elimination in humans.?
Other identified elimination pathways included re-
duction of ACT-1004-1239 to metabolite A3, which ac-
counted for 2.7% of total drug only.”

At that point of time in drug development, the sensi-
tivity of ACT-1004-1239 to CYP3A4 was unknown, and
following regulatory standards, it was decided to perform
a clinical DDI study to investigate this. The Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) recommend to clinically investigate the impact of
possible drug-drug interactions (DDIs) involving all path-
ways responsible for >25% of drug elimination.*® Such in-
teractions involve CYP3A4 induction or inhibition, which
may result in changes in drug exposure. Consequently, it
can inadvertently lead to a lack of efficacy or exacerbation
of adverse drug events.'”"? To evaluate CYP3A4-related
DDIs, clinical studies can be conducted with concomitant
drugs recommended as index inhibitors/inducers. For
example, itraconazole is a strong CYP3A4 inhibitor used
clinically for the treatment of various fungal infections."
Previous studies revealed that itraconazole increases the
systemic exposure to concomitantly administered sensi-
tive CYP3A4 substrates up to 11-fold.'* Itraconazole is a
commonly used concomitant drug in DDI studies with ac-
ceptable safety profile and clear DDI study design recom-
mendations.'>* Therefore, it was selected as a perpetrator
inhibitor in this DDI study with ACT-1004-1239.

The aim of this study was to assess the effect of multi-
ple oral doses of itraconazole on the PK of ACT-1004-1239
in healthy male subjects. Results from the clinical study
can be further used to provide recommendations on con-
comitant treatment in successive clinical studies.

MATERIALS AND METHODS
Study design

This open-label, fixed-sequence DDI study was conducted
at BlueClinical Phase 1 (Porto, Portugal) (ClinicalTrials.
gov: NCT05549531) to investigate the effect of itracona-
zole on the PK of ACT-1004-1239 in healthy subjects. The
study approvals were obtained from both the National
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Health Authority of Portugal (Infarmed) and the National
Ethics Committee (Comissdo de Etica para a Investigacdo
Clinica) before study initiation. The study was performed
in accordance with Good Clinical Practice and the
Declaration of Helsinki.

Following an eligibility check during a screening pe-
riod, subjects received in a fixed sequence Treatment A
(ACT-1004-1239 alone) and thereafter Treatment B (B1:
itraconazole alone; B2: ACT-1004-1239+ itraconazole).
In detail, all subjects received a single oral dose of 10 mg
ACT-1004-1239 on Day 1 and remained in-clinic for 24 h.
Thereafter, ambulatory visits were scheduled for blood col-
lections and safety check-ups through Day 6 (Treatment
A). From Day 6 to Day 8, a dose of 200mg itraconazole
(available as 100mg oral capsules, Sporanox®) was ad-
ministered once-daily to each subject (Treatment B1).
Itraconazole dosing was continued through Day 13,
whereas on Day 9, itraconazole was given concomitantly
with 10mg ACT-1004-1239 followed by a 24-h in-clinic
stay and ambulatory visits for blood collections and safety
check-ups through Day 14 (Treatment B2). All treatment
administrations were performed under fed conditions
after a standardized breakfast served 30 min prior to dos-
ing. End-of-study (EOS) assessments were performed on
Day 20. Safety follow-up was performed within 40days
after the EOS visit.

A dose of 10mg ACT-1004-1239 was selected as it was
assumed to provide sufficient safety margin to the maxi-
mum exposure investigated in humans (achieved with a
dose of 200 mg)®” in the event itraconazole would increase
the exposure to ACT-1004-1239 up to 11-fold as previously
observed for other drugs.'* The dose strength of itracon-
azole (200mg) is as per label recommendation as well as
best practice guidance on how to conduct DDI studies
with itraconazole.'>™’

Study population

In total, 16 nonsmoking healthy male subjects between 18
and 55years were enrolled in this study. Only male sub-
jectswere included since sex was not expected to influence
the outcome of the study to a clinically relevant extent’
while eliminating the need to expose female subjects to
itraconazole that is teratogenic.'’ Prior to any study proce-
dure each subject provided informed consent. The study
subjects were of good health as assessed by medical his-
tory, physical examination, 12-lead ECG, and clinical lab-
oratory tests (including hematology, clinical chemistry,
virus serology, and drug screening). Furthermore, eligible
subjects were requested to have a body mass index (BMI)
between 18.0 and 30.0kg/m” and vital signs within nor-
mal ranges defined as 100-140 mmHg for systolic blood
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pressure, 50-90mmHg for diastolic blood pressure, and
50-90bpm for pulse rate.

Consumption of food or beverages that could interfere
with CYP3A4 activity (e.g., grapefruit, Seville orange) as
well as xanthine-containing food/beverages, nicotine, and
alcohol were forbidden. Concomitant medications were
prohibited unless required for the treatment of an adverse
event (AE).

Pharmacokinetic analysis

Each administration of ACT-1004-1239 was followed by
frequent blood collection up to 120h post dosing to as-
sess its PK. Approximately 3mL of blood was collected
in EDTA-containing tubes at the following time points:
0 (predose), 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36, 48, 72,
96, and 120h of postdose. Following collection, the blood
samples were centrifuged (approximately 1800g for
10min at 4°C) within 30min and, subsequently, plasma
was aliquoted and stored at —80°C for further analysis.

ACT-1004-1239 plasma concentrations were deter-
mined using a validated LC-MS/MS assay.® The method
was monitored using quality control samples, which re-
vealed an inter-batch precision % coefficient of variation
(CV) of <7.2%, whereas the inter-batch accuracy using the
relative deviation from the nominal value (% RD) ranged
from 2.6% to 6.2%. Concentrations below the limit of
quantification (0.5ng/mL) were set to “0”.

PK parameters (f. Crnaxr AUCy_,, AUC,_,,, and t,,,)
after each ACT-1004-1239 administration were obtained
by non-compartmental analysis using Phoenix WinNonlin
version 8.0 (Certara, Princeton, NJ, USA). Measured ACT-
1004-1239 plasma concentrations were directly used to de-
termine t,,, and C,,,, Whereas AUC parameters (AUC,,_,
and AUC,_,) were calculated based on the linear trape-
zoidal rule.

Statistical analysis

No formal statistical hypothesis was tested in this study;
however, the sample size was based on a precision
estimate approach'® using the CV within subjects for C,,,
and AUC,_,, of 48.8% and 13.9%, respectively, as observed
in a previous study.® According to this method, a sample
size of 12 subjects would result in lower and upper bounds
of the 90% confidence interval (CI) of the geometric mean
ratio (GMR) of approximately —29% and +40% and —10%
and +11% of the observed ratio for C,, and AUC,_,,
respectively. Furthermore, accounting for potential
subject discontinuations, a sample size of 16 subjects
was used in this study. PK parameters were analyzed

providing geometric mean and corresponding 95% CI for
Chax AUC,_,, AUC_,, and t,,, whereas t,,, was analyzed
with the median and range.

The differences in C,,,, AUC,_, AUC,_,, and ¢, be-
tween Treatment A and Treatment B were explored using
the GMR and the 90% CI. Back-transformed values were
analyzed by a mixed-effects model using log-transformed
PK parameters as dependent variable, treatment as fixed
effect, and subject as random effect. Difference for ¢,,,, be-
tween treatments was explored using the nonparametric
Hodges-Lehmann estimate of the median of differences
and its 90% CL."

Safety and tolerability evaluation

Safety and tolerability were assessed throughout the study
based on the nature, frequency, and intensity of AEs. Post-
ACT-1004-1239 dosing results of vital signs, 12-lead ECG,
clinical laboratory variables, and body weight were com-
pared with baseline (i.e., prior ACT-1004-1239 dosing in
Treatment A).

RESULTS
Subjects

Overall, 16 healthy male subjects participated in both
treatments and completed the study as per protocol. There
was no premature study discontinuation; therefore, all
subjects were included in the analysis of PK and safety/
tolerability. The mean age was 34.3years (range: 27-47)
and mean BMI 24.2kg/m* (range: 19.9-27.6). The major-
ity was White (87.5%), and two subjects were of mixed
race (Black or African American and White [12.6%]).

Pharmacokinetics

In the absence of itraconazole, a single oral dose of 10 mg
ACT-1004-1239 (Treatment A) was quickly absorbed as
indicated by a median t,, of 2.0h (Figure 1, Table 1).
Following absorption, ACT-1004-1239 concentration in-
creased up to a geometric mean C,, of 25.6ng/mL and
geometric mean AUC,_, and AUC,_, were 300ng * h/
mL and 326ng * h/mL, respectively. ACT-1004-1239
was eliminated with a geometric mean f;,, of 17.2h.
Corresponding 95% CIs of each PK parameter are pro-
vided in Table 1. As for 6 out of 16 subjects, the t,,, could
not be reliably determined due to insufficient character-
ization of the elimination phase at time points beyond
48 h after dosing in Treatment A, an exploratory ad hoc
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FIGURE 1 ACT-1004-1239 plasma -
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TABLE 1 Pharmacokinetic
parameters of single-dose ACT-1004-1239

in humans. .
umans Parameter (unit)

Cpna (ng/mL)
AUC,_,; (ng *h/mL)

AUC,_in¢ (ng * h/mL)

[iax (h)
tl/z (h)a

Treatment B2 (ACT-
1004-1239 + itraconazole),
N=16

Treatment A (ACT-1004-1239)
alone, N=16

55.3 (47.0, 65.2)
862 (734, 1012)
729 (627, 849)
2.00 (1.0, 6.0)
25.2(22.2,28.5)

25.6 (21.1, 31.0)
300 (257, 352)
326 (279, 380)

2.00 (0.5, 6.0)
17.2 (13.5, 21.9)*

Note: Data are displayed as geometric means (95% CI) except for ¢, that is provided as median (range).

Abbreviations: AUC_;,, area under the plasma concentration-time curve from 0h to infinity; AUC,_,,

area under the plasma concentration-time curve from 0h to time ¢ of the last measured concentration
above the limit of quantification; CI, confidence interval; C,,,, maximum plasma concentration; n,
number of subjects; N, number of subjects in the population; t,,, terminal half-life; ¢, ., time to reach
maximum plasma concentration.

*n=10 for t,,, as for 6 subjects the t,,, could not be reliably determined due to insufficient
characterization of the elimination phase at time points beyond 48 h after dosing in Treatment A.

sensitivity analysis was performed using AUC,,_,q, data.
Based on the analysis, there was no difference between
the GMRs of AUC,_,g, and AUC,_,, (data not shown);
therefore, it can be concluded that AUC,_,, can be used
as a measure to determine the effect of itraconazole.
The concentration versus time profile of 10mg ACT-
1004-1239 was similar in shape to the one observed in a
previous study.®

In the presence of multiple doses of 200mg itracon-
azole (Treatment B2), the concentration versus time pro-
file of ACT-1004-1239 was consistent in shape with that in
Treatment A (Figure 1). There was almost no difference
in t,,,, indicated by the median of differences in t,,,, (90%
CI) of 0.5h (0.0, 1.0). The exposure to ACT-1004-1239 was
moderately higher when concomitantly administered
with itraconazole as shown by the GMR (90% CI) of C_,.,
AUC,_,, and AUC,_,, which were 2.16 (1.89, 2.47), 2.87
(2.64, 3.11), and 2.77 (2.55, 3.00), respectively. The t,,, of
ACT-1004-1239 was slightly longer following concomitant

administration with itraconazole based on the GMR (90%
CI) of 1.46 (1.26, 1.70).

Safety and tolerability

Overall, all treatments were well-tolerated. There were
neither serious AEs nor AEs leading to premature dis-
continuation in this study. A total of eight AEs were re-
ported as treatment-emergent. All treatment-emergent
AEs (TEAEs) were of mild intensity and resolved at EOS
without sequelae. The overall incidence of subjects with
TEAEs was identical across treatments with 18.8% in each
treatment. The most frequent TEAEs were headache and
nausea (each reported by 2 subjects; Table 2). Other TEAEs
were abdominal pain, diarrhea, and somnolence (each re-
ported by one subject; Table 2). Diarrhea and headache
(in Treatment B2) were considered to be related to itra-
conazole only, whereas abdominal pain was assessed to
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Treatment A
(N=16)
Adverse events (Preferred term) nAEs n (%)
Number of subjects with at least one - 3(18.8)
TEAE
Number of different TEAEs 3 -
Total number of TEAEs 5 -
Headache 2 1(6.3)
Nausea 2 2(12.5)
Abdominal pain 0 0
Diarrhea 0 0
Somnolence 1 1(6.3)

HUYNH ET AL.
TABLE 2 Incidence and number of
Treatment B2
treatment-emergent adverse events by
(N=16)
treatment.
nAEs n (%)
- 3(18.8)
3 —
3 —
1 1(6.3)
0 0
1 1(6.3)
1 1(6.3)
0 0

Abbreviations: N, number of subjects in the population; n, number of subjects; nAEs, number of adverse

events; TEAE, treatment-emergent adverse event.

be related to ACT-1004-1239 and itraconazole. No clini-
cally relevant treatment-related mean changes from base-
line in vital signs, body weight, clinical laboratory, or
ECG variables were detected in the corresponding period
after administration of ACT-1004-1239 in Treatment A or
Treatment B2.

DISCUSSION

This open-label, fixed-sequence DDI study investigated
the effect of multiple doses of itraconazole on the PK of
a single dose of 10mg ACT-1004-1239. The latter is a po-
tent, selective, and orally available first-in-class ACKR3/
CXRC7 antagonist. Previous clinical investigations re-
vealed that >25% of ACT-1004-1239 elimination goes
through the primary metabolite M1, which is predomi-
nately formed by CYP3A4.” Therefore, a DDI study with
ACT-1004-1239 and a strong CYP3A4 inhibitor is recom-
mended by health authorities to investigate the extent of
an increase in ACT-1004-1239 exposure associated with
CYP3A4 interactions. There are several strong CYP3A4
inhibitors that have been previously used as perpetrator
drugs in DDI studies such as ketoconazole, ritonavir, or
voriconazole. The use of ketoconazole is discouraged due
to the high risk of severe liver injury.”>*! Furthermore,
none of these CYP3A4 inhibitors are listed as index inhibi-
tors,* which are nowadays preferred concomitant drugs
for prospective DDI studies due to their known strength
of inhibition and selectivity.?

Strong index inhibitors are drugs that can elevate the
AUC of a sensitive substrate by >5-fold,?*? examples
being clarithromycin and itraconazole in the context
of CYP3A4.” Clarithromycin was not selected for this
study as it is an antibiotic associated with AEs related to,

amongst others, the gastrointestinal tract and QTc inter-
val prolongation.”® In addition, clarithromycin must be
administered twice-daily”® and this would have posed
operational challenges as ACT-1004-1239 is dosed once-
daily. Thus, itraconazole, approved for the treatment of
various fungal infections, was chosen for this DDI study
with ACT-1004-1239.

Thus far, two oral formulations of itraconazole are
available on the market, namely a capsule and a solution.
Recently, Hoch et al. reported a DDI study that showed
that cyclodextrin, an excipient that is available in excess
in the itraconazole oral solution, can interact with victim
drugs, and lead to unreliable study outcomes.?’ In short,
in this study contrary to expectation, asciminib (a sub-
strate of CYP3A4) exposure decreased approximately 50%
when given concomitantly with an itraconazole solution.
This observation was attributed to the sequestration phe-
nomenon of P-cyclodextrin as previously also observed
with other drugs.?®* Based on the physicochemical prop-
erties of ACT-1004-1239,’ sequestration of ACT-1004-1239
by f-cyclodextrin could not be excluded. Therefore, the
itraconazole capsule formulation was preferred as a per-
petrator in this DDI study. According to the dosing recom-
mendation of itraconazole given as a capsule formulation,
higher exposures to itraconazole can be reached when it
is given with food. Furthermore, as no effect of food on
ACT-1004-1239 exposure had been observed,’ all treat-
ment administrations in this study were performed under
fed conditions.

In Treatment A of the herein reported study, the ex-
posure to ACT-1004-1239 when administered alone under
fed conditions was slightly higher than the one observed
in the previous single-ascending dose study at the same
dose level in which the drug was given without food.
However, the CIs of the PK exposures of both studies were
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overlapping. This may be explained by the small sample
size and the high variability in ACT-1004-1239 exposure
in the single-ascending dose study.®

A dose of 10mg ACT-1004-1239 was selected for this
study to ensure that the maximum ACT-1004-1239 ex-
posure investigated in humans would not be exceeded
if itraconazole increases ACT-1004-1239 exposure by up
to 11-fold.*'**° In general, adopting a conservative ap-
proach when conducting DDI studies with itraconazole
is advisable to mitigate the risk of unexpected safety
events. Moreover, if the PK properties of the investigated
drug permit, particularly when dose-proportionality
is observed, as exemplified by ACT-1004-1239, the re-
sults obtained from a DDI study utilizing a lower dose
of the victim drug can be extrapolated to higher ther-
apeutic doses. This extrapolation strategy, supported
by robust PK data and an exposure-safety relation-
ship, can streamline the assessment of potential DDIs.
The exposure to ACT-1004-1239 concomitantly with
itraconazole (Treatment B2) was up to 2.9-fold that of
ACT-1004-1239 alone. An increase in ACT-1004-1239 ex-
posure was expected given that itraconazole and its me-
tabolites inhibit the CYP3A4-dependent metabolism of
ACT-1004-1239 in the intestine and liver.*** Although
itraconazole concentrations were not measured in this
study, the multiple dosing regimen of 200 mg itracon-
azole is routinely used in investigations of CYP3A4 in-
hibition and therefore, the study results are considered
valid.">'®** Elimination of ACT-1004-1239 was slower
following concomitant administration of itraconazole
compared to ACT-1004-1239 alone. This may be linked
to the blockade of one ACT-1004-1239 elimination route
(i.e., through CYP3A4)*'? that can consequently lead
to a general delay in drug elimination if no compen-
satory alternative routes are in place. Such alternative
routes may include the elimination through CYP2C19,
CYP2CS8, and CYP1A1, which were shown to also cat-
alyze formation of M1 in vitro or other elimination
pathways such as reduction of ACT-1004-1239 to the
metabolite A3 as reported previously.

In accordance with the definition given by the health
authorities, ACT-1004-1239 is a moderately sensitive
CYP3A4 substrate (i.e., increase of AUC >2- to <5-fold).?
Moreover, using the formula for fraction of metabolism
(i-e., 1-AUC . pirol/ AUCipnibitea) (control: AUC of victim
drug, inhibited: AUC of victim drug given concomi-
tantly with CYP inhibitor), which is a known approach
to determine the involvement of CYPs in the metabo-
lism of drugs,*** approximately 55% of ACT-1004-1239
elimination is dependent on CYP3A4 in humans. This
estimation on CYP3A4 dependency differs from the pre-
clinical observation that revealed a 94% dependency of
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ACT-1004-1239 metabolism on CYP3A4 in vitro.> Given
that the increase of ACT-1004-1239 exposure was less
than fivefold and that the dependency on CYP3A4 is
moderate, it is likely that other mechanisms are involved
in the elimination of ACT-1004-1239. As reported in the
human ADME study, alternative elimination pathways of
ACT-1004-1239 encompass the excretion of unchanged
parent drug, as well as biotransformation to the metab-
olite A3 (reduction of parent drug).” These findings ad-
ditionally reinforce the observation that ACT-1004-1239
elimination is not exclusively reliant on CYP3A4. Other
tools, such as a physiologically-based PK (PBPK) model,
can be further leveraged in drug development to provide
a greater understanding to CYP dependencies in support
of clinical data.***° Such a mechanistic tool can be uti-
lized to make predictions that are physiologically driven,
as for example it can account for enzyme abundance
and function, blood flow, PK variability across patients,
and other biological processes.39 In addition, the use of
PBPK modeling can be advantageous in designing and
optimizing clinical DDI studies.*’ Ultimately, it may
serve as a replacement for additional clinical DDI stud-
ies. For ACT-1004-1239 development, modeling may be
useful to predict other scenarios such as concomitant
use of ACT-1004-1239 and moderate CYP3A4 inhibi-
tors. Although no relevant increase in ACT-1004-1239
exposure is expected with a moderate CYP3A4 inhibi-
tor, PBPK modeling would give more certainty on this
assumption. Furthermore, PBPK modeling can be lever-
aged to provide more insight on the impact of different
ACT-1004-1239 concentration and enzyme kinetics as
the fraction metabolized by CYP3A4 may theoretically
vary depending on the drug's concentration.

A single dose of 10mg ACT-1004-1239 in absence and
presence of itraconazole was well-tolerated and the inci-
dence of subjects with TEAEs was identical between both
treatments. Nevertheless, this type of study is not suitable
to draw firm conclusions on the safety profiles of these
treatments as it was an open-label study without a placebo
control group.

The study was designed, taking into account various
factors such as the selection of the concomitant drug,
its formulation, and dose, to provide insights into the
DDI potential of ACT-1004-1239 when co-administered
with a strong CYP3A4 inhibitor. Although this study de-
sign is widely accepted and implemented, measurement
of itraconazole concentrations at selected time points
could further strengthen the confidence in the study
results by confirming that the desired exposure levels,
at which CYP3A4 inhibitory efficacy is postulated, were
indeed achieved. Furthermore, as the study results sug-
gested the involvement of other elimination routes, the
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application of PBPK modeling is encouraged to provide
a better understanding of the role of alternative elimi-
nation routes and to estimate CYP3A4 dependency. This
additional analysis may provide clarity to the unexpected
moderate increase in ACT-1004-1239 exposure following
concomitant dosing with itraconazole. Moreover, PBPK
modeling and/or in vitro studies could provide valuable
insights into the potential for non-linear metabolism of
ACT-1004-1239 by CYP3A4, despite the enzyme's broad
substrate specificity and high catalytic capacity, aiding
in the interpretation of the DDI interaction results pre-
sented in this study.

In conclusion, in the presence of itraconazole, a strong
CYP3A4 inhibitor, the exposure to ACT-1004-1239 was
moderately higher (up to 2.9-fold) than in the absence
of the concomitant drug. Therefore, ACT-1004-1239 is a
moderately sensitive substrate of CYP3A4. At this early
stage in clinical development of ACT-1004-1239, the find-
ings of this study should be taken into consideration when
planning further studies in which strong CYP3A4 inhibi-
tors may be used concomitantly.
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