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Abstract

Asciminib is a first-in-class inhibitor of BCR::ABL1, specifically targeting the ABL
myristoyl pocket. Asciminib is a substrate of CYP3A4 and P-glycoprotein (P-gp) and
possesses pH-dependent solubility in aqueous solution. This report summarizes the
results of two phase I studies in healthy subjects aimed at assessing the impact of
CYP3A and P-gp inhibitors, CYP3A inducers and acid-reducing agents (ARAS) on
the pharmacokinetics (PK) of asciminib (single dose of 40mg). Asciminib exposure
(area under the curve [AUC]) unexpectedly decreased by ~40% when administered
concomitantly with the strong CYP3A inhibitor itraconazole oral solution, whereas
maximum plasma concentration (C,,,,) decreased by ~50%. However, asciminib ex-
posure was slightly increased in subjects receiving an itraconazole capsule (~3%) or
clarithromycin (~35%), another strong CYP3A inhibitor. Macroflux studies showed
that cyclodextrin (present in high quantities as excipient [40-fold excess to itracona-
zole]in the oralsolution formulation ofitraconazole) decreased asciminib flux through
a lipid membrane by ~80%. The AUC of asciminib was marginally decreased by con-
comitant administration with the strong CYP3A inducer rifampicin (by ~13-15%)
and the strong P-gp inhibitor quinidine (by ~13-16%). Concomitant administration
of the ARA rabeprazole had little or no effect on asciminib AUC, with a 9% decrease
in C .« The treatments were generally well tolerated. Taking into account the large
therapeutic window of asciminib, the observed changes in asciminib PK following
multiple doses of P-gp, CYP3A inhibitors, CYP3A inducers, or ARAs are not con-
sidered to be clinically meaningful. Care should be exercised when administering
asciminib concomitantly with cyclodextrin-containing drug formulations.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Asciminib is a first-in-class BCR::ABL1 inhibitor, specifically targeting the ABL
myristoyl pocket, and a substrate of CYP3A4 and P-gp. Asciminib displays pH-
dependent solubility in aqueous solution.
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WHAT QUESTION DID THIS STUDY ADDRESS?

This study explored the drug-drug interaction risk of asciminib as a victim with
CYP3A inhibitors, CYP3A inducers, P-gp inhibitors, and acid-reducing agents
(ARAS).

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Asciminib as a victim was weakly affected by concomitantly administered P-gp in-
hibitors, strong CYP3A inhibitors, strong CYP3A inducers, or ARAs. However, a
substantial effect of cyclodextrin (as an excipient in itraconazole oral solution) was
observed; indirect evidence showed that cyclodextrin markedly decreased asciminib
bioavailability.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

These results support the concomitant use of CYP3A and P-gp inhibitors, CYP3A in-
ducers and ARAs in patients treated with asciminib. Care should be exercised when
using itraconazole oral solution or other cyclodextrin-containing formulations in
clinical studies due to their potential impact on absorption of orally co-administered

compounds.

INTRODUCTION

Asciminib (ABL001) is an oral BCR::ABL1 inhibitor
with a mechanism of action distinct from currently
approved ATP-competitive tyrosine kinase inhibitors
(TKIs) used for the treatment of chronic myeloid leuke-
mia (CML). Asciminib is the first-in-class BCR::ABL1
inhibitor specifically targeting the BCR::ABL1 myristoyl
pocket (STAMP inhibitor).'™ The unique mechanism of
action of asciminib means that this drug can maintain
activity against forms of BCR::ABL1 carrying resistance
mutations (including the T315I mutation) in the ATP-
binding site, thereby becoming a novel treatment option
for patients who no longer respond to currently available
TKIs."”

The efficacy of asciminib is currently being evaluated
in the ASCEMBL study (NCT03106779), a multicenter,
open-label, phase III study of asciminib versus the ATP-
competitive BCR::ABL1 inhibitor bosutinib in patients
with CML in chronic phase (CML-CP) previously treated
with greater than or equal to two TKIs.> Asciminib 40 mg
twice daily (b.i.d.) demonstrated statistically significant
and clinically meaningful superiority in efficacy com-
pared with bosutinib 500 mg once daily (q.d.), as well as a
favorable safety profile.

Asciminib has a molecular weight of 449.84Da. The
measured log P for asciminib is 3.9, whereas permeabil-
ity in CaCo-2 cells is in the medium range (P,,, [B—A]
and P, [A—B] were estimated as 6.8x107% cm/s and
2.3x107° cm/s, respectively).! A recent study assessing
the absorption, distribution, metabolism, and excretion
(ADME) of asciminib in healthy male subjects showed
that the drug was rapidly absorbed following oral ad-
ministration, reaching maximum plasma concentration

at ~2 h postdose.® Asciminib was eliminated mainly
through feces, and direct glucuronidation and oxidation
were identified as major metabolic pathways; these were
catalyzed predominantly by UDP-glucuronosyltransferase
(UGT)2B7 and cytochrome P450 (CYP)3A4, respectively.
Based on in vitro data and the human ADME, the relative
contribution of CYP3A4 to asciminib clearance was esti-
mated to be 36.0%.”

Asciminib has been identified as a substrate of
P-glycoprotein (P-gp),® hence, inhibitors of P-gp may
increase asciminib plasma concentration, warranting
further studies.

Acid reducing agents (ARAs), such as proton pump
inhibitors (PPIs) and H2-blockers induce significant in-
creases in gastric pH, which may decrease the bioavail-
ability of certain drugs that act as weak bases. A review
of clinical literature data suggests that the magnitude
of this drug-drug interaction (DDI) is largest for com-
pounds in which in vitro solubility decreases over the pH
range 1-4.° This is the case for asciminib, a weak base
(pK, = 4.0) exhibiting pH-dependent solubility, which
is high at acidic pH and decreases with increasing pH.'
Patients with cancer frequently take ARAs to alleviate
dyspeptic symptoms; analysis of two large US healthcare
databases revealed that prevalence of ARA use was 20%-
33% among patients with cancer.'’ There is thus poten-
tial for significant DDIs between ARAs and asciminib,
which could lead to decreased therapeutic benefit via the
impact on drug absorption.

In this report, we describe the results from two phase I
studies undertaken to assess the pharmacokinetics (PK) of
asciminib in healthy individuals when administered alone
or in combination with CYP3A or P-gp inhibitors, CYP3A
inducers, or ARAs.
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METHODS
Study designs

The inhibitor/inducer study was a phase I, single center,
open-label, six-cohort, two-period, single-sequence, crossover
study to assess the effect of multiple doses of itraconazole and
clarithromycin (strong CYP3A inhibitors), quinidine (P-gp in-
hibitor), and rifampicin (strong CYP3A inducer) on the PK of
a single 40mg oral dose of asciminib in healthy subjects.

All subjects received asciminib alone in the first treat-
ment period and asciminib together with the potentially
interacting drug in the second treatment period. This
study comprised six cohorts, which followed a similar
single-sequence design (Figure S1A); there was no ran-
domization, but sequential cohort enrollment.

« Cohort 1: Asciminib 40 mg with itraconazole 200 mg
q.d. oral solution formulation."*

+ Cohort 2: Asciminib 40 mg with quinidine 300 mg three
times a day.

 Cohort 3: Asciminib 40 mg with rifampicin 600 mg q.d.

+ Cohort 4: Asciminib 200 mg with rifampicin 600 mg q.d.
(optional based on interim results from cohort 3).

« Cohort 5: Asciminib 40 mg with clarithromycin 500 mg
b.i.d.

e Cohort 6: Asciminib 40mg with itraconazole 200 mg
g.d. capsule formulation.

The PK analysis of cohort 1 showed an unexpected de-
crease in asciminib area under the curve (AUC) and maxi-
mum plasma concentration (C,,,,), which warranted further
investigation. The original protocol was therefore amended
to introduce two additional cohorts (cohorts 5 and 6) in
order to further investigate the effect of strong CYP3A in-
hibitors on the PK of asciminib. Cohort 4 was to be initiated
if a significant effect on asciminib PK was observed from as-
ciminib 40 mg co-administration with rifampicin (cohort 3).
Based on predefined criteria in the protocol, cohort 4 (asci-
minib 200 mg) was not initiated.

The ARA study was an open-label, adaptive three-
period, single-sequence, crossover study to assess the
effect of multiple doses of ARAs (rabeprazole and famoti-
dine) on the PX of a single 40 mg oral dose of asciminib in
healthy subjects (Figure S1B). A staggered approach was
undertaken. First the effect of a PPI (rabeprazole 20mg
g.d.), the strongest ARA class, was tested in period 2.
Period 3 (treatment with famotidine 20mg q.d.) was con-
ditioned on the outcome of data from the first two periods,
and was to be initiated if the effect of rabeprazole on the
PK of asciminib 40 mg was considered as clinically mean-
ingful. Based on the results of the interim PK analysis, pe-
riod 3 was not initiated.

Compound dosing and administration for both studies
are described in detail in Appendix S1.

Study participants

Eligible subjects included male and/or sterile or post-
menopausal female subjects between 18 and 55years of
age for the inhibitor/inducer study, and between 20 and
55years of age for the ARA study. The ARA study was
performed in Japanese healthy volunteers. Other eligibil-
ity criteria were body weight between 50 and 120kg, as
well as a body mass index (BMI) of 18.5-29.9 kg/m2 for
the inhibitor/inducer study and 18.0-29.9 kg/m? for the
ARA study. Subjects were in good health as determined
by lack of clinically significant findings from medical his-
tory, physical examination, vital signs, electrocardiogram
(ECG), and laboratory data. Inclusion and exclusion crite-
ria are described in Appendix S1.

PK analyses

The primary end points for both studies were the following
PK parameters: area under the plasma concentration-time
curve from time zero to the time of last quantifiable concen-
tration point(AUC,,),areaunder the plasmaconcentration—
time curve from time zero to infinity (AUCy,), C,,.x Of drug
in blood plasma, time to reach C,,,, (T.y), terminal half-life
(t1/2), and apparent plasma clearance (CL/F) of asciminib.
For the inhibitor/inducer study, trough concentrations of
itraconazole, clarithromycin, quinidine, and rifampicin
were also secondary end points, whereas the assessment of
asciminib PK parameters in cohort 6 (itraconazole capsule
formulation) was an exploratory end point.

Approximately 88 healthy subjects were to be enrolled
in all six cohorts in the inhibitor/inducer study (18 each
in cohort 1, cohort 2, and cohort 3; 10 in cohort 4; 14 in
cohort 5, and 10 in cohort 6). The reason for the reduced
sample size in cohort 6 is that this cohort was exploratory
in nature and implemented to provide supportive data to
separate out the effect of itraconazole and cyclodextrin
(excipient of the itraconazole oral solution) on the PK of
asciminib. For the ARA study, 23 healthy subjects were to
be enrolled. Sample size estimates were based on an intra-
subject coefficient of variation for the primary asciminib
PK parameters of 30% (for the inhibitor/inducer study)
and 28.9% (for the ARA study), as determined in a previ-
ous phase I study.'* Enrollment numbers for both studies
were determined by an acceptable precision of the 90%
confidence intervals (CIs) for the comparison of test and
reference parameters on a log scale, and took into account
the potential dropout rate.
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Across both studies, PK analyses were carried out in
all subjects who provided greater than or equal to one
evaluable PK profile for asciminib. PK parameters were
derived with noncompartmental methods using Phoenix
WinNonlin (Pharsight) software version 8.0 (for the in-
hibitor/inducer study) and version 6.4 (for the ARA
study).

Safety assessments

Secondary end points for both studies included the inci-
dence of adverse events (AEs) and serious AEs (SAES),
changes in hematology and blood chemistry values, vital
signs, and ECG. Subjects underwent a physical and vital
signs examination, clinical laboratory testing (biochem-
istry and hematology) and cardiac assessments at regu-
lar intervals throughout the study period. AE data were
collected on an ongoing basis throughout the study and
were coded and graded using MedDRA version 23.0
and Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 (for the inhibitor/inducer study),
and MedDRA version 19.1 and CTCAE version 4.03 (for
the ARA study).

Statistical analysis

Descriptive statistics were used for all PK parameters for
analyses of asciminib and trough concentration values of
itraconazole, quinidine, rifampicin, and clarithromycin;
for T, only the median and range were determined.

PK parameters for asciminib were calculated from in-
dividual plasma concentration-time profiles. To estimate
the effect of inhibitors/inducers or multiple doses of ra-
beprazole on asciminib PK, a linear mixed effect model
was fitted to the log-transformed PK parameters (AUC;,;,
AUC,,, and C,,,). For both studies, the model included
treatment as a fixed factor and participant as a random
factor. The difference between test (asciminib plus other
drug) and reference (asciminib) means were calculated.
Outputs were back-transformed to obtain values for ad-
justed Gpeans Gmean Tatio, and 90% CIs. G .., ratios were
not calculated for cohort 6 due to the exploratory nature
of this cohort; furthermore, the small sample size of this
cohort would limit any conclusions that can be made from
the results. Plasma concentrations below the lower limit
of quantification (LLOQ) were set to zero, and treated
as missing in calculations of G,.,, and geometric coeffi-
cients of variation percentage (GCV%). All analyses were
performed using Statistical Analysis System (SAS) version
9.4 (for the inhibitor/inducer study) and version 9.2 (for
the ARA study).

ASCPT

Macroflux studies

In order to assess the impact of cyclodextrin on asciminib
absorption, a macroflux study was carried out, evaluat-
ing the dissolution and simultaneous flux of a 40mg dose
of asciminib through a gastrointestinal tract (GIT)-Lipid
(Pampa) membrane situated on top of a polyvinylidene
difluoride (PVDF) membrane, mimicking an enterocyte
cell layer. Fasted state simulated intestinal fluid (FaSSIF)
media version 2 (V2) and FaSSIF V2 media with the ad-
dition of cyclodextrin (900 ml each) were added to a USP
IT apparatus (Distek Corporation, North Brunswick, NIT)
maintained at a constant stirring of 100rpm and a tem-
perature of 37°C during the study. Two film-coated tablets
containing 20 mg of asciminib per tablet were introduced
into the dissolution apparatus for the studies, with two
replicates per condition. To mimic the exact total amount
of cyclodextrin in each itraconazole solution dose as
that used in the clinical study,"* 8 g of hydroxypropyl-p-
cyclodextrin (as a 40% solution in water) was added to the
FaSSIF V2 media prior to introduction of the two asciminib
tablets; this setup constituted the donor compartment.
The receiver compartment consisted of a miniaturized
USP 1I paddle set-up with a 0.45pm PVDF membrane
at the bottom of the vessel, coated with the biomimetic
membrane (GIT-Lipid). This compartment was filled with
12ml of pION acceptor buffer to ensure sink conditions.
Concentrations in the donor and receiver compartments
were monitored over time using fiber optic probes, collect-
ing data every 30 s over a 2-h period. Dissolution profiles
in the donor compartment were collected as the drug dis-
solved per time. Additionally, flux profiles in the receiver
compartment were also collected in the same manner.

The fiber optic probes were calibrated for both the donor
and acceptor compartments based on the media in the com-
partment. For both studies, the donor compartment was
calibrated in FaSSIF V2 media, whereas the acceptor com-
partment was calibrated in pION acceptor buffer. The cali-
bration curve was constructed from 0, 1, 5, 10, 25, 45, and
50 pg/ml target concentrations. The R* is reported as 0.9938
for the FaSSIF V2 donor, 0.9942 for the FaSSIF V2 plus cy-
clodextrin donor, and 0.9927 for the pION acceptor cham-
bers. The wavelength range used for calibration analysis was
a second derivative treatment of the UV data from 350 to
390nm. As the area of the membrane is known, the linear
portion of the flux curve (R*>0.995) from ~70 to 120 min
was utilized to calculate the slope in both conditions.

Ethics

All studies were conducted in accordance with the prin-
ciples of the Declaration of Helsinki, as well as local laws
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and regulations. All subjects provided written informed
consent before any study procedures took place. The
study protocol and all amendments were reviewed by the
independent ethics committee and/or institutional review
board for each study center.

RESULTS

Subject disposition and baseline
characteristics

Subject disposition is shown in Table S1. A total of 79 sub-
jects participated in the inhibitor/inducer study (cohort 1,
n = 18; cohort 2, n = 19; cohort 3, n = 18; cohort 5, n = 14;
and cohort 6, n = 10); 10 subjects were planned to be en-
rolled in cohort 4, but this cohort was not initiated based
on predefined criteria in the protocol. For the ARA study,
a total of 23 subjects were enrolled.

All subjects completed treatment in cohorts 1, 3,
and 5 of the inhibitor/inducer study, and in the ARA
study. Four subjects in cohort 2 and one subject in co-
hort 6 discontinued the study; reasons for discontinu-
ation were grade 3 QT corrected Fridericia's formula
(QTCcF) interval prolongation (cohort 2, n = 3) and sub-
ject/guardian decision (cohort 2, n = 1; and cohort 6,
n=1).

Subject demographics and baseline characteristics are
shown in Table S2. The median age of subjects in the differ-
ent cohorts of the inhibitor/inducer study ranged between
36.0 and 53.5years (range 21-55), and the majority of sub-
jects were White (one subject was African American, one
Asian, one Native American, and one reported ethnicity
as “other”). Subjects in the ARA study were younger (me-
dian age 27.0years; range 22-39) and all were of Japanese
origin. Five subjects required concomitant medication

during the inhibitor/inducer study: one subject in cohort
1 required posiformin opthalmix salve 2% and dexamytrex
ophthalmic salve for external hordeolum, whereas three
subjects in cohort 2 and one subject in cohort 3 required
paracetamol for headaches. We believe that these medi-
cations were unlikely to have affected the study results.
No concomitant medications were used in the ARA study.

PK analyses: Inhibitor/inducer study

Overall, PK data from administration of asciminib alone
were comparable across cohorts. Plasma concentration—
time profiles of asciminib alone and in combination with
inhibitors/inducers are shown in Figure 1.

Interaction with strong CYP3A inhibitors
(itraconazole/clarithromycin)

Concentration-time profiles from subjects in cohort 1 re-
vealed an unexpected decrease in the plasma concentra-
tion of asciminib when it was administered concomitantly
with the strong CYP3A inhibitor itraconazole (oral solu-
tion) compared with administration of asciminib alone
(Figure 1a). This was reflected by a lower AUC,;, AUC,,
and C,_,, and increased CL/F (Table 1), whereas T,
and t,,, for asciminib were similar for both treatments.
The intersubject variability increased when asciminib
was administered together with itraconazole (oral solu-
tion), as shown by the increase in GCV% compared with
administration of asciminib alone. When administered in
combination with itraconazole (oral solution), the G,can
of AUC,,; and AUC,, decreased by 40.2% and 41.2%, re-
spectively, whereas C,,, decreased by 50.1% compared
with asciminib administered alone (Table 2). The median

TABLE 1 PK parameters for asciminib in the inhibitor/inducer study

Asciminib Asciminib +itraconazole Asciminib Asciminib + itraconazole
(n=18) (oral solution) (n = 17) (n=10) (capsule) (n = 10)

Parameters Cohort 1 Cohort 6

AUC,¢ (ng*h/ml), Gyepn (GCV%) 7000 (25.1) 4200 (32.8) 5630 (39.8) 5830 (45.4)

AUC,, (ng*h/ml), Gyean (GCV%) 6950 (25.2) 4090 (33.4) 5590 (40.2) 5780 (46.0)

Cnax (ng/ml), G, (GCV%) 679 (27.4) 338(35.2) 554 (42.1) 578 (40.4)

T, (D), median (range) 2.00 (1.00-4.02)  2.00 (0.97-3.98) 2.01(1.93-3.00)  2.03 (1.98-3.00)

ty, (), Gpean (GCV%) 12.6 (18.8) 13.9 (41.1) 11.5(17.6) 10.6 (18.3)

CL/F (L/h), Gyyean (GCV%) 5.71 (25.1) 9.53 (32.8) 7.11 (39.8) 6.86 (45.4)

Abbreviations: AUC, area under the curve; AUC;,;, AUC from zero to infinity; AUC,,i;, AUC from zero to the last quantifiable concentration; CL/F, apparent
plasma clearance; C,,, maximum concentration of drug in plasma; GCV%, geometric coefficient of variation; G,,,, geometric mean; PK, pharmacokinetic;
t,/5, terminal half-life; Ty, time to reach maximum concentration of drug in plasma.
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FIGURE 1 Arithmetic mean (SD) and median plasma concentration-time profiles for asciminib in cohort 1 (itraconazole oral solution,
a), cohort 6 (itraconazole capsule, b), cohort 5 (clarithromycin, c), cohort 3 (rifampicin, d), and cohort 2 (quinidine, e). Linear views are

shown in the main panel, with semilogarithmic views in the inset

Asciminib Asciminib + Asciminib Asciminib + Asciminib Asciminib + quinidine
(n=14) clarithromycin (n =14) (n =18) rifampicin (n =17) (n=19) (n=18)
Cohort 5 Cohort 3 Cohort 2
5740 (34.0) 7820 (31.0) 5630 (31.3) 4740 (24.2) 6750 (30.0) 5800 (32.7)
5670 (34.4) 7750 (30.4) 5400 (30.6) 4670 (24.3) 6700 (30.0) 5550 (29.9)
537 (35.6) 642 (30.8) 559 (38.8) 599 (25.1) 618 (35.8) 539 (32.5)
2.02 (1.00-3.00)  2.02 (1.98-3.03) 2.00 (1.98-4.00) 2.0 (0.98-3.00) 2.00 (1.00-4.00) 2.00 (0.98-3.98)
12.5(14.9) 14.5 (18.0) 10.5 (15.1) 8.35(9.5) 12.4 (17.4) 11.3 (14.3)
6.97 (34.0) 5.11 (31.0) 7.11 (31.3) 8.43 (24.2) 5.92 (30.0) 6.90 (32.7)
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T hax Was similar, and the elimination rate was also similar
for both treatments, suggesting that the observed decrease
in exposure was related to a decrease in absorption rather
than a change in clearance.

To investigate these findings, an additional smaller
cohort was included in the study (cohort 6) to assess the
effect of itraconazole in capsule formulation (not con-
taining any cyclodextrin, an excipient in the oral solu-
tion formulation added in 40-fold excess to itraconazole;
i.e., 8 g cyclodextrin per 200 mg of itraconazole). In con-
trast with the results obtained when asciminib was ad-
ministered with itraconazole oral solution, the plasma
concentration—time profile of asciminib showed a similar
absorption phase when co-administered with an itracon-
azole capsule compared with that of asciminib adminis-
tered alone (Table 1 and Figure 1b). Exposure of asciminib
was slightly increased when administered in combina-
tion with itraconazole capsule compared with asciminib
administered alone (Gy,e.n [GCV%]: AUC,,; 5830 ng*h/
ml [45.4] vs. 5630ng*h/ml [39.8]; AUC,, 5780ng*h/ml
[46.0] vs. 5590 ng*h/ml [40.2]; and C,,,, 578 ng/ml [40.4]
vs. 554ng/ml [42.1]). This is in stark contrast with the
results obtained when asciminib was co-administered
with itraconazole oral solution compared with asci-
minib alone (Gpean [GCV%]: AUC;,; 4200ng*h/ml
[32.8] vs. 7000ng*h/ml [25.1]; AUC;,y 4090ng*h/ml
[33.4] vs. 6950 ng*h/ml [25.2]; and C,,,, 338 ng/ml [35.2]
vs. 679ng/ml [27.4]). Consistent with exposure results,
administration of asciminib with an itraconazole cap-
sule did not affect T,,,, compared with asciminib alone,
whereas the CL/F decreased slightly (Table 1).

In order to further investigate these unexpected results
with the itraconazole oral solution, asciminib dissolu-
tion and flux were assessed in vitro in the presence of a
final amount of cyclodextrin mimicking that contained in
each dose of itraconazole oral solution. Macroflux results
showed that the dissolution rate was higher in fasted-state
simulated intestinal fluid (FaSSIF V2) media with added
cyclodextrin than in FaSSIF V2 media alone (105% vs.
87%), whereas the rate of flux was 4.6-fold lower in FaSSIF
V2 media containing cyclodextrin compared with FaSSIF
V2 media alone, reflecting limited crossing of asciminib
through the lipid membrane due to interaction with cyclo-
dextrin (Figure 2a and b). The calculated slope in FaSSIF
V2 media alone was 0.107 pg/ml/min, with a membrane
area of 3.88cm” and acceptor volume of 12ml, whereas
the flux was 1.29 pg/min (for a calculated flux of 0.332pg/
min*cm?). The calculated slope in FaSSIF V2 plus cyclodex-
trin was 0.02 pg/ml/min, which corresponds to a flux rate
of 0.28 ug/min (for a calculated flux of 0.071 pg/min*cm?).

In vitro binding constant data showed a strong complex
formation between asciminib and cyclodextrin, which de-
creased with increasing concentrations of bile acids and

also at lower pH (Table S3). The binding constant in buf-
fer was determined to be ~243,046/M. Additionally, we
tested asciminib binding in media with increasing bile
acid concentrations and found a substantial decrease in
the binding constant in the presence of bile components.
An ~65-fold drop was observed in FaSSIF V2 and 0.3x Fed
State Simulated Intestinal Fluid (FeSSIF) V2, whereas there
was further decrease to practically no binding in the acidic
pH of Fasted State Simulated Gastric Fluid (FaSSGF) and
the high bile component concentration of FeSSIF V2.

The R*for asciminib binding was 0.94 in FaSSGF media;
0.99 in FeSSIF V2 media; 0.95 in 0.3x FeSSIF V2 media;
0.86 in FaSSIF V2 media, and 0.94 in blank buffer media.
Saturation observed at the highest concentration in FaSSIF
V2 media led to lower R* value. Removal of the highest
concentration, 40% cyclodextrin, led to an R? value of 0.99
and a calculated binding constant of 7.12/M. As this was
within two-fold of the 3.75/M value determined leaving in
the 40% value, it was decided to keep consistency among
the calculations and report the lower value (3.75).

These in vitro results, coupled with the clinical results
from cohort 6 (itraconazole capsule formulation) provide
strong evidence that the results from cohort 1 (itracon-
azole oral solution) were caused by a formulation effect,
most probably due to the cyclodextrin present in large
quantities in the itraconazole oral solution as excipient to
enhance the solubility of itraconazole.

The effect of clarithromycin—another strong CYP3A
inhibitor—on the PK of asciminib was also assessed. The
plasma concentration—time profile of asciminib in subjects
from cohort 5 showed slightly increased plasma concentra-
tions of asciminib when administered with clarithromycin
compared to administration of asciminib alone (Figure 1c).
The asciminib plasma elimination rate was slightly lower
when asciminib was administered with clarithromycin,
whereas T,,,, was unchanged. AUC,,;, AUC,,, and C,«
increased when asciminib was administered in combina-
tion with clarithromycin compared with asciminib admin-
istered alone, whereas CL/F decreased (Table 1); median
Tax Was unchanged, whereas f,,, was longer when asci-
minib was administered with clarithromycin. On average,
administration of asciminib with clarithromycin increased
AUC;; and AUC,, of asciminib by 36% and 37%, respec-
tively, whereas C,,, showed an average increase of 19%
(Table 2).

Interaction with a strong CYP3A inducer
(rifampicin)

Concentration profiles from subjects in cohort 3 revealed
slightly decreased plasma concentrations of asciminib when
administered with rifampicin compared with administration
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FIGURE 2 Dissolution (a) and flux (b) of 40 mg asciminib in FaSSIF version 2 media (900 ml) alone (blue) and containing cyclodextrin
(red). For both experiments, total asciminib concentrations were measured in the receiver compartment. FaSSIF, Fasted State Simulated

Intestinal Fluid

of asciminib alone (Figure 1d); however, the C,,, was simi-
lar for the two treatments. The asciminib plasma elimination
rate was slightly higher when asciminib was administered
with rifampicin, whereas T,,,, was unchanged. Asciminib
exposure was slightly decreased by concomitant adminis-
tration of rifampicin, as shown by decreases in AUC;,; and
AUC,,, although C_,, remained similar between treatments
(Table 1). Administration of asciminib with rifampicin de-
creased AUC,;,; and AUC,, of asciminib on average by
14.9% and 12.7%, respectively, whereas C,,,, increased by 9%
(Table 2).

Interaction with a P-gp inhibitor (quinidine)

The plasma concentration profiles from subjects in cohort
2 showed marginally decreased plasma concentrations
of asciminib when administered with the P-gp inhibitor
quinidine compared with administration of asciminib
alone, with a similar elimination rate between the two
treatments (Figure 1e). Administration of asciminib with
quinidine decreased exposure, with lower AUC; s, AUC\,,
and C,,,, coupled with slightly higher CL/F for asciminib
administered with quinidine compared with adminis-
tration of asciminib alone (Table 1). Median T,,, for
asciminib was similar when administered either in com-
bination with quinidine or alone, whereas median t,,, was
slightly shorter. The average decrease in AUC;,;, AUC,q,
and C,,, of asciminib was 12.9%, 16.0%, and 11.3%, re-
spectively, when asciminib was administered with quini-
dine (Table 2).

Trough concentrations of itraconazole, quinidine, ri-
fampicin, and clarithromycin are shown in Figure S2.

PK analyses: ARA study

Plasma concentration-time profiles of asciminib alone
and in combination with the ARA rabeprazole are
shown in Figure 3. Concentration profiles were simi-
lar for a single oral dose of 40 mg asciminib when ad-
ministered following multiple doses of rabeprazole
compared with asciminib alone, although C,,, was
slightly decreased when administered with rabepra-
zole. Overall, AUC,,;, AUC,,, and C,,,, were similar
when asciminib was administered alone or in combina-
tion with rabeprazole (Table 3). Administration of as-
ciminib with rabeprazole reduced C,,,, of asciminib by
~9%, but did not meaningfully change AUC; s, AUC,.,
or T,,,, (Table 4).

Safety

In the inhibitor/inducer study, overall, 33 of 79 subjects
(41.8%) experienced at least one AE during the study;
no AEs were reported for subjects in the ARA study
(Table S4). Three AEs of ECG QT prolongation (3.8%) re-
ported in subjects from cohort 2 of the inhibitor/inducer
study were grade >3 and led to study discontinuation.
Increases in QTcF greater than 60ms were observed in
6 (31.6%) subjects. No incidences of QTc over 500 ms oc-
curred during the study. The three AEs of ECG QT prolon-
gation occurred on day 7 (the first day that subjects were
administered asciminib together with quinidine) and
were assessed as related to the study drug. All events were
asymptomatic ECG findings and recovered or resolved on
the same or next day. Similar events were not observed
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FIGURE 3 Arithmetic mean (SD) and geometric mean plasma concentration-time profiles for asciminib alone or in combination with
rabeprazole. Linear views are shown in the main panel, with semilogarithmic views on the right hand side

TABLE 3 PK parameters for

asciminib in the ARA study Parameters

AUCy; (ng*h/ml), Gpean (GCV%)
AUC,, (ng*h/ml), Gpean (GCV%)
Cpax (ng/ml), Gypean (GCV%)

T nax (h), median (range)

ty, (), Gpean (GCV%)

CL/F (L/h), Gpyean (GCV%)

Asciminib + rabeprazole

Asciminib (n =23) (n=23)
9850 (18.7) 9710 (18.1)
9200 (18.5) 9060 (17.9)

943 (27.4) 856 (21.7)

2.00 (1.00-4.00) 2.00 (2.00-5.00)
12.6 (10.0) 12.2(10.1)

4.06 (18.7) 412 (18.1)

Abbreviations: ARA, acid-reducing agent; AUC, area under the curve; AUC;,;, AUC from zero to infinity;
AUC,,, AUC from zero to the last quantifiable concentration; CL/F, apparent plasma clearance; C,,.,
maximum concentration of drug in plasma; GCV%, geometric coefficient of variation; G e,,, geometric mean;
PK, pharmacokinetic; t, ,, terminal half-life; T, ,,, time to reach maximum concentration of drug in plasma.

following administration of asciminib alone in this cohort
or in any of the other cohorts.

Nogreaterthanorequal tograde three AEswerereported
for subjects in cohorts 1, 3, 5, or 6 of the inhibitor/inducer
study (Table S5). The most common AEs reported across
cohorts were flatulence (40.0% of subjects in cohort 6),
fatigue (20.0% of subjects in cohort 6), headache (26.3%
of subjects in cohort 2 and 5.6% subjects in cohort 3), di-
arrhea (15.8% of subjects in cohort 2 and 7.1% of subjects
in cohort 3), and dysgeusia (14.3% of subjects in cohort 5).
No clinically significant abnormalities in laboratory evalu-
ations or vital signs were detected during the inhibitor/in-
ducer study. No AEs were reported during the ARA study,
although two subjects had alterations in laboratory values,

one with a grade two increase in total bilirubin and one
with a grade two increase in creatine kinase.

DISCUSSION

In vitro data indicated the involvement of multiple meta-
bolic enzymes and transporters in asciminib human clear-
ance, suggesting that the risk for a clinically significant
DDI is low or moderate for this drug; however, further
investigation was warranted. This report summarizes the
results of two clinical studies aimed at assessing the im-
pact of CYP3A and P-gp inhibitors, CYP3A inducers and
ARAs on the PK of a single dose of asciminib. Overall, the
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TABLE 4 Statistical analysis of PK parameters for the ARA study
Treatment
comparison
Gmean
PK parameter (unit) Treatment n* Adjusted G,.,, Comparison(s) ratio 90% CI
AUC; ¢ (ng*h/ml) Asciminib 23 9850 Asciminib + rabeprazole / asciminib ~ 0.986 0.959-1.01
Asciminib + 23 9710
rabeprazole
AUC,, (ng*h/ml) Asciminib 23 9200 Asciminib + rabeprazole / asciminib ~ 0.985 0.957-1.01
Asciminib + 23 9060
rabeprazole
Cax (ng/ml) Asciminib 23 943 Asciminib + rabeprazole / asciminib ~ 0.908 0.849-0.972
Asciminib + 23 856
rabeprazole
T nax () Asciminib 23 2.00 Asciminib + rabeprazole / asciminib ~ 1.00 —1.00 to 3.00
Asciminib + 23 2.00
rabeprazole

Note: Model is a linear mixed effects model of the log-transformed PK parameters. The model includes treatment as a fixed factor and subject as a random
factor. The results are back transformed to get adjusted geometric mean, geometric mean ratio, and 90% CI.

n* = number of observations used for the analysis.

For T, median is presented under “Adjusted geo-mean,” median difference under “Geo-mean ratio,” and minimum and maximum differences under 90%

CL

Abbreviations: ARA, acid-reducing agent; AUC, area under the curve; AUC;,;, AUC from zero to infinity; AUC,,,, AUC from zero to the last quantifiable
concentration; CI, confidence interval; C,,,,, maximum concentration of drug in plasma; G,.,,, geometric mean; PK, pharmacokinetic; T,,,,, time to reach

maximum concentration of drug in plasma.

results show that none of these compounds appear to af-
fect exposure of asciminib in a clinically meaningful way.

Asitraconazole is a strong CYP3A inhibitor, based on in
vitro data it was expected that asciminib exposure would
increase with concomitant administration. However, as-
ciminib exposure unexpectedly decreased when adminis-
tered concomitantly with itraconazole oral solution. The
observed decrease in C,,,, was not accompanied by a de-
crease in T,,,,, suggesting that the observed reduction in
exposure was due to altered absorption. As the decrease
in exposure appeared to be a phenomenon occurring at
the absorption level in the gut, it was speculated that there
might be an interaction between asciminib and an excipi-
ent present in the oral solution.

Cyclodextrin is an excipient in the itraconazole oral
solution formulation, where it is present at a 40-fold
higher concentration than itraconazole (8 g of cyclodex-
trin per 200 mg itraconazole)."' Cyclodextrins are present
in pharmaceutical formulations to help improve com-
pound solubility by forming strong complexes.” It was
hypothesized that asciminib might form a strong complex
with the cyclodextrin present in the oral solution at a very
high concentration, leading to decreased free asciminib
concentration available in the gut and hence reduced ab-
sorption. Sequestration by cyclodextrin has been reported
for drugs such as warfarin,'* as well as for proteins, growth

factors, and other compounds. Macroflux experiments re-
vealed that flux of a 40mg dose of asciminib through an
artificial lipid membrane was reduced ~4.6-fold in FaSSIF
media containing an equivalent amount of cyclodextrin as
that present in the itraconazole oral solution than in media
alone. The observed negative food effect on asciminib ex-
posure (where administration with food decreased asci-
minib AUC;,) is thought to be caused by a similar type of
interaction.” Briefly, asciminib is sequestered by bile acids
when these are present at high levels in the GIT follow-
ing food intake; the food effect is stronger after consuming
high-fat meals, which cause higher levels of bile acid se-
cretion into the gut compared with low-fat meals.

To assess the impact of itraconazole in the absence of
cyclodextrin in a clinical setting, an additional smaller
cohort of subjects (cohort 6) was recruited. These sub-
jects received asciminib in combination with itracon-
azole in capsule formulation, which does not contain
any cyclodextrin: the expected increase in asciminib
exposure, although small, was observed in this co-
hort. Quantitative measurement of itraconazole con-
centrations in both formulations was comparable and
consistent with historical data, indicating that the full
inhibition potential of itraconazole was reached with
both formulations. Furthermore, the expected increase
in asciminib exposure was also observed following
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co-administration with clarithromycin, another strong
CYP3A inhibitor. Overall, our findings provide strong
evidence that the observed decrease in asciminib expo-
sure in combination with the itraconazole oral solution
was caused by sequestration of asciminib by cyclodex-
trin contained in the formulation.

A similar unexpected decrease in exposure was re-
ported for the Bruton’s TKI fenebrutinib when admin-
istered concomitantly with itraconazole oral solution.™
Authors reported that fenebrutinib permeability across
a Madin-Darby canine kidney cell monolayer decreased
in a cyclodextrin concentration-dependent manner.
Indeed, the in vitro binding constant of asciminib and
cyclodextrin had a similar value to that reported for
fenebrutinib (200,000/M)," further confirming that as-
ciminib has a strong binding affinity to hydroxypropyl-
B-cyclodextrin. Consistent with literature reports that
bile components have a strong binding affinity to cyclo-
dextrins,'® we found that asciminib binding to cyclodex-
trin was dramatically reduced in the presence of high
concentrations of bile acids. Our results further demon-
strate the impact of cyclodextrin on asciminib absorp-
tion using core evidence data, including a macroflux
study applied for the first time in this context, as well
as the compilation of detailed clinical results from dif-
ferent subjects exposed to itraconazole oral solution and
capsule formulations, as well as clarithromycin, another
strong CYP3A4 inhibitor. Before selecting itraconazole
oral solution as CYP3A4 perpetrator in a DDI study, re-
searchers should assess whether cyclodextrin may form
a complex with the compound of interest. As shown by
our results, macroflux studies and binding constant data
can inform study design, helping to predict the negative
impact of excipients present in the formulation of con-
comitantly administered drugs.

Our results and those of others show the unex-
pected effects of itraconazole on drug metabolism, and
highlight that care should be exercised when using it
in DDI studies. Both formulations of itraconazole are
widely used in this type of studies to assess the effect
of strong CYP3A4 inhibition, with the oral solution re-
ported to provide higher systemic exposure and reduced
variability.!” In addition to its strong inhibitory effect
on CYP3A4/5, itraconazole is described as an in vitro
inducer of CYP1A1 and as an inhibitor of CYP1A1, P-
gp, BCRP, OATP1B1, OATP1B3, OATP2B1, OATP4C1,
UGTI1A1, and UGT1A4.1%°2 Ag expected from a com-
pound with multiple perpetrator characteristics, similar
unexpected DDIs between itraconazole and other com-
pounds have been published previously. For example,
an unexpected 10%-24% decrease in exposure has been
reported for the CYP3A4 substrate siponimod when ad-
ministered concomitantly with an itraconazole capsule

ASCPT

formulation.'® This effect was proposed to be a conse-
quence of itraconazole-mediated induction of CYP1A1l,
but the authors concluded the reasons behind the de-
crease in exposure were not fully understood.

Given the unexpected effects of itraconazole on drug
metabolism, alternative strong CYP3A4/5 inhibitors
should be considered: several are available for clinical DDI
studies, each one having its advantages and limitations.
Ritonavir has the fastest onset of complete inhibition
and shows the strongest CYP3A4/5 inhibition, achieved
already at the second day of administration.** However,
inhibition is not very specific to CYP3A4/5, as ritonavir
has been reported to also induce CYP1A2, CYP2B6, and
CYP2C9.%% Moreover, ritonavir inhibits multiple other
enzymes and transporters based on clinical or in vitro data
(i.e., CYP2D6, P-gp, OATP1B1, OATP1B3, OAT3, OCT1/2,
MATE1, BCRP, and MRP1).>”"*’ On the other hand, clar-
ithromycin is a time-dependent CYP3A4/5 inhibitor
which also inhibits P-gp and OATP1B1/1B3, whereas
voriconazole is a reversible inhibitor of CYP3A4/5 and P-
gp, OATP1B3, and OAT1.>** All of these factors should
be carefully taken into account by the researchers when
selecting the perpetrator for this type of DDI study.

As expected from the weak DDI effect with the CYP3A
inhibitor clarithromycin, administration of asciminib
following multiple doses of the strong CYP3A inducer
rifampicin modestly decreased asciminib exposure. A
slight decrease in exposure was observed following mul-
tiple doses of the P-gp inhibitor quinidine. These results
suggest that asciminib as a victim is weakly affected by
concomitantly administered drugs that are strong CYP3A
inducers or inhibitors of P-gp.

For both formulations of itraconazole (oral solution
and capsule), it is assumed that almost complete CYP3A4
inhibition was reached, although the trough concentra-
tions increased up to the day when asciminib was co-
administered. The trough itraconazole concentrations for
the capsule formulation tended to be higher and showed
higher variability compared with those for the itracon-
azole oral solution. For quinidine, rifampicin, and clari-
thromycin, steady-state conditions appear to have been
reached when asciminib was co-administered with these
drugs. Of note, for rifampicin the maximum CYP3A4
induction may not have been reached by day 5 of treat-
ment. However, based on physiologically-based pharma-
cokinetic (PBPK) simulation studies,***> ~90% and almost
100% of the maximal CYP3A4 induction effect in the liver
and intestines, respectively, are reached at day 5. Hence,
it is believed that the observed reduction in asciminib ex-
posure of 15% is close to the maximum induction effect of
rifampicin.

Taking into account the large therapeutic window of
asciminib, the observed changes in asciminib exposure
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following multiple doses of P-gp, CYP3A inhibitors, or
CYP3A inducers are not considered to be clinically mean-
ingful. The findings on CYP3A inhibitors and inducers are
supported by previous studies showing that the relative
contribution of CYP3A4 metabolism to asciminib clear-
ance is ~36.0%.”

The primary purpose of the ARA study was to inves-
tigate the effect of a PPI (rabeprazole) and a H2-blocker
(famotidine) on the PK of asciminib in healthy subjects.
Although both medications are used to treat gastroesoph-
ageal reflux disease, PPIs induce a more profound and
longer lasting reduction in gastric acid secretion than
H2-blockers, which have a limited ability to reduce post-
prandial gastric acid secretion.*® The results of the study
showed little to no effect of multiple doses of 20 mg rabep-
razole on asciminib exposure, suggesting that asciminib
bioavailability was not affected by co-administration with
rabeprazole. Given that rabeprazole would have a more
potent effect on gastric acid secretion (and therefore on as-
ciminib absorption) than famotidine, assessment of asci-
minib PX in combination with famotidine was not carried
out. Among currently available PPIs, rabeprazole is con-
sidered the most potent37; this means that results obtained
with rabeprazole can be extrapolated to other ARAs. In
line with clinical results, GastroPlus PBPK predictive
modeling showed little to no effect of elevated gastric pH
on the rate and extent of asciminib absorption (data not
shown). These data demonstrated that the asciminib hy-
drochloride salt contained in the tablet is expected to fully
dissolve in the stomach due to high solubility and will not
precipitate in intestinal medium as it forms a supersatu-
rated solution in basic conditions (data not shown). The
amount of drug substance in solution and available for ab-
sorption is therefore greater than predicted by the low sat-
uration solubility values within the pH range of 4.5-6.8.

The ARA study exclusively enrolled Japanese healthy
volunteers; however, the PK characteristics of asciminib
in Japanese and non-Japanese subjects are not expected to
differ significantly. This is further supported by clinical re-
sults: based on limited data on asciminib PK in the pivotal
phase III study (ASCEMBL) of asciminib in patients with
CML,*® no relevant differences in PK parameters were
apparent between Japanese and non-Japanese subjects.
The Gpean (GCV%) AUC,_,,}, at steady-state following ad-
ministration of 40mg asciminib b.i.d. were 6450ng*h/ml
(22.8%) for Japanese subjects (n = 5) and 5370ng*h/ml
(39.4%) for non-Japanese subjects (n = 8). Hence, these re-
sults and their interpretation can be extrapolated to non-
Japanese subjects.

The treatments were generally well-tolerated. In the
inhibitor/inducer study, asciminib in combination with
itraconazole (oral solution and capsule formulations),

clarithromycin, or rifampicin was well-tolerated, with
generally mild AEs reported and no laboratory abnormal-
ities or changes in vital signs observed. A greater than or
equal to grade three QTc prolongation event was reported
in 3 of 19 (15.8%) subjects receiving asciminib in combi-
nation with quinidine. These events were considered as
related to the study drug, and the three subjects discon-
tinued the study; all events resolved on the same or next
day. QTc prolongation was only observed when subjects
were treated with asciminib in combination with quini-
dine, which is known to cause QTc prolongation due to
its ability to block Na* and K* channel function.*® No QTc
prolongation events were observed in any of the other co-
horts, including the cohort with clarithromycin, which is
also known to prolong the QTc interva1,40 and none were
reported in the phase I study, including 141 heavily pre-
treated patients with CML who received doses of asci-
minib up to 200mg b.i.d.** No other greater than or equal
to grade three AEs were reported during the inhibitor/in-
ducer study. No AEs were reported in the ARA study.

In conclusion, asciminib as a victim was weakly affected
by concomitantly administered strong CYP3A inhibitors,
strong CYP3A inducers, P-gp inhibitors, or ARAs. Overall,
these results support the concomitant use of CYP3A and
P-gp inhibitors, CYP3A inducers, and ARAs in patients
treated with asciminib, given that the negligible effect on
asciminib PK is not considered clinically relevant. Care
should be exercised when administering asciminib concom-
itantly with cyclodextrin-containing drug formulations.
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