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Abstract

Asciminib, a first-in-class BCR-ABL1 inhibitor that works by Specifically Targeting
the ABL Myristoyl Pocket (STAMP), is a new treatment option for patients with
chronic myeloid leukemia who no longer benefit from currently approved ty-
rosine kinase inhibitors. In vitro, asciminib reversibly inhibits cytochrome P450
(CYP) 3A4/5, CYP2C9, and CYP2C8. This phase I, open-label, two-stage study in
healthy participants evaluated the effect of asciminib (40 mg b.i.d. at steady-state)
as a potential perpetrator on single-dose pharmacokinetics of a two-drug cock-
tail containing midazolam (CYP3A substrate) and warfarin (CYP2C9 substrate)
in stage 1 (n = 22), and of repaglinide (CYP2C8 substrate) in stage 2 (n = 25).
For midazolam plus asciminib versus midazolam, geometric mean (G,,.,,) ratios
(90% confidence interval) for midazolam area under the curve from zero to infin-
ity (AUC;,p) and maximum plasma concentration (C,,,,) were 1.28 (1.15, 1.43)
and 1.11 (0.96, 1.28), respectively. For warfarin plus asciminib versus warfarin,
G mean ratios for S-warfarin AUC; ¢ and C,,, were 1.41 (1.37, 1.45) and 1.08 (1.04,
1.13), respectively. Results for R-warfarin were in line with those for S-warfarin.
For repaglinide plus asciminib versus repaglinide, G, ratios for AUC;, and
Cphax Were 1.08 (1.02, 1.14) and 1.14 (1.01, 1.28), respectively. The treatments were
generally well tolerated, and the asciminib safety profile was consistent with pre-
vious studies of asciminib in the absence of probe substrates. Overall, the results
indicate that asciminib (40 mg b.i.d.) is a weak inhibitor of CYP3A and CYP2C9
and has no meaningful effect on CYP2C8.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Asciminib, a first-in-class BCR-ABLI inhibitor that works by STAMP (Specifically
Targeting the ABL Myristoyl Pocket), is a new treatment option for patients with
chronic myeloid leukemia who no longer benefit from currently approved tyros-
ine kinase inhibitors.
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INTRODUCTION

Chronic myeloid leukemia (CML) is a myeloprolifera-
tive neoplasm driven by the presence of BCR-ABLI fusion
gene, also known as Philadelphia chromosome (Ph), lead-
ing to constitutive activation of the BCR-ABLI1 fusion on-
coprotein.1 Asciminib, a first-in-class orally administered
agent that inhibits BCR-ABL1 by STAMP (Specifically
Targeting the ABL Myristoyl Pocket), inhibits BCR-ABL1
via allosteric binding to the myristoyl pocket of ABLI, a
key element of ABL1 auto-regulation which is specific
for ABL kinases.”* In contrast, currently approved ATP-
competitive tyrosine kinase inhibitors (TKIs) target the
ATP-binding site of ABL1, a motif shared by many tyros-
ine kinases.”* By virtue of its unique allosteric inhibitory
activity, asciminib has a non-overlapping mutation-driven
resistance profile with ATP-competitive TKIs, includ-
ing activity against the T315I mutation, and may there-
fore provide a clinical benefit for patients with CML who
have developed resistance to currently approved TKIs.**
Asciminib has recently been approved by the US Food and
Drug Administration (FDA) for treatment of patients with
Ph-positive CML in chronic phase (Ph+CML-CP), pre-
viously treated with >2 TKIs and for adult patients with
Ph+CML-CP with the T315I mutation.®

In a phase I, first-in-human, dose-escalation study
(NCT02081378), asciminib showed clinically meaning-
ful and durable responses in patients with CML-resistant
or intolerant to other TKIs, with the maximum tolerated
dose not reached with asciminib doses of up to 200 mg
b.i.d. Based on the efficacy, safety, and pharmacokinetic
(PK) results, a dose of 40 mg b.i.d. was selected for fur-
ther clinical development of asciminib monotherapy.’
A phase III study in patients with CML in chronic
phase previously treated with >2 TKIs (ASCEMBL;
NCTO03106779) compared asciminib 40 mg b.i.d. ver-
sus the ATP-competitive BCR-ABL1 inhibitor bosutinib

ASCPT

WHAT QUESTION DID THIS STUDY ADDRESS?

This study evaluated the effect of asciminib (40 mg b.i.d. at steady-state) as a
potential perpetrator on single-dose pharmacokinetics of midazolam (CYP3A
substrate), warfarin (CYP2C9 substrate), and repaglinide (CYP2C8 substrate) in
healthy participants.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The study shows that in humans, asciminib is a weak inhibitor of CYP3A and
CYP2C9, and does not have a clinically relevant effect on CYP2CS.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The findings will help guide the clinical usage of asciminib when administered in
combination with other agents that are substrates of CYP3A, CYP2C9, or CYP2CS.

(500 mg q.d.) approved for patients with CML who have
failed prior lines of therapy; asciminib demonstrated sta-
tistically significant superior efficacy versus bosutinib
for the primary end point of major molecular response
(MMR; defined as BCR-ABLI transcript levels on the in-
ternational scale [BCR-ABL1"] <0.1%) at week 24, with a
favorable safety profile.®

Asciminib is rapidly absorbed, with a median time to
reach the maximum plasma concentration (T,,,,) of 2-3 h
post-dose, and has a half-life (T,,) of 7-15 h, indicating
that steady-state is reached by approximately day 3.7
Disposition studies in humans indicated that asciminib
is mainly cleared via hepatic metabolism and elimination
via biliary secretion (mean recovery of 80% from feces),’
with oxidation by cytochrome P450 enzymes (CYP; 37.8%;
of which 36% CYP3A4), direct glucuronidation by UDP-
glucuronosyltransferases (UGT; 27.9%; mainly UGT2B7,
UGT2B17, and UGT1A3/4), and biliary secretion by breast
cancer resistance protein (BCRP; 31.1%) being the main
pathways involved (Novartis, unpublished data).”'® Renal
excretion plays only a minor role in the clearance of asci-
minib (2.5% unchanged asciminib in urine).” Circulating
drug-related material is primarily found in the plasma,
with unchanged asciminib accounting for >90% of drug-
related exposure and no major metabolite observed (i.e.,
no metabolite with systemic exposure >10% of the total
drug-related exposure).’

Conversely, in vitro studies in human liver microsomes
demonstrated that asciminib is a reversible inhibitor of
CYP3A4/5, CYP2C9, and CYP2C8, with unbound inhib-
itory constant (Ki,u) values of 0.348, 0.407, and 0.466 pM,
respectively (Novartis, unpublished data). In patients with
CML, the maximum therapeutic exposure of asciminib
(maximum plasma concentration [C,,,,] at steady-state)
is 1.77 pM for total asciminib and 0.048 pM for unbound
asciminib at 40 mg bid (Novartis, unpublished data).
Therefore, a partial enzyme inhibition is indicated, and
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consequently a drug-drug interaction (DDI) in vivo can-
not be excluded.

The primary objective of this study was to evaluate in
healthy participants the effect of asciminib (40 mg b.i.d.
at steady-state) as a potential perpetrator of CYP3A-,
CYP2C9-, and CYP2C8-mediated DDI by assessing its
effect on the single-dose PK of the sensitive CYP3A sub-
strate midazolam, the sensitive CYP2C9 substrate war-
farin, and the sensitive CYP2CS8 substrate repaglinide.
Additionally, the safety, tolerability, and PK of asciminib
when co-administered with these agents, and the PK of
the probe substrate metabolites, were assessed.

METHODS

This clinical study was conducted in accordance with the
principles of the Declaration of Helsinki and local laws
and regulations. Written informed consent was provided
by all participants before any study procedures took place.
The study protocol and all amendments were reviewed by
the independent ethics committee and/or institutional re-
view board for each study center.

Study design and treatment administration

This was a phase I, single-center (Germany), open-
label, crossover, single-sequence, DDI study comprising
two stages in two sets of participants (Figure 1). Stage 1
(22 participants) investigated the effect of asciminib as a
potential perpetrator of CYP3A (using midazolam) and
CYP2C9 (using warfarin). Stage 2 (25 participants; repre-
senting a separate group from those in stage 1), investi-
gating the effect of asciminib as a potential perpetrator of
CYP2C8 (using repaglinide), was to be conducted only if
safety permitted, and if in stage 1 a relevant effect (>25%
increase in exposure; see later) on the CYP2C9 substrate
warfarin was observed.

Stage 1 consisted of a screening period, two treatment
periods, and a safety follow-up of 30 days after asciminib
dosing (Figure 1). During treatment period 1, a single oral
dose of a two-drug cocktail of warfarin 5 mg (tablet) and
midazolam 4 mg (2 ml of 2 mg/ml oral solution syrup)
was administered on day 1 (morning). The two-drug cock-
tail approach was chosen to more efficiently characterize
multiple DDIs, and is supported by guidance from the
FDA! and European Medicines Agency (EMA)* as no
interactions between the CYP probes warfarin and mid-
azolam have been reported.”*'* During treatment period
2, asciminib 40 mg b.i.d. (oral tablet; taken in the morn-
ing and at 12 h after the morning dose) was administered
for 5 days starting on day 9, with a single oral dose of the

midazolam/warfarin drug cocktail co-administered with
the asciminib morning dose on day 11.

Stage 2 followed a similar single-sequence design as
stage 1 (Figure 1). During treatment period 1, a single oral
dose of repaglinide 0.5 mg (tablet) was administered on
day 1 (morning); during treatment period 2, asciminib
40 mg b.i.d. (oral; taken in the morning and at 12 h after
the morning dose) was administered for 3 days starting
on day 3, with a single oral dose of repaglinide 0.5 mg co-
administered with the asciminib morning dose on day 5.

Tablets were taken within approximately 2 min of each
other, starting with asciminib, and with a total of 240 ml
of water. On days of co-administration of asciminib and
the two-drug cocktail, asciminib was taken first, followed
by the midazolam syrup and the warfarin tablet. No fluid
intake was allowed 1 h pre- and 1-hour post-dosings. On
days when asciminib was administered alone, participants
were required to fast for >2 h before and 1 h after dosing.
On days when probe substrates were administered (in the
absence or presence of asciminib), participants were re-
quired to fast for >10 h before and 4 h after dosing.

In both stages, safety assessments were performed on
all days during periods 1 and 2, with a safety follow-up
30 days after the last dosing on days 13 and 5, respectively
(i.e., on day 43 in stage 1, and on day 35 in stage 2). Stage
1 was initiated with three participants only to ensure the
safety of healthy volunteers. Following safety assessments
of these three participants on day 17 (i.e., 4 days after the
last dosing of asciminib and >5 terminal half-lives), en-
rollment of the remaining participants was to be contin-
ued, provided there were no tolerability issues observed in
the first three participants.

No medication other than the study treatment was
allowed from 2 weeks prior to the first dosing of study
treatment until all end-of-treatment evaluations were con-
ducted, except for medications required to treat adverse
events (AEs) and acetaminophen/paracetamol. Drugs
that prolong QT-interval, and drugs that are inhibitors or
inducers of CYP3A4/5, BCRP, or P-glycoprotein, were not
allowed within 4 weeks before the first dose of study treat-
ment and until end-of-treatment. The consumption of
grapefruits, Seville oranges, cranberries, and pomegran-
ates, and their products, was to be avoided from 7 days
prior to dosing until the end of the study. Additional infor-
mation on use of alcohol and smoking are provided in the
Supplementary Material.

Participants
Healthy male or female (sterile or post-menopausal)

adults (aged 18-55 years), with a body weight between 50
and 120 kg, and a body mass index (BMI) between 18.5
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(a) Stage 1: Midazolam/warfarin +/- asciminib (N=22)

Treatment period 1

Treatment period 2

ASCPT

PK sampling midazolam and 1-hydroxymidazolam
u]]]] PK sampling S-/ R-warfarin
- PK sampling asciminib

Midazolam (4 mg)-
Warfarin (5 mg)

Midazolam (4 mg)-
Warfarin (5 mg)
cocktail

cocktail

Asciminib
(40 mg, bid)

Safety follow-up
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(b) Stage 2: Repaglinide +/- asciminib (N=25)

Treatment period 1

Repaglinide 0.5 mg
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Safety follow-up

Treatment period 2

Repaglinide 0.5 mg

Asciminib
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FIGURE 1 Study design. The two daily doses of asciminib (morning and evening) were taken 12 h apart. In stage 1, the two-probe

drug cocktail (midazolam/warfarin) was administered after the morning dose of asciminib on day 11 (with the evening dose of asciminib
administered 12 h later). In stage 2, repaglinide was administered after the morning dose of asciminib on day 5 (with the evening dose of
asciminib administered 12 h later). Pharmacokinetic (PK) sampling for midazolam and 1-hydroxymidazolam were at pre-dose (0 h), at 0.5,
1,2,3,4,6,8,and 12 h post-dose (days 1 and 11), and at 24 h post-dose (days 2 and 12). S-/R-warfarin PK sampling times were at pre-dose
and at1,2,3,4,5,6, 8,10, and 12 h post-dose (days 1 and 11), and at 24, 48, 72, 96, 120, 144 h post-dose (days 2-7 and 12-17). Repaglinide
PK sampling times were at pre-dose and at 0.25, 0.5. 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10, and 12 h post-dose (days 1 and 5), and at 24 h post-dose
(days 2 and 6). Asciminib PK samples during stage 1 were collected on days 11-13 at pre-dose, and on days 11 and 12 at 0.5, 1, 2, 3,4, 5, 6, 8,
10, 11, and 12 h post-dose (with the last sample collected prior to administration of the asciminib evening dose); during stage 2, they were
collected on day 5 at pre-dose and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12 h post-dose (with the last sample collected prior to administration of the
asciminib evening dose), and on day 6 at 12 h post-dose (with the sample collected 12 h after the administration of the asciminib evening
dose on day 5). Sampling times for prothrombin pharmacodynamic analysis were at pre-dose and at 1, 2, 4, 8, and 12 h post-dose (days 1 and
11), and at 24, 48, 72, 96, 120, and 144 h post-dose (days 2-7 and 12-17). Safety assessments were performed on all days during this period.
b.i.d., twice daily; BL, baseline; EOT, end-of-treatment; PK, pharmacokinetic

and 29.9 kg/m?* were included in the study. Participants
had to be in good health with no clinically significant ab-
normalities at baseline, based on medical history, physical
examination, vital signs, electrocardiogram (ECG), and
routine laboratory testing. Exclusion criteria are summa-
rized in the Supplementary Material.

End points

Primary end points were the PK parameters C,,,, area
under the curve (AUC) from zero to the last quantifiable
concentration (AUC,,), and AUC from zero to infinity
(AUC,,p) of the probe substrate midazolam, S-warfarin

and R-warfarin, and repaglinide. Secondary end points
included additional PK parameters of the probe sub-
strate (T .y T/, apparent plasma clearance [CL/F], and
apparent volume of distribution during terminal phase
[Vz/F]), PK parameters of the midazolam metabolite
1-hydroxymidazolam (AUCy, AUC;y, Crax Tmawe and
the metabolite-to-parent ratios for AUC, and AUCy,
and PK parameters of asciminib (Cp,,, AUC,, AUC;,p
CL/F, Tpax T1/2 and AUC from zero to 12 h post-dosing
[AUCtau])~

Additional secondary end points were pharmacody-
namic (PD) parameters assessing the anticoagulation
effect of warfarin (maximum prothrombin time [PT,,],
the time to reach PT,,,, the AUC for prothrombin time
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[PT,,.), the maximum International Normalized Ratio
[INR,,,x], the maximum time to reach INR,,,,, and the
AUC of INR [INR,,]), and PD parameters assessing
the glucose-metabolizing activity of repaglinide (blood
glucose concentration-time profile). The safety of asci-
minib was also assessed, based on the incidence of AEs
and serious AEs (SAEs; coded using Medical Dictionary
for Regulatory Activities [MedDRA] version 21.1 and
Common Terminology Criteria for AEs [CTCAE] version
5), changes in hematology and blood chemistry values,
vital signs, and ECG.

PK sampling and assessments

Sampling times of blood samples (2 ml) for PK analyses
are indicated in Figure 1. All plasma samples were stored
frozen at <—60°C until analysis. Plasma concentrations
of midazolam, 1-hydroxymidazolam, S-/R-warfarin, re-
paglinide, and asciminib were determined using vali-
dated liquid chromatography-tandem mass spectrometry
(LC-MS/MS; www.veedacr.com) assays with dynamic
ranges of 0.3-60 ng/ml for midazolam, 0.1-20 ng/ml for
1-hydroxymidazolam, 1-1000 ng/ml for S-/R-warfarin,
50-10000 pg/ml for repaglinide, and 1.00-5000 ng/ml
for asciminib (Supplementary Material). Plasma concen-
trations of asciminib were determined using validated
LC-MS/MS and a dynamic range of 1.00-5000 ng/ml, as
described previously.'’ The methods were validated for
specificity, sensitivity, matrix effect, recovery, linearity,
accuracy and precision, dilution integrity, batch size,
and stability. Values below the lower limit of quantifica-
tion were treated as missing. The PK parameters were
derived from individual plasma concentration-time pro-
files using non-compartmental methods using Phoenix
WinNonlin (Pharsight, Mountain View, CA, USA) soft-
ware version 6.4.

Statistical analysis

Based on previously reported data,'> the highest intra-
subject variability estimates (CV%) for AUC or C,, of
midazolam and warfarin were 24.14% and 19%, respec-
tively. Using these intra-subject CVs and a sample size of
18, the precision of the 90% CI for treatment difference
comparison on the log scale will extend 0.109 for warfarin
and 0.138 for midazolam from the observed difference in
the means. These calculations are based on t-distribution
with two-sided a-level of 0.10 and N-1 degrees of freedom.
Assuming a potential dropout rate of 20%, 22 participants
were enrolled to ensure at least 18 evaluable participants
were available in stage 1.

For stage 2, based on the largest intra-subject CV% ob-
served for repaglinide PK parameter of 26.36% for AUC;
(Novartis, unpublished data) and a sample size of 20, the
precision of 90% CI for treatment difference comparison
on the log scale will extend 0.142 from the observed differ-
ence in means. Assuming a potential dropout rate of 20%,
25 participants were enrolled to ensure at least 20 partici-
pants were evaluable in stage 2.

PK analysis included all participants who provided an
evaluable PK profile for at least one of the PK collection
days. The safety set included all participants who received
at least one dose of any study treatment (asciminib, mid-
azolam, warfarin, or repaglinide). PK parameters were
summarized using the geometric mean (G,.,,), geometric
coefficients of variation (GCV%), median, minimum, and
maximum. A formal statistical comparison of test versus
reference was performed for the primary PK parameters
Cax AUC,,, and AUC;,; of each probe substrate. A lin-
ear mixed model was fitted to the log-transformed PK pa-
rameters to estimate the effect of asciminib on the probe
substrates, with treatment included as a fixed effect, and
participant as a random effect. Adjusted G,,.,, estimates
were obtained from this model. For each comparison, a
point estimate and the corresponding two-sided 90% CI
for the difference between means of test and reference
treatment were calculated. This point estimate was anti-
log transformed to obtain the point estimates and the 90%
CI for the G,,,, ratio of test versus reference on the orig-
inal scale. For stage 2 to be carried out, the results from
stage 1 had to show a point estimate for the G,.,, ratio of
either S-warfarin or R-warfarin AUC,,; or AUC;,; of >1.25
(comparing S-/R-warfarin + asciminib vs. S-/R-warfarin
alone).

For the prothrombin PD analysis, a linear mixed
model similar to that used for the primary PK param-
eters was fitted to the log-transformed PD parameters
(PTpax PTaue INR .o and INR,, ). The PD assessment for
repaglinide was performed by plotting the blood glucose
concentration-time curve during the 6-h collection inter-
val by treatment (stage 2: repaglinide alone, repaglinide
+ asciminib). In addition, descriptive statistics were pro-
vided for all primary and secondary PK parameters, with
the median and range for T,,,, and for all PD parameters.

RESULTS

Participants’ disposition and baseline
characteristics

Of the 22 participants enrolled in stage 1, 21 (95.5%) par-
ticipants completed the study; 1 participant discontinued
on day 7 for reasons unrelated to study treatment. The
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study progressed to stage 2 per protocol, as the increase
in warfarin exposure in stage 1 was >1.25-fold. Of the 25
participants enrolled in stage 2, 24 (96.0%) completed the
study; 1 participant discontinued due to an AE (emotional
distress, on day 5; deemed unrelated to study treatment
by the study investigator). At baseline, the median age in
stages 1 and 2 was 38.5 years and 41.0 years, respectively.
In both stages, most study participants were male (stage 1,
100% [n = 22]; stage 2, 84.0% [n = 21]). The median BMI
was 25.0 kg/m? in both stages. Among stage 1 participants,
most (59.1%) were of the CYP2C9*1*1 genotype (Table 1).
The most common concomitant medication required dur-
ing the study was paracetamol, taken by 9.1% and 4% of
participants in stages 1 and 2, respectively.

DDI of asciminib with midazolam and
warfarin (stage 1)

The concentration-time profiles of midazolam and
S-/R-warfarin revealed minor increases in plasma

TABLE 1 Demographics and baseline characteristics

Stage 1
(midazolam Stage 2
and warfarin + (repaglinide +
Demographics and asciminib) asciminib)
baseline characteristics (N = 22) (N =25)
Median age (range), years  38.5(23-54) 41.0 (26-55)
Sex, n (%)
Male 22 (100.0) 21 (84.0)
Female 0 4(16.0)
Race, n (%)
White 21(95.5) 24(96.0)
Asian 1(4.5) 1(4.0)
Ethnicity, n (%)
Other 21(95.5) 24(96.0)
Hispanic/Latino 1(4.5) 0
West Asian 0 1(4.0)

Median weight (range), kg
Median BMI (range), kg/
m?

CYC2C9 genotype?, n (%)

80.0 (61.2-98.4)
25.2(19.9-29.4)

85.3 (58.4-109.4)
25.1 (20.7-29.9)

CYP2C9*1*1 13(59.1) NA
CYP2C9*1*2 6(27.3) NA
CYP2C9*1*3 3(13.6) NA

Abbreviations: BMI, body mass index; NA, not applicable.

“Individuals with a CYP2C9 genotype associated with poor CYP2C9 activity
(CYP2C9*2 and CYP2C9*3) are expected to be less sensitive to a potential
inhibitory effect. Hence, CYP2C9 genotype status was determined in all

stage 1 participants.

ASCPT

concentration when midazolam and warfarin were ad-
ministered with asciminib compared with administra-
tion of the probe substrates alone (Figure 2a,b). Primary
and secondary midazolam PK parameters are sum-
marized in Table 2. In a statistical comparison of the
primary midazolam PK parameters with midazolam +
asciminib versus midazolam alone, the estimated G,
ratios (90% CI) for AUC,,;, AUC,,;, and C,,, were 1.28
(1.15, 1.43), 1.27 (1.14, 1.41), and 1.11 (0.96, 1.28), re-
spectively (Table 3). Median midazolam T,,,, was 0.49 h
with midazolam + asciminib and 0.51 h with mida-
zolam alone.

For the midazolam metabolite 1-hydroxymidazolam,
minor increases in G .., AUC;,, AUC,g, and C,,,, Were
noted when midazolam was administered with asciminib
compared with midazolam alone (Table S1), whereas the
metabolite-to-parent ratios of G,.,, AUC;yr, and AUC
decreased slightly (0.29 vs. 0.31 for AUC;,; and 0.27 vs.
0.31 for AUC,q)-

Primary and secondary warfarin PK parameters are
summarized in Table 2. In a statistical comparison of the
primary warfarin PK parameters with warfarin plus asci-
minib versus warfarin alone, the estimated G,.,, ratios
(90% CI) for AUC;,», AUC,, and Cp,,, were 1.41 (1.37,
1.45), 1.39 (1.36, 1.42), and 1.08 (1.04, 1.13), respectively,
for S-warfarin and 1.25 (1.21, 1.29), 1.24 (1.21, 1.26), and
1.10 (1.04, 1.15), respectively, for R-warfarin (Table 3).
Primary PK parameters of S-warfarin and R-warfarin
showed increased exposures when administered with
asciminib irrespective of the CYP2C9 genotype (data not
shown); however, the numbers of participants in the allele
subgroups were low and the results have to be interpreted
with caution. Median T,,,, of S-warfarin was unchanged
(2.0 h vs. 2.0 h) and that of R-warfarin was slightly pro-
longed (3.0 h vs. 2.0 h) with warfarin + asciminib com-
pared with warfarin alone.

DDI of asciminib with repaglinide (stage 2)

Since in stage 1 the G, ratio of S-warfarin AUC,,
was >1.25, stage 2 was conducted as per protocol. The
concentration-time profiles of repaglinide revealed a
minimal increase in plasma concentration when admin-
istered with asciminib compared with repaglinide alone
(Figure 2c). Primary and secondary repaglinide PK pa-
rameters are summarized in Table 2. In a statistical com-
parison of the primary repaglinide PK parameters with
repaglinide + asciminib versus repaglinide alone, the esti-
mated Gpe,, ratios (90% CI) for AUC;;, AUC,,, and C,,
were 1.08 (1.02, 1.14), 1.09 (1.03, 1.15), and 1.14 (1.01,
1.28), respectively (Table 3). Median T,,,, of repaglinide
was similar (0.75 h vs. 0.73 h), but G, T/, Was slightly
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FIGURE 2 Arithmetic mean (standard deviation) and median plasma concentration-time profiles of midazolam (a), S-warfarin (b), R-

warfarin (c), and repaglinide (d) when probe substrate was administered alone or with asciminib. Linear views are shown in the main panel,
with semi-logarithmic views in the top right-hand corner; midazolam/warfarin, n = 22; repaglinide, n = 25

shorter (2.1 h vs. 2.4 h) in the presence of asciminib com-
pared with repaglinide alone.

Pharmacokinetic analyses of asciminib

At steady-state asciminib (40 mgb.i.d.), the median (range)
Tmax Of asciminib was 2.98 h (1.99-4.02) in stage 1 and
1.99 h (1.00-3.98) in stage 2 (Table S2). Gyean (GCV%) Cnax
and AUC,,, were 836 ng/ml (23.7%) and 5510 ng X h/ml
(27.4%), respectively, in stage 1, and 799 ng/ml (32.3%) and
5430 ng x h/ml (28.5%), respectively, in stage 2.

Pharmacodynamic analysis

To assess the anticoagulation activity of warfarin when
co-administered with asciminib, a prothrombin analysis
was performed. The anticoagulation activity of warfa-
rin was unaffected by co-administration with asciminib,
as evidenced by G, ratios of PT,,. and INR,,,, of 1.0
and 0.996, respectively (Table S3). Similarly, there was no
difference in the glucose-metabolizing activity of repa-
glinide when administered alone or in combination with
asciminib, as evidenced by overlapping blood glucose
concentration-time profiles (Figure S1).

Safety

Overall, 18 (81.8%) participants in stage 1, and 6 (24.0%)
participants in stage 2 experienced at least one AE dur-
ing the study (Table 4). The most common AEs were fa-
tigue (40.9%) and dizziness (22.7%) during stage 1, and
headache and myalgia (8.0% each) during stage 2. No
grade 3 or 4 AEs, SAESs, or deaths were reported during
the study. AEs considered to be related to study treat-
ment were reported in 15 (68.4%) participants during
stage 1, and in 3 (12.0%) participants during stage 2.
There were no AEs leading to treatment discontinua-
tion during stage 1. During stage 2, one participant dis-
continued the study due to an AE (emotional distress
[grade 2], on day 5; not considered to be related to the
study drug). No clinically relevant abnormalities in
laboratory evaluations including hematology, clinical
chemistry, urinalysis, vital signs, or ECG were reported
during the study.

DISCUSSION

This DDI study in healthy participants assessed the role of
asciminib as a potential perpetrator of CYP3A, CYP2C9,
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TABLE 3 Statistical comparison of primary pharmacokinetic parameters of midazolam, S-/R-warfarin, and repaglinide when

administered alone or at steady-state asciminib

Treatment
comparison
Adjusted Gmean
PK parameter Treatment n Grean Comparison ratio 90% CI
Midazolam
AUC;,¢ (ng X h/ml) Midazolam 22 374 Midazolam + asciminib/midazolam  1.28 1.15-1.43
Midazolam + asciminib 21  48.0
AUC, (ng X h/ml) Midazolam 22 354 Midazolam + asciminib/midazolam  1.27 1.14-1.41
Midazolam + asciminib 21  44.8
Cphax (ng/ml) Midazolam 22 159 Midazolam + asciminib/midazolam  1.11 0.96-1.28
Midazolam + asciminib 21  17.6
S-Warfarin
AUC;; (ng X h/ml) Warfarin 21 7350 Warfarin + asciminib/warfarin 1.41 1.37-1.45
Warfarin + asciminib 20 10,300
AUC, (ng Xh/ml) Warfarin 21 6480 Warfarin + asciminib/warfarin 1.39 1.36-1.42
Warfarin + asciminib 21 9010
Cnax (ng/ml) Warfarin 22 209 Warfarin + asciminib/warfarin 1.08 1.04-1.13
Warfarin + asciminib 21 227
R-Warfarin
AUC,,¢ (ng xh/ml) Warfarin 18 10,800 Warfarin + asciminib/warfarin 1.25 1.21-1.29
Warfarin + asciminib 15 13,500
AUC, (ng xh/ml) Warfarin 21 9700 Warfarin + asciminib/warfarin 1.24 1.21-1.26
Warfarin + asciminib 21 12,000
Cnax (ng/ml) Warfarin 22 196 Warfarin + asciminib/warfarin 1.10 1.04-1.15
Warfarin + asciminib 21 215
Repaglinide
AUC;¢ (ng xXh/ml) Repaglinide 23 10,600 Repaglinide + asciminib/repaglinide  1.08 1.02-1.14
Repaglinide + asciminib 24 11,400
AUC, (ng xh/ml) Repaglinide 25 10,300 Repaglinide + asciminib/repaglinide  1.09 1.03-1.15
Repaglinide + asciminib 24 11,200
Cpax (ng/ml) Repaglinide 25 6710 Repaglinide + asciminib/repaglinide 1.14 1.01-1.28
Repaglinide +asciminib 24 7640

Note: Results were back-transformed to obtain the adjusted G,can, Giean atio, and 90% CI.

AUC, ., area under the plasma concentration-time curve from zero to infinity; AUC,,, area under the plasma concentration-time curve from zero to the last
infs last:
quantifiable concentration; CI, confidence interval; C,,,,, maximum plasma concentration; G,,..,, geometric mean; GCV%, geometric coefficient of variation; n,

number of observations used for analysis; PK, pharmacokinetic.

and CYP2CS, using the sensitive substrates midazolam,
warfarin, and repaglinide, respectively.

In the assessment of the DDI between asciminib and
midazolam, co-administration of midazolam at asci-
minib steady-state resulted in an increase in midazolam
AUC;,;, AUC,, and C,,, by 28%, 27%, and 11%, re-
spectively, compared with midazolam alone. According
to FDA guidance,"' agents that increase the AUC of a
sensitive index substrate of a given metabolic pathway
by >1.25- to <2-fold are considered weak inhibitors.
Therefore, we conclude that asciminib is a weak inhibitor

of CYP3A. For the CYP3A-dependent midazolam metab-
olite 1-hydroxymidazolam, a minor increase in exposure
was observed when midazolam was co-administered with
asciminib compared with midazolam alone; however, the
metabolite-to-parent ratio decreased slightly providing
additional supportive evidence that the inhibitory effect
of asciminib on CYP3A is modest.

The DDI analysis between asciminib and warfarin as-
sessed the effect on both warfarin enantiomers, with the
S-enantiomer being the predominant pharmacologically
active form.'® Co-administration of warfarin at asciminib
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TABLE 4 Summary of adverse events reported in >5% of
participants by preferred term

All
Stage 1 (midazolam and warfarin + asciminib) grades
(N=22)
Participants with at least one event, n (%) 18 (81.8)
Fatigue 9 (40.9)
Dizziness 5(22.7)
Headache 4(18.2)
Dysphonia 3(13.6)
Abdominal pain 2(9.1)
Diarrhea 2(9.1)
Dyspepsia 2(9.1)
Dyspnea 2091
Feeling hot 2(9.1)
Somnolence 2(9.1)
Stage 2 (repaglinide + asciminib) N=25
Participants with at least one event, n (%) 6(24.0)
Headache 2(8.0)
Myalgia 2(8.0)

Note: A participant with multiple severity grades for an adverse event was
counted only once under the maximum grade.

N, number of participants in a subset; N, total number of participants.

steady-state resulted in an increase of S-warfarin AUC,,
AUC,,, and C,, by 40%, 39%, and 9%, respectively, and an
increase in R-warfarin AUC;,;, AUC,,, and Cp,, by 25%,
24%, and 10%, respectively, suggesting that asciminib is a
weak inhibitor of CYP2C9. T, of S-/R- warfarin was similar,
whereas Vz/F and CL/F of S-/R- warfarin were slightly lower
when warfarin was co-administered with asciminib versus
without asciminib. The modest DDI of asciminib with war-
farin was further supported by PD analyses, showing that the
anticoagulation effect of warfarin was not relevantly affected
by co-administration with asciminib at steady-state.

Exposure data for midazolam and warfarin observed in
this study are generally in line with historical controls for
these agents, supporting the validity of the present study;
for example, with warfarin (10 mg oral; i.e., a higher dose
than the 5 mg used in the present study), S-/R- warfarin
median C,, Ty and Ty, have been reported as 1.7-
2.0 pM (corresponding to ~500-600 ng/ml), 2 h, and 32-
42 h, respectively”; with midazolam (7.5 mg oral; i.e., a
higher dose than the 4 mg used in the present study), me-
dian midazolam C,,,,, T;,,.,» and T, have been reported to
be 63.1 ng/ml, 0.34 h, and 3.2 h, respectively.18

In stage 1 of the present study, the increase in warfa-
rin exposure with warfarin plus asciminib versus war-
farin alone met the predefined threshold (G,,, ratio
of AUC,,, or AUC;,; of >1.25), and hence stage 2 of the
study, assessing the potential DDI of asciminib with the

ASCPT

CYP2C8 substrate repaglinide, was initiated. In the pres-
ence of asciminib, repaglinide AUC;,;, AUC,,, and C,,,,
increased by 8%, 9%, and 14%, respectively. This indicates
that asciminib at steady-state concentrations has no rele-
vant effect on CYP2C8, as also evidenced by no apparent
effect on the glucose-lowering activity of repaglinide.

The effect of steady-state asciminib on the PK of the
probe substrates of CYP3A4/5, CYP2C9, and CYP2C8
observed in this study confirms the finding from a static
net effect model'® based on in vitro data in human liver
microsomes and the unbound portal vein concentration
of asciminib 40 mg b.i.d. For CYP3A4 inhibition, the net
effect model predicted an AUC ratio of 1.93 (Novartis,
unpublished data), which is slightly higher than the ob-
served G, ratio of 1.28. For CYP2C8 and CYP2C9, the
model-predicted AUC changes of 1.17 and 1.26 were sim-
ilar to the observed G,,.,, ratios of 1.08 and 1.40, respec-
tively (Novartis, unpublished data).

The treatments were generally well tolerated, and the
observed safety profile was consistent with the known
safety experience with asciminib alone.® There were no
grade 3/4 AEs, SAESs, or deaths, and no laboratory abnor-
malities or changes in vital signs were noted. During stage
1, fatigue (40.9%) and dizziness (22.7%) were the most
commonly reported AEs, which can be attributed to the
sedative effect of the probe drug midazolam.

Assessing multiple DDIs individually in several clin-
ical trials can be time-consuming and costly. Hence, for
this study, the approach of a two-drug cocktail was used
to simultaneously assess the DDI of asciminib with mid-
azolam and warfarin, a fast and efficient way to generate
comprehensive DDI data for both agents. This approach
is supported by guidance by the FDA'"> and EMA,* pro-
vided there is no interaction between substrates. The
probe cocktail used in the present study is a subset of a
five-probe cocktail previously validated for the assess-
ment of the activities of CYP1A2 (caffeine, 100 mg orally),
CYP2C9 (warfarin, 10 mg orally), CYP2C19 (omeprazole,
20 mg orally), CYP3A (midazolam, 0.03 mg/kg orally),
and CYP2D6 (metoprolol, 100 mg orally),' and therefore
no mutual interactions are expected between the probe
substrates midazolam and warfarin.

In summary, the findings from the present study assessing
asciminib as a perpetrator show that asciminib 40 mg b.i.d.
at steady-state is a weak inhibitor of CYP3A and CYP2C9,
and does not have a clinically relevant effect on CYP2CS8.
Asciminib co-administration was well tolerated in this study
in healthy participants, and the safety data were consistent
with the known safety profile of asciminib given alone.
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