Received: 20 July 2020

Revised: 28 November 2020

Accepted: 30 November 2020

DOI: 10.1111/bcp.14697

ORIGINAL ARTICLE

BRITISH
PJ PHARMACOLOGICAL
nt SOCIETY
2

Effect of capmatinib on the pharmacokinetics of digoxin and
rosuvastatin administered as a 2-drug cocktail in patients with
MET-dysregulated advanced solid tumours: A phase |,
multicentre, open-label, single-sequence drug-drug

interaction study

Enrique Grande! | Monica Giovannini? | Eddie Marriere® | Philippe Pultar? |
Michelle Quinlan? | Xinhui Chen? | Gholamreza Rahmanzadeh® |
Giuseppe Curigliano*® | Xiaoming Cui?

Medical Oncology Department, MD
Anderson Cancer Center Madrid, Madrid,
Spain

2Novartis Pharmaceuticals Corporation, East
Hanover, NJ, USA

SNovartis Pharma AG, Basel, Switzerland

4stituto Europeo di Oncologia, IRCCS, Milan,

Italy

5University of Milano, Milan, Italy

Correspondence

Xiaoming Cui, Novartis Pharmaceuticals
Corporation, East Hanover, NJ, USA.
Email: xiaoming.cui@novartis.com

Aims: Capmatinib, an orally bioavailable, highly potent and selective MET inhibitor,
was recently approved to treat adult patients with metastatic nonsmall cell lung
cancer with METex14 skipping mutations. The study investigated the effect of
capmatinib on the pharmacokinetics of a single oral dose of digoxin and rosuvastatin
in patients with MET-dysregulated advanced solid tumours.

Methods: This was a multicentre, open-label, single-sequence study. An oral drug
cocktail containing 0.25 mg digoxin and 10 mg rosuvastatin was administered to
adult patients with MET-dysregulated advanced solid tumours on Day 1, and then on
Day 22 with capmatinib. Between Days 11 and 32, capmatinib 400 mg was
administered twice daily to ensure the attainment of steady state for drug-drug
interaction assessment. Pharmacokinetics of cocktail drugs and safety of capmatinib
were evaluated.

Results: Thirty-two patients were enrolled. Compared to digoxin alone, the geometric
mean ratios (90% confidence interval) of area under the concentration-time curve
from time zero to infinity and maximum concentration for digoxin plus capmatinib
were 1.47 (1.28, 1.68) and 1.74 (1.43, 2.13), respectively. Compared to rosuvastatin
alone, the geometric mean ratios (90% confidence interval) of area under the curve
to infinity and maximum concentration for rosuvastatin plus capmatinib were 2.08
(1.56, 2.76) and 3.04 (2.36, 3.92), respectively. Most frequent adverse events (225%
for all grades) were nausea, asthenia, constipation, vomiting, peripheral oedema and
pyrexia. Most frequent Grade 3/4 adverse events (25%) were anaemia, pulmonary

embolism, asthenia, dyspnoea, nausea and vomiting.
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1 | INTRODUCTION

Dysregulation of MET-pathway has been implicated in the
pathogenesis of several human cancers including papillary renal cell
carcinoma and thyroid, prostate, lung, breast, ovarian, and
gastrointestinal malignancies'™ and in the development of resistance
to chemotherapy and radiotherapy, leading to poor clinical
outcomes.>® The dysregulation of MET pathway may occur by
different mechanisms including gene mutation, amplification,
overexpression and constitutive activation.”

Capmatinib, an orally bioavailable, highly potent and selective
MET inhibitor, was recently approved to treat adult patients with
metastatic nonsmall cell lung cancer (NSCLC) harboring MET exon
14 (METex14) skipping mutations.’® Capmatinib has also shown
in vitro and in vivo activities across a range of tumour models with
MET amplification and/or overexpression.t>*? Phase | and Phase I
studies have shown a manageable safety and robust efficacy profile of
capmatinib, both as monotherapy and in combination with other
anticancer therapies, in patients with solid tumours.*3-2°

The therapeutic dose of capmatinib is 400 mg twice daily.
Following oral administration, capmatinib absorbed rapidly with time
to maximum plasma concentration (T.,) of 1-2 hours. The steady
state was expected to be reached by Day 3 of consecutive twice daily
dosing. Capmatinib is mainly metabolized by CYP3A4 and aldehyde
oxidase. In vitro, capmatinib inhibits p-glycoprotein (P-gp) and breast
cancer resistant protein (BCRP) with a IC50 of 12.0 uM and 16.4 pM,
respectively. At the recommended phase Il dose, capmatinib was
predicted to inhibit P-gp and BCRP in vivo based on the ratio of
capmatinib concentration in plasma and/or gut to the inhibitory
constant, (Ki) ([I]/Ki [R]) for P-gp and BCRP, and lead to increase in
concentration of P-gp or BCRP substrates.

In clinical trials, patient populations are selected with limited or
no comorbidities and concurrent medications are not permitted,
follow-up period is much narrower, and the toxicities are detected
earlier, so patient populations enrolled may not accurately represent
the general oncology population.?? Multiple drug therapy is also
common in patients with cancer to treat their cancer or to manage
the adverse effects and comorbidities. Some of these drugs are
substrates of P-gp and/or BCRP.22 Understanding the in vivo
drug-drug interaction (DDI) potential of capmatinib and substrates of
P-gp or BCRP will inform the safe use of capmatinib in treating cancer
patients. The purpose of this study was to investigate the effect of

multiple doses of capmatinib on the pharmacokinetics of a single oral

Conclusion: This study demonstrated that capmatinib is an inhibitor of P-gp
and BCRP transporters, with clinically relevant drug-drug interaction potential.

Capmatinib was well-tolerated and no unexpected safety concerns were

capmatinib, digoxin, INC280, MET, pharmacokinetics, rosuvastatin

What is already known about this subject

e Capmatinib is an orally bioavailable, highly potent and
selective MET inhibitor with recent approval to treat
adult patients with metastatic NSCLC with METex14
skipping mutations.

e The pharmacokinetics of oral capmatinib has been
characterized in multiple clinical trials previously.

e In vitro studies showed that capmatinib inhibits
transporter P-gp and BCRP.

What this study adds

o Capmatinib inhibits P-gp and BCRP at a clinically relevant
therapeutic dose.

e The results of this study will inform the safe use of P-gp
and BCRP
capmatinib is required.

substrates when coadministration of

dose of digoxin and rosuvastatin, administered orally as a 2-drug
cocktail in patients with MET-dysregulated advanced solid tumours.

2 | METHODS

2.1 | Study design

This multicentre, open-label, single-sequence study (NCT02626234)
consisted of a molecular prescreening period, a screening/baseline
period, a DDI phase and post-DDI phase or treatment phase
(Figure 1).

Baseline evaluations were performed within 28 days prior to the
first dose of the probe drugs (digoxin and rosuvastatin). In the DDI
phase (Day 1 to Day 32), a single oral dose of 2 probe drugs was
administered as a 2-drug cocktail on Day 1. No treatment was
administered from Day 2 to Day 10 (washout phase). From Day 11 to
Day 21, capmatinib tablets (400 mg twice daily, given 12 hours apart)
were administered on a continuous dosing schedule. On Day 22, the


https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1815
https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=768
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FIGURE 1

2 probe drugs and capmatinib were administered together.
Administration of capmatinib 400 mg twice daily was continued until
the end of the DDI phase (from Day 23 to Day 32). From Day
22 onwards, pharmacokinetic samples were collected relative to the
end of the probe drugs ingestion for measurement of digoxin,
rosuvastatin and capmatinib plasma concentrations at various time
points during the DDI phase. All patients who entered the DDI phase
were required to have an end of phase visit after the DDI phase. After
completion of the DDI phase, patients were allowed to continue
treatment with capmatinib 400 mg twice daily, administered orally on
continuous 21-day cycles. All patients who entered the post-DDI
phase were required to have an end of treatment visit. When the
patient discontinued from the post-DDI phase, the end of treatment
visit was performed as soon as possible and within 7 days of the
last dose.

Patients were contacted for a safety follow-up 30 days after the
last dose of study treatment, regardless of the reason for
discontinuation from study treatment. Any adverse events (AEs) or
serious adverse events (SAEs) occurred after discontinuation of study
treatment and follow-up on resolution of ongoing AEs were recorded.
If the study drug was discontinued for reasons other than
documented disease progression or withdrawal of consent, patients
were followed-up with tumour assessments until progression
determined by investigator's assessments, start of new anticancer

therapy or death.

2.2 | Patients

Adult patients (218 years) with MET-dysregulated advanced solid
tumours refractory to currently available therapies or for which no
effective therapy was available were enrolled in this study.
MET-dysregulation was defined as either MET amplification
(determined by fluorescence in situ hybridization or quantitative
polymerase chain reaction with a gene copy number 24) or MET
overexpression (determined by MET immunohistochemistry intensity

score +3 in 250% of tumour cells) or MET mutation (leading to exon

Study schema. BID, twice daily; C, cycle; D, day; DDI, drug-drug interaction; PK, pharmacokinetics; PM, post morning

14 deletion). Other inclusion criteria included availability of at least
1 measurable lesion as defined by the Response Evaluation Criteria in
Solid Tumors (RECIST) 1.1, an Eastern Cooperative Oncology Group
performance status (ECOG PS) <1, and an adequate organ function.
Prior to receiving capmatinib, patients must have recovered from any
previous anticancer treatment-related toxicities to Grade <1 of the
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 4.03. However, patients with any grade
of alopecia were eligible.

Patients were excluded if they had known hypersensitivity to
digoxin or rosuvastatin or any of the excipients of capmatinib,
digoxin or rosuvastatin or have inadequate organ function.
Patient receiving following treatments were excluded: digoxin or
rosuvastatin within 21 days prior to the beginning of the DDI phase
(Day 1) and for the duration of the DDI phase; strong or moderate
in vivo inhibitors and inducers of CYP3A4 that cannot be
discontinued at least 1 week prior to the start of treatment with
capmatinib and for the duration of the study; in vivo inhibitors or
inducers of P-gp or BCRP within 30 days prior to starting study
treatment, or during the DDI phase; medicines with a known risk of
prolonging the QT interval; unstable or increasing doses of
corticosteroids; proton pump inhibitors within 7 days prior to starting
study treatment or during the DDI phase; thoracic radiotherapy to
lung fields <4 weeks prior to starting the capmatinib or patients who
did not recover from radiotherapy-related toxicities; major surgery
(except video-assisted thoracic surgery and mediastinoscopy) within
4 weeks prior (2 weeks for resection of brain metastases) to starting
capmatinib or patients who did not recover from side-effects of such
procedure; homeopathic or naturopathic medicines (except vitamin
supplements) within 5 days prior to the days of blood sample
collection for pharmacokinetic assessment in the DDI phase
(i.e., Day 5 to Day 10 and Day 17 to Day 32 of the DDI phase).

This clinical study was designed and implemented in accordance
with the principles of the Declaration of Helsinki and the Good
of the

Harmonization, with applicable local regulations. The study protocol

Clinical Practice guidelines International Council for

and all amendments were reviewed by the independent ethics
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committee or institutional review board for each centre. All patients

provided written informed consent before screening.

2.3 | Blood sample collection and bioanalysis

Blood samples (3, 7 or 10 mL per sample) for measurement of plasma
concentration of digoxin and rosuvastatin were collected before the
administration of capmatinib (Day 1 to Day 11 of DDI phase) and
after the administration (Day 22 to Day 32 of DDI phase), at various
time points (predose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 48, 72,
96, 120, 144, 168, 192, 216 and 240 hours postdose). Blood samples
for measurement of pharmacokinetics of capmatinib were collected
during the DDI phase (predose on Day 22) and post-DDI phase
(predose and 2 hours postdose on Cycle 2 Day 1).

Plasma concentrations of digoxin, rosuvastatin and capmatinib
were determined using a validated liquid chromatography-tandem
mass spectrometry assay with a lower limit of quantification of
approximately 0.05, 0.05 and 1.00 ng/mL for digoxin, rosuvastatin
and capmatinib, respectively. The details of bioanalytical method is

presented in Appendix S1.

24 | Efficacy evaluations
Antitumour activity of capmatinib was evaluated by Investigator's
assessment per RECIST 1.1 with computed tomography scans

conducted every 6 weeks.

2.5 | Safety evaluations

Safety assessments included incidence of AEs and SAEs. Data on
AEs/SAEs were collected at every visit and coded using the latest
version of Medical Dictionary for Regulatory Activities version 20.1
and were graded using CTCAE version 4.03. All patients were
followed-up for AEs/SAEs for at least 30 days following the last dose

of study treatment.

2.6 | Pharmacokinetics and statistical analysis

A sample size of 18 evaluable patients was selected to provide
reasonable precision for the estimation of the effect of capmatinib on
pharmacokinetics of digoxin and rosuvastatin, assuming the
intrapatient coefficient of variation (CV) of digoxin (44.7%) and
rosuvastatin (31.5%). Using these intrapatient CV% estimates and a
sample size of 18, the half-width of the 90% confidence intervals (Cls)
for treatment difference comparison (capmatinib + digoxin vs digoxin
alone; capmatinib + rosuvastatin vs rosuvastatin alone) on the log
scale was 0.247 for digoxin and 0.178 for rosuvastatin. These
calculations were based on t-distribution with 1-sided a-level of .05

and N - 1 degrees of freedom. Due to the strict evaluability criteria

and the requirement to conduct the DDI test at steady state, the total
number of patients enrolled was expected to be approximately 32.
The pharmacokinetic analysis was based on patients in the
pharmacokinetic analysis set. Three separate sets were considered;
1 for each of the probe drugs (digoxin and rosuvastatin) and 1 for
capmatinib. For each of the probe drugs, all patients who provided
an evaluable pharmacokinetic profile for all periods (first period
after the

administration of cocktail + capmatinib) were included for analysis.

cocktail administration and second period after
A profile was considered evaluable if patient received the planned
dose of capmatinib on Day 22 and at least 3 consecutive days prior
to coadministration with probe drugs; received planned dose of
probe drugs, did not vomit within 4 hours after receiving capmatinib
or probe drugs and provided at least 1 primary pharmacokinetic
parameter (area under the concentration-time curve from time zero
to infinity [AUC;.¢] or to the last quantifiable concentration [AUC 4]
or maximum concentration [C,.x]) for probe drugs. Pharmacokinetic
analysis set for capmatinib included all patients who provided at
least 1 evaluable concentration for capmatinib; a concentration was
evaluable if patients received the same dose of capmatinib at least
3 consecutive days prior to sampling, did not vomit within 4 hours
after receiving capmatinib, and had predose samples collected
before the next dose administration and 9-15 hours after the last
dose administration.

Pharmacokinetic parameters were estimated by a noncompart-
mental method using Phoenix WinNonlin 6.4 (Pharsight, Mountain
View, CA). The log-transformed pharmacokinetic parameters (AUC .,
AUC; ¢ and C,,) Were analysed using a linear mixed model to assess
the effect of multiple doses of capmatinib on the pharmacokinetics of
a single oral dose of each of the probe drugs separately. The model
included treatment (probe + capmatinib and probe alone) as a fixed
effect and patient as a random effect. Point estimates of treatment
differences and the corresponding 90% Cls were calculated and
anti-logged to obtain the point estimates and 90% CI for the
geometric means ratio of the probe + capmatinib vs probe alone on

the original scale.

3 | RESULTS

3.1 | Patient disposition
A total of 32 patients were enrolled in the study. Of these, 26 patients
(81.3%) completed the DDI phase. The reasons for DDI phase
discontinuation were AEs (two patients [6.3%]), physician's decision
(two patients [6.3%)]), disease progression (one patient [3.1%]) and
death (one patient [3.1%], Table 1). Of the 2 patients who
discontinued the DDI phase due to AEs, 1 had experienced Grade
3 blood bilirubin and Grade 4 encephalopathy (both nontreatment
related), and another patient had experienced Grade 3 abdominal pain
and Grade 3 vomiting, both were treatment related.

A total of 27 patients (84.4%) entered the treatment (post-DDI)
phase, all of whom discontinued the study; the primary reason for
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and almost all were Caucasian (30 patients [93.8%)]). Most patients
(24 [75%]) had an ECOG PS of 1. The median body mass index was

4
Paz s

The most frequent primary site of cancer was colon (10 patients
[31.3%)), followed by lung (8 patients [25%]), oesophagus, oral cavity,
pancreas and rectum (2 patients [6.3%] each); other cancers (1 patient
Predominant tumour histology was
adenocarcinoma (22 patients [68.8%]). A majority of the patients had
metastatic (stage 1V) disease at initial diagnosis (18 patients [56.3%)])
and at study entry (27 patients [84.4%]). Key sites of metastatic
disease included lung (21 patients [65.6%)]), liver (19 patients [59.4%]),
bone, lymph nodes, and peritoneum (6 patients [18.8%], each). All
patients had MET dysregulation at study entry, with some having had
>1 MET alteration. MET mutation was reported in 4 patients (9.4%,; all
had METex14), MET overexpression in 24 (75%) and MET amplification

The median time from initial diagnosis to first study treatment
was 25.23 months (range: 8.6 to 124.2) and the median time from
most recent relapse/progression to the first study treatment was
1.99 months (range: 0.7 to 7.1). All patients enrolled in the study
received at least 1 prior antineoplastic therapy. Overall, 31 patients
(96.9%) received prior antineoplastic chemotherapy. Eleven patients
(34.4%) received 2 prior lines of chemotherapy, 3 patients (9.4%)
received 3 prior lines of chemotherapy, and 15 patients (46.9%)
received 4 or more lines of prior chemotherapy; 68.8% of patients
received chemotherapy in a therapeutic setting as prior antineoplastic
therapy. The best response to last therapy in patients receiving prior
antineoplastic therapy excluding surgery was predominantly PD,
which was noted in 21 patients (65.6%), and 84.4% of patients

GRANDE ET AL
TABLE 1 Patient disposition
All patients
Disposition/reason n=32n (%) 23.95 kg/m? (range: 17.1-35.7).
Pharmacokinetic phase (DDI phase)
Completed 26(81.3)
Entered post-DDI (treatment) phase 26 (81.3)
Discontinued from PK phase 6(18.8) [3.1%], each; Table 2).
Entered post-DDI (treatment) phase 1(3.1)
Entered post-treatment follow-up phase 1(3.1)
Primary reason for discontinuation from PK phase
Adverse event 2(6.3)
Physician decision 2(6.3)
Progressive disease 1(3.1)
Death 1(3.1)
Post-DDI (treatment) phase in 14 (43.8%) patients.
Discontinued from post-DDI (treatment) phase 27 (84.4)
Primary reason for discontinuation from
treatment phase
Progressive disease 20 (62.5)
Physician decision 3(9.4)
Death 2(6.3)
Adverse event 1(3.1)
Lost to follow-up 1(3.1)
Post-treatment follow-up
Discontinued from post-treatment follow-up 1(3.1)
Primary reason for discontinuation from post-
treatment follow-up
Protocol deviation 1(3.1)

Abbreviations: DDI, drug-drug interaction; PK, pharmacokinetic

discontinuation was progressive disease (PD; 20 patients [62.5%)).
Three patients (9.4%) discontinued from the treatment phase
(post-DDI) due to physician decision and 1 patient each (3.1%, each)
discontinued due to AE (Grade 3 pulmonary embolism; nontreatment
related) and being lost to follow-up. Two patients (6.3%) died during
the post-DDI phase: 1 due to PD and another due to Grade
3 respiratory tract infection (nontreatment related). One patient
(3.1%) entered the post-treatment follow-up phase. However, this
patient was discontinued due to protocol deviation. The patient
received rosuvastatin during the DDI phase except on Day 1 and
Day 22. All 32 patients enrolled in the study were included in the full
analysis set and safety set. Of these, 25 (78.1%), 24 (75.0%) and
17 (53.1%) patients were included in pharmacokinetic analysis set for

digoxin, rosuvastatin, and capmatinib, respectively.
3.2 | Patient demographics and disease
characteristics

The median age of the patients who participated in the study was

61.5 years (range: 38-81 years). Patients were equally divided by sex,

received concomitant medications.

3.3 | Pharmacokinetics of digoxin

The geometric and arithmetic mean concentration-time profiles of
digoxin are shown in Figure 2. Digoxin concentration was higher
throughout 72-hour sampling with coadministration of capmatinib vs
digoxin alone. The pharmacokinetic parameters are summarized in
Table 3. Coadministration of capmatinib increased digoxin AUC.s,
AUC,st and C,.x by 47, 63 and 74%, respectively, compared to
digoxin alone. The geometric mean ratios (90% Cl) were 1.47
(1.28, 1.68) for AUC;.s, 1.63 (1.42, 1.89) for AUC, st and 1.74 (1.43,
2.13) for Chax (Table 4). Slightly longer half-life (T1/2) was observed
with coadministration of capmatinib (61.4 h) compared to digoxin
alone (47 h) as the elimination slope was parallel in general. T,.x was

not affected by capmatinib.

3.4 | Pharmacokinetics of rosuvastatin
The geometric and arithmetic mean concentration-time profiles of
rosuvastatin are shown in Figure 2. The concentration of

rosuvastatin was higher throughout the 72-hour timeframe
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TABLE 2
baseline

Characteristic

Age (y), median (range)

Sex, n (%)

Female

Male

Race, n (%)

White

Unknown

BMI (kg/m?), median (range)
ECOG performance status, n (%)
0

1

Primary site of cancer, n (%)
Colon

Lung

Oesophagus

Oral cavity

Pancreas

Rectum

Bladder

Duodenum

Kidney

Skin melanoma

Small intestine

Uterus

Stage at study entry, n (%)
1]

1B

\Y

IVB

Patient demographics and disease characteristics at

All patientsn=32n
(%)

61.5(38-81)

15 (46.9)
17 (53.1)

30(93.8)
2(6.3)
23.95(17.1-35.7)

8(25.0)
24 (75.0)

10(31.3)
8(25.0)
2(6.3)
2(6.3)
2(6.3)
2(6.3)
1(3.1)
1(3.1)
1(3.1)
1(3.1)
1(3.1)
1(3.1)

1(3.1)
2(6.3)
27 (84.4)
2(6.3)

Type of lesion per investigator assessment at baseline, n (%)

Both target and nontarget
Target only

Number of metastatic sites of cancer,
median (range)

MET dysregulation

MET overexpression

MET amplification

MET mutation

Prior anticancer medications, n (%)
Any

Chemotherapy

Surgery

Radiotherapy

Number of prior chemotherapy regimens, n (%)
1

22 (68.8)
10 (31.3)
3(1-7)

24 (75)
14 (43.8)
3(9.4)

32 (100)
31(96.9)
17 (53.1)
14 (43.8)

3(9.4)

TABLE 2 (Continued)
All patientsn =32 n

Characteristic (%)
2 11 (34.4)
3 3(9.4)
24 15 (46.9)
Type of last therapy, n (%)
Chemotherapy 19 (59.4)
Targeted therapy 7 (21.9)
Radiotherapy 3(9.4)
Surgery 5(15.6)
Other 6(18.8)
Best response to last therapy?, n (%)
Stable disease 3(9.4)
Progressive disease 21 (65.6)
Not applicable 14 (43.8)
Unknown 2(6.3)

2Best response at last therapy was set to ‘Not applicable’ if the type of
last therapy was surgery.
BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group.

following capmatinib coadministration with the more significant
12 h).
without

difference observed in the absorption phase (first

The elimination slope was very similar with or
coadministration of capmatinib. The pharmacokinetic parameters
for rosuvastatin are summarized in Table 3. Coadministration of
capmatinib increased the geometric means of AUC;., AUC and
Cmax by 108, 103 and 204%,
rosuvastatin alone. The geometric mean ratios (90% Cl) were 2.08
(1.56, 2.76) for AUCiy, 2.03 (1.61, 2.56) for AUC,,x and 3.04
(2.36, 3.92) for Cyax (Table 4). The elimination half-life was not

affected by capmatinib.

respectively, compared to

3.5 | Pharmacokinetics of capmatinib

The geometric mean predose concentration of capmatinib on Day
22 (DDI phase) was 407 ng/mL. On Cycle 2 Day 1 (post-DDI phase),
the geometric mean predose and 2 hour postdose concentrations of
capmatinib were 529 and 3960 ng/mL, confirming that steady state
has been obtained.

3.6 | Efficacy assessments

No patient achieved a complete response (CR) or partial response
(PR). Eight (25%) patients had stable disease (SD) as best overall
response, while 17 (53.1%) had PD. Response was unknown for
7 patients (21.9%). The disease control rate (CR + PR + SD) was 25%
(Table 5).
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FIGURE 2 Geometric mean and
arithmetic mean (SD) concentration-
time profiles. (A) Digoxin with and

without capmatinib; (B) rosuvastatin

with and without capmatinib

(A) Digoxin with and without capmatinib
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Plasma digoxin concentration (ng/mL)

Arithmetic mean
e digoxin alone
a capmatinib + digoxin

Geometric mean
o digoxin alone
A capmatinib + digoxin

Treatment groups
digoxin alone
----- capmatinib + digoxin

Time (hr)

(B) Rosuvastatin with and without capmatinib

100

0.1

Plasma rosuvastatin concentration (ng/mL)

0.014

Arithmetic mean
e rosuvastatin alone

4 capmatinib + rosuvastatin

Geometric mean
o rosuvastatin alone
A capmatinib + rosuvastatin

Treatment groups

rosuvastatin alone
capmatinib + rosuvastatin

TTT T T T

T

012468 12

24

48

72

T
96 120

TABLE 3 Summary statistics of the pharmacokinetic parameters by treatment

Pharmacokinetic parameters

AUC;, ng h/mL
AUC, 51, ng h/mL
Chax Ng/mML
Tz (A7

Tis2h

Digoxin alone

Capmatinib + digoxin

Time (hr)

Rosuvastatin alone

Capmatinib + rosuvastatin

n=25 n=25 n=24 n=24
Geo-mean Geo-mean Geo-mean Geo-mean
n (geo0-CV%) n (geo-CV%) n (geo-CV%) n (geo-CV%)
9 25.3(36.3) 12 34.1(37.9) 21 78.2(73.4) 22 159 (99.8)
25 14.6 (58.0) 25 23.8(50.5) 24 71.0(71.3) 24 144 (102.6)
25 1.12(57.9) 25 1.95(56.8) 24 7.72(73.4) 24 23.5(85.5)
25 1.07 (0.500, 6.00) 25 1.00(0.417,4.08) 24 2.04(0.500, 6.00) 24 1.55 (0.500, 9.93)
9 47 (29.8) 12 61.4(25.7) 21 22(73.8) 22 21.4 (56.6)

®Median (min, max) is reported for Tax.
n = number of patients with corresponding evaluable pharmacokinetic parameters.
AUC,;, area under the concentration-time curve from time zero to infinity; AUC,.s;, area under the concentration-time curve from time zero to the last

quantifiable concentration; Cax, maximum concentration; Geo-CV, geometric coefficient of variation; Geo-mean, geometric mean; T, elimination half-

life determined as 0.693/Az; Tynax time to reach maximum plasma concentration; Az, terminal elimination rate constant;.
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TABLE 4
probe drug

PK parameter by probe drug n
Digoxin

AUG;¢ (ng x h/mL)

Probe drug alone 9
Probe drug + capmatinib 12
AUC,,s; (ng x h/mL)

Probe drug alone 25
Probe drug + capmatinib 25
Cinax (ng/mL)

Probe drug alone 25
Probe drug + capmatinib 25

Rosuvastatin

AUC;¢ (ng x h/mL)

Probe drug alone 21
Probe drug + capmatinib 22
AUC,,s; (ng x h/mL)

Probe drug alone 24
Probe drug + capmatinib 24
Crnax (ng/mL)

Probe drug alone 24
Probe drug + capmatinib 24

n = number of patients with corresponding evaluable PK parameters.

Statistical comparison of primary pharmacokinetic parameters between probe drug (digoxin or rosuvastatin) and capmatinib with

Treatment comparison

Adjusted geo-mean Geo-mean ratio (90% Cl)

224 1.47 (1.28-1.68)
32.9
14.6 1.63(1.42-1.89)
23.8
112 1.74 (1.43-2.13)
1.95
75.2 2.08 (1.56-2.76)
156
71 2.03(1.61-2.56)
144
7.72 3.04 (2.36-3.92)
235

Model is a linear mixed effects model of the log-transformed PK parameters. Included in the model were treatment as a fixed factor and patient as a
random factor. The results were back transformed to get adjusted geometric mean, geometric mean ratio, and 90% Cl.

AUC;;, area under the concentration-time curve from time zero to infinity; AUC ., area under the concentration-time curve from time zero to the last
quantifiable concentration; Cl, confidence interval; C,ax, maximum concentration; Geo-mean, geometric mean; PK, pharmacokinetic.

TABLE 5 Best overall response per investigator assessment (per
RECIST 1.1)
All patients
Best overall response n=32
Stable disease (SD), n (%) 8(25.0)
Progressive disease (PD), n (%) 17 (53.1)
Unknown, n (%) 7 (21.9)

Disease control rate 8(25.0) [11.5-43.4]

(CR + PR + SD + non-CR/non-PD),
n (%) [95% Cl]

Cl, confidence interval; CR, complete response; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors.

3.7 | Safety assessments

The median (range) percentage of the relative dose intensity was
100% (76.8-100.0), and the mean (tstandard deviation) percentage
was 98.28% (+4.82). The median actual dose intensity was
800 mg/day (range: 614.3, 800). The median duration of exposure for
capmatinib was 7.14 weeks (range: 1.4 to 42.0) for all patients. 43.8%
patients received capmatinib for a duration of 6 to 12 weeks.

All 32 enrolled patients experienced at least 1 AE, regardless of
study drug relationship; of these, 18 patients (56.3%) had Grade 3/4
AEs (Table 6). The most frequent AEs regardless of study drug rela-
tionship (220% for all grades) were nausea (56.3%), asthenia (43.8%),
constipation and vomiting (40.6%, each), peripheral oedema (28.1%),
pyrexia (25%), anaemia, decreased appetite, and dyspepsia (21.9%,
each). The most frequent Grade 3/4 AEs (25%) regardless of study
drug relationship were anaemia and pulmonary embolism (9.4%,
each), asthenia, dyspnoea, nausea and vomiting (6.3%, each). No clin-
ically relevant alterations were observed in the electrocardiograph.
Treatment-related AEs were reported in 25 patients (78.1%); of
these, 8 (25.0%) had Grade 3/4 AEs. Most common treatment-
related AEs (210%, all grades) were nausea and vomiting (34.4%,
each), asthenia (18.8%), dyspepsia (15.6%) and peripheral oedema
(12.5%). Most frequent treatment-related Grade 3/4 AE (>5%) was
vomiting (6.3%). AEs leading to study drug discontinuation were
reported in 3 patients (9.4%); all of the events were grade 3/4 in
severity. Treatment-related AEs leading to study drug discontinua-
tion were Grade 3 abdominal pain and Grade 3 vomiting. AEs
requiring dose adjustment or study drug interruption were reported
in 13 patients (40.6%). The most frequent AE that led to dose
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TABLE 6 All-grade adverse events (in >5% of patients) and Grade
3/4 adverse events, regardless of study drug relationship

All patients n = 33

Preferred term All grades n (%) Grade 3/4 n (%)
Total 32 (100) 18 (56.3)
Nausea 18 (56.3) 2(6.3)
Asthenia 14 (43.8) 2(6.3)
Constipation 13 (40.6) 0
Vomiting 13 (40.6) 2(6.3)
Oedema peripheral 9(28.1) 0
Pyrexia 8(25.0) 1(3.1)
Anaemia 7 (21.9) 3(9.4)
Decreased appetite 7(21.9) 1(3.1)
Dyspepsia 7 (21.9) 0
Back pain 6(18.8) 1(3.1)
Diarrhoea 6(18.8) 1(3.1)
Dyspnoea 6(18.8) 2(6.3)
Increased blood bilirubin 5(15.6) 1(3.1)
Cough 5(15.6) 0
Respiratory tract infection 5(15.6) 1(3.1)
Abdominal pain upper 4(12.5) 0
Fatigue 4 (12.5) 0
Abdominal pain 3(9.4) 1(3.1)
Pulmonary embolism 3(9.4) 3(9.4)
Urinary tract infection 3(9.4) 0
Vitamin K decreased 3(9.4) 1(3.1)
Blood albumin decreased 2(6.3) 1(3.1)
Candida infection 2(6.3) 0
Depression 2(6.3) 0
Headache 2(6.3) 0
Hypotension 2(6.3) 1(3.1)
Lymphocyte count decreased 2(6.3) 1(3.1)
Rash 2(6.3) 0
Vertigo 2(6.3) 0
Weight decreased 2 (6.3) 0

Only adverse events occurring during treatment or within 30 days of the
last dose of study treatment are reported.

adjustment or dose interruption was nausea (6.3%; both Grade <2 in
severity).

Seventeen patients (53.1%) experienced SAEs of any grade,
regardless of study drug relationship; of these, 13 patients (40.6%)
had Grade 3/4 SAEs. Treatment-related SAEs were reported in
4 patients (12.5%). Most frequently reported treatment-related SAE
was vomiting occurring in 3 patients (9.4%). Other treatment-related
SAEs were anaemia, abdominal pain and malaise, reported in 1 patient
each. In total, 8 patients (25.0%) died during the study; of these,
6 (18.8%) were on-treatment deaths. Of the on-treatment deaths,
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2 (6.3%) were due to disease progression, 3 (9.4%) due to AEs with

4
Paz s

disease progression as contributing reason and 1 (3.1%) died due to

AE (respiratory tract infection).

4 | DISCUSSION

In vitro data suggested that capmatinib can inhibit transporters P-gp
(Ki of 12.0 pM) and BCRP (Ki of 8.20 uM; data on file). At the
therapeutic dose of 400 mg twice daily, the estimated maximum
luminal concentration in the gut was approximately 3880 puM
(dose/250 mL), which was >300-fold of the Ki for P-gp and BCRP.
Therefore, a clinical DDI study was considered necessary to confirm
whether capmatinib is likely to inhibit intestinal P-gp and BCRP and
potentially result in an increase in the absorption of P-gp and BCRP
substrates. This study was thus conducted in patients with
MET-dysregulated advanced solid tumours, and capmatinib was given
as multiple doses until attaining steady stat,e which allows for an
assessment of the maximum inhibition effect of capmatinib on P-gp
and BCRP in the relevant patient population.

The 2 selected probe drugs (digoxin and rosuvastatin) were
administered simultaneously as a 2-drug cocktail, as the cocktail
approach offers advantages such as reduced study duration and
increased efficiency?® compared to the administration of individual
probes in separate studies. Digoxin and rosuvastatin are established
as sensitive probes to evaluate the potential impact of other drugs on
P-gp and BCRP, and no interaction between these 2 probe drugs are
expected.?*

Digoxin is rapidly absorbed following oral administration, with
peak serum concentrations occurring at 1-3 hours. Digoxin is mostly
eliminated via urinary excretion as parent drug. The T/, in healthy
subjects with normal renal function is 1.5-2 days.2>2?¢ As the ratio
between maximum unbound plasma concentration for capmatinib and
Ki ([Imax,u]/Ki) for renal P-gp is 0.04 compared to the ratio of >300
for intestinal P-gp, capmatinib was not expected to inhibit renal
clearance of digoxin. Thus, this study would reflect the inhibition of
intestinal P-gp by capmatinib. Rosuvastatin is eliminated mainly
through an efflux-mediated process in the gut and in bile with
minimum metabolism. The T, is approximately 19 hours.2”-?® Based
on the half-lives, a total of 21-day washout period was implemented
between the first and second dose of probe drugs to allow a complete
elimination of probe drugs. A long pharmacokinetic sampling schedule
up to 240 hours has ensured the capture of complete pharmacokinetic
profiles for both probe drugs.

The study population consisted of 32 patients with MET-
dysregulated advanced solid tumours, who had been treated with at
least 1 prior line of treatment. The pharmacokinetics of digoxin and
rosuvastatin, considered independently, were comparable to those
reported in literature reports.?>=3° Co-administration of capmatinib
and digoxin increased Cp,ax, AUC st and AUC;¢ by 74, 63 and 47%,
respectively and coadministration of capmatinib and rosuvastatin
increased the Cp.. AUC.s and AUC;¢ by 204, 103 and 108%,
respectively.
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Digoxin was mainly cleared through glomerular filtration and renal
tubular secretion via P-gp. As indicated above, the value of
[Imax,u]/Ki for renal P-gp is 0.04, thus capmatinib is unlikely to inhibit
renal tubular secretion of digoxin. Serum creatinine has been used
widely as renal function biomarker clinically. Similar to what was
observed in other capmatinib patient and healthy subject studies,
low-grade creatinine increase was observed in some subjects in this
study, and none of these events was considered clinically relevant and
reported as AEs. The reversible creatinine increase was likely due to
the inhibition of renal transporters multidrug and toxic compound
extrusion 1 (MATE1) and MATE2k by capmatinib.®* Approximately
10%-40% of the serum creatinine is cleared via active tubular
secretion by renal transporters such as MATE, in addition to renal
glomerular filtration.32 In one of the capmatinib studies, cystatin C, a
renal function biomarker cleared solely by glomerular filtration, was
measured over the time following capmatinib treatment. No change in
cystatin C level was observed, in contrast to transient increase of
serum creatinine, which indicates that capmatinib does not affect the
glomerular filtration (data on file). Therefore, effect of capmatinib on
serum creatinine will not impact the evaluation of the inhibitory effect
of capmatinib on P-gp using digoxin as a probe drug.

Different genotypes have been reported for ABCB1 gene, which
leads to the postulation that it may contribute to the variability of
P-gp expression and pharmacokinetics of P-gp substrates. However,
most of the studies in the literature have failed to show the
association of genotypes of ABCB1 with P-gp function or
pharmacokinetics of P-gp substrate, such as digoxin. For those studies
which showed an association, conflicting results were reported, thus
inconclusive.®334  Genetic polymorphism was also reported for
ABCG2 gene, which codes BCRP protein. Increase in rosuvastatin
plasma concentration was linked to the most studied ABCG2
polymorphism Q141K.2° In this study, patients were not genotyped
for ABCB1 and ABCG2 genes. In the current study design, the cocktail
drugs were given alone prior to coadministration of capmatinib for
every patient, which served as their own control for DDI evaluation.
Therefore, the influence of genotypes on the pharmacokinetic of
probe drugs, if any, should not compromise the DDI evaluation.

In vitro, capmatinib showed inhibition of hepatic uptake
transporter organic anion transporting polypeptide (OATP) 1B1 and
OATP1B3 with Ki values of 5.1 and 5.2 pM, respectively (data on file).
The DDI assessment resulted in R-values of 1.12 and 1.13,
respectively, using calculated maximum unbound hepatic inlet
concentration (fu,p x lin,max), which indicated a low risk of inhibition
(R =1 + [(fup x linmax)/Ki]).2¢ In this study, the probe substrate
rosuvastatin is a substrate for BCRP and OATP, so the result obtained
reflected the worst-case scenario of the impact on rosuvastatin
pharmacokinetics by capmatinib. However, based on R-value
assessment for BCRP and OATP, the increase of rosuvastatin
exposure should be mainly due to the inhibition on BCRP with little or
no contribution from the inhibition of OATP. Consistent with this, the
rosuvastatin clinical pharmacokinetics data indicated that the increase
occurred mainly in the absorption phase, with no/little change on the

T4/, of rosuvastatin.

In this population with MET-dysregulated advanced solid
tumours, no patient achieved CR or PR. Best overall response of SD
was observed in 25% of the patients. While the predictive role of
specific MET alterations, primarily METex14 skipping mutations, has
recently become more established in some indications such as NSCLC,
the predictive role of others, like MET amplification and over-
expression, remain exploratory particularly in indications other than
NSCLC. Taken altogether with the limited sample size of this study,
which was not primarily designed or powered to evaluate antitumour
activity of capmatinib, no conclusions can be made on efficacy of
capmatinib in patients with MET-dysregulated advanced solid
tumours.

The overall safety results of capmatinib in this study were
mostly in line with those seen with other capmatinib studies con-
ducted in patients with advanced solid malignancies with no new or
unexpected safety concerns observed.***>!”7 The most common
treatment-related AEs were nausea and vomiting, asthenia, dyspep-
sia, and peripheral oedema, while treatment-related SAEs were
vomiting, anaemia, abdominal pain and malaise. All these AEs were
manageable by routine oncology patient monitoring and
supportive care.

In summary, the clinical data from this study confirms that
capmatinib is an inhibitor of P-gp and BCRP transporters, with clinically
relevant DDI potential. In addition, capmatinib was well-tolerated
by the study population with no major or new safety concerns.

4.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.3738
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