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Abstract

Background and Objective Tucatinib is approved for treatment of human epidermal growth factor receptor 2-positive meta-
static breast cancer. Understanding potential drug—drug interactions (DDIs) informs proper dosing when co-administering
tucatinib with other therapies. The aim of this study was to evaluate DDIs between tucatinib and metabolizing enzymes and
transporters in healthy volunteers.

Methods Parts A—C assessed the impact of itraconazole (cytochrome P450 [CYP] 3A4 inhibitor), rifampin (CYP3A4/
CYP2CS inducer), or gemfibrozil (CYP2CS inhibitor) on the pharmacokinetics of a single 300 mg dose of tucatinib admin-
istered orally and its primary metabolite, ONT-993. Parts D and E assessed the effect of steady-state tucatinib on the phar-
macokinetics of repaglinide (CYP2C8 substrate), tolbutamide (CYP2C9 substrate), midazolam (CYP3A4 substrate), and
digoxin (P-glycoprotein substrate).

Results Tucatinib area under the concentration—time curve from time O extrapolated to infinity (AUC,, ;¢ increased by
~ 1.3- and 3.0-fold with itraconazole and gemfibrozil, respectively, and decreased by 48% with rifampin, indicating that
tucatinib is metabolized primarily by CYP2CS, and to a lesser extent via CYP3A. Tucatinib was a strong inhibitor of CYP3A
(midazolam AUC; rincreased 5.7-fold), a weak inhibitor of CYP2C8 and P-glycoprotein, and had no impact on CYP2C9-
mediated metabolism in humans. Tucatinib was well tolerated, alone and with co-administered drugs.

Conclusion The potential DDIs identified here may be mitigated by avoiding concomitant use of tucatinib with strong
CYP3A inducers, moderate CYP2CS8 inducers, CYP3A substrates with a narrow therapeutic window (modifying substrate
dose where concomitant use is unavoidable), and strong CYP2CS8 inhibitors (decreasing tucatinib dose where concomitant
use is unavoidable), or by reducing the dose of P-glycoprotein substrates with a narrow therapeutic window.

Trial Registration This trial (NCT03723395) was registered on October 29, 2018.

1 Introduction

Human epidermal growth factor receptor 2 (HER2) gene
overexpression or amplification is an oncogenic driver in
various cancers, with multiple therapies having been devel-
oped to target HER2 [1]. However, despite the increased
survival offered by these therapies, issues of resistance and
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toxicities have necessitated the development of additional
effective and tolerable systemic therapies to extend survival
in patients with HER2-positive (HER2+) cancers [2, 3].
Tucatinib is a highly selective tyrosine kinase inhibitor
of the HER2 receptor. Tucatinib is approved in combination
with trastuzumab and capecitabine for treatment of adult
patients with advanced, unresectable, or metastatic HER2+
breast cancer (MBC), including those with brain metastases,
based on demonstrated efficacy and favorable risk—benefit
profile observed in the pivotal HER2CLIMB clinical trial
[4-6]. Tucatinib is also being investigated in earlier lines of
therapy for HER2+ MBC and in other HER2+ tumors [7].
Understanding potential drug—drug interactions (DDIs)
helps inform appropriate dosing when co-administering
tucatinib with other therapies [8]. In vitro metabolism stud-
ies in human liver microsomes suggest that the drug metabo-
lizing enzymes cytochrome P450 (CYP) 2C8 and CYP3A4
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Tucatinib inhibited CYP3A4, CYP2C8, and P-gp-medi-
ated elimination, and was impacted by both CYP3A4
and CYP2CS8 inhibition and induction in healthy volun-
teers.

Tucatinib was well tolerated when administered either
alone or concomitantly with other medications in healthy
volunteers.

In clinical practice, concomitant administration with
strong CYP3A inducers, moderate CYP2CS inducers,
CYP3A substrates with a narrow therapeutic window,
and strong CYP2CS8 inhibitors should be avoided.

If concomitant administration of medications which have
the potential to act as CYP2CS inhibitors is unavoidable,
tucatinib dosage should be modified accordingly, and if
concomitant administration of CYP3A substrates (where
minimal concentration changes may lead to serious or
life-threatening toxicities) or P-gp substrates is unavoid-
able, the substrate dosage should also be modified.

contribute to tucatinib metabolism [5, 9]. Although there
is no major metabolite in humans, the primary metabolite
ONT-993, which accounts for < 10% of total pharmaco-
logical activity in humans, is formed through oxidation by
CYP2CS8 [9]. Concomitant medications that are inhibitors
or inducers of CYP2C8 and CYP3A4 may affect tucatinib
plasma concentrations in clinical practice.

In vitro, tucatinib exhibited competitive inhibition of
CYP2C8, CYP2C9, CYP3A4, and P-glycoprotein (P-gp),
and time/metabolism-dependent inactivation of CYP3A
[5, 9]. These enzymes are involved in the metabolism of
approximately 48% of therapeutic drugs that are metabolized
by cytochrome P450 isoforms [10], creating a potential for
clinically meaningful DDIs between tucatinib and concomi-
tant medications.

This DDI study evaluated the magnitude of potential
enzyme and transporter interactions for tucatinib (as a victim
and as a perpetrator), and the safety of healthy volunteers
when tucatinib was administered concomitantly with estab-
lished inhibitors, inducers, and substrates of drug-metabo-
lizing enzymes.

2 Methods
2.1 Phase | Clinical Study

The study protocol and amendments were reviewed and
approved by a central institutional review board. All
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participants provided written informed consent for partici-
pation and publication. This study was conducted in compli-
ance with the principles of the Declaration of Helsinki and
in accordance with the International Conference on Harmo-
nisation Guidelines for Good Clinical Practice.

2.2 Participants

Healthy adults aged 18—65 years, with a body mass index of
18.0-32.0 kg/mz, were included. Exclusion criteria included
use of tobacco or other nicotine-containing products within
3 months prior to study initiation; consumption of alcohol
within 48 h prior to study initiation and throughout the
study; routine or chronic use of acetaminophen at a dose of
> 3 g/day; and use of prescribed or over-the-counter medica-
tion, health supplements, or herbal remedies within 28 days
prior to study initiation through to follow-up.

2.3 Study Design

This phase I, multicenter, open-label, fixed-sequence study
(ClinicalTrials.gov identifier: NCT03723395) was con-
ducted in five parts (A—E; Fig. 1). Participants were confined
to the clinical research center on the day before initiating
treatment until the day of clinic discharge.

Part A evaluated the effect of the strong CYP3A4 inhibi-
tor, itraconazole, on the single-dose pharmacokinetics of
tucatinib. Participants received a single 300 mg dose of
tucatinib administered orally 2 h after breakfast on days 1
and 6. A 200 mg dose of itraconazole was administered orally
twice daily immediately after a meal on day 3 and once daily
immediately after breakfast on days 4-7 (Fig. 1A). Partici-
pants were discharged from the clinic on day 8 and were
assessed at a follow-up visit on day 12 (+1 day).

Part B evaluated the effect of rifampin, a strong inducer of
CYP3A4 and CYP2CS, on the single-dose pharmacokinetics
of tucatinib. Participants received a single, 300 mg dose of
tucatinib administered orally on days 1 and 10, following
an overnight fast of at least 8 h. A 600 mg dose of rifampin
was administered orally once daily on days 3—11, following
an overnight fast of at least 8 h (Fig. 1A). Participants were
discharged from the clinic on day 12 and were assessed at a
follow-up visit on day 16 (+ 1 day).

Part C evaluated the effect of the strong CYP2CS inhibi-
tor gemfibrozil on the single-dose pharmacokinetics of
tucatinib. Participants received a single 300 mg dose of
tucatinib administered orally on days 1 and 7, following an
overnight fast of at least 8 h. A 600 mg dose of gemfibrozil
was administered orally twice daily on days 3-8, following
an overnight fast of at least 8 h in the morning and approxi-
mately 30 minutes prior to the evening meal (Fig. 1A). Par-
ticipants were discharged from the clinic on day 9 and were
assessed at a follow-up visit on day 13 (+ 1 day).
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Fig. 1 Study schematics for A
assessing A the effect of
comedications on tucatinib
plasma exposure, and B the
effect of steady-state tucatinib
on the plasma exposure of co-
administered drugs. BID twice
daily, D day, ITZ itraconazole,
MDZ midazolam, PK pharma-
cokinetics, QD once daily, RIF
rifampin, TUC tucatinib

PK Sampling

TUC
(300 mg, D1)

TuC
(300 mg, D1)

TuC
(300 mg, D1)

B
PK Sampling

D1: Repaglinide
(0.5 mg)

D2: Tolbutamide
(500 mg) + MDZ

(2 mg)

D1: Digoxin
(0.5 mg)

Part D evaluated the effects of steady-state tucatinib
on the pharmacokinetics of substrate probes of CYP2C8
(repaglinide), CYP2C9 (tolbutamide), and CYP3A4 (mida-
zolam). Participants received a single 0.5 mg dose of repa-
glinide administered orally on days 1 and 11, following an
overnight fast. A 500 mg dose of tolbutamide and a 2 mg
dose of midazolam were co-administered orally on days
2 and 12, following an overnight fast. A 300 mg dose of
tucatinib was administered orally twice daily, at least 12 h
apart, on days 4—13. On days 4, 10, 11, and 12, the morning
dose was given after an overnight fast of at least 8 h. On days
11 and 12, the morning dose was given immediately after
administration of repaglinide and tolbutamide/midazolam,
respectively (Fig. 1B). Participants were discharged from
the clinic on day 14 and were assessed at a follow-up visit
on day 21 (+1 day).

Part E evaluated the effect of steady-state tucatinib on
the pharmacokinetics of a substrate probe of P-gp (digoxin).
Participants received a single, 0.5 mg dose of digoxin admin-
istered orally on days 1 and 15, following an overnight fast
of at least 8 h. Tucatinib 300 mg was administered orally
twice daily, at least 12 h apart, on days 8§-21. On days 8, 14,
and 15, the morning dose was given after an overnight fast
of at least 8 h. On day 15, the morning dose was adminis-
tered immediately after digoxin (Fig. 1B). Participants were

Part C (n = 28): Gemfibrozil

PK Sampling

Part A (n = 28): ITZ
(200 mg BID D3, QD D4-7)

D6: ITZ (200 mg QD)
+ TUC (300 mg)

Part B (n = 28): RIF
(600 mg QD, D3-D11)

D10: RIF (600 mg QD)
+ TUC (300 mg)

D7: Gemfibrozil
(600 mg BID)

(600 mg BID, D3-D8) + TUC (300 mg)

PK Sampling

D11: Repaglinide (0.5 mg)
+ TUC (300 mg BID)
Part D (n =17): TUC
(300 mg BID, D4-D13) D12: Tolbutamide
(500 mg) + MDZ (2 mg)

+TUC (300 mg)

Part E (n = 15): TUC
(300 mg BID, D8-D21)

D15: Digoxin (0.5 mg)
+ TUC (300 mg BID)

discharged from the clinic on day 22 and were assessed at a
follow-up visit on day 29 (£ 1 day).

Foods and beverages containing poppy seeds, grapefruit,
or Seville oranges were not allowed from 7 days prior to day
—1 until the follow-up visit or early study termination. While
confined to the study site, participants received a standard-
ized diet at scheduled times that did not conflict with other
study-related activities. All oral study drugs were adminis-
tered with 240 mL of room-temperature water. When drugs
were administered concurrently, only 240 mL of water was
administered in total for all drugs. Participants were dosed
upright in a seated position.

2.4 Pharmacokinetic and Pharmacodynamic
Assessments

Blood samples for tucatinib and probe drug pharmacoki-
netics were collected pre-dose and at intervals as indicated
in Supplementary Fig. S1 for parts A-E. In parts A-C,
blood samples for determination of plasma concentrations
of tucatinib and ONT-993 were collected at 0.5, 1, 2, 3, 4,
6, 8, 10, 12, 16, 24, 36, and 48 h post-dose on days 1 and 6
(Part A) or day 10 (Part B) or day 7 (Part C). In Parts B and
C, the 48-h post-dose timepoint relevant to day 1 dosing of
tucatinib was collected prior to dosing on day 3 of rifampin
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(Part B) or gemfibrozil (Part C). A single blood sample was
collected prior to dosing for determination of trough plasma
concentrations on days 46 for itraconazole dosing in Part
A, on days 8—10 for rifampin dosing in Part B, and on days
5-7 for gemfibrozil in Part C.

In Part D, blood samples for determination of plasma
concentrations of repaglinide were collected at 0.5, 1, 1.5,
2,3,4,6,8, 10, and 12 h post-dose on days 1 and 11. Blood
samples for determination of plasma concentrations of mida-
zolam and 1-hydroxymidazolam were collected at 0.5, 1, 2,
3,4,6,8, 10, 12, 16, and 24 h post-dose on days 2 and 12.
Blood samples for tolbutamide and 4-hydroxytolbutamide
were collected at the same timepoints and also at 36 and 48 h
post-dose. The 48-h post-dose timepoint relative to day 2
dosing was collected prior to the morning dose of tucatinib
on day 4. In Part E, blood samples for determination of
plasma concentrations of digoxin were collected at 0.5, 1,
2,3,4,6,8,10, 12, 16, 24, 48, 72, 96, 120, 144, and 168 h
post-dose on days 1 and 15. In Parts D and E, blood samples
for determination of plasma concentrations of tucatinib and
ONT-993 were collected at 0.5, 1,2, 3,4,6,8,10,and 12h
after the morning dose of tucatinib on days 4, 10, 11, and 12
(Part D) or days 8, 14, and 15 (Part E). The 12-h post-dose
samples were collected prior to administration of the second
daily dose of tucatinib.

2.5 Quantitative Assays

Plasma concentrations of tucatinib, ONT-993, itracona-
zole, rifampin, gemfibrozil, repaglinide, tolbutamide,
4hydroxytolbutamide, midazolam, 1-hydroxymidazolam,
and digoxin were determined using validated bioanalytical
procedures, performed by Covance (Madison, WI, USA).

Protein precipitation was used for extraction of tucatinib,
ONT-993, itraconazole, gemfibrozil, rifampin, tolbutamide,
and 4-hydroxytolbutamide; liquid-liquid extraction for mida-
zolam, 1-hydroxymidazolam, and digoxin; and supported-
liquid extraction for repaglinide. Analyte detection and
quantification was carried out by liquid chromatography
with tandem mass spectrometry (LC-MS/MS) as described
in the Data Supplement. Details of the reference analytes and
internal standards are given in Supplementary Table S1 (see
electronic supplementary material [ESM]).

2.6 Laboratory Evaluations and Safety Assessments

Blood and urine samples were collected, after at least an
8-h fast, for clinical laboratory evaluations at specific times
during the study for Parts A—E. Clinical chemistry, hematol-
ogy, and urinalysis evaluations were performed at screening,
check-in, and follow-up, and regularly at protocol-specified
timepoints in all parts of the study. Assays for cystatin C
and urine albumin-to-creatinine ratio were performed at all
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these timepoints except screening in Part D, and for all but
the first six patients enrolled in Part E, following a protocol
amendment.

Safety assessments included recording of all treatment-
emergent adverse events (TEAEs), clinical laboratory
parameters, vital signs, 12-lead electrocardiogram, and
physical examination.

2.7 Statistical Analysis

Pharmacokinetic analysis was conducted by Covance Early
Clinical Biometrics using WinNonlin Version 8.1 (Certara
L.P., Princeton, NJ, USA). Pharmacokinetic parameters were
determined, as appropriate, from the plasma concentrations
of tucatinib, concomitant drugs, and metabolites using non-
compartmental methods.

The pharmacokinetic parameters were area under the
plasma concentration—time curve from time O to the last
available measurement (AUC,_,,.,), area under the plasma
concentration—time curve from time 0 to infinity (AUC (),
and maximum observed plasma concentration (C,,,,,) for
tucatinib, repaglinide, tolbutamide, midazolam, and digoxin.
A linear mixed-model analysis was applied to analyze the
natural log-transformed pharmacokinetic parameters, which
included treatment as a fixed effect and subject as a ran-
dom effect. The impact of drug co-administration on the
pharmacokinetic parameters for each part of the study was
assessed by deriving estimates of geometric mean ratios,
together with the corresponding 90% confidence intervals
(CIs), for comparison between reference and test timepoints
(days 1 and 6 in Part A, days 1 and 10 in Part B, days 1 and
7 in Part C, days 1 and 11 for repaglinide and days 2 and 12
for tolbutamide and midazolam in Part D, and days 1 and
15 for digoxin in Part E). Exploratory analyses of the geo-
metric mean ratios and 90% Cls of AUC_;r, AUC_j,» and
C,..x for metabolites ONT-993, 4-hydroxytolbutamide, and
1-hydroxymidazolam were evaluated as required.

Other pharmacokinetic parameters estimated by noncom-
partmental analysis included time to C,,,,, terminal elimina-
tion half-life, apparent total clearance (tucatinib, repaglin-
ide, tolbutamide, midazolam, and digoxin), apparent total
clearance at steady state (tucatinib in Parts D and E only),
metabolic ratio based on AUC, ;,, and metabolic ratio based
onC

max-*

3 Results
3.1 Study Participants
Parts A, B, and C each enrolled 28 participants, all of whom

were evaluable for safety and pharmacokinetics. In Part D,
all 17 participants enrolled were evaluable for safety and
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pharmacokinetics. In Part E, of the 15 participants enrolled,
2 were withdrawn from the study on day 8 due to non-treat-
ment-related upper respiratory infections and did not receive
tucatinib, leaving 13 participants evaluable for safety and
pharmacokinetics. Participant demographics are summa-
rized in Supplementary Table S2 (see ESM).

3.2 Impact of Inducers and Inhibitors
of Metabolizing Enzymes on Tucatinib

The CYP3A4 inhibitor itraconazole, in combination with
tucatinib, increased the plasma exposure of tucatinib approx-
imately 1.3-fold based on AUC ;,., AUC ;s and C, 4
compared with tucatinib alone (Fig. 2, Table 1). This effect
was statistically significant based on 90% CI values. Consist-
ent with this, mean clearance was lower and mean terminal
elimination half-life was longer for tucatinib in combination
with itraconazole than for tucatinib alone (Supplementary
Table S3, see ESM). Plasma exposure of ONT-993, indi-
cated by the geometric least squares mean ratios for AUC
ozinf and Cp..., also was increased by coadministration of itra-
conazole (1.6 and 2.0, respectively). However, this is most
likely due to the increased plasma exposure of tucatinib in
the presence of itraconazole. The metabolic ratios for ONT-
993 were similar or slightly higher in the presence of itra-
conazole as compared with tucatinib alone (Supplementary
Table S3, see ESM).

The strong CYP3A4 inducer and moderate CYP2CS8
inducer rifampin, in combination with tucatinib, decreased
the plasma exposure of tucatinib approximately 48% based on
AUC_, and AUC ;. and 37% based on C,,,,, compared
with tucatinib alone (Fig. 2, Table 1). This effect was statis-
tically significant, based on 90% CI values. Consistent with
this, mean clearance for tucatinib was increased in combina-
tion with rifampin as compared with tucatinib alone, while
terminal half-life was similar (Supplementary Table S4, see
ESM). Co-administration of rifampin decreased the plasma
exposure and increased the C,,,, of ONT-993 (Supplemen-
tary Table S4, see ESM). The metabolic ratios for AUC, ;¢
and C,,, of ONT-993 were 1.4-fold and 3.3-fold higher,
respectively, in the presence of rifampin than with tucatinib
alone (Supplementary Table S4, see ESM).

The strong CYP2C8 inhibitor gemfibrozil, in combina-
tion with tucatinib, increased plasma exposure of tucatinib
approximately 3.0-fold based on AUC_j,,, and AUC_;,
and 1.6-fold based on C,,,,, compared with administration
of tucatinib alone (Fig. 2, Table 1). This effect was statisti-
cally significant, based on 90% CI values. Coadministration
of gemfibrozil decreased the plasma exposure of ONT-993,
with a statistically significant effect on C,,,, (Supplementary
Table S5, see ESM). The metabolic ratios for AUC,_;,r and
Cpax of ONT-993 were decreased by approximately 71% and

81%, respectively, following administration of gemfibrozil,

compared with tucatinib alone (Supplementary Table S5,
see ESM).

3.3 Impact of Tucatinib on Substrates
of Metabolizing Enzymes and Transporters

Administration of tucatinib in combination with tolbuta-
mide/midazolam significantly increased the plasma exposure
of the CYP3A4 substrate, midazolam, 5.3-, 5.7-, and 3.0-
fold based on AUC,, ., AUC_;r, and C,,,, respectively,
compared with administration of tolbutamide/midazolam
alone (Fig. 3, Table 2). The lower mean clearance and longer
mean terminal half-life of midazolam in the presence of
tucatinib, as compared with tolbutamide/midazolam admin-
istered alone, are consistent with this effect (Supplementary
Table S6, see ESM). Although tucatinib had no effect on the
exposure of the metabolite 1-hydroxymidazolam, based on
AUC i and AUC .+, C,..« Was reduced by approximately
40%. Tucatinib had a strong effect on the metabolism of
midazolam, reducing the metabolic ratios for AUC_;,; and
Cax by approximately 83% and 80%, respectively (Supple-
mentary Table S7, see ESM).

Administration of tucatinib in combination with the
CYP2CS8 substrate repaglinide increased the plasma expo-
sure of repaglinide approximately 1.6- and 1.7-fold, based
on AUC ;s and C,,,,, respectively, compared with admin-
istration of repaglinide alone (Fig. 3, Table 2). Consistent
with this, mean clearance of repaglinide was lower in the
presence of tucatinib than when administered alone (Sup-
plementary Table S7, see ESM).

The plasma exposures of the CYP2C9 substrate tolbuta-
mide were similar after administration of tolbutamide/mida-
zolam in combination with tucatinib and after administration
of tolbutamide/midazolam alone (Fig. 3, Table 2). Similar
plasma exposures were also observed for the metabolite
4-hydroxytolbutamide before and after tucatinib coadmin-
istration (Supplementary Table S8, see ESM). The metabolic
ratios for AUC ;¢ and C,,, of 4hydroxytolbutamide were
similar before and after tucatinib coadministration (Supple-
mentary Table S8, see ESM).

Administration of tucatinib in combination with the P-gp
substrate digoxin increased plasma exposure of digoxin
approximately 1.5-fold based on AUC,,_j,, and AUC ;.
and 2.4-fold based on C,,,,, compared with administration
of digoxin alone (Fig. 3, Table 2). Consistent with this,
the mean clearance of digoxin was lower in the presence
of tucatinib than when administered alone (Supplementary
Table S9, see ESM).

3.4 Safety

Tucatinib was well tolerated in Parts A—E of the study, either
after single 300 mg doses alone or when administered in
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Fig.2 Tucatinib plasma concentration profiles (A, D, G), AUC_;,¢
values (B, E, H), and C,, values (C, F, I) in the absence and pres-

max
ence of steady-state itraconazole (A-C), rifampin (D-F), or gemfi-

brozil (G-I). Solid lines inside the box plots represent the median.
The boxes represent the 25th and 75th percentile and the whiskers

combination with other drugs, or after multiple days of
twice-daily dosing either alone or in combination with other
drugs. Overall, in Parts A through E, 37 of 114 (32.5%) sub-
jects reported a total of 71 TEAEs. The majority of TEAEs
were mild (65 events in total were considered Grade 1) and
considered unrelated to tucatinib. No Grade 3 or higher
events were reported. There were no deaths or serious
adverse events, and all but two TEAESs resolved by end of
study. The two TEAEs that had not resolved by end of study
were considered unrelated to tucatinib.

TEAESs considered related to tucatinib (Supplementary
Table S10, see ESM) were consistent with its known safety
profile. Increases in serum creatinine are recognized to occur
with tucatinib due to inhibition of renal tubular transport of
creatinine without affecting glomerular function [11]. These
were observed after dosing of tucatinib alone or in combi-
nation with probe drugs, both in the single-dose and the
multiple-dose parts of the study. Serum creatinine increases
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T
Tucatinib

Tucatinib + GEM Tucatinib Tucatinib + GEM

represent the minimum and maximum values. AUC,_;, area under
the concentration—time curve from time O extrapolated to infinity,
C,... maximum observed concentration, CYP cytochrome P450, GEM
gemfibrozil, ITZ itraconazole, RIF rifampin

were observed in 14 (50%) participants in Part A, none of
which were reported as TEAES; in one (4%) participant in
Part B, which was recorded as a Grade 1 TEAE; in 19 (68%)
participants in Part C, none of which were TEAESs; in 12
(71%) participants in Part D, one of which was a Grade 2
TEAE; and in seven (54%) participants in Part E, five of
which were Grade 1 TEAEs (Supplementary Table S10, see
ESM). Most of these elevations were transient and resolved
after cessation of tucatinib dosing. Assessment of renal func-
tion by cystatin C levels in Parts D and E did not reveal any
elevated values, and no out-of-range urine albumin or urine
albumin-to-creatinine ratios were observed, suggesting no
corresponding effect on glomerular filtration rate or overall
renal function.

Elevations in hepatic transaminases (alanine aminotrans-
ferase [ALT] and/or aspartate aminotransferase [AST]),
which have been reported previously in subjects receiving
tucatinib [4, 12—15], were noted, especially after multiple
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Table 1 Tucatinib (300 mg single dose) C,,, and AUC ;  ratios in
the presence vs absence of strong CYP3A4 and CYP2CS inhibitors

and inducer

Geometric mean ratio (90% CI) of
exposure measures of tucatinib
Combination/no combination

Concomitant drug (dose)

¢ AUC jnt

max

CYP3A4 inhibition
Itraconazole

(200 mg BID, D3; QD D4-7)
CYP3A4/2C8 induction
Rifampin

(600 mg QD)

CYP2CS8 inhibition
Gemfibrozil

(600 mg BID)

1.32(1.23-1.42) 1.34(1.26-1.43)

0.63 (0.53-0.75)  0.52 (0.45-0.60)

1.62 (1.47-1.79) 3.04 (2.66-3.46)

AUC,_;,s area under the concentration-time curve from time 0 extrap-

olated to infinity, BID twice daily, CI confidence interval, C,,, maxi-

mum observed concentration, CYP cytochrome P450, D day, QD
once daily

dosing of tucatinib in Parts D and E. Overall, five events
of ALT elevation and two events of AST elevation were
reported as Grade 1 TEAEs during the study in Parts D and
E (Supplementary Table S10, see ESM). These were gen-
erally transient, reversible, and resolved after cessation of
tucatinib dosing. Other tucatinib-related adverse events were
limited in Parts A—E of the study and included one partici-
pant with diarrhea each in Part A and Part E, one partici-
pant with pruritus each in Part D and Part E, one participant
with dry skin each in Part B and Part E, one participant
with headache each in Part C and Part E, one event of blood
bilirubin increase in Part B, one participant with dizziness
in part E, and one participant with gout and arthralgia in
Part C.

4 Discussion

Interactions between co-administered medications can con-
tribute to morbidity and mortality of patients, particularly
if unanticipated or mismanaged [8]. This phase I study
evaluated the clinical significance of potential interactions
between tucatinib and metabolizing enzymes and transport-
ers identified in studies in vitro.

An absorption, metabolism, and excretion study deter-
mined that oxidative metabolism was the predominant
clearance route for tucatinib in humans (NCT03758339).
In that study, ONT-993 was the most abundant radioac-
tive component in urine and feces, accounting for 1.5% and
37% of the dose, respectively [16]. This, and findings from
in vitro studies, indicated the primary role of CYP2CS in
the metabolism of tucatinib [5, 16]. The effect of inducers

and inhibitors of metabolizing enzymes on tucatinib phar-
macokinetics, as observed in Parts A—C of this DDI study,
confirmed that CYP2CS is the main metabolizing enzyme
by which DDIs may affect tucatinib plasma levels, with
CYP3A4 playing a lesser role. In clinical practice, if co-
administration of tucatinib with concomitant medications
that are strong CYP2CS8 inhibitors cannot be avoided, poten-
tial DDIs may be mitigated by reducing the tucatinib starting
dose to 100 mg twice daily [5, 6]. Comedication with drugs
that are moderate CYP2CS8 inhibitors can be managed by
monitoring for tucatinib-related adverse events [5, 6]. Coad-
ministration of tucatinib with moderate CYP2CS inducers,
such as rifampin or St John’s Wort, should also be avoided
as it may lead to decreased tucatinib activity [5, 6].

Parts D and E of this study, which investigated the effect
of steady-state tucatinib levels on substrates for the metabo-
lizing enzymes CYP3A4, CYP2CS, and CYP2C9, and the
transporter P-gp, indicated that tucatinib is a strong CYP3A4
inhibitor, only weakly inhibits CYP2C8 and P-gp, and has
no impact on CYP2C9 metabolism in humans. Approxi-
mately 30% of all clinically used drugs have been estimated
to be metabolized predominantly by CYP3A metabolizing
enzymes, and another ~ 18% by CYP2C8 or CYP2C9 [10].
CYP3A4 inhibition can increase plasma levels of substrate
drugs and potentially increase the risk of toxicity [10]. The
most clinically relevant DDIs are usually considered to be
those causing > 5-fold increases in plasma exposure or
those where the drug has a narrow therapeutic index [17].
A > 5-fold increase in midazolam AUC,, ;; occurred when
administered in combination with tucatinib, identifying
tucatinib as a strong CYP3A4 inhibitor and indicating the
potential for clinically relevant interactions with tucatinib
and sensitive CYP3A4 substrates. It is recommended that
tucatinib comedication should be avoided with drugs that are
CYP3A4 substrates where minimal concentration changes
may lead to serious or life-threatening toxicities [5].

This study confirmed the major role of CYP2CS in the
metabolism of tucatinib. Genetic variations in CYP2C8
can impact the overall clearance of a drug: the CYP2C8*2,
CYP2C8*3, and CYP2C8%4 single nucleotide polymor-
phisms have all been associated with changes in metaboliz-
ing activity, such as decreased clearance of paclitaxel with
CYP2C8*3 and CYP2C8%4 [10]. However, the clinical rel-
evance of these polymorphisms is unclear. In an exploratory
genotyping analysis of 84 subjects enrolled in this study,
similar tucatinib exposures were observed regardless of phe-
notype (65 extensive metabolizers, 16 extensive or inter-
mediate metabolizers, two intermediate metabolizers, one
unknown, and no poor metabolizers were included in the
analysis), hence the impact of CYP2CS8 polymorphisms on
the exposure of tucatinib and ONT-993 is inconclusive [9].

Consistent with other tucatinib studies, elevated serum
creatinine was observed in all parts of this study; these
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Fig.3 Plasma concentration profiles, AUC_; ¢ values, and C,,, val-

ues of midazolam (A-C), repaglinide (D-F), tolbutamide (G-I), or
digoxin (J-L) in the absence and presence of steady-state tucatinib.
Solid lines inside the box plots represent the median. The boxes rep-
resent the 25th and 75th percentile and the whiskers represent the

events were mostly transient, largely not recorded as TEAEs,
and resolved on cessation of tucatinib dosing [4, 11]. The
rapid, reversible, and clinically insignificant elevations in
serum creatinine that have been observed with tucatinib
administration have been shown to result from inhibition
of the multidrug and toxin extrusion 1/2-K (MATE1/2-K)
transporter by tucatinib, which increases serum creatinine
without affecting glomerular function [4, 11]. Addition-
ally, normal values for cystatin C, urine albumin, and urine

A\ Adis

minimum and maximum values. AUC, ;- area under the concentra-

tion—time curve from time O extrapolated to infinity, C,,,, maximum

observed concentration, CYP cytochrome P450, MDZ midazolam,
P-gp P-glycoprotein, TUC tucatinib

albumin-to-creatinine ratios were observed in this study, fur-
ther depicting that tucatinib had no impact on glomerular
filtration rate or overall renal function. Through all parts of
the study, tucatinib was well tolerated, and almost all TEAEs
were resolved by the end of the study.

The dosing of tucatinib in this study was established in
prior clinical studies. The recommended therapeutic dose
of tucatinib 300 mg BID [5] was used in Parts D and E as
it was expected to provide sufficient plasma concentrations
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Table2 C,, and AUC , ratios of sensitive CYP3A4, CYP2CS,
CYP2C9, and P-gp substrates in the presence vs absence of tucatinib

(300 mg BID)

Geometric mean ratio (90% CI) of
exposure measures of combination
with/without tucatinib

Concomitant drug (dose)

Cmax AUCO—inf
CYP2CS8 substrate 1.69 (1.37-2.10) 1.69 (1.51-1.90)
Repaglinide (0.5 mg SD)
CYP3A4 substrate 3.01 (2.63-3.45) 5.74 (5.05-6.53)
Midazolam (2 mg SD)
CYP2C9 substrate 0.96 (0.90-1.02) 1.05 (1.01-1.09)
Tolbutamide (500 mg SD)

P-gp substrate
Digoxin (0.5 mg SD)

2.35(1.90-2.90)  1.46 (1.29-1.66)

AUC,_;,r area under the concentration—time curve from time 0 extrap-
olated to infinity, BID twice daily, CI confidence interval, C,,,. maxi-
mum observed concentration, CYP cytochrome P450, P-gp P-glyco-
protein, SD single dose

to assess the effects of tucatinib on CYP2CS8, CYP2C9,
CYP3A4, and P-gp. A single 300 mg dose was selected for
Parts A, B, and C as it had previously been well tolerated
in healthy subject clinical studies [5, 9] and would provide
sufficient plasma concentrations to assess the effects of
CYP3A4 and CYP2CS inhibition and induction. Tucatinib
can be administered with or without food, as food has no
clinically relevant impact on tucatinib exposures [5]. In Part
A, tucatinib was administered in the fed state as itraconazole
must be taken with food [18]. The exposures of rifampin,
gemfibrozil, repaglinide, and digoxin are affected by food
[19-22], so in Parts B—E, tucatinib was administered in the
fasted state to avoid any potential food-related interactions.

The substrates, inducers, and inhibitors used in this study
are commonly used and well established to investigate drug
interactions. For example, itraconazole has been widely
used as the standard strong CYP3A4 inhibitor in DDI stud-
ies since 2013, when it replaced ketoconazole due to its
improved safety profile [23]. Additionally, combinations of
multiple drugs, such as midazolam and tolbutamide used in
Part D of this study, have been tested in drug cocktail studies
to confirm they have no pharmacokinetic or pharmacody-
namic interactions that might confound the findings when
used in DDI studies [24].

This DDI study was performed in healthy volunteers and
helps to inform the drug interaction guidance for tucatinib
use in clinical practice. However, we acknowledge that the
potential clinical effects of such DDIs in patients with cancer
may differ.

5 Conclusion

We have evaluated the impact of potential DDIs of tucatinib,
suggested by in vitro studies, with established inhibitors,
inducers, and substrates of drug-metabolizing enzymes.
Tucatinib plasma concentrations were affected by strong
CY3A4 inducers, moderate CYP2CS8 inducers, and inhibi-
tors of CYP2C8, whereas inhibition of CYP3A4 metabo-
lism produced a minor effect. Tucatinib was a strong inhibi-
tor of CYP3A4 and a weak inhibitor of P-gp. Medications
considered for concomitant administration with tucatinib
should therefore be carefully evaluated for their potential to
act as strong inducers of CYP3A4 or moderate inducers of
CYP2CS, inhibitors of CYP2CS, or to be sensitive substrates
of CYP3A4 or P-gp.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40262-022-01144-z.
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