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Abstract

Background and Objective Lorlatinib is a third-generation tyrosine kinase inhibitor approved for the second-line treatment
of patients with advanced anaplastic lymphoma kinase-positive non-small cell lung cancer. Lorlatinib is metabolized by
cytochrome P450 (CYP) 3A and contraindicated with strong CYP3A inducers because of significant transaminase elevation.
This phase I, open-label, two-period study evaluated the impact of a moderate CYP3A inducer, modafinil, on the safety and
pharmacokinetics of lorlatinib.

Methods Healthy participants received single-dose oral lorlatinib (50 mg [n = 2], 75 mg [n = 2], 0or 100 mg [n =2 + 10 in
an expanded cohort]) in Period 1 followed by modafinil 400 mg/day (days 1-19) and single-dose lorlatinib (day 15, same
dose as previous) both orally in Period 2. Blood samples were collected for 120 h after each dose of lorlatinib.

Results Of 16 participants, ten completed the study; six participants, all in the expanded 100-mg cohort, discontinued because
of adverse events during the modafinil lead-in dosing period. Single doses of lorlatinib 50-100 mg were well tolerated when
administered alone and in the presence of steady-state modafinil. Of the ten participants who completed the study, all had
transaminase values within normal limits during the combination of lorlatinib with modafinil. The ratios of the adjusted
geometric means (90% confidence interval) for lorlatinib area under the plasma concentration—time profile extrapolated to
infinity and maximum plasma concentration were 76.69% (70.15-83.83%) and 77.78% (65.92-91.77), respectively, when
lorlatinib 100 mg was co-administered with steady-state modafinil compared with lorlatinib administration alone.
Conclusion Lorlatinib 100 mg may be safely co-administered with moderate CYP3A inducers.

Clinical Trial Registration ClinicalTrials.gov NCT03961997; registered 23 May, 2019.

1 Introduction activity with a favorable safety and tolerability profile, in

patients with ALK-positive non-small cell lung cancer [4, 5].
Lorlatinib is currently approved at a 100-mg once-daily (QD)
dose in several countries, including the USA, Japan, and the
European Union, for the second-line treatment of patients with
advanced ALK-positive non-small cell lung cancer.

The metabolism of lorlatinib is primarily by cytochrome
P450 (CYP) 3A4 and uridine diphosphate-glucuronosyltrans-
ferase (UGT) 1A4, with minor contributions from CYP2CS,
CYP2C19, CYP3AS, and UGT1A3. The most abundant cir-
culating metabolite in human plasma, PF-06895751 (M8), is
pharmacologically inactive and likely involves multiple bio-

Lorlatinib (PF-06463922) is a potent and selective third-gener-
ation inhibitor of the anaplastic lymphoma kinase (ALK) and
c-ROS oncogene 1 kinases, that also inhibits ALK resistance
mutations responsible for resistance to crizotinib [1-3]. In the
ongoing, phase I/11, clinical study B7461001 (NCT01970865),
lorlatinib demonstrated substantial overall and intracranial
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Single doses of lorlatinib 50-100 mg were well tolerated
when administered alone or with steady-state modafinil,

a moderate cytochrome P450 3A inducer, with no clini-

cally significant signal of hepatotoxicity.

Co-administration of lorlatinib 100 mg in the pres-

ence of steady-state modafinil decreased the area under
the plasma concentration—time profile extrapolated to
infinity and maximum plasma concentration by approxi-
mately 23% and 22%, respectively, compared with
lorlatinib given alone.

Lorlatinib 100 mg may be safely co-administered with
moderate CYP3A inducers.

levels within a median of 15 days after discontinuation of
rifampin dosing. Based on the findings from that study, lor-
latinib dosing in combination with strong CYP3A inducers
is contraindicated on the drug label.

This study was conducted to evaluate whether similar AST
and ALT elevations may also occur in those receiving lorla-
tinib with a moderate CYP3A inducer. Modafinil 400 mg
QD has been previously used as a perpetrator drug for elic-
iting moderate CYP3A induction in pharmacokinetic (PK)
drug interaction studies [7-9]. As lorlatinib is a substrate
for CYP3A, concomitant administration of multiple doses
of the moderate CYP3A inducer modafinil along with lorla-
tinib was expected to decrease systemic plasma exposure to
lorlatinib. The primary objective of this study was to assess
the safety and tolerability of a single dose of lorlatinib 100
mg in healthy adult participants when administered alone
and following multiple doses of modafinil. The secondary
objective of this study was to assess the effect of the moderate
CYP3A inducer modafinil on lorlatinib pharmacokinetics.
This study was designed to ensure participant safety, with
sequential dose escalation of lorlatinib (starting with a 50-mg
single dose through the approved starting 100-mg lorlatinib
dose), and with sentinel dosing such that only one participant
at each lorlatinib dose was initially followed for safety before
enrolling more participants in that dosing cohort.

2 Methods
2.1 Study Design and Participants
This was a phase I, open-label, two-period, two-treatment,

fixed-sequence study in healthy participants (B7461026;
NCT03961997) conducted between 22 August, 2019 and 9
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December, 2019. The schedule of dosing and assessments
for Period 1 is presented in Table S1 of the Electronic Sup-
plementary Material (ESM). Each participant received a sin-
gle oral dose of lorlatinib 50, 75, or 100 mg alone followed
by a washout period of at least 19 days prior to the second
dose of lorlatinib. The first lorlatinib dose was given in the
morning at approximately 08:00 (+2) hours on day 1 fol-
lowing an overnight 10-hour fast. The schedule of dosing
and assessments for Period 2 is presented in Table S2 of the
ESM. After the previous washout, participants received oral
doses of modafinil 400 mg (4 X 100-mg tablets) QD on days
1-19. Modafinil doses on days 1, 8, and 14-19 were admin-
istered at approximately 08:00 (+2) hours, in the presence
of Pfizer Clinical Research Unit staff. Doses of modafinil
on days 2—7 and days 9-13 were self-administered at home,
with dosing details recorded in a diary provided to the par-
ticipant. On days 1-14 and days 16-19, administration of
modafinil was at least 1 hour before or at least 2 h after a
meal. On day 15, modafinil and lorlatinib were administered
within 5 minutes of each other after an overnight fast of at
least 10 hours at approximately 08:00 (£2) hours.

Cohorts 1-3 included two participants each and Cohort
4 included ten participants. Cohorts 1-3 were enrolled
sequentially with the lorlatinib 50-mg single-dose cohort
first (Cohort 1), followed by the 75-mg cohort (Cohort 2),
and then finally by the 100-mg cohort (Cohort 3). In Cohorts
1-3, the second participants received their lorlatinib Period
2 dose in combination with modafinil only after the first
participants were 72 h past their lorlatinib Period 2 dose with
no safety concerns raised. All Cohort 4 participants (lorla-
tinib 100-mg single-dose expanded cohort) received their
lorlatinib Period 2 dose after the last participant in Cohort
3 was 72 h past their lorlatinib Period 2 dose with no safety
concerns.

Healthy female participants of non-childbearing potential
and/or male participants aged between 18 and 55 years, and
with adequate renal and liver function, were to be enrolled.
Adequate renal function included an estimated creatinine
clearance >90 mL/min and adequate liver function included
AST, ALT, alkaline phosphatase, and total bilirubin all
within normal limits. Key exclusion criteria included evi-
dence or a history of clinically significant hematological,
renal, endocrine, pulmonary, gastrointestinal, cardiovascu-
lar, hepatic, psychiatric, neurological, or allergic disease;
current use of prescription or non-prescription drugs and/or
dietary or herbal supplements (excluding paracetamol <1 g/
day) within 7 days (or five half-lives, whichever was longer);
previous administration of lorlatinib within 30 days (or five
half-lives, whichever was longer); previous treatment with
an investigational drug within 30 days (or five half-lives,
whichever was longer); previous treatment with lorlatinib;
use of strong CYP3A inhibitors or inducers within 14 days
prior to the first dose of study treatment. A comprehensive
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list of the selection criteria is provided in Table S3 of the
ESM.

This study was conducted in compliance with the ethical
principles originating in or derived from the Declaration of
Helsinki and in compliance with all International Council
for Harmonisation Good Clinical Practice Guidelines. In
addition, all local regulatory requirements were followed.
All participants provided written informed consent before
undergoing any study procedures.

2.2 Safety Assessments

Adverse events, laboratory parameters, vital signs, and elec-
trocardiograms were evaluated at screening and across both
periods in all cohorts. Urinalysis and blood samples (10 mL)
for safety laboratory assessments were collected following
at least a 4-h fast at screening and on day — 1, days 2—6 of
Period 1, and days 14, 15 (prior to lorlatinib dosing and 12
h post-dosing), and days 16-20 (prior to modafinil dosing
on days 16—19 and 12 hours post-dosing on days 16 and 17)
of Period 2.

2.3 PK Assessments

Blood samples (6 mL) to provide approximately 2.4 mL of
plasma for determination of plasma concentrations of lorla-
tinib and its metabolite (M8) were collected into tubes con-
taining dipotassium ethylenediaminetetraacetic acid. Blood
samples were collected from participants pre-dose and 0.5,
1,1.5,2,4,6,12, 24, 36, 48, 60, 72, 96, and 120 hours post-
oral dosing of lorlatinib. Samples collected for the measure-
ment of plasma concentrations of lorlatinib and M8 were
analyzed by Covance Bioanalytical Services (Shanghai,
China) using a validated liquid chromatography coupled
with tandem mass spectrometry (LC-MS/MS) method with
a lower limit of quantification (LLOQ) of 2.50 ng/mL and
1.00 ng/mL, respectively (more details are provided in Sect.
52.3 of the ESM).

Plasma PK parameters for lorlatinib and its metabolite
(M8) were estimated for each participant and treatment
period using a non-compartmental analysis conducted in
Pfizer internal software, eNCA. Samples below the LLOQ
were set to 0 ng/mL for the PK analysis. Maximum plasma
concentration (C,,,,) and time of peak concentration were
determined from observed data. The area under the curve
(AUC) of the plasma concentration—time profile from time
0 to the time of last measured plasma concentration (AUC
las) Was estimated using the linear/log trapezoidal method.
The AUC from time 0 extrapolated to infinite time (AUC;)
was calculated as AUC, + (Cp,o/k,), where C, was the
predicted plasma concentration at the last quantifiable time
point estimated from the log-linear regression analysis and
k. was the terminal phase rate constant calculated by linear

regression of the log-linear concentration—time curve. Ter-
minal plasma half-life was calculated as Log (2)/k,,. Appar-
ent oral clearance was calculated as dose/AUC, ; and appar-
ent volume of distribution was calculated as dose/(AUC;;
X kel)'

2.4 Other Assessments

Plasma samples for cholesterol and 4p-hydroxycholesterol
and urine samples for cortisol and 6f-hydroxycortisol
were collected pre-dose on days 1, 8, and 15 of Period 2.
Plasma samples were analyzed by Q2 Solutions (Ithaca,
NY, USA) for cholesterol and 4p-hydroxycholesterol using
a validated LC-MS/MS method with a LLOQ of 500 pg/
mL and 3.00 ng/mL, respectively. Urine samples were
analyzed by PPD (Richmond, VA, USA) for cortisol and
6B-hydroxycortisol using a validated high-performance
LC-MS/MS method, both with a LLOQ of 1.00 ng/mL.
Plasma 4p-hydroxycholesterol/cholesterol molar ratios and
urine 6p-hydroxycortisol/cortisol concentration ratios were
calculated as estimates of CYP3A induction. Additional
details on bioanalytical assays are provided in Sect. S2.4
of the ESM.

2.5 Statistical Analysis

Three analysis populations were prespecified: (1) the PK
concentration population included all participants who
received the study drug and had at least one lorlatinib
concentration in at least one treatment period; (2) the PK
parameter analysis population included all participants who
received the study drug and had at least one of the lorlatinib
PK parameters of interest in one or more treatment periods;
and (3) the safety analysis population included all partici-
pants who received at least one dose of either study drug.

This study was not prospectively powered to detect a
specified change in lorlatinib exposure (AUC,,; or C,,,,)
because its primary objective was to evaluate safety. Two
participants each for 50 mg and 75 mg and 12 participants
for 100 mg were intended to be recruited. It was determined
that a sample size of 12 participants at the highest lorlatinib
100-mg dose (combined Cohorts 3 and 4) would provide
a 90% confidence interval (CI) for the difference between
treatments of + 0.053 and + 0.090 on the natural log scale
for AUC; ¢ and C,,,,, respectively, with 90% coverage prob-
ability. This calculation was based on estimates of within-
participant standard deviations of 0.082 and 0.138 for AUC
inr and C_ .. on the natural logarithm scale, respectively,
established from prior clinical studies of lorlatinib in healthy
participants.

Natural log-transformed AUC;;, AUC,, ., and C,,,, for
lorlatinib were analyzed using a mixed-effects model, with
treatment as the fixed effect and the participant as a random
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effect, and estimates of the adjusted mean differences
(test-reference) and corresponding 90% Cls were obtained.
Lorlatinib alone was the reference treatment and lorlatinib
with modafinil was the test treatment. The adjusted mean
differences and 90% ClIs for the differences were exponenti-
ated to provide estimates of the ratio of adjusted geometric
means (test/reference) and 90% Cls for the ratios.

The lorlatinib and M8 PK parameters AUC; s, C,,.x» AUC
s time of peak concentration, and half-life were summa-
rized descriptively by treatment. For lorlatinib AUC;; and
C v Individual participant parameters were plotted by treat-
ment. Median profiles of the concentration—time data were
plotted by treatment; the nominal PK sampling time was
used for summary statistics and median plots by sampling
time. Adverse events were tabulated descriptively by dose
and treatment.

inf>

3 Results
3.1 Participants

A total of 16 healthy participants, all white and male, with
a median age of 31.5 years and a median weight and body
mass index of 72.9 kg and 23.1 kg/m?, respectively, were
enrolled and treated (Table 1). Ten participants completed
the study, including all six participants (two each) in Cohorts
1-3 (lorlatinib 50 mg, 75 mg, and 100 mg, respectively)

Table 1 Demographic characteristics

and four in Cohort 4 (lorlatinib 100 mg). Six participants in
Cohort 4 discontinued from the study because of AEs dur-
ing the administration of modafinil 400 mg QD alone. All
16 participants received one or more doses of the study drug
and, with evaluable PK data for lorlatinib and its metabolite
MBS, were included in the safety and PK analysis populations
as well as in the PK concentration population.

3.2 Safety

In Period 1, all 16 participants received a single dose of
lorlatinib alone. In Period 2, all 16 participants initially
received modafinil 400 mg QD alone: ten completed the
study with 14 days of modafinil QD dosing on days 1-14,
concomitant single-dose lorlatinib with modafinil 400 mg
on day 15, and then four additional doses of modafinil 400
mg QD on days 16-19 (two participants in Cohort 1, two in
Cohort 2, and six in Cohorts 3 and 4 combined). Six par-
ticipants, all in Cohort 4, received 4—7 days of QD dosing
of modafinil prior to their discontinuation from the study.
A total of 121 treatment-emergent AEs were reported
during the study, 114 of which were considered treatment
related by the investigator (Table S4 of the ESM). All AEs
were mild to moderate and resolved by the end of the study.
There were no serious or severe AEs reported. Most AEs (96
out of 121) were reported following modafinil 400 mg QD
alone. The most frequently reported AEs were palpitations,
decreased appetite, insomnia, headache, anxiety, nausea, and

Lorlatinib 50-mg single dose — lorla- Lorlatinib 75-mg single dose — lorla- Lorlatinib 100-mg single dose —
tinib 50-mg single dose + modafinil  tinib 75-mg single dose + modafinil ~ lorlatinib 100-mg single dose +

400 mg QD
(Cohort 1) [N =2]

400 mg QD
(Cohort 2) [N =2]

modafinil 400 mg QD

(Cohorts 3 and 4 combined) [N = 12]

Age, years
Mean + SD
Median (range)
Sex, n (%)
Male
Race, n (%)
White
Ethnicity, n (%)
Hispanic or Latino

Not Hispanic or Latino

Unknown
Height, cm

Median (range)
Weight, kg

Median (range)

Body mass index, kg/m?

Median (range)

41085
41.0 (35-47)

2 (100.0)

2 (100.0)

0

2 (100.0)

0

172.5 (163.0-182.0)

73.4 (73.1-73.7)

25.0 (22.2-27.7)

305+64
30.5 (26-35)

2 (100.0)

2 (100.0)

0

2 (100.0)

0

174.5 (166.0-183.0)

71.1 (62.6-79.5)

23.3 (22.7-23.9)

345+ 115
27.5 (23-56)

12 (100.0)

12 (100.0)

1(8.3)

10 (83.3)

1(8.3)

175.5 (159.0-189.0)

71.8 (59.8-92.8)

23.1 (19.5-29.7)

0D once daily, SD standard deviation
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fatigue, all of which were considered treatment related. Of
44 moderate AEs, 43 were observed while participants were
taking modafinil alone, and 42 were considered treatment
related. The most frequently reported moderate treatment-
related AEs were palpitations, decreased appetite, insomnia,
and anxiety.

In Cohorts 3 and 4 combined (lorlatinib 100 mg), 12
participants received single-dose lorlatinib 100 mg alone
in Period 1. A total of 15 AEs, all mild in severity, were
reported by six participants during Period 1. The most fre-
quently reported system organ class was gastrointestinal dis-
orders reported by three participants and the only preferred
term reported by more than one participant was abdominal
pain (by two participants). Of the six participants in Cohorts
3 and 4 who received co-administration of single-dose lorla-
tinib 100 mg with modafinil 400 mg, four reported a total of
seven treatment-related AEs, all mild in severity. The most
frequently reported system organ class was psychiatric dis-
orders reported by three participants and the only preferred
term reported by more than one participant was euphoric
mood (in two participants). The other AEs were insomnia,
feeling of relaxation, diarrhea, nausea, decreased appetite,
and photophobia, each in one participant (all considered
treatment related, except for photophobia).

As noted earlier, six participants, all in Cohort 4, perma-
nently discontinued from the study in Period 2 because of
AEs when receiving modafinil 400 mg QD alone (prior to
receiving combination dosing with lorlatinib). All 37 AEs
reported by these participants were moderate in severity at
discontinuation, resolved following modafinil discontinua-
tion, and were considered modafinil related. One participant
in Cohort 1 receiving modafinil 400 mg QD alone had a
temporary drug interruption (skipped one modafinil dose on
day 11 of Period 2) because of mild diarrhea and moderate
vomiting, both of which were considered treatment related.

All 12 participants in Cohorts 3 and 4 combined (lorla-
tinib 100 mg) had liver function test values within normal
limits at baseline and during single-dose lorlatinib 100-mg
treatment, with one exception (Fig. 1). One participant had
AST and ALT values that slightly exceeded the upper limit
of normal (ULN; peak values < 1.4 X ULN) on study days
5 and 6 (Period 1 day 5 and Period 1 day 6/Period 2 day 1),
but returned to normal on study day 19 (Period 2 day 14;
prior to start of combination lorlatinib and modafinil dos-
ing) and remained normal until study completion (Fig. 1).
In the six participants in Cohorts 3 and 4 combined who
completed the study, minor increases in AST and ALT val-
ues following co-administration of single-dose lorlatinib 100
mg with modafinil 400 mg QD were noted; however, all
remained within normal ranges (Fig. 1). Most participants
reached peak levels around 36 h post-lorlatinib dose, with
median (range) AST values of 30.5 (15.0-39.0) U/L (ULN
=40), and ALT values of 32.5 (15.0-45.0) U/L (ULN =49),

respectively. Alkaline phosphatase and total bilirubin results
were all within normal limits.

All four participants in Cohorts 1 and 2 (lorlatinib 50
mg and 75 mg, respectively) had normal liver function test
values during the study except for one participant in Cohort
2 whose total bilirubin value slightly exceeded ULN (< 1.2
x ULN) once on study day 19 (Period 2 day 14) during
modafinil 400-mg QD treatment. There were no clinically
significant findings in other laboratory tests, vital signs, and
electrocardiograms.

3.3 Lorlatinib Pharmacokinetics

Median lorlatinib plasma concentrations across all cohorts
were lower in the presence of steady-state modafinil 400 mg
QD than observed when lorlatinib was administered alone
(Fig. 2 for the 100-mg cohort, Fig. S1 of the ESM for all
cohorts). Lorlatinib AUC, ¢ and C,,,, values were likewise
lower in the presence of steady-state modafinil than when
lorlatinib was administered alone (Table 2 for the 100 mg
cohort, Table S5 of the ESM for all cohorts). This corre-
sponded to the apparent oral clearance of lorlatinib at 100
mg being higher (16.84 L/h geometric mean) when co-
administered with steady-state modafinil vs when lorlatinib
was administered alone (12.85 L/h).

The ratios of the adjusted geometric means (90% CI) for
lorlatinib AUC,; and C,,,, were 76.69% (70.15-83.83) and
77.78% (65.92-91.77), respectively, when lorlatinib was
co-administered with steady-state modafinil compared with
lorlatinib administration alone (Table 3). Median time of
peak concentration for lorlatinib 100 mg was 1.5 hours both
in the presence and absence of modafinil. Mean estimates
of the plasma half-life for lorlatinib 100 mg were similar
(22.5 hours and 23.1 hours) in the absence and presence of
modafinil, respectively.

Median M8 plasma concentrations, and AUC,;and C,,,,
values, in the 100-mg cohort were also lower in the pres-
ence of steady-state modafinil than observed when lorlatinib
was administered alone (Fig. 2, Table 2). The metabolite-
to-parent ratio for AUC,; and the metabolite-to-parent ratio
for C,,,, were 1.711 and 0.3233, respectively, following
administration of lorlatinib 100 mg alone, and 1.237 and
0.2639, respectively, following co-administration of lorla-
tinib 100 mg and steady-state modafinil. Inter-participant
variability for lorlatinib 100 mg and M8 AUC,; and C,,,,
geometric mean values were similar when lorlatinib was
co-administered with steady-state modafinil compared to
its administration alone.

3.4 Modafinil CYP3A Induction

Plasma 4f-hydroxycholesterol/cholesterol ratios increased
over time in most participants, with median (range) values
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Fig.1 Line plots of individual participant and median liver function
tests: a aspartate aminotransferase (AST), b alanine aminotransferase
(ALT), c alkaline phosphatase (ALP), and d total bilirubin, for the
100-mg cohort (Cohorts 3 and 4 combined). The red dashed lines on
the figures represent the upper limit of normal (ULN) for AST (40
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U/L), ALT (49 U/L), ALP (111 U/L), and total bilirubin (1.2 mg/dL),
respectively. Study day 1 = Period 1 day 1; day 6 = Period 1 day 6/
Period 2 day 1; day 20 = Period 2 day 15. Age-adjusted ULN of 127
U/L for ALP was applicable to a 55-year-old participant who com-
pleted the study in Cohort 4. QD once daily

o

—o— Lorlatinib 100 mg single dose (Cohorts 3 & 4 combined) (N=12)
A~ Lorlatinib 100 mg single dose + modafinil 400 mg QD (Cohorts 3 & 4 combined) (N=6)
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Fig.2 a Plasma lorlatinib and b metabolite (M8) concentration—time profiles for the 100-mg cohort (Cohorts 3 and 4 combined) following
administration of a single oral dose of lorlatinib alone and in the presence of steady-state modafinil. QD once daily
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Table2 Summary of
lorlatinib and metabolite (M8)
pharmacokinetic parameters

Parameter, units

Lorlatinib 100-mg single dose
(Cohorts 3 and 4 combined) [N =

Lorlatinib 100-mg single dose + modafinil
400 mg QD (Cohorts 3 and 4 combined) [N

. . - 12] = 6]

with and without modafinil for

the 100-mg cohort (Cohorts 3 Lorlatinib

and 4 combined) AUC, .. ngh/mL 7791 (26) 5932 (23)
AUC,,, ngh/mL 7615 (26) 5773 (23)
Cpax> Dg/mL 569.3 (34) 433.0 (21)
T, h 1.50 (1.00-2.02) 1.50 (1.00-1.52)
ty, h 22.5+4.6 23.1+79
CL/F, L/h 12.85 (26) 16.84 (23)
V,/F, L 408.0 (33) 529.6 (32)

M8

AUC;, ng-h/mL 6043 (24) 3326 (21)
AUC,,, ngh/mL 5547 (24) 3108 (17)
Cinax> NZ/mML 83.46 (27) 51.76 (20)
Tpaxe 36.0 (24.0-48.0) 12.0 (12.0-23.8)
ty, h 26.7 £6.7 259 +38.8

Geometric mean (geometric % coefficient of variation) for all except median (range) for 7,,,, and arithme-

tic mean + standard deviation for #,,

AUC;,; area under the plasma concentration-time profile from time O extrapolated to infinite time, AUC
s area under the plasma concentration—time profile from time 0 to C,,, CL/F apparent oral clearance,
C,.s last measured plasma concentration, C,,,, maximum observed plasma concentration, 4 hours, QD once
daily, t,, terminal plasma half-life, 7,,,, time of peak concentration, V,/F apparent volume of distribution

Table 3 Statistical summary of lorlatinib pharmacokinetics for AUC; s, AUC,,, and C,,, for the 100-mg cohort (Cohorts 3 and 4 combined)
Parameter, units Adjusted geometric means Ratio (test/reference) of 90% CI for ratio®
. - . 3 adjusted means®

Lorlatinib 100-mg single dose + Lorlatinib 100-mg single

modafinil 400 mg QD (test) dose (reference)
AUGC;,, ng-h/mL 5975 7791 76.69 70.15-83.83
AUC,,, ng-h/mL 5793 7615 76.07 70.16-82.48
Cpaxe NE/mL 442.8 569.3 77.78 65.92-91.77

Values were back transformed from the log scale

The model was a mixed-effects model with treatment as the fixed effect and participant as the random effect

AUC,,, area under the plasma concentration-time profile from time 0 extrapolated to infinite time, AUC,,,, area under the plasma concentration—

time profile from time O to C, CI confidence interval, C,,, last measured plasma concentration, C

tion, 0D once daily

*Ratios (and 90% Cls) expressed as percentages

(molar ratios x 107) of 0.99 (0.62-1.72), 1.70 (0.81-4.07),
and 2.04 (0.84-3.22) on Period 2 days 1, 8, and 15, respec-
tively, for Cohorts 3 and 4 combined (Fig. 3, Table S6 of
the ESM). Urine 6f-hydroxycortisol/cortisol concentration
ratios did not consistently change over time, with median
(range) values of 9.7 (2.4-31.3), 9.7 (5.2-14.8), and 9.7
(2.7-19.6) on Period 2 days 1, 8, and 15, respectively (Fig.
S2 of the ESM).

'nax Maximum observed plasma concentra-

4 Discussion

Single doses of lorlatinib 50-100 mg were well tolerated
when administered alone and co-administered in the pres-
ence of steady-state modafinil 400 mg QD, a moderate
CYP3A inducer. No clinically significant signal of hepa-
totoxicity was identified for this co-administration. Of the
ten participants who completed the study (two participants
each receiving lorlatinib 50 mg and 75 mg, and six receiving

A\ Adis



1310

J.Lietal.

4.5 Participants

4.0

3.5

molar ratio (X 10

3.0

¢

16

2.0

Plasma 43-hy.

0.5

Period 2 Day 1 Period 2 Day 8

Analysis visit

Period 2 Day 15

Fig.3 Matchstick plots for plasma 4f-hydroxycholesterol/choles-
terol ratios (molar ratios X 10~ 3) pre-modafinil and post-modafinil
once-daily treatments. Only participants who had at least one plasma
4B-hydroxycholesterol/cholesterol ratio are represented. Data repre-
sent individual participant values (participants 1 and 2 were in Cohort
1 [lorlatinib 50 mg], participants 3 and 4 were in Cohort 2 [lorlat-
inib 75 mg], and participants 5-16 were in Cohorts 3 and 4 combined
(lorlatinib 100 mg])

lorlatinib 100 mg), all had AST and ALT values within nor-
mal limits during combination treatment with modafinil.
These results are in sharp contrast to the observations in the
prior drug—drug interaction study with the combination of
single-dose lorlatinib 100 mg and rifampin 600 mg QD in
which all 12 participants had significant asymptomatic AST
and/or ALT increases following the co-administration with
rifampin, a strong pan-inducer of many enzymes includ-
ing CYP3A [6]. In that study, grade 4 elevations (as per
National Cancer Institute Common Terminology Criteria for
Adverse Events Version 4.03) in AST or ALT occurred in
six participants, grade 3 elevations in four participants, and
grade 2 elevations in one participant. The AST/ALT eleva-
tions appeared within 3 days following the co-administration
of lorlatinib and rifampin, and as a result, rifampin treat-
ment was discontinued and participants did not receive the
planned additional three daily doses of rifampin 600 mg QD.
Five participants with particularly high AST and ALT val-
ues were hospitalized for observation, and these events were
noted as serious AEs and considered treatment related by the
investigator. While none of the participants in the current
study had AST/ALT levels out of the normal range, minor
temporal increases in median AST and ALT values (10 and
15 U/L, respectively) were observed in the six participants
following co-administration of single-dose lorlatinib 100
mg and modafinil; this indicated that there is a mechanistic
change in AST/ALT but substantially attenuated compared

A\ Adis

with what was seen with rifampin, thus the magnitude of
change was not considered clinically meaningful. No serious
or severe AEs were reported in the current study. All AEs
reported following single-dose lorlatinib and single-dose lor-
latinib co-administration with modafinil were mild in sever-
ity, except one moderate AE. None of the AEs that occurred
following co-administration of steady-state modafinil with
single-dose lorlatinib resulted in study discontinuation, or
indicated hepatotoxicity or other safety concerns, and there
were no other clinically significant findings. Based on these
results, the overall assessment from this study is that lor-
latinib can be safely administered with moderate CYP3A
inducers.

Six participants in the lorlatinib 100-mg cohorts dis-
continued from the study, but this happened because of
modafinil-related AEs during the 14-day modafinil induction
phase prior to receiving combination dosing with lorlatinib.
It is our speculation that the simultaneous enrollment of ten
participants in Cohort 4 may have possibly contributed to the
cluster discontinuations in that cohort. Multiple AEs resulted
in each of the discontinuations, all moderate in severity and
considered related to modafinil by the investigator. The most
common AEs were anxiety, insomnia, and decreased appe-
tite. Interactions between participants could have elevated
participant anxiety, which may have resulted in increased
numbers of AEs and decreased tolerability. However, both
lorlatinib treatments (alone and co-administration with
modafinil) appeared to be less impacted as no participants
discontinued the study because of the AEs following treat-
ments involving lorlatinib.

The PK results of this study indicated that co-adminis-
tration of a single lorlatinib 100-mg dose in the presence
of moderate CYP3A induction reduced plasma lorlatinib
AUC;s and C,,,, by approximately 23% and 22%, respec-
tively, relative to a single lorlatinib 100-mg dose adminis-
tered alone. In addition to CYP3A, lorlatinib metabolism is
also mediated through UGT1A4, CYP2C8, CYP2C19, and
UGT1A3. As modafinil does not induce the other metaboliz-
ing enzymes, this may explain the lower than expected 23%
reduction in lorlatinib AUC,; following modafinil dosing.
The AUC,; and C,,, values of M8, the primary metabolite
of lorlatinib that is both formed and subsequently metabo-
lized by CYP3A, decreased by approximately 40% and 35%,
respectively, in the presence of moderate CYP3A induction.
This decreased exposure may reflect the potentially greater
effect of CYP3A induction on the metabolism of the M8
metabolite compared to its formation. Specifically, M8 for-
mation likely occurs through many pathways in addition to
CYP3A, whereas M8 elimination occurs more exclusively
through CYP3A. This is also consistent with a similar reduc-
tion in M8 AUC,; noted in the prior drug interaction study
with rifampin [6]. The absorption, distribution, metabolism,
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and excretion properties of lorlatinib have been character-
ized separately [10].

Changes in the estimated ratios for plasma
4 p-hydroxycholesterol/cholesterol and urine
6p-hydroxycortisol/cortisol have been shown to correlate
with CYP3A activity in many prior clinical evaluations
[11-14]. The two-fold increase in 4p-hydroxycholesterol/
cholesterol ratios observed in this study is consist-
ent with moderate CYP3A induction. However, the
6p-hydroxycortisol/cortisol ratio did not appear to
increase over time. Possible explanations for these data
include high inter-subject and intra-subject variability
in the 6p-hydroxycortisol/cortisol measurements, mak-
ing it a less reliable indicator of CYP3A activity than the
4f-hydroxycholesterol/cholesterol results [14, 15]; a small
number of samples; and potentially higher stress-induced
cortisol levels. Nearly all participants in this study expe-
rienced modafinil-related AEs, such as insomnia, anxiety,
palpitations, and fatigue, and it is speculated that this may
have increased participants’ stress, and correspondingly their
cortisol levels after Period 2 day 1; this was reflected in
the observed urine cortisol concentration (data not shown),
which was noticeably higher on Period 2 days 8 and 15 when
compared with Period 2 day 1. The higher stress-induced
cortisol levels could have lowered the 63-hydroxycortisol/
cortisol ratios on days 8 and 15, thereby confounding the
ability to see an overall change in the ratio.

A limitation of this study is that it included healthy par-
ticipants who received a single dose of lorlatinib, rather
than multiple doses. However, given the reduced lorlatinib
plasma concentrations when co-administered with modafinil,
it would not have been feasible or ethical to conduct this
study in patients with non-small cell lung cancer, where
reduced lorlatinib concentrations may have implications on
reduced efficacy. Additionally, while the current study used
modafinil, the magnitude of change in lorlatinib pharma-
cokinetics may be slightly different when co-administered
with other moderate CYP3A inducers owing to variability
in the extent of CYP3A induction and involvement in other
enzyme pathways within this class of compounds. Finally,
while data from six healthy participants convincingly dem-
onstrated that it is safe to give lorlatinib 100 mg in combi-
nation with multiple-dose modafinil for the vast majority of
patients, the current study was limited to a small sample size.
Nevertheless, even if there exist outlier patients who, when
administered the combination may experience transaminase
elevations, these data strongly suggest that such AEs would
be mild and not clinically meaningful as opposed to when
lorlatinib is administered in combination with rifampin, and
is therefore unlikely to require lorlatinib dose modifications.

5 Conclusions

Single-dose lorlatinib 100 mg was well tolerated when
administered alone and in the presence of steady-state con-
centrations of the moderate CYP3A inducer modafinil, with
no clinically meaningful AST or ALT elevations observed.
Co-administration of lorlatinib 100 mg in the presence of
steady-state concentrations of modafinil decreased the expo-
sure to lorlatinib, reducing AUC; and C,,,, by 23% and
22%, respectively. This study supports the conclusion that
lorlatinib 100 mg may be safely co-administered with mod-
erate CYP3A inducers.
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