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Abstract
Background Lorlatinib demonstrated efficacy (including intracranial activity) in patients with anaplastic lymphoma kinase 
(ALK)-positive non-small cell lung cancer (NSCLC) in a phase I/II study (NCT01970865).
Background and Objective This analysis describes the pharmacokinetics (PK) of lorlatinib following single and multiple 
dosing.
Methods This ongoing, multicenter, open-label, single-arm, phase I/II trial enrolled patients with ALK-positive or c-ros 
oncogene 1 (ROS1)-positive advanced NSCLC. In phase I, patients received escalating doses of lorlatinib (10–200 mg orally 
once daily) and twice-daily doses of 35, 75, and 100 mg in continuous 21-day cycles. In phase II, lorlatinib was adminis-
tered at a starting dose of 100 mg once daily in continuous 21-day cycles. Parameters investigated included the potential for 
lorlatinib to inhibit/induce cytochrome P450 (CYP) 3A; the absorption/metabolism of lorlatinib and its major metabolite 
PF-06895751; and differences in these parameters between Asian and non-Asian patients.
Results Data were available for 54 patients from phase I and 275 patients from phase II. Lorlatinib plasma exposure increased 
dose proportionally after single doses of 10–200 mg, and slightly less than dose proportionally after multiple doses. Lorla-
tinib clearance increased following multiple dosing compared with single dosing, indicating autoinduction. The area under 
the concentration-time curve from time zero to time τ (the dosing interval; AUC τ) of PF-06895751 was approximately 80% 
higher than that of lorlatinib after multiple dosing. Lorlatinib exhibited brain penetration. Furthermore, no overt differences 
in single- and multiple-dose PK parameters between the Asian and non-Asian patients were observed.
Conclusions Lorlatinib is highly brain penetrant and exhibits autoinduction after multiple dosing. There appears to be no 
inherent differences in lorlatinib PK between healthy subjects and cancer patients, or between Asian and non-Asian patients.
ClinicalTrials.gov NCT01970865.
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Key Points 

Multiple daily dosing of lorlatinib induced cytochrome 
P450 (CYP) 3A4 and resulted in autoinduction of lorlat-
inib metabolism.

Continued dosing for up to 20 cycles showed no evi-
dence for additional changes in lorlatinib exposure.

Brain penetration was demonstrated, with cerebral spinal 
fluid concentrations that were 70% of lorlatinib free 
plasma concentrations.

There were no clinically significant differences in single- 
and multiple-dose pharmacokinetic parameters between 
the Asian and non-Asian patients.

1 Introduction

Lorlatinib is a potent, third-generation inhibitor of anaplas-
tic lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1) 
tyrosine kinases that is currently approved in the US, Euro-
pean Union, Japan, and many other countries for the treat-
ment of patients with ALK-positive metastatic non-small 
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Briefly, this ongoing, multicenter, open-label, single-arm, 
phase I/II trial enrolled patients with ALK-positive or ROS1-
positive advanced NSCLC with or without central nervous 
system (CNS) metastases. Patients using strong or moderate 
CYP3A4 inhibitors or strong CYP3A4 inducers were not 
eligible for inclusion [7–9].

The phase I portion of the trial evaluated escalating doses 
of lorlatinib, administered orally, from 10 to 200 mg once 
daily, as well as twice-daily doses of 35, 75, and 100 mg in 
continuous 21-day cycles, with no days off in between. For 
most phase I patients, a Day −7 lead-in dose of lorlatinib 
was administered to characterize single-dose PK. A phase I 
substudy, comprising the same patients from the main study 
who were administered the 25 mg once-daily and 150 mg 
once-daily lorlatinib doses, was conducted to investigate the 
potential for lorlatinib to inhibit or induce CYP3A using 
midazolam as a probe CYP3A substrate. Patients received 
a single 2 mg oral dose of midazolam on Day −7, then 
received another single 2 mg oral dose of midazolam con-
currently with lorlatinib on Cycle 1 Day 15.

The recommended phase II dose was selected to be 100 
mg once daily [8]. In the phase II portion of the trial, lor-
latinib was administered orally at a starting dose of 100 
mg once daily in continuous 21-day cycles. Patients were 
enrolled into six different expansion cohorts based on their 
ALK or ROS1 status and previous therapy [9]. The cohorts 
were defined as EXP-1, ALK treatment-naïve; EXP-2, prior 
crizotinib only; EXP-3, prior crizotinib or other TKI and one 
or two prior regimens of chemotherapy; EXP-4, two prior 
TKIs; EXP-5, three prior TKIs; and EXP-6, ROS1 and any 
prior therapy. Dose modifications were permitted to man-
age toxicities at the investigator’s discretion. For a subset of 
phase II patients participating in serial PK profiling, a single 
dose of lorlatinib 100 mg once daily was administered on 
Day −7 to characterize lorlatinib single-dose PK. In this 
subset, there was an attempt to enrol approximately three 
Japanese patients in order to evaluate lorlatinib single-dose 
PK in Japanese patients. In addition to these phase II Japa-
nese patients, a separate LIC enrolled only Japanese patients 
who were treated with lorlatinib 100 mg once daily.

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 Harmonization Good Clinical Practice Guidelines, and 
all local regulatory requirements were followed. Each patient 
provided written informed consent before participation.

2.2  Pharmacokinetic (PK) Assessments

In both phase I and phase II, plasma PK parameters, includ-
ing the maximum plasma concentration (Cmax), time to Cmax 
(Tmax), and area under the plasma concentration versus time 
curve (AUC) for lorlatinib and the metabolite PF-06895751, 

cell lung cancer (NSCLC) [1–3]. Lorlatinib was specifically 
developed to penetrate the blood–brain barrier and have 
broad potency against common ALK-resistance mutations 
[4, 5].

Two absorption, metabolism, and excretion studies con-
ducted in healthy participants have shown that lorlatinib is 
primarily eliminated via metabolism, with little renal excre-
tion (< 5% of administered dose recovered in urine) [6]. The 
most abundant circulating human metabolite of lorlatinib is 
PF-06895751, which is pharmacologically inactive and is gen-
erated by the oxidative cleavage of the lorlatinib amide and 
aromatic ether bonds [6]. Lorlatinib is metabolized primarily 
by cytochrome P450 (CYP) 3A and UGT1A4, and to a lesser 
extent by CYP2C8, CYP2C19, CYP3A5, and UGT1A3 [2]. 
In addition, in vitro studies indicated that lorlatinib is a time-
dependent inhibitor as well as an inducer of CYP3A and that 
it activates the pregnane X receptor (PXR) [2]. Hence, lor-
latinib has the potential of influencing its own metabolism.

The safety and efficacy data from the phase I/II B7461001 
study (NCT01970865) have been previously reported [7–9]. 
That study established the recommended clinical dose of 
lorlatinib 100 mg once daily and demonstrated systemic and 
intracranial activity in patients with advanced ALK-positive 
or ROS1-positive NSCLC, including patients who had pro-
gressed after treatment with crizotinib or second-generation 
tyrosine kinase inhibitors (TKIs) [7–10]. Adverse events 
(AEs) reported with lorlatinib were generally mild or mod-
erate and managed with dosing modifications and supportive 
care [9]. The most common treatment-related AEs with lor-
latinib were hypercholesterolemia and hypertriglyceridemia.

The B7461001 study comprised two parts (phase I and 
phase II), plus a midazolam substudy and a Japanese lead-in 
cohort (LIC). In that study, lorlatinib pharmacokinetics (PK) 
were evaluated at single dose and steady state (after 15 days 
of continuous dosing) as a secondary objective of the phase 
I and phase II portions. The parameters investigated included 
the absorption and metabolism of lorlatinib and the major 
human circulating lorlatinib metabolite PF-06895751, both 
blood and urinary concentrations, and differences in these 
parameters between Asian and non-Asian patients, includ-
ing a subset of Japanese patients. Since lorlatinib showed 
the potential to simultaneously inhibit and induce CYP3A 
in vitro, the midazolam substudy assessed the net clinical 
effect of lorlatinib on the CYP3A enzyme via the probe sub-
strate, midazolam.

2  Methods

2.1  Trial Design and Patients

Details of the B7461001 study (ClinicalTrials.gov identi-
fier: NCT01970865) have been previously reported [7–9]. 



1315PK of Lorlatinib After Single and Multiple Dosing in Patients with ALK-Positive NSCLC

were determined for both single and multiple doses of lor-
latinib. The specific bioanalytical methods used have been 
previously published [11, 12]. Blood samples were collected 
for serial PK profiling of lorlatinib up to 120 h postdose on 
Day −7 and up to 24 h postdose on Cycle 1 Day 15, for all 
phase I patients and a subset of phase II patients. Addition-
ally, sparse PK samples were collected on Days 1 and 8 of 
Cycle 1, on Day 1 of Cycles 2–5 for both phase I and phase 
II, and on Day 1 of Cycles 6, 8, and 10 for phase II.

For patients participating in the midazolam substudy, 
24-h serial blood samples for lorlatinib PK were collected 
postdose on Cycle 1 Days 1 and 15, and 24-h serial blood 
samples for midazolam PK were collected after administra-
tion of a single 2 mg oral dose of midazolam on Day −7 
and on Cycle 1 Day 15 (concurrently with lorlatinib). Urine 
samples for the measurement of lorlatinib were also col-
lected for patients in the midazolam substudy.

To evaluate the potential differences in PK in Japanese 
patients, blood samples were collected during phase II for 
serial PK profiling of lorlatinib and its metabolites in the 
Japanese patients (up to 120 h postdose on Day −7 and up 
to 24 h postdose on Cycle 1 Day 15). Sparse PK samples 
including predose samples were collected on Cycle 1 Day 
8 (only from patients who underwent serial PK sampling), 
Day 1 of Cycles 2–6, and Day 1 of each other cycle there-
after. The separate Japan LIC patients underwent serial PK 
sampling up to 24 h postdose on Cycle 1 Days 1 and 15 and 
sparse PK sampling on Day 1 of Cycles 2–6, 8, and 10.

In both phase I and II, cerebral spinal fluid (CSF) was 
collected with time-matched plasma samples from clinically 
appropriate patients who were to undergo a lumbar puncture.

PK parameters for lorlatinib, PF-06895751, and mida-
zolam were calculated for each patient and each treatment, 
as applicable, employing standard noncompartmental analy-
sis using an internally validated software system (eNCA, 
version 2.2.4; Pfizer, Groton, CT, USA). The linear-log 
trapezoidal method was used for AUC estimation. Plasma 
samples with concentrations below the lower limit of quanti-
fication were set to 0 for summary statistics and PK analysis. 
Actual PK sampling times were used in the derivation of PK 
parameters. Nominal time was assumed for PK parameter 
calculations if the actual time was missing.

2.3  Additional Assessment of Cytochrome P450 
(CYP) 3A4/5 Inhibition/Induction

The effect of lorlatinib on CYP3A4/5 inhibition/induction 
was also evaluated by measurement of the 4ß-hydroxy-
cholesterol/cholesterol ratio in blood samples and urinary 
6ß-hydroxycortisol/cortisol ratio over the time course of 
measurement during phase I [13, 14].

2.4  Statistical Analysis

The PK concentration analysis set of lorlatinib was defined 
as all patients treated (including Day −7 dose) who had at 
least one concentration of lorlatinib. The PK concentration 
analysis set for midazolam was defined as all patients treated 
with midazolam (including Day −7 dose) who had at least 
one concentration of midazolam, while the PK parameter 
analysis population was defined as all enrolled patients who 
received at least one dose of study medication (including 
Day −7 dose, not including midazolam) and had sufficient 
information to estimate at least one of the PK parameters 
of interest (Cmax or AUC) for lorlatinib. The midazolam 
analysis set included patients who had received at least one 
dose of midazolam and for which at least one midazolam PK 
parameter of interest (Cmax or AUC) was available.

All reported PK parameters were summarized descrip-
tively using SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA) and no additional statistical tests were performed. The 
PK parameters AUC from time zero to the time of the last 
quantifiable concentration (AUC last), AUC from time zero 
extrapolated to infinite time (AUC ∞), area under the con-
centration-time curve from time zero to time τ (the dosing 
interval; AUC τ), Cmax, trough concentration (Ctrough), appar-
ent oral clearance (CL/F), and apparent volume of distribu-
tion (V/F) were summarized using the summary statistics 
numbers, arithmetic mean, median, percentage coefficient 
of variation (%CV), standard deviation (SD), minimum, 
maximum, geometric mean, and geometric %CV. The PK 
parameter Tmax was summarized using the summary sta-
tistics number, median, minimum, and maximum, and the 
PK parameters terminal elimination half-life (t½), observed 
accumulation ratio (Rac), and steady-state accumulation 
ratio (Rss) were summarized using the summary statistics 
number, arithmetic mean, median, %CV, SD, minimum, and 
maximum.

3  Results

3.1  Patients

In phase I, a total of 54 patients were treated with lorlatinib: 
three patients each in the 10, 25, 50, and 150, and 200 mg 
once-daily cohorts; 12 patients in the 75 mg once-daily 
cohort; 17 patients in the 100 mg once-daily cohort; three 
patients in the 35 and 75 mg twice-daily dosing cohorts; 
and four patients in the 100 mg twice-daily cohort. All 
treated patients were evaluable and were included in the PK 
analysis (N = 54). Of these patients, 22 were male and 32 
were female; 37 patients were White, 3 were Black, 7 were 
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Asian, 1 was of other ethnicity, and 6 were of unspecified 
race (Table 1). The mean (SD) age was 51.9 years (12.8), 
height was 169.0 cm (11.5), and weight was 71.1 kg (18.0). 
Six patients, three from the 25 mg once-daily cohort and 
three from the 150 mg once-daily cohort, were enrolled in 
the midazolam substudy.

In phase II, a total of 275 patients were treated with lorla-
tinib 100 mg once daily—30, 27, 60, 65, 46, and 47 patients 
in cohorts EXP-1, EXP-2, EXP-3, EXP-4, EXP-5, and EXP-
6, respectively. In addition, three patients were enrolled in 
the Japan LIC. All treated patients (phase II and the Japan 
LIC) except one were evaluable for PK assessments and 
were included in the phase II PK analysis (N = 277). Of 
these patients, 119 were male and 158 were female; 132 
patients were White, 3 were Black, 105 were Asian, 12 were 
other ethnicities, and 25 were of unspecified race (Table 1). 
The mean (SD) age was 53.4  years (12.0), height was 
166.0 cm (10.5), and weight was 67.6 kg (17.1). Of the 277 
patients, 19 had full PK sampling, which allowed for at least 
one single-dose lorlatinib PK parameter estimation, and 22 
had samples allowing for at least one multiple-dose lorlatinib 
PK parameter estimation.

3.2  Single‑Dose Lorlatinib PK Results

Median lorlatinib plasma concentration-time profiles fol-
lowing single oral doses of lorlatinib are shown in Fig. 1a 
and b. Following single doses of 10–200 mg, lorlatinib was 
absorbed rapidly, with median  Tmax values of 1.09–2.00 h, 
and showed biphasic decline, with a mean plasma t½ of 
17.2–27.2 h across all doses. Lorlatinib PK parameter val-
ues are summarized descriptively in electronic supplemen-
tary Table S1. Lorlatinib dose-normalized exposures did not 
appear to change across the 10–200 mg dose range (elec-
tronic supplementary Fig. S1).

In phase II, lorlatinib was absorbed rapidly, with a median 
value of 1.15 h following a single dose of 100 mg on Day −7 
(Table 2). Following attainment of Cmax, the disposition of 
lorlatinib declined, with a mean t½ of 23.6 h.

3.3  Multiple‑Dose Lorlatinib PK Results

Median plasma lorlatinib concentration-time profiles fol-
lowing multiple oral doses in phase I are shown in Fig. 1c 
and d. Plasma PK parameter values following multiple-dose 
administration are summarized descriptively in Table 3. On 
Cycle 1 Day 15 of multiple-dose administration, lorlatinib 
was absorbed rapidly, with median Tmax values of ≤ 2 h 
across the entire range of doses, from 10 mg to 200 mg on 
either once-daily or twice-daily dosing schedules.

Urinary recovery of unchanged lorlatinib following mul-
tiple doses was low, with < 0.5% (n = 3) of the dose recov-
ered unchanged in urine for the 100 mg once-daily dosing 

regimen. Geometric mean renal clearance was 61.3 mL/h. 
Linear plots of individual and geometric mean dose-normal-
ized AUC τ and Cmax by dose for the once- and twice-daily 
regimens are shown in Fig. 2.

In general, plasma lorlatinib dose-normalized AUC τ and 
Cmax slightly decreased across the 10–200 mg once-daily 
dose range based on visual comparison of individual and 
geometric mean Cmax and AUC τ values by dose. Arithmetic 
mean values for the observed Rac, comparing AUC τ for mul-
tiple-dose administration with that for single-dose admin-
istration, ranged from 1.0 to 1.5 for the once-daily dosing 
regimen and 1.2 to 2.1 for the twice-daily dosing regimen.

Arithmetic mean values for the Rss, comparing AUC τ for 
multiple-dose administration with AUC ∞ for single-dose 
administration, were consistently < 1 (ranging from 0.54 to 
0.99), suggesting net autoinduction of lorlatinib following 
multiple oral dosing.

In phase II, on Cycle 1 Day 15 of multiple-dose administra-
tion (100 mg once daily), lorlatinib was absorbed rapidly, with 
a median Tmax value of 1.96 h (Table 2). Lorlatinib plasma 
concentrations appeared to reach steady state by 15 days with 
repeated 100 mg once-daily dosing. The Ctrough of lorlatinib 
across the phase II cohorts and the Japan LIC were fairly con-
sistent, with median values of approximately 100 ng/mL and 
geometric means (in groups with n ≥3) ranging from 46.4 to 
138.5 ng/mL over the period between Cycle 2 Day 1 and Cycle 
20 Day 1 (electronic supplementary Table S2). After 100 mg 
once-daily dosing of lorlatinib, the arithmetic mean value for 
Rac was 1.08; the arithmetic mean Rss value was 0.66.

Table 1  Demographics and baseline characteristics of the phase I and 
II PK populations

BMI body mass index, Japan LIC Japanese patient only lead-in 
cohort, PK pharmacokinetic, SD standard deviation

Phase I PK population
[n = 54]

Phase II and 
Japan LIC PK 
population
[n = 277]

Mean age, years (SD) 51.9 (12.8) 53.4 (12.0)
Sex [n (%)]
 Male 22 (40.7) 119 (43.0)
 Female 32 (59.3) 158 (57.0)

Race [n (%)]
 White 37 (68.5) 132 (47.7)
 Black 3 (5.6) 3 (1.1)
 Asian 7 (13.0) 105 (37.9)
 Other 1 (1.9) 12 (4.3)
 Unspecified 6 (11.1) 25 (9.0)

Mean weight, kg (SD) 71.1 (18.0) 67.6 (17.1)
Mean BMI, kg/m2 (SD) 25.0 (7.0) 24.3 (4.7)
Mean height, cm (SD) 169.0 (11.5) 166.0 (10.5)
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3.4  PF‑06895751 PK

An evaluation of the steady-state plasma PK of the 
most abundant human circulating lorlatinib metabolite, 
PF-06895751, was performed for 10 patients following 
repeated 100 mg once-daily administration of lorlatinib. On 
Cycle 1 Day 15, the PF-06895751 geometric mean AUC 
τ was 4127 ng·h/mL and the geometric mean Cmax was 
193.7 ng/mL, with a median Tmax of 8.1 h. The geometric 
mean molar ratio for AUC τ of PF-06895751 to lorlatinib 
was 1.799.

3.5  Effect of Lorlatinib on Midazolam PK

Median midazolam plasma concentrations were substan-
tially lowered in the presence of multiple oral doses of lor-
latinib (25 mg once daily [n = 3] and 150 mg once daily 
[n = 3]) compared with those observed when midazolam 
(2 mg) was administered alone (Fig. 3 and electronic sup-
plementary Table S3). For the 150 mg once-daily cohort, 
evaluable midazolam PK data were only available for two 
patients. Midazolam median Tmax was 0.5 h with or without 
lorlatinib (25 mg once daily and 150 mg once daily). Fol-
lowing attainment of Cmax, the decline in midazolam plasma 

Fig. 1  Median plasma lorlatinib concentration-time profiles following 
a single oral doses (Day −7) linear scale; b single oral doses (Day 
−7) semi-logarithmic scale; c multiple oral doses (Cycle 1 Day 15) 

linear scale; and d multiple oral doses (Cycle 1 Day 15) semi-loga-
rithmic scale. BID twice daily, QD once daily
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concentrations was faster when coadministered with lorla-
tinib; the mean estimate of the midazolam elimination  t½ 
decreased from 5 to 3 h following coadministration with 
lorlatinib (25 mg once daily). Following the coadministra-
tion of midazolam with lorlatinib (25 mg once daily or 150 
mg once daily), the midazolam AUC ∞ and Cmax values were 
lower compared with when midazolam was administered 
alone. The CL/F of midazolam increased from 36.7 and 45.1 
L/h when administered alone, to 93.9 and 124.2 L/h when 
coadministered with lorlatinib 25 mg once daily and 150 
mg once daily, respectively. Midazolam AUC last geomet-
ric mean values (%CV) decreased from 51.3 (47%) to 20.4 
(18%) ng·h/mL and from 36.5 (20%) to 14.4 (25%) ng·h/
mL, respectively, with 25 mg once-daily and 150 mg once-
daily lorlatinib dosing. Likewise, midazolam Cmax geomet-
ric mean values (%CV) decreased from 16.1 (42%) to 9.7 
(40%) ng/mL and from 11.6 (48%) to 5.73 (43%) ng/mL, 

respectively, with 25 mg once-daily and 150 mg once-daily 
lorlatinib dosing.

3.6  Lorlatinib PK Based on Ethnicity

Twelve non-Asian and seven Asian patients (of whom four 
were Japanese) had single-dose lorlatinib concentration-time 
data evaluable for PK analysis, and 11 non-Asian and 11 
Asian patients (of whom seven were Japanese) had mul-
tiple-dose lorlatinib concentration-time data evaluable for 
PK analysis. Median lorlatinib plasma concentration-time 
profiles for Asian versus non-Asian patients after single and 
multiple 100 mg lorlatinib dosing are shown in Fig. 4.

After multiple dosing, on Cycle 1 Day 15, the median 
peak concentrations of lorlatinib in Asian patients were 
slightly higher than those in non-Asian patients (644.8 
vs. 515.5  ng/mL). Following single-dose lorlatinib 

Table 2  Descriptive summary 
of plasma lorlatinib PK 
parameters following 100 mg 
once-daily dosing of lorlatinib 
(phase II)

AUC ∞ area under the plasma concentration-time profile from time zero extrapolated to infinite time, AUC 
∞(dn) dose-normalized AUC ∞, AUC τ area under the concentration-time profile from time zero to time τ, 
the dosing interval, where τ = the dosing interval of 24 h, AUC τ(dn) dose-normalized AUC τ, CL/F appar-
ent oral clearance, Cmax maximum observed plasma concentration, Cmax(dn) dose-normalized  Cmax, %CV 
percentage coefficient of variation, MRT mean residence time, N number of subjects in the treatment group, 
for single dose, n number of subjects where  t½, MRT, AUC ∞, AUC ∞(dn), CL/F and Vz/F were deter-
mined, for multiple dose, NE not estimable, PK pharmacokinetics, Rac observed accumulation ratio, Rss 
steady-state accumulation ratio, SD standard deviation, t½ terminal plasma half-life, Tmax time to  Cmax, Vz/F 
apparent volume of distribution
a Data are expressed as geometric mean (geometric %CV) for all parameters except median (range) for Tmax 
and arithmetic mean ± SD for t½, MRT, Rac, and Rss
b Number of subjects for whom Rac could be determined
c Number of subjects for whom Rss could be determined

Parameter (units) Parameter summary  statisticsa by visit

Single dose (Day −7) Multiple dose (Cycle 1 Day 15)

No. of subjects N, n = 19, 16, respectively N, nb, nc = 22, 20, 14, respectively
AUC ∞ [ng·h/mL] 9088 (35) NE
AUC ∞(dn) [ng·h/mL/mg] 90.88 (35) NE
AUC τ [ng·h/mL] 5308 (36) 5650 (39)
AUC τ(dn) [ng·h/mL/mg] 53.08 (36) 56.50 (39)
CL/F [L/h] 11.01 (35) 17.70 (39)
Cmax [ng/mL] 695.2 (40) 576.5 (42)
Cmax(dn) [ng/mL/mg] 6.952 (40) 5.765 (42)
MRT [h] 31.0 ± 13.1 NE
Tmax [h] 1.15 (0.500–4.02) 1.96 (0.500–22.7)
Vz/F [L] 351.5 (37) NE
t½ [h] 23.6 ± 9.37 NE
Rac NE 1.082 ± 0.42701
Rss NE 0.6577 ± 0.28627
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administration, a 52% higher lorlatinib Cmax was noted in 
Asian patients, but changes in AUC were minimal (Table 4). 
The ratios of the adjusted geometric means (expressed as 
percentages) for lorlatinib AUC ∞ and Cmax (90% confidence 
interval [CI]) were 110.0% (80.5–150.4%) and 152.4% 
(116.2–199.9%), respectively, for the Asian population com-
pared with the non-Asian population.

Following multiple dosing, lorlatinib plasma expo-
sure (AUC τ) was similar in Asian and non-Asian patients 
(Table 4). The ratios of the adjusted geometric means for 

lorlatinib AUC τ and Cmax (90% CI) Cycle 1 Day 15 were 
110.7% (83.7–146.5%) and 125.1% (93.7–166.9%), respec-
tively, for the Asian population compared with the non-
Asian population. Similar trends for lorlatinib PK following 
single and multiple 100 mg once-daily doses were observed 
in Japanese patients compared with non-Asian patients (data 
not shown).

The PK parameters of the metabolite PF-06895751 fol-
lowing multiple-dose administration of lorlatinib 100 mg 
once daily, by ethnicity, are shown in Table 5. The molar 

Table 3  Summary of plasma lorlatinib PK parameters following multiple oral doses (phase I)

AUC τ area under the concentration-time profile from time zero to time τ, the dosing interval, where τ = the dosing interval of 24 h, AUC τ(dn) 
dose-normalized AUC τ, BID twice daily, CL/F apparent oral clearance, Cmax maximum observed plasma concentration, Cmax(dn) dose-normal-
ized  Cmax, %CV percentage coefficient of variation, N number of patients in the treatment group, ND not determined, PK pharmacokinetics, QD 
once daily, Rac observed accumulation ratio, Rss steady-state accumulation ratio, SD standard deviation, Tmax time to  Cmax
a Data are expressed as geometric mean (geometric %CV) for all parameters except median (range) for  Tmax and arithmetic mean ± SD for Rac 
and Rss. Single observation reported when n = 1 and range when n = 2
b Number of patients where Rac was determined
c Number of patients where Rss was determined

Parameter 
(units)

Parameter summary  statisticsa by treatment

Cycle 1 Day 15: 
QD doses

10 mg QD 25 mg QD 50 mg QD 75 mg QD 100 mg QD 150 mg QD 200 mg QD

N, nb, nc 3, 3, 1 3, 3, 0 3, 2, 2 12, 12, 11 16, 15, 14 3, 3, 0 2, 2, 2
AUC τ [ng·h/

mL]
752.1 (26) 1701 (29) 3367 (39) 4107 (53) 5121 (30) 6157 (9) (4480, 12,900)

AUC τ(dn) [ng·h/
mL/mg]

75.21 (26) 68.12 (29) 67.50 (39) 56.62 (48) 51.21 (30) 41.02 (9) (22.4, 64.7)

CL/F [L/h] 13.27 (26) 14.72 (29) 14.84 (39) 176.66 (48) 19.52 (30) 24.37 (39) (15.5, 44.6)
Cmax [ng/mL] 67.29 (18) 138.1 (35) 359.7 (27) 429.6 (48) 550.2 (32) 541.0 (42) (760, 1430)
Cmax(dn) [ng/

mL/mg]
6.729 (18) 5.522 (35) 7.193 (27) 5.925 (44) 5.502 (32) 3.604 (42) (3.80, 7.15)

Rac 1.54 ± 0.075 124 ± 0.210 (0.879, 1.33) 1.12 ± 0.446 1.07 ± 0.311 1.00 ± 0.791 (0.571, 0.729)
Rss 0.993 ND (0.401, 0.719) 0.613 ± 0.290 0.660 ± 0.186 ND (0.384, 0.403)
Tmax [h] 1.00 (1.00–1.08) 1.00 (1.00–

2.00)
2.00 (1.92–

2.75)
1.03 (0.500–

2.00)
1.13 (1.00–

4.00)
1.30 (1.00–

24.0)
1.61 (1.22–2.00)

Cycle 1 Day 15: 
BID doses

35 mg BID 75 mg BID 100 mg BID

N, nb, nc 1, 1, 1 3, 3, 1 3, 3, 3
AUC τ [ng·h/mL] 2140 3574 (35) 4058 (33)
AUC τ(dn) [ng·h/

mL/mg]
61.30 47.67 (35) 44.66 (47)

CL/F [L/h] 16.30 20.99 (35) 22.37 (47)
Cmax [ng/mL] 370.0 550.0 (23) 600.5 (27)
Cmax(dn) [ng/mL/

mg]
10.60 7.333 (23) 6.609 (37)

Rac 2.090 1.23 ± 0.352 1.52 ± 0.296
Rss 0.8150 0.5420 0.769 ± 0.136
Tmax [h] 0.500 0.500 (0.500–

2.05)
2.00 (1.00–2.00)
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PF-06895751 to lorlatinib ratios for AUC τ were similar in 
the Asian and Japanese populations (1.60 vs. 1.63).

3.7  Cerebral Spinal Fluid Results in Phases I and II

Over the course of the study, CSF concentrations and 
time-matched plasma concentrations of lorlatinib were 
available for four patients from phase I and one patient 
from phase II. The CSF concentrations ranged from 2.64 
to 125 ng/mL (electronic supplementary Table S3). The 
mean CSF/free plasma ratio data from phase I was pub-
lished previously and was reported to be 0.75 [8]. An 
additional CSF/free plasma ratio measurement from one 
patient from the phase II portion is reported here and 
was 0.68.

3.8  Lorlatinib Effect on CYP3A as Measured 
by 4ß‑Hydroxycholesterol/Cholesterol 
and 6ß‑Hydroxycortisol/Cortisol Ratios

At the 100 mg once-daily dose of lorlatinib, both 4ß-hydrox-
ycholesterol/cholesterol and 6ß-hydroxycortisol/cortisol 
ratios reached maximal values by Day 8 of multiple dosing 
(electronic supplementary Fig. S2).

4  Discussion

In vitro studies indicated that lorlatinib is a time-dependent 
inhibitor, as well as an inducer, of CYP3A via PXR activa-
tion [6]; thus, it was unclear if the net effect on CYP3A 

Fig. 2  Linear plot of lorlatinib dose-normalized PK parameters ver-
sus dose following multiple oral doses: a AUC τ with QD dosing; b 
Cmax with QD dosing; c AUC τ with BID dosing; and d Cmax with BID 
dosing. Circles represent individual values and stars represent the 

geometric mean. AUC τ area under the concentration-time profile from 
time zero to time τ, the dosing interval, where τ = 24 h, BID twice 
daily, Cmax maximum observed plasma concentration, PK pharma-
cokinetic, QD once daily
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would be induction or inhibition. In the phase I midazolam 
substudy, lorlatinib was demonstrated to be a net moderate 
inducer of CYP3A. In this substudy, coadministration of 
midazolam 2 mg with repeated 25 mg and 150 mg once-
daily lorlatinib dosing decreased the oral AUC ∞ and Cmax 
of midazolam. The increase in lorlatinib clearance after 
multiple dosing across all dose levels further demonstrates 
that lorlatinib is a net inducer of its own metabolism. Both 
the urinary 6β-hydroxycortisol/cortisol ratio and blood 
4β-hydroxycholesterol/cholesterol ratio indicated that maxi-
mum induction of CYP3A was reached by Day 8 of multiple 
dosing with lorlatinib 100 mg once daily. Urinary recovery 
of unchanged lorlatinib following multiple doses was low 
(< 0.5%). Although it is possible that with lorlatinib induc-
tion, steady state is reached before day 15, as evidenced 

by the stable plasma cholesterol and urine cortisol ratios 
achieved on day 8, it is clear that by day 15 of continuous 
dosing, steady state is achieved. The urine cortisol ratios 
additionally confirm what the plasma cholesterol ratios 
show, i.e. lorlatinib induction reaches an eventual steady 
state.

In the phase I portion of this study, lorlatinib exposure 
increased in a dose-proportional manner after single doses 
of 10–200 mg, and in a slightly less than dose-proportional 
manner after multiple doses of 10–200 mg once daily. Lor-
latinib was absorbed rapidly and showed biphasic decline 
across all doses.

In phase II, lorlatinib steady state was reached by 15 days 
following multiple oral doses of 100 mg once daily. At the 
100 mg once-daily dose of lorlatinib, the mean Rac was 1.08, 

Fig. 3  Median plasma midazolam concentration-time profiles follow-
ing a single 2 mg dose alone and in the presence of a 25 mg QD lorlat-
inib and b 150 mg QD lorlatinib. MDZ midazolam, QD once daily

Fig. 4  Median plasma lorlatinib concentration-time profiles following 
a single oral doses at lead-in Day −7, and b multiple oral doses of 
lorlatinib at Cycle 1 Day 15 in Asian versus non-Asian patients
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compared with a predicted accumulation ratio of 2.0 for a 
drug with a terminal plasma t½ of approximately 24 h that 
is administered once daily. The mean Rss was 0.66, whereas 
an Rss of approximately 1.0 is to be expected with linear PK. 
This further demonstrates a net autoinduction effect with 
multiple dosing of lorlatinib.

Although it is clear that lorlatinib steady state was 
observed by Cycle 1 Day 15, one limitation of the study is 
that a limited number of samples were collected between 
Cycle 1 Day 1 and Cycle 1 Day 15. This indicates a need 
for PK sampling prior to Cycle 1 Day 15 in future studies 
for better characterization of lorlatinib time-to-completion 
of autoinduction. Despite the limited number of patients in 
the midazolam substudy, the results clearly show that while 
lorlatinib has both the potential to inhibit and induce CYP3A 
in vitro, the net clinical effect after multiple dosing is induc-
tion Similarly, fewer patients were included in the analy-
sis of ethnicity, which was why no statistical calculations 

were performed. However, the data should provide confi-
dence when prescribing lorlatinib for patients of different 
ethnicities. Note that for two concentrations, nominal time 
was used for PK parameter calculations because the actual 
times were missing. This was for two different participants, 
one at 9 h and one at 48 h postdose. Thus, this is unlikely to 
have caused substantial bias.

There was no evidence of additional changes in lorlatinib 
exposure with long-term dosing of 100 mg once daily (up to 
20 cycles) after steady state (Cycle 1 Day 15) was reached. 
The AUC τ of PF-06895751, the major human circulating 
metabolite, was about 80%, higher than that of lorlatinib, 
after multiple 100 mg once-daily dosing. With PF-06895751 
being pharmacologically inactive, there are no clinical 
implications of these findings.

No overt differences in multiple-dose PK parameters 
between the Asian and non-Asian patients were seen, Japa-
nese patients accounted for about 60% of the Asian patients 

Table 4  Descriptive summary 
of plasma lorlatinib PK 
parameters following single and 
multiple oral doses of 100 mg 
lorlatinib (lead-in Day −7 and 
Cycle 1 Day 15; phase II)

AUC ∞ area under the plasma concentration-time profile from time zero extrapolated to infinite time, AUC 
τ area under the concentration-time profile from time zero to time τ, the dosing interval, where τ = 24 h, 
CL/F apparent oral clearance, Cmax maximum observed plasma concentration, %CV percentage coefficient 
of variation, MRT mean residence time, N number of subjects contributing to the summary statistic, n num-
ber of subjects where  t½, AUC ∞, MRT, CL/F and Vz/F could be determined, PK pharmacokinetics, Rac 
observed accumulation ratio, Rss steady-state accumulation ratio, SD standard deviation, t½ terminal plasma 
half-life, Tmax time for  Cmax, Vz/F apparent volume of distribution
a Data are expressed as geometric mean (geometric %CV) for all parameters except median (range) for Tmax 
and arithmetic mean ± SD for t½, Rac, Rss, and MRT
b Asian subjects included Japanese patients
c Number of patients where Rac was determined
d Number of patients where Rss was determined

Parameter (units) Parameter summary  statisticsa by subject groups

Non-Asian Asianb Japanese

Lead-in Day −7 (single dose)
 N, n 12, 9 7, 7 4, 4
 AUC ∞ [ng·h/mL] 8717 (48) 9590 (11) 9836 (13)
 AUC τ [ng·h/mL] 4914 (42) 6058 (17) 5913 (19)
 CL/F [L/h] 11.47 (48) 10.44 (11) 10.18 (13)
 Cmax [ng/mL] 595.2 (38) 907.2 (24) 783.2 (20)
 MRT [h] 35.3 ± 16.0 25.5 ± 4.83 27.6 ± 4.12
 Tmax [h] 1.09 (0.500–2.00) 2.00 (0.500–4.02) 2.50 (0.500–4.02)
 Vz/F [L] 403.5 (35) 294.4 (32) 302.2 (28)
 t½ [h] 26.4 ± 11.4 20.0 ± 4.40 20.8 ± 3.80

Cycle 1 Day 15 (multiple dose)
 N, nc, nd 11, 10, 7 11, 10, 7 7, 7, 4
 AUC τ [ng·h/mL] 5369 (32) 5946 (46) 5233 (41)
 CL/F [L/h] 18.63 (32) 16.81 (46) 19.11 (42)
 Cmax [ng/mL] 515.5 (49) 644.8 (32) 591.1 (33)
 Rac 1.11 ± 0.259 1.06 ± 0.563 0.934 ± 0.283
 Rss 0.597 ± 0.113

1.05
0.718 ± 0.395
2.00

0.595 ± 0.149
2.00

 Tmax (h) (0.500–22.7) (1.00–4.00) (1.00–3.08)
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in this study and demonstrated similar trends in both lor-
latinib and PF-06895751 PK compared with non-Asian 
patients.

The measured CSF/free plasma ratios of lorlatinib from 
the additional patient in the phase II portion of this study 
further support the prior published evidence from the phase 
I portion [8] that lorlatinib is a brain-penetrating drug. Lorla-
tinib mean CSF concentration reached over 70% of lorlatinib 
free-plasma concentrations. The systemic effective concen-
trations for lorlatinib inhibition of the wild-type ALK gene 
arrangement, L1196M resistance mutation, and G1202R 
resistance mutation are reported to be 7.6, 62, and 150 ng/
mL, respectively [8]. Given that lorlatinib is 66% protein 
bound (fraction unbound of 0.34) [2], the CNS unbound 
effective concentrations for lorlatinib inhibition of the wild-
type ALK gene arrangement, L1196M resistance mutation, 
and G1202R resistance mutation can be estimated to be 2.6, 
21, and 51 ng/mL, respectively. Of the five patients who had 
CSF samples drawn (electronic supplementary Table S4), all 
exceeded the effective concentration target for the wild-type 
ALK gene rearrangement. Additionally, of the five patients 
with available CSF data, four patients exceeded the target 
concentrations for the L1196M mutation and three exceeded 
that for the G120R mutation.

Lorlatinib AUC and Cmax values in patients with NSCLC 
in this trial were comparable with those that have been 
observed in healthy subjects, indicating no inherent differ-
ences in PK between healthy subjects and cancer patients 
[11, 12].

5  Conclusion

Lorlatinib PK were fully characterized in this study in 
patients with NSCLC, including the evaluation of single- 
and multiple-dose exposures, dose proportionality, accumu-
lation with multiple dosing, effect of lorlatinib on midazolam 
PK, and evaluation of urinary recovery of the drug. Multiple 
oral dosing of lorlatinib 100 mg daily induced CYP3A4 and 
resulted in autoinduction of lorlatinib metabolism, stabiliz-
ing by Day 15. Continued dosing for up to 20 cycles showed 
no evidence of additional changes in lorlatinib exposure. 
Brain penetration was conclusively demonstrated, as meas-
ured mean CSF concentrations were 70% of lorlatinib free 
plasma concentrations.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40262- 021- 01015-z.

Acknowledgements The authors would like to thank the study par-
ticipants and study site personnel. Additionally, they would also like 
to thank Kimberly Lee, Global Product Development, Pfizer Inc., for 
her contributions to the design, conduct, and data collection of the 
study. Medical writing support was provided by Paul O’Neill, PhD, and 
Meredith Rogers, MS, CMPP, of CMC AFFINITY, McCann Health 
Medical Communications, and was funded by Pfizer.

Declarations 

Funding This study was sponsored by Pfizer Inc.

Conflict of interest Joseph Chen, Yazdi K. Pithavala, and Melissa T. 
O’Gorman are employees of Pfizer Inc. and may own stock or stock 
options in Pfizer. Lee P. James, Karen J. Klamerus, and Ganesh Mu-
gundu are former employees of Pfizer Inc. and may own stock or stock 
options in Pfizer.

Data availability Upon request, and subject to certain criteria, con-
ditions, and exceptions (see https://www.pfizer.com/science/clinical-
trials/trial-data-and-results for more information), Pfizer will provide 
access to individual de-identified participant data from Pfizer-spon-
sored global interventional clinical studies conducted for medicines, 
vaccines, and medical devices (1) for indications that have been 
approved in the US and/or EU, or (2) in programs that have been ter-
minated (i.e. development for all indications has been discontinued). 
Pfizer will also consider requests for the protocol, data dictionary, and 
statistical analysis plan. Data may be requested from Pfizer trials 24 
months after study completion. The de-identified participant data will 
be made available to researchers whose proposals meet the research cri-
teria and other conditions, and for which an exception does not apply, 
via a secure portal. To gain access, data requestors must enter into a 
data access agreement with Pfizer.

Ethics approval This study was conducted in compliance with the ethi-
cal principles originating in or derived from the Declaration of Helsinki 
and in compliance with all International Council for Harmonization 
Good Clinical Practice Guidelines, and all local regulatory require-
ments were followed.

Consent to Participate Each patient provided written informed consent 
before participation. Each investigator received prospective approval 
of the study protocol, protocol amendments, informed consent docu-

Table 5  Descriptive summary of plasma PF-06895751 PK param-
eters following multiple 100  mg once-daily oral doses of lorlatinib 
(Cycle 1 Day 15; phase II)

AUC τ area under the concentration-time profile from time zero to 
time τ, the dosing interval, where τ = 24 h, Cmax maximum observed 
plasma concentration, %CV percentage coefficient of variation, 
MRAUC τ PF-06895751 to lorlatinib molar ratio AUC τ, N number of 
subjects contributing to the summary statistics, PK pharmacokinetics, 
Tmax time to  Cmax
a Data are expressed as geometric mean (geometric %CV) for all 
parameters except median (range) for Tmax; the range was reported 
when N = 2
b Asian patients included Japanese patients

Parameter 
(units)

Parameter summary  statisticsa by subject groups

Non-Asian Asianb Japanese

N 2 8 7
AUC τ (ng·h/mL) (3790, 9170) 3775 (38) 3855 (40)
Cmax (ng/mL) (178, 431) 177.1 (37) 181.2 (40)
Tmax (h) (7.78, 8.17) 8.42 (0.000–

24.0)
8.05 (0.000–24.0)

MRAUC τ (2.55, 3.25) 1.600 (49) 1.626 (53)

https://doi.org/10.1007/s40262-021-01015-z


1324 J. Chen et al.

ments, and all other relevant documents from their individual institu-
tion’s review board or ethics committee.

Author contributions JC, LPJ, KK, GM, YKP designed and performed 
the research. MTO analyzed the data. JC and YKP interpreted the data. 
All authors drafted the manuscript or revised it critically for impor-
tant intellectual content and approved the version to be submitted. All 
authors agree to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by- nc/4. 0/.

References

 1. Syed YY. Lorlatinib: First Global Approval. Drugs. 
2019;79(1):93–8.

 2. Pfizer Inc.  LORBRENA® (lorlatinib): Prescribing information. 
2021. http:// label ing. pfizer. com/ ShowL abeli ng. aspx? id= 11140. 
Accessed 17 Jan 2021.

 3. European Medicines Agency. Lorviqua (lorlatinib). 2020. https:// 
www. ema. europa. eu/ en/ medic ines/ human/ EPAR/ lorvi qua. 
Accessed 17 Jan 2021.

 4. Johnson TW, et al. Discovery of (10R)-7-amino-12-fluoro-2,10,16-
trimethyl-15-oxo-10,15,16,17-tetrahydro-2H-8,4-(m etheno)

pyrazolo[4,3-h][2,5,11]-benzoxadiazacyclotetradecine-3-car-
bonitrile (PF-06463922), a macrocyclic inhibitor of anaplastic 
lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1) with 
preclinical brain exposure and broad-spectrum potency against 
ALK-resistant mutations. J Med Chem. 2014;57(11):4720–44.

 5. Basit S, et al. First macrocyclic  3rd-generation ALK inhibitor for 
treatment of ALK/ROS1 cancer: clinical and designing strategy 
update of lorlatinib. Eur J Med Chem. 2017;134:348–56.

 6. Stypinski D, et al. Metabolism, excretion, and pharmacokinetics 
of lorlatinib (PF-06463922) and evaluation of the impact of radi-
olabel position and other factors on comparability of data across 
2 ADME studies. J Clin Pharmacol. 2020;60(9):1254–67.

 7. Shaw AT, et al. Lorlatinib in advanced ROS1-positive non-small-
cell lung cancer: a multicentre, open-label, single-arm, phase 1–2 
trial. Lancet Oncol. 2019;20(12):1691–701.

 8. Shaw AT, et al. Lorlatinib in non-small-cell lung cancer with 
ALK or ROS1 rearrangement: an international, multicentre, 
open-label, single-arm first-in-man phase 1 trial. Lancet Oncol. 
2017;18(12):1590–9.

 9. Solomon BJ, et al. Lorlatinib in patients with ALK-positive non-
small-cell lung cancer: results from a global phase 2 study. Lancet 
Oncol. 2018;19(12):1654–67.

 10. Rodig SJ, et al. Unique clinicopathologic features characterize 
ALK-rearranged lung adenocarcinoma in the western population. 
Clin Cancer Res. 2009;15(161):5216–23.

 11. Patel M, et al. The effect of itraconazole on the pharmacokinetics 
of lorlatinib: results of a phase I, open-label, crossover study in 
healthy participants. Invest New Drugs. 2020;38(1):131–9.

 12. Chen J, et al. The effect of rifampin on the pharmacokinetics and 
safety of lorlatinib: results of a phase one, open-label, crossover 
study in healthy participants. Adv Ther. 2020;37(2):745–58.

 13. Diczfalusy U, et  al. 4β-hydroxycholesterol, an endogenous 
marker of CYP3A4/5 activity in humans. Br J Clin Pharmacol. 
2011;71(2):183–9.

 14. Lutz U, et al. Quantification of cortisol and 6 beta-hydroxycortisol 
in human urine by LC-MS/MS, and gender-specific evaluation of 
the metabolic ratio as biomarker of CYP3A activity. J Chromatogr 
B Anal Technol Biomed Life Sci. 2010;878(1):97–101.

http://creativecommons.org/licenses/by-nc/4.0/
http://labeling.pfizer.com/ShowLabeling.aspx?id=11140
https://www.ema.europa.eu/en/medicines/human/EPAR/lorviqua
https://www.ema.europa.eu/en/medicines/human/EPAR/lorviqua

	Pharmacokinetics of Lorlatinib After Single and Multiple Dosing in Patients with Anaplastic Lymphoma Kinase (ALK)-Positive Non-Small Cell Lung Cancer: Results from a Global Phase III Study
	Abstract
	Background 
	Background and Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Trial Design and Patients
	2.2 Pharmacokinetic (PK) Assessments
	2.3 Additional Assessment of Cytochrome P450 (CYP) 3A45 InhibitionInduction
	2.4 Statistical Analysis

	3 Results
	3.1 Patients
	3.2 Single-Dose Lorlatinib PK Results
	3.3 Multiple-Dose Lorlatinib PK Results
	3.4 PF-06895751 PK
	3.5 Effect of Lorlatinib on Midazolam PK
	3.6 Lorlatinib PK Based on Ethnicity
	3.7 Cerebral Spinal Fluid Results in Phases I and II
	3.8 Lorlatinib Effect on CYP3A as Measured by 4ß-HydroxycholesterolCholesterol and 6ß-HydroxycortisolCortisol Ratios

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




