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Abstract
Background and Objectives Lorlatinib is approved (100 mg once daily [QD]) for the treatment of patients with anaplastic 
lymphoma kinase- (ALK) positive metastatic non-small cell lung cancer. This study evaluated the impact of varying degrees 
of renal impairment on the safety and pharmacokinetics of lorlatinib.
Methods Participants were assigned to mild, moderate, and severe renal impairment groups and to a matching normal renal 
function group based on absolute estimated glomerular filtration rate (eGFR, based on the Modification of Diet in Renal 
Disease equation and adjusted for body surface area [BSA]) and were evaluated for pharmacokinetics and safety.
Results A total of 29 participants (5 with severe renal impairment; 8 each with moderate and mild impairment and normal 
renal function) were enrolled and received a single dose of lorlatinib 100 mg. One of the participants with severe renal impair-
ment had end-stage renal disease with a baseline absolute eGFR of 10.3 mL/min. No serious adverse events (AEs) were 
reported. Eighteen AEs, all mild or moderate in severity, were reported by 12 participants (5, 2, 4, and 1 in the normal, mild, 
moderate, and severe groups, respectively). Area under the plasma concentration–time profile from time zero extrapolated 
to infinity (AUC inf) for lorlatinib was increased by 4%, 19%, and 41% in the mild, moderate, and severe renal impairment 
groups, respectively, compared with the normal renal function cohort.
Conclusion Lorlatinib 100 mg was well tolerated. As participants with mild and moderate renal impairment did not experi-
ence clinically meaningful increases in lorlatinib exposure, no lorlatinib dose adjustment is recommended in these popula-
tions. Patients with severe renal impairment are recommended to reduce the starting dose of lorlatinib from 100 mg QD to 
75 mg QD.
Clinicaltrials.gov identifier NCT03542305 (available May 31, 2018 on clinicaltrials.gov)

Key Points 

Study participants with mild and moderate kidney 
dysfunction did not have very different results compared 
to those with normal kidney function, and no lorlatinib 
dose adjustments are recommended in these populations.

Those with severe kidney dysfunction had 41% higher 
lorlatinib concentrations, and instead of the 100 mg QD 
lorlatinib starting dose, a lower starting dose of 75 mg 
QD is recommended in this population.
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1 Introduction

Renal impairment is a common comorbidity in oncology 
patients for multiple reasons such as the malignancy itself, 
toxicities from anticancer treatments, or other factors, 
including the older age of many cancer patients [1, 2]. 
With the increasing use of oral tyrosine kinase inhibitor 
(TKI) anticancer agents, renal impairment can have a sub-
stantial impact on the pharmacokinetic profiles of drugs, 
potentially resulting in an increased risk of experiencing 
adverse events [3]. Therefore, it is important to evaluate 
the impact of renal dysfunction on the safety and disposi-
tions of anticancer drugs to ensure that appropriate recom-
mendations are made for dosing in cancer patients with 
comorbid mild, moderate, and severe renal impairment.

Lorlatinib (PF-06463922; Lorbrena, Lorviqua) is a 
potent third-generation anaplastic lymphoma kinase/c-ros 
oncogene 1 (ALK)/ROS1 TKI that has broad coverage of 
acquired resistance mutations and is currently indicated for 
the treatment of adult patients with metastatic non-small 
cell lung cancer (NSCLC) whose tumors are ALK-positive 
as detected by an FDA-approved test [4]. PF-06895751 is 
the most abundant human circulating metabolite of lor-
latinib and is not pharmacologically active against ALK 
and ROS1 kinase targets. It was recently reported from 
an interim analysis of the CROWN phase III study that in 
patients with previously untreated, advanced ALK-positive 
NSCLC, progression-free survival based on blinded inde-
pendent central review was significantly longer in those 
who received first-line lorlatinib compared with crizotinib 
(hazard ratio 0.28; 95% CI 0.19–0.41) [5].

The current approved starting dose of lorlatinib is 
100 mg once daily (QD). On the basis of findings from 
nonclinical in vitro studies and in vivo metabolic profil-
ing, it was determined that extensive metabolism of lor-
latinib occurred via oxidation and conjugation [6]. In two 
human absorption, distribution, metabolism, and excre-
tion (ADME) studies, also called mass balance studies, 
unchanged lorlatinib accounted for < 2% of the dose in 
urine, indicating minimal urinary excretion of the par-
ent drug [6]. Therefore, renal impairment would not be 
expected to have a major effect on lorlatinib pharmacoki-
netics or safety. However, results from a population phar-
macokinetic analysis demonstrated that baseline creatinine 
clearance (CLcr) was a statistically significant predictor 
of variability in lorlatinib plasma clearance. The median 
estimated single-dose lorlatinib clearance was 18% and 
26% lower in NSCLC patients with mild and moder-
ate renal impairment, respectively, in that analysis [7]. 
Consequently, it was considered important to formally 
evaluate the potential impact of varying degrees of renal 

impairment on the pharmacokinetics and safety of lorlat-
inib via a prospective study.

The objectives of this phase I study (B7461010; clinical-
trials.gov identifier NCT03542305) were to (1) evaluate the 
effect of renal impairment on the single-dose pharmacoki-
netics of lorlatinib in otherwise healthy participants, and 
(2) evaluate the safety and tolerability of a single dose of 
lorlatinib in participants with renal impairment. This study 
was also intended to provide definitive label dose recom-
mendations for lorlatinib in patients with mild, moderate, 
and severe renal impairment.

2  Methods

The study was conducted in compliance with the princi-
ples in the Declaration of Helsinki and in compliance with 
International Conference on Harmonization Good Clinical 
Practice Guidelines. The protocol was approved by the Insti-
tutional Review Board at each study center. All participants 
provided written informed consent before undergoing any 
study procedures.

2.1  Study Design and Participants

This was a phase I, open-label, multicenter, single-treatment 
study in non-cancer participants with normal renal function 
or varying degrees of renal impairment who were otherwise 
healthy. Each participant received a single oral dose of lor-
latinib administered in the fasted state.

Renal impairment group assignment was based on the 
average of two absolute estimated glomerular filtration rate 
(eGFR) values derived during screening and derived from 
two separate creatinine measurements, which were required 
to be within 25% of each other. The absolute eGFR estima-
tion was based on the Modification of Diet in Renal Disease 
(MDRD) equation and adjusted for body surface area (BSA), 
as defined in the Kidney Disease Outcomes Quality Initia-
tive guidelines (Table 1) [8].

A single oral dose of lorlatinib 100 mg was administered 
first in this study to participants with mild renal impairment 
(Group B). After a single oral dose of lorlatinib 100 mg 
was tolerated by at least three participants with mild renal 
impairment, participants with moderate renal impairment 
(Group C) were enrolled one at a time and administered 
a single 100 mg oral dose of lorlatinib. After dosing three 
participants with moderate renal impairment, the pharma-
cokinetics, safety, and tolerability were evaluated during an 
observation period of at least 1 week. Then, the remaining 
participants in Group C and the participants in Group D 
(severe renal impairment) were enrolled and dosed. Partici-
pants with normal renal function (Group A) were matched to 
the participants with renal impairment (Groups B, C, and D) 
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by demographically pooled average age (± 10 years), weight 
(± 20 kg), and sex (ratio 1:1, ± 2 patients per sex). There-
fore, enrollment in Group A began after all participants from 
Groups B, C, and D had completed the pharmacokinetic 
collection and safety assessments.

In this study, all participants received a single 100 mg 
dose of lorlatinib. Lorlatinib was administered as four 25 mg 
tablets that were swallowed whole with approximately 240 
mL of water after an overnight fast of at least 10 h. All par-
ticipants refrained from eating or drinking beverages other 
than water for 4 h after lorlatinib dosing.

2.2  Pharmacokinetic Assessments

Blood samples (6 mL) that were used to determine plasma 
concentrations of lorlatinib and its predominant circulating 
metabolite, PF-06895751, were collected in tubes containing 
dipotassium ethylenediaminetetraacetic acid at the follow-
ing times: pre-dose (0 h) and 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24, 
48, 72, 96, and 120 h after lorlatinib dosing. A blank urine 
sample of at least 50 mL was collected prior to lorlatinib 
administration for each participant. Post-dose urine collec-
tions occurred at intervals of 0–24, 24–48, 48–72, 72–96, 
and 96–120 h.

Plasma and urine samples were analyzed for lorlatinib 
concentrations using validated, sensitive, and specific high-
performance liquid chromatography–tandem mass spectro-
metric methods (HPLC-MS/MS) as previously described 
[9–11]. Plasma samples were analyzed for PF-06895751 
concentrations by a validated LC-MS/MS method. The 
lower limit of quantification (LLOQ) for lorlatinib and 
PF-06895751 was 2.50 (plasma and urine assay) and 1.00 

ng/mL (plasma assay), respectively. All samples were ana-
lyzed at Covance Bioanalytical Services (Shanghai, China).

2.3  Pharmacokinetic Analysis

The primary lorlatinib pharmacokinetic parameters of inter-
est were area under the plasma concentration–time profile 
(AUC) from time zero extrapolated to infinity (AUC inf) and 
maximum observed plasma concentration (Cmax). Other 
pharmacokinetic endpoints of interest for lorlatinib included 
AUC from time zero to last quantifiable concentration (AUC 
last), time to Cmax (Tmax), terminal elimination half-life (t1/2), 
apparent oral clearance (CL/F), apparent volume of distri-
bution (Vz/F), renal clearance  (CLR), cumulative amount of 
drug recovered unchanged in urine from time zero to 120 
h post dose (Ae), and Ae expressed as the fraction of the 
dose that is excreted unchanged in urine (Ae%). Pharma-
cokinetic parameters of interest for PF-06895751 included 
plasma AUC inf, AUC last (area under the plasma concentra-
tion versus time curve from time zero to time of last quan-
tifiable concentration), Cmax, Tmax, t1/2, metabolite to parent 
ratio for Cmax  (MRCmax), metabolite to parent ratio for AUC 
inf (MRAUC inf), and metabolite to parent ratio for AUC last 
(MRAUC last).

Plasma concentration–time data for lorlatinib and 
PF-06895751 were analyzed by noncompartmental meth-
ods using an internally validated software system (eNCA; 
Electronic Non-compartmental Analysis version 2.2.4) to 
estimate pharmacokinetic parameters for each participant. 
Plasma concentrations below the LLOQ were set to 0 ng/mL 
for the pharmacokinetic analysis. Actual sample collection 
times were available for the majority of samples and were 
used for the analysis; nominal time post dose was used for 
the remaining samples. The parameters AUC inf, CL/F, and 
Vz/F were not reported for cases where the terminal elimi-
nation half-life could not be reliably determined. For this 
study, a well-characterized elimination half-life was defined 
as one with at least three data points, r2 ≥ 0.9, and AUC 
extrap% ≤ 35% for both lorlatinib and PF-06895751.

2.4  Safety Analysis

Safety assessments in the study included evaluations of 
adverse events (AEs), physical exams/vital signs, safety 
laboratory tests, and electrocardiogram (ECG). Any AEs 
occurring following lorlatinib dosing or increasing in sever-
ity during the study were considered treatment emergent. All 
AEs were classified as mild, moderate, or severe in sever-
ity. Per protocol, a mild AE was one that did not interfere 
with the participant’s usual function, a moderate AE was 
one that interferened to some extent with the participant’s 

Table 1  Renal function groups

Absolute eGFR was calculated based on the MDRD-derived, BSA-
adjusted value of eGFR (mL/min/1.73  m2) used to obtain the absolute 
GFR (mL/min) for renal disease classification. The MDRD-derived 
eGFR value should be multiplied by the individual subject’s normal-
ized body surface area (i.e., measured BSA/1.73  m2). The MDRD 
equation and BSA of an individual can be calculated using the fol-
lowing formulas:
eGFR (mL/min/1.73  m2) = 175 × (Scr, std)−1.154 × (Age)−0.203 × (0.742 
if female) × (1.212 if African American),
where Scr, std denotes the serum creatinine measured with a standard-
ized assay for serum creatinine.
BSA =  (Weight0.425 ×  Height0.725) × 0.007184
BSA body surface area, eGFR estimated glomerular filtration rate, 
MDRD Modification of Diet in Renal Disease

Group Renal function Absolute eGFR (mL/min)

A Normal ≥ 90
B Mild renal impairment ≥ 60 to < 90
C Moderate renal impairment ≥ 30 to < 60
D Severe renal impairment < 30 and not requiring dialysis
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usual function, and a severe AE was one that significantly 
interfered with the participant’s usual function.

2.5  Statistical Methods

Approximately 8 participants were planned to be enrolled 
into each of the normal, mild, and moderate renal impair-
ment groups, and 4–8 participants in the severe renal impair-
ment group. The sample size for this study was empirically 
selected based on recommendations from the Food and Drug 
Administration (FDA) Guidance for Industry: Pharmacoki-
netics in Patients with Impaired Renal Function—Study 
Design, Data Analysis, and Impact on Dosing and Labeling 
[12], and was not based on statistical power calculation.

The natural-log-transformed plasma lorlatinib AUC 
inf, AUC last, and Cmax were analyzed using a mixed-effects 
model with renal function group as a fixed effect, partici-
pant as a random effect, and an unequal covariance structure. 
The mixed-effects model was implemented using SAS Pro-
prietary Software v9.4 (TS1M5), SAS Institute Inc. (Cary, 
NC, USA). Estimates for the adjusted mean differences (test 
group − reference group) and the corresponding 90% confi-
dence interval (CI) were obtained. The adjusted mean differ-
ences and 90% CIs for the differences were exponentiated to 
provide estimates of the ratio of adjusted geometric means 
(test/reference) and 90% CIs for the ratios. The normal renal 
function group was the reference group, whereas the mild, 
moderate, and severe renal impairment groups were the test 
groups.

3  Results

3.1  Study Participants and Demographics

A total of 29 participants (5 with severe renal impairment, 
and 8 each with moderate impairment, mild impairment, 
and normal renal function) were enrolled. All participants 
completed the study with no important protocol deviations 
noted. Demographic and baseline characteristics were gen-
erally balanced among renal function groups; however, age 
and baseline body mass index were slightly higher in the 
moderate and severe renal impairment groups (Table 2). One 
participant in the severe renal impairment group was consid-
ered to have end-stage renal disease not requiring dialysis, 
with a baseline absolute eGFR value of 10.3 mL/min.

3.2  Lorlatinib and PF‑06895751 Plasma 
Pharmacokinetics

The mean plasma concentration–time profiles for lorlatinib 
and PF-06895751 by renal function group are presented 
in Fig. 1, with corresponding pharmacokinetic parameters 
summarized in Table 3. Box plots of the individual and geo-
metric mean plasma AUC inf and Cmax values for lorlatinib by 
renal function group are provided in Fig. 2.

Following the administration of a single oral dose of 
lorlatinib 100 mg, median lorlatinib plasma concentrations 
increased marginally for participants in the moderate and 
severe renal impairment groups compared with the normal 

Table 2  Summary of participant 
baseline characteristics

Data are mean (standard deviation), unless otherwise noted
CLcr  was estimated based on the Cockcroft–Gault equation
CLcr creatinine clearance, eGFR estimated glomerular filtration rate, NA not applicable

 Characteristic Normal (n = 8) Mild 
impairment 
(n = 8)

Moderate 
impairment (n 
= 8)

Severe 
impairment 
(n = 5)

Total (N = 29)

Age (years) 56.6 (3.66) 59.0 (7.27) 63.1 (4.88) 60.4 (11.08) 59.7 (6.81)
Sex, n (%)
 Male 5 (62.5%) 5 (62.5%) 3 (37.5%) 4 (80.0%) 17 (58.6%)
 Female 3 (37.5%) 3 (37.5%) 5 (62.5%) 1 (20.0%) 12 (41.1%)

Race, n (%)
 White 5 (62.5%) 7 (87.5%) 8 (100.0%) 3 (60.0%) 23 (79.3%)
 Black 3 (37.5%) 0 0 2 (40.0%) 5 (17.2%)
 Asian 0 1 (12.5%) 0 0 1 (3.4%)

Weight (kg) 83.8 (8.78) 73.5 (5.91) 88.7 (12.33) 84.2 (2.53) 82.4 (10.10)
Body mass index (kg/m2) 28.1 (2.07) 25.6 (2.50) 31.0 (4.00) 30.3 (1.49) 28.6 (3.42)
Absolute eGFR (mL/min) 114.7 (12.08) 75.1 (5.73) 42.5 (10.74) 20.3 (7.18) NA
CLcr (mL/min) 118.4 (14.53) 79.8 (8.93) 54.0 (15.35) 25.3 (7.31) NA



239Evaluation of Lorlatinib Pharmacokinetics in Participants with Renal Impairment

and mildly impaired renal function groups. Lorlatinib Cmax 
was reached at approximately the same time in all partici-
pants, with median Tmax values of 1.0–1.5 h post dose. Lor-
latinib plasma elimination t½ was longer in the moderate and 
severe renal impairment groups, with mean ± standard devi-
ation (SD) values of approximately 39 ± 7.1 and 42 ± 7.6 
h, respectively, compared with 26 ± 4.8 and 28 ± 3.5 h 
in participants with normal renal function and mild renal 
impairment, respectively.

Geometric mean lorlatinib oral clearance was lower in 
participants with renal impairment than in participants with 
normal renal function, while geometric mean Vz/F was gen-
erally similar for all renal function groups. This implied that 
lorlatinib plasma exposure based on the geometric mean 
AUC inf value was slightly higher for participants in the mod-
erate and severe renal impairment groups than for partici-
pants with normal renal function and mild renal impairment. 
Geometric mean Cmax values for lorlatinib were generally 
similar across all renal function groups. Variability in lorla-
tinib plasma exposure based on geometric %CV was similar 
across the renal function groups and ranged from 24 to 52% 
for Cmax and from 27 to 37% for AUC inf.

Results of the linear regression analyses of absolute 
eGFR and CLcr as estimated by the Cockcroft–Gault equa-
tion suggest correlations between worsening renal function 
and increasing lorlatinib oral clearance (Fig. 3).

Compared to lorlatinib, PF-06895751 concentrations 
gradually declined for all renal function groups, and 
PF-06895751 Cmax was reached considerably later; the 
median Tmax was 24 h for the normal renal function and 
mild renal impairment groups and 72 h for the moderate 
and severe renal impairment groups. Mean plasma elimi-
nation t½ for PF-06895751 was longer in the normal renal 
function and mild renal impairment groups, with mean val-
ues of approximately 41 and 35 h, respectively, compared 
with the parent lorlatinib in the same renal function groups. 
However, it should be noted that the time span for collection 
of pharmacokinetic samples (120 h post dosing) was only 
approximately threefold higher than the estimated lorlatinib 
half life; hence, the lorlatinib terminal half-life in moderate 
and severe renal impairment subjects may not have have 
been precisely estimated. PF-06895751 plasma t½ could 
not be estimated accurately for moderate and severe renal 
impairment participants. The molar metabolite ratios based 

Fig. 1  Plasma concentration–time profiles for lorlatinib and PF-06895751 by renal function group plotted on a semi-log scale. Data are 
mean ± standard deviation. The inset for lorlatinib shows the early profile (for the first 24 h)
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on AUC last and Cmax were generally similar across all renal 
function groups.

Although the lorlatinib Tmax for moderate and severe renal 
impairment subjects was delayed, in general, the overall 
plasma exposure based on the geometric mean PF-06895751 
AUC last and Cmax values was similar across the renal func-
tion groups. Variability in PF-06895751 based on the geo-
metric %CV was similar among normal renal function, mild 
renal impairment, and moderate renal impairment groups 
(ranges: 26–28% for Cmax and 18–28% for AUC last), but was 
higher in the severe renal impairment group (59% for Cmax 
and 58% for AUC last).

The adjusted geometric mean ratios (90% CIs) of lorla-
tinib plasma AUC inf for the renal impairment groups (test 
groups) versus the normal renal function group (reference 
group) were 104.25% (79.73%, 136.31%), 118.75% (91.43%, 
154.24%), and 141.14% (97.82%, 203.66%) for the mild, 
moderate, and severe renal impairment groups, respectively 
(Table 4). The adjusted geometric mean ratios of lorlatinib 
plasma Cmax were close to 100% for the mild, moderate, and 
severe renal impairment groups.

3.3  Lorlatinib Urine Pharmacokinetics

Approximately 0.78–1.2% of the 100 mg lorlatinib dose was 
recovered in urine as unchanged lorlatinib (Ae%) across 
the renal function groups (Table 5). Geometric mean  CLR 
was lower for participants in the moderate and severe renal 
impairment groups than for the normal and mildly impaired 
renal function groups.

3.4  Safety and Tolerability

A single dose of lorlatinib 100 mg was well tolerated across 
all renal function groups. No deaths, SAEs, severe AEs, or 
discontinuations from the study due to AEs were reported 
during the study. No clinically significant abnormalities 
in vital signs, safety laboratory tests, or ECG  were found.

A total of 18 AEs were reported by 12 participants (5, 2, 
4, and 1 participants in the normal renal function and mild, 
moderate, and severe renal impairment groups, respectively). 
Twelve AEs were mild in severity and 6 AEs were moderate 

Table 3  Descriptive summary of plasma lorlatinib and PF-06895751 pharmacokinetic parameters by renal function group

Geometric mean (geometric % coefficient of variation) values are shown for all data except that the median (range) is reported for Tmax and the 
arithmetic mean ± standard deviation for t1/2

AUC inf area under the plasma concentration–time profile (AUC) from time 0 extrapolated to infinity, AUC last AUC from time 0 to last quantifia-
ble concentration, CL/F apparent oral clearance, Cmax maximum observed plasma concentration, MRAUC inf metabolite to parent ratio for AUC inf,  
MRAUC last metabolite to parent ratio for AUC last, MRCmax metabolite to parent ratio for Cmax, t1/2 terminal elimination half-life, Tmax time to 
Cmax, Vz/F apparent volume of distribution, n number of participants contributing to the summary statistics, n2 number of participants contribut-
ing to the summary statistics for AUC inf, MRAUC inf, and  t1/2, NE not estimable

Parameter (unit) Normal function (n = 8) Mild impairment (n = 8) Moderate impairment 
(n = 8)

Severe impairment (n = 5)

Lorlatinib
 n, n2 8, 8 8, 8 8, 8 5, 5
 AUC inf (ng·h/mL) 8329 (33) 8683 (29) 9890 (27) 11760 (37)
 AUC last (ng·h/mL) 8015 (32) 8307 (28) 8867 (24) 10310 (36)
 CL/F (L/h) 12.02 (33) 11.51 (29) 10.11 (27) 8.507 (37)
 Cmax (ng/mL) 546.8 (48) 549.7 (52) 485.9 (24) 504.8 (50)
 t1/2 (h) 25.64 ± 4.7500 28.08 ± 3.5156 39.40 ± 7.1019 41.66 ± 7.6081
 Tmax (h) 1.50 (1.00–4.00) 1.00 (1.00–1.50) 1.25 (1.00–4.00) 1.00 (1.00–1.50)
 Vz/F (L) 436.9 (24) 462.9 (27) 566.2 (21) 503.8 (36)
PF-06895751
 n, n2 8, 8 8, 7 8, 0 5, 0
 AUC inf (ng·h/mL) 5482 (19) 6462 (17) NE NE
 AUC last (ng ·h/mL) 4438 (18) 5354 (19) 5973 (28) 4828 (58)
 Cmax (ng/mL) 56.35 (27) 65.99 (26) 63.65 (28) 52.82 (59)
 t1/2 (h) 40.66 ± 11.671 35.46 ± 5.5907 NE NE
 Tmax (h) 24.0 (12.0–48.0) 24.0 (12.0–72.0) 72.0 (48.0–120) 72.0 (72.0–96.0)
 MRAUC inf 1.453 (21) 1.701 (36) NE NE
 MRAUC last 1.223 (29) 1.421 (39) 1.487 (44) 1.034 (66)
  MRCmax 0.2274 (44) 0.2650 (57) 0.2890 (22) 0.2310 (74)
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in severity. Most (15) AEs occurred within 5 days of lorlat-
inib dosing. All AEs were resolved by the end of the study, 
and most (14) AEs lasted 4 days or less.

Eight AEs in 7 participants (3, 2, 1, and 1 participants in 
the normal renal function and mild, moderate, and severe 
renal impairment groups, respectively) were considered to be 
treatment related by the investigator. Increased diarrhea and 
blood pressure, each reported by 2 participants, were the only 
treatment-related AEs reported by more than 1 participant 
across all groups. The participant in the severe renal impair-
ment group with end-stage renal disease did not report any 
AEs during the study.

4  Discussion

Historically, pivotal studies in the target patient population 
have excluded patients with renal impairment. A dedicated 
renal impairment study is important in informing dosing 
recommendations in patients who may present with vary-
ing degrees of renal impairment [13].

Although the renal contribution to lorlatinib elimination 
is minimal (< 2%), a population pharmacokinetic analysis 
found that baseline CLcr was a significant covariate of lor-
latinib clearance [7]. The population pharmacokinetic analy-
sis pooled data from six healthy participant studies as well 
as data from patients with NSCLC in the phase I/II study 
B7461001. In total, the analyzed population included 226 
participants with normal renal function, 120 participants 
with mild renal impairment, 45 participants with moder-
ate renal impairment, and 1 participant with severe renal 

impairment, classified based on CLcr as estimated using 
the Cockcroft–Gault equation. The median estimated sin-
gle-dose lorlatinib clearance was 18% and 26% lower in the 
mild and moderate renal impairment groups (8.04 L/h and 
7.22 L/h), respectively, than in those with baseline normal 
renal function (9.80 L/h), suggesting potentially higher lor-
latinib exposure in the renally impaired subpopulations.

The results of this clinical study demonstrated an increase 
of approximately 19% and 41% in lorlatinib AUC inf in the 
moderate and severe renal impairment participants, respec-
tively, compared with participants with normal renal func-
tion, corroborating the finding of decreased single-dose 
lorlatinib clearance in moderate renal impairment par-
ticipants from the population pharmacokinetic analysis. 
Lorlatinib plasma exposures in the mild renal impairment 
group were similar to the plasma exposures of participants 
with normal renal function. Mean lorlatinib plasma elimi-
nation t½ increased and geometric mean CL/F decreased 
with increasing renal impairment severity, indicating that 
renal elimination of lorlatinib was impacted, although not 
substantially, by worsening renal function, particularly 
in the severe renal impairment group. As expected, renal 
impairment had a limited impact on drug absorption, as no 
clinically meaningful difference in lorlatinib plasma Cmax 
was observed between the renal function groups. Although 
changes in PF-06895751 exposure were also observed in 
renally impaired participants, these are not expected to be 
clinically meaningful because PF-06895751 is not pharma-
cologically active and only accounts for ~ 5.6% of the lorla-
tinib dose recovered in excreta [6].
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Fig. 2  Box plots of individual and geometric mean plasma AUC inf 
and Cmax values for lorlatinib by renal function group. Box plots are 
median and 25%/75% quartiles with whiskers to the last point within 
1.5 times the interquartile range; stars represent geometric means and 

circles represent individual values. AUC inf area under the plasma con-
centration–time profile  from time zero  extrapolated to infinity, Cmax 
maximum observed plasma concentration
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Fig. 3  Scatter plots show the correlations between absolute eGFR and 
lorlatinib CL/F (R2 = 0.1333 and p = 0.0515) (a) and between cre-
atinine clearance and lorlatinib CL/F (R2 = 0.1024 and p = 0.0905) 
(b). The solid black lines represent linear regression, and the shaded 

areas are the 90% confidence regions. CLcr creatinine clearance, 
CL/F apparent oral clearance, eGFR estimated glomerular filtration 
rate

Table 4  Statistical summary of 
lorlatinib plasma AUC inf and 
Cmax

Values were back-transformed from the log scale
The model was an ANOVA model with renal function group as the fixed effect
The normal renal function group was the reference group
ANOVA analysis of variance, AUC inf area under the plasma concentration–time profile from time zero 
extrapolated to infinity, CI confidence interval, Cmax maximum observed plasma concentration

Parameter (unit) Comparisons Adjusted geometric 
means

Ratio (%) (test/
reference)

90% CI (%)

Test Reference

AUC inf (ng·h/mL) Mild vs. normal 8683 8329 104.30 (79.73, 136.31)
Moderate vs. normal 9890 8329 118.80 (91.43, 154.24)
Severe vs. normal 11760 8329 141.10 (97.82, 203.66)

Cmax (ng/mL) Mild vs. normal 549.7 546.8 100.53 (66.48, 152.02)
Moderate vs. normal 485.9 546.8 88.87 (64.18, 123.06)
Severe vs. normal 504.8 546.8 92.32 (56.58, 150.63)

Table 5  Descriptive summary of urine lorlatinib pharmacokinetic parameters by renal function group

n  number of participants contributing to the summary statistics
Data are geometric mean (geometric % coefficient of variation) for  CLR except arithmetic mean ± standard deviation for Ae and Ae (%)
CLR for one participant in the normal renal function group was calculated based on  Ae96 and AUC last since this participant’s last quantifiable 
plasma concentration was measured at 96 h
Ae96 cumulative amount of drug recovered unchanged in urine from time 0 to 96 h post dose, Ae cumulative amount of drug recovered 
unchanged in urine from time 0 to 120 h post dose, CLR renal clearance

Parameter (unit) Normal function (n = 8) Mild impairment (n = 8) Moderate impairment (n = 8) Severe impairment (n = 5)

Ae (mg) 0.9441 ± 0.38542 1.218 ± 0.42974 0.8379 ± 0.54929 0.7836 ± 0.36385
Ae (%) 0.9441 ± 0.38542 1.218 ± 0.42974 0.8379 ± 0.54929 0.7836 ± 0.36385
CLR (L/h) 0.1095 (42) 0.1382 (50) 0.08199 (55) 0.06872 (45)



243Evaluation of Lorlatinib Pharmacokinetics in Participants with Renal Impairment

There are a few mechanisms that have been reported in 
the literature to explain the reduced clearance observed 
with renal impairment for drugs primarily metabolized by 
the liver such as lorlatinib; these include the accumulation 
of uremic toxins following renal impairment, resulting in 
reduced function of CYP enzymes and transporters, as 
well as the accumulation of pro-inflammatory cytokines, 
leading to the downregulation of CYP enzymes and trans-
porters [14]. This is corroborated by several clinical renal 
impairment studies of drugs that are non-renally cleared; 
these studies demonstrated increased plasma exposures 
concurrent with chronic renal impairment. This finding has 
been reported in renal impairment studies with lidocaine, 
nicardipine, propranolol, and sildenafil [15–18]. An initial 
hypothesis was that, for drugs that are primarily cleared 
through metabolism, those with a high hepatic extraction 
ratio are more likely to demonstrate a substantial decrease 
in clearance with renal impairment; lidocaine, nicardipine, 
propranolol, and sildenafil are all drugs with intermediate to 
high hepatic extraction ratios [19–22]. However, lorlatinib is 
a low extraction ratio drug (estimated as 12%) [23]. Hence, 
overall, it is not clear why increased plasma exposures fol-
lowing renal impairment are observed for some predomi-
nantly hepatically cleared drugs but not for others.

Although increased lorlatinib plasma  exposure was 
observed in this study, particularly in moderate and severe 
renal impairment participants, no increase in AEs were 
observed in participants with worse renal function fol-
lowing administration of a single dose of lorlatinib. Cur-
rently, safety data following multiple-dose administration 
of lorlatinib in participants with severe renal impairment is 
limited. Thus, there could be a theoretical increased risk of 
those toxicities typically reported with continuous lorlatinib 
dosing. Therefore, reducing the dose of lorlatinib is recom-
mended for patients with severe renal impairment, e.g., a 
starting dose modification from lorlatinib 100 mg QD to 
75 mg QD. Since severe renal impairment in this study was 
associated with a 41% increase in AUC, patients with severe 
renal impairment who receive the 75 mg QD lorlatinib dose 
should achieve plasma exposures that are the equivalent of 
a 106 mg QD dose (75 mg × 1.41), which is close to the 
100 mg QD recommended dose for lorlatinib. Given that 
plasma lorlatinib exposures in the mild impairment group 
were similar to those in the normal renal function group, 
and the 19% increase in lorlatinib AUC inf in the moderate 
impairment group is not expected to be clinically meaning-
ful, this study provides additional data to support the 100 
mg QD starting dose in mild and moderate renal impairment 
patients. Although the number of subjects in a typical renal 
impairment study is low, with 5–8 participants in each renal 
function group in the lorlatinib study, the results provided 

adequate information to inform lorlatinib dosing recommen-
dations for mild, moderate, and severe renal impairment.

Crizotinib and brigatinib are two other ALK inhibitors 
for which dose reductions to approximately 50% of the 
approved dose are recommended in patients with severe 
renal impairment [24, 25]. Following a single dose of 250 
mg, the AUC inf of crizotinib increased by 79% and its 
Cmax increased by 34%. Following a single 90 mg dose, 
unbound brigatinib AUC inf increased by 84%. The impact 
of severe renal impairment on the pharmacokinetic of alec-
tinib, a second-generation ALK inhibitor, has not been 
reported [26]. The higher increases in AUC inf observed 
with crizotinib and brigatinib are likely due to the higher 
percentages of these drugs excreted in urine (22% and 
25%, respectively) versus lorlatinib (< 2% urine excre-
tion). No dose modifications of any of the ALK inhibi-
tors are recommended in cases of mild or moderate renal 
impairment.

5  Conclusions

The single 100 mg lorlatinib dose administered to all par-
ticipants in this study was well tolerated. Participants with 
mild and moderate renal impairment did not experience 
clinically meaningful increases in lorlatinib exposure; 
therefore, no lorlatinib dose adjustment is recommended 
in these populations. Patients with severe renal impairment 
are recommended to reduce the starting dose of lorlatinib 
from 100 mg QD to 75 mg QD.
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