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Abstract

Purpose—This phase 1 study evaluated the effect of hepatic impairment on pharmacokinetics
and safety of crizotinib in patients with advanced cancer.

Methods—~Patients were dosed according to hepatic function classified by modified National
Cancer Institute Organ Dysfunction Working Group criteria and group assignment [normal (Al
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and A2), mild (B), moderate (C1 and C2), or severe (D)]. Primary pharmacokinetic endpoints
included area under the concentration—time curve as daily exposure (AUCgajly) and maximum
plasma concentration (Cnax) at steady state. Safety endpoints included types, incidence,
seriousness, and relationship to crizotinib of adverse events.

Results—The AUCqgjly and Ciax in patients with normal liver function were 7107 ng h/mL and
375.1 ng/mL (Al) and 5422 ng h/mL and 283.9 ng/mL (A2), respectively. The AUCgajly and Crax
ratios of adjusted geometric means for Groups B, C2, and D versus Group Al were 91.12 and
91.20, 114.08 and 108.87, and 64.47 and 72.63, respectively. Any grade treatment-related adverse
events (TRAESs) occurred in 75% of patients; grade 3/4 TRAEs occurred in 25%, including fatigue
(6%), hyponatremia (5%), and hyperbilirubinemia (3%).

Conclusions—No adjustment to the approved 250 mg twice daily (BID) dose of crizotinib is
recommended for patients with mild hepatic impairment. The recommended dose is 200 mg BID
for patients with moderate hepatic impairment, and the dose should not exceed 250 mg daily for
patients with severe hepatic impairment. Adverse events appeared consistent among the hepatic
impairment groups.

Keywords
Advanced cancer; Crizotinib; Hepatic impairment; Pharmacokinetics

Introduction

Crizotinib is a potent oral small-molecule inhibitor of anaplastic lymphoma kinase (ALK),
mesenchymal epithelial transition factor/hepatocyte growth factor receptor (c-Met),
recepteur d’origine nantais (RON), and c-Ros oncogene 1 (ROS1) receptor tyrosine kinases
[1, 2]. Crizotinib was the first targeted therapy approved for the treatment of ALK-positive
and/or ROS1-positive non-small cell lung cancer [3-5] and has been the standard of care for
this patient population worldwide since its initial approval in the United States in 2011. The
approved dosing regimen for crizotinib is 250 mg twice daily (BID).

It has been demonstrated that crizotinib undergoes extensive metabolism in both in vitro and
clinical assessments. In a mass balance study in healthy subjects, only about 2% of the
crizotinib dose was detected in urine as unchanged form (average of 22.2% of dose excreted
in urine) [6]. Although unchanged crizotinib recovered in feces accounts for 53% of an
administered dose, it is likely to represent the unabsorbed drug. In a separate study in
healthy subjects, the absolute oral bioavailability of crizotinib was determined to be 43% [7].
In the human mass balance study, a number of metabolites of crizotinib were detected in
plasma, urine, and feces. As metabolism of drugs predominantly occurs in the liver, liver
function may have a potential impact on the elimination of a drug that undergoes extensive
metabolism, such as crizotinib. Due to the importance of the liver in the elimination of
crizotinib and the potential need to use crizotinib to treat patients with cancer who also have
impaired liver function, it is important to determine the effect of hepatic impairment on the
pharmacokinetics (PK) and safety of crizotinib and, based on this, to determine whether
dose modification would be necessary in these patients.
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The initial clinical trials with crizotinib limited enrollment to patients with minimal to no
laboratory abnormalities that would indicate hepatic impairment, including initial serum
total bilirubin (TB) > 1.5 x upper limit of normal (ULN) or transaminases > 2.5 x ULN. In
clinical trials, elevations of hepatic transaminases [aspartate aminotransferase (AST) and
alanine aminotransferase (ALT)] were among the most frequent adverse events (AES)
occurring in patients treated with crizotinib, and were reversible with dose reductions or
treatment interruption [8]. A pooled analysis from two single-arm trials in patients with
ALK-positive non-small cell lung cancer who received crizotinib 250 mg BID (7= 588)
showed treatment-related ALT and AST elevations occurred in 73 (12%) and 52 (9%)
patients, respectively. Grade 3 or 4 ALT and AST elevations occurred in 24 (4%) and 10
(2%) patients, respectively [9]. Transaminase elevations occurred most often within the first
two cycles of treatment and were reversible with treatment interruption, with most patients
resuming crizotinib treatment at the same or lower doses [9, 10]. In addition, rare (< 1%)
cases of severe hepatotoxicity, including isolated fatal cases of treatment-related
hepatotoxicity, have been reported in patients treated with crizotinib [11, 12]. However,
knowledge of crizotinib PK and safety in patients with laboratory evidence of hepatic
impairment remains incomplete, and there are no systematically collected data on which to
make dosing recommendations for these patients. The current study is designed to evaluate
the effect of hepatic impairment on the steady-state PK and safety of crizotinib in patients
with advanced cancer and to determine dosing recommendations for patients with impaired
hepatic function.

Materials and methods

Patients

This study enrolled patients with varying degrees of hepatic impairment and histologically
or cytologically confirmed unresectable or metastatic solid tumors or lymphomas for whom
no palliative or curative treatment options were available. Key inclusion criteria included age
> 18 years, Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0-2,
absolute neutrophil count = 750/uL, platelets = 30,000/uL, hemoglobin = 8.0 g/dL (= 7.0
g/dL for patients with hematologic malignancy), adequate renal function (creatinine < 1.5 x
ULN or creatinine clearance > 60 mL/min/1.73 m? for patients with serum creatinine levels
> 1.5 x ULN), and completion of any prior chemotherapy treatments = 30 days before
enrollment. Patients were ineligible for the study if they had received prior crizotinib
therapy, had untreated esophageal varices, ascites requiring therapeutic paracentesis more
than four times per month despite medical management, an episode of hepatic
encephalopathy within 4 weeks of study initiation, spinal cord compression, carcinomatous
meningitis or leptomeningeal disease, acute coronary artery disease or cerebrovascular
accident within 6 months of study initiation, symptomatic congestive heart failure, grade = 2
cardiac dysrhythmias, prior gastrointestinal surgery that removed more than one-third of the
colon or any other part of the gastrointestinal tract and/or the gallbladder, or use of agents
that are known cytochrome P450 3A4 inhibitors, inducers, or substrates.

All patients provided written informed consent before enrollment. The institutional review
board or independent ethics committee at each participating center approved the protocol,
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which complied with the International Conference on Harmonisation Good Clinical Practice
guidelines, the Declaration of Helsinki, and local laws.

Study design and treatment

This multicenter, open-label, nonrandomized, phase 1 clinical trial (ClinicalTrials.gov
identifier: NCT01576406) sequentially enrolled and assigned eligible patients to treatment
groups based on hepatic function, as assessed by AST and TB according to National Cancer
Institute guidance on hepatic impairment studies in patients with cancer [13] (described in
Table 1). Child—Pugh scores were calculated and recorded as part of liver function but were
not used to stratify patients into treatment groups.

For each of the hepatic function groups, crizotinib was administered in 28-day cycles.
Groups Al and A2 (normal hepatic function) served as controls matched by age, weight,
race, sex, and ECOG PS for Groups B (mild hepatic impairment) and C (moderate hepatic
impairment), respectively. Patients assigned to Group D (severe hepatic impairment) were
not matched with a control group. Patients in Groups Al and B received crizotinib 250 mg
BID. As the matched normal control for Group C, patients in Group A2 received the same
dosing regimen as Group C until the completion of PK assessment on cycle 2, day 1, at
which point the dose for crizotinib could be increased to the approved therapeutic dose of
250 mg BID. To protect patient safety and find an appropriate dose for patients with a higher
degree of liver impairment, a two-stage design was adopted for Group C. At the first stage
(C1), patients received a reduced dose of 250 mg once daily (QD) (C1). After evaluation of
the preliminary PK and safety results from C1, a dose of 200 mg BID was determined to be
an appropriate dose for patients with moderate hepatic impairment in Group C (C2). A dose
of 250 mg QD was selected for patients in Group D.

Once assigned to a specific treatment group according to hepatic function, patients remained
in that group, even in the presence of changes in hepatic function. Treatment was continued
until disease progression, patient refusal, or unacceptable toxicity occurred. Crizotinib
treatment interruptions and dosing adjustments were permissible for treatment-emergent
toxicities described in Supplementary Tables S1, S2, and S3. With the exception of
pneumonitis, which required permanent treatment discontinuation, patients were eligible to
resume treatment at the previous dose once the toxicity resolved.

PK assessments

Blood samples were collected at times O (predose), 1, 2, 4, 6, 8, and 12 h (BID dosing) or 24
h (QD dosing) after the morning crizotinib dose on cycle 1, day 1 and cycle 2, day 1 for the
determination of plasma concentrations of crizotinib and its metabolite, PF-06260182.
Additional blood samples were also collected before the first crizotinib dose on cycle 1, day
1 and 4 h after the morning crizotinib dose on cycle 2, day 1 for the evaluation of plasma
protein binding in each patient. Plasma samples for determination of crizotinib and
PF-06260182 were analyzed using a validated, sensitive, and specific high-performance
liquid chromatography—tandem mass spectrometric method (Covance Bioanyalytical
Services, LLC, Indianapolis, IN, USA) in compliance with Pfizer’s standard operating
procedures. Protein-binding samples were dialyzed (Covance Laboratories, Madison, WI,
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USA), and the extent of plasma protein binding of crizotinib and PF-06260182 in those
samples was calculated (Covance Laboratories) using the plasma ultrafiltrate concentrations
generated by Covance Bioanalytical Services, LLC.

Relevant PK parameters for crizotinib and PF-06260182 were calculated for each patient
and treatment day using non-compartmental analysis (NCA) of plasma concentration-time
curve, if data permitted, via eNCA v2.2.4 (Pfizer, Groton, CT, USA). Concentrations below
the lower limit of quantification were set to 0 ng/mL for the analysis. Actual sample
collection times were used during NCA. Primary PK endpoints assessed were area under the
concentration-time curve as daily exposure (AUCsjy) and maximum observed plasma
concentration (Cnax) at steady state (cycle 2, day 1). The secondary PK endpoints assessed
were area under the concentration-time curve (AUC) from time zero to the last quantifiable
plasma concentration; time to the last measurable concentration; Cyax after a single dose
(cycle 1, day 1); AUC from time zero to tau hours postdose (AUCyt,,), Where tau was 12 h
for BID dosing and 24 h for QD dosing at steady state (cycle 2, day 1); average plasma
concentration during one dosing interval at steady state (cycle 2, day 1); apparent oral
clearance (CL/F) at steady state (cycle 2, day 1); and metabolite-to-parent ratios corrected
for molecular weight for AUCy,, and Gax for PF-06260182. The PK-evaluable population
included patients in the safety analysis population who completed cycle 2, day 1 PK sample
collections; had no dose modifications from cycle 1, day 1 through cycle 2, day 1; received >
80% of the prescribed dose during the 14 days before cycle 2, day 1; and did not vomit
crizotinib on cycle 2, day 1. AUCqsj1y Was calculated as twice the AUCy,, for BID dosing
and AUC;4,, for QD dosing. The effect of hepatic impairment on PK parameters was
assessed by constructing 90% confidence intervals (Cls) around the estimated difference
between each of the hepatic impairment groups (Test) and normal hepatic function
(Reference) using a one-way analysis of variance model based on natural log-transformed
data.

Safety assessment

All AEs were reported regardless of treatment group or suspected causal relationship
(assessed by the investigator) to crizotinib. AEs were classified by type, incidence, severity
(graded by National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.0), timing, seriousness, and relatedness to crizotinib. The safety population
included all enrolled patients who received at least one dose of crizotinib. Only treatment-
related AEs (TRAES) are summarized and included in this report.

Antitumor activity assessment

Tumor assessments were performed at screening and subsequently every odd-numbered
cycle or according to standard practice at the individual study site and also at the end of
treatment or at study withdrawal. Patients who received at least one dose of crizotinib and
had an adequate baseline tumor measurement were included in the efficacy analysis.
Objective response rate was defined as the percentage of patients with confirmed complete
response or confirmed partial response according to Response Evaluation Criteria in Solid
Tumors version 1.1, based on the investigator assessment, relative to the response-evaluable
population. The point estimate along with the corresponding two-sided 95% CI using the
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exact method was calculated. Duration of response was defined as the time (in weeks) from
the first documentation of objective tumor response (complete or partial response) that was
subsequently confirmed to the first documentation of objective tumor progression or death
on study due to any cause, whichever occurred first.

Results

A total of 88 patients were enrolled. Of these, 26 had normal hepatic function, 20 had mild
hepatic impairment, 26 had moderate hepatic impairment, and 16 met criteria for severe
hepatic impairment. The median age for all patients was 60.0 years (range 31-78 years);
64.8% were male; and 18.2, 73.9, and 8.0% had an ECOG PS of 0, 1, and 2, respectively.
The most common primary diagnoses for the total population were hepatocellular carcinoma
(48.9%) and colorectal cancer (27.3%). Demographics and baseline characteristics were
similar across groups (Table 2).

Pharmacokinetics

Overall, 48 patients met the criteria for PK evaluation and were included in the PK-evaluable
population. Among those patients who were not PK evaluable, the majority did not have PK
samples collected on cycle 2, day 1. Preliminary PK data for patients treated with crizotinib
250 mg QD during Stage 1 of Group C showed that total systemic exposure was
approximately one-half the exposure in normal controls (Group Al) (Table 3). Relevant PK
parameters for crizotinib and PF-06260182 are summarized by hepatic function and starting
dose in Table 3.

As shown in Fig. 1, at steady state (cycle 2, day 1), between-group comparisons of the
adjusted mean ratios for the exposure parameters AUCajly and Crax were similar for
Groups Al and B, with geometric mean ratios for AUCsj1y and Cinax 0f 91.12% (90% Cl
56.56-146.79) and 91.20% (90% CI 57.47-144.72), respectively. Geometric mean ratios for
AUCqaily and Cinax Were relatively higher in patients in Group C2 receiving crizotinib 200
mg BID [149.54% (90% CI 91.85-243.46) and 143.82% (90% CI 89.11-232.12),
respectively], compared to patients in Group A2. For patients in Group C2, geometric mean
ratios were 114.08% (90% CI 73.57-176.89) for AUC daily and 108.87% (90% CI 70.13—
168.99) for Gax compared to patients in Group Al. Exposures were lowest in patients in
Group C1 receiving crizotinib 250 mg QD. AUCysjly and Cmax in patients in Group D
receiving crizotinib 250 mg QD were relatively lower compared to patients in control
Groups Al and A2, with geometric mean ratios for AUCgsajly and Cinax in Group D patients
approximately 64.67% (90% CI 39.50-105.89) and 72.63% (90% CI 49.07-107.50),
respectively, of those in Group Al.

The quantity of unbound crizotinib and its metabolite, PF-06260182, in plasma for each of
the hepatic impairment groups is shown in Table 3. Mean unbound fractions of crizotinib
and its metabolite were higher in patients with hepatic impairment compared to patients with
normal hepatic function, with the exception of patients with severe hepatic impairment
(Group D) for crizotinib only.
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All enrolled patients (A= 88) were included in the safety analysis. The median duration of
treatment in groups Al, A2, B, C1, C2, and D was 11.0 (range 1.7-103.9) weeks, 6.4 (range
1.3-15.9) weeks, 6.4 (range 0.3-45.3) weeks, 10.0 (range 2.0-18.3) weeks, 5.7 (range 1.0-
24.6) weeks, and 3.1 (range 1.1-18.1) weeks, respectively. In this study, the most frequently
reported TRAES occurring in at least 20% of the total population were nausea, vomiting,
fatigue, and vision disorders (comprising blurred vision and vitreous floaters) (Table 4).

The majority of TRAEs were grade 1 or 2 in severity. Of 66 patients with TRAES, maximum
grade 1 and 2 TRAEs occurred in 19 patients (21.6%) and 25 patients (28.4%), respectively.
No single grade 3 TRAE occurred in more than five patients (5.7%), and grade 4 TRAEs
were reported in three patients (3.4%). TRAEs occurring in = 10% of each group and all
grade 3 or 4 TRAEs are displayed in Table 4. Overall, 20 patients (22.7%) had temporary
treatment discontinuations associated with TRAEs (Group Al, n=3; Group A2, n=6;
Group B, n=4; Group C1, n=0; Group C2, n=3; and Group D, n=4). The most
frequently occurring grade 2 or 3 TRAES leading to temporary discontinuations were
neutropenia (1= 4), vomiting (n= 4), fatigue (n= 3), and nausea (7= 3). Four of the grade 3
events resulted in permanent discontinuation of therapy: activated partial thromboplastin
time prolongation in Group A1, hyponatremia in Group A2, and fatigue in one patient in
Group C2 and one patient in Group D. TRAE-associated dose reductions occurred in 0, 0, 2
(10%), 0, 1 (6%), and O patients in Groups Al, A2, B, C1, C2, and D, respectively.

Deaths occurred in 36 (40.9%) of 88 patients overall, with 23 of the deaths (26.1%)
occurring within 28 days of the last crizotinib dose and the remaining 13 (14.8%) occurring
more than 28 days following the last dose of crizotinib. No deaths were a result of crizotinib
toxicity, and 35 of the 36 (97%) deaths were a result of disease progression.

Antitumor activity

Among patients that were not selected based on ALK or ROS1 positivity, the objective
response rate was 3.4% (95% CI 0.7-9.6) consisting of three confirmed partial responses in
patients with adenocarcinoma of the lung (n= 1), hepatocellular cancer (7= 1), and
cholangiocarcinoma (n7=1) in Groups Al, B, and C2, respectively. Response durations in
these three patients were 96.0, 17.4, and 17.3 weeks, respectively. Before starting crizotinib
treatment, the patient with lung cancer had no prior therapy; the patient with hepatocellular
cancer had one prior systemic therapy (sorafenib in the adjuvant setting) and radiofrequency
ablation; and the patient with cholangiocarcinoma had systemic therapy with cisplatin and
external beam radiation therapy.

Of the 88 patients, 25 (28.4%) had stable disease, four of whom had stable disease for 6
months or longer. Among those four patients with stable disease for = 6 months, two had
hepatocellular carcinoma, one had adenoid cystic carcinoma, and one had neuroblastoma.

Discussion

The primary objectives of this study were to evaluate the effect of hepatic impairment on the
steady-state PK and safety of crizotinib in patients with advanced cancer. The steady-state
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CL/F in patients with normal hepatic function (Groups Al and A2) receiving crizotinib 200
mg BID and 250 mg BID doses, respectively, was similar, indicating linear PK between 200
and 250 mg BID in patients with normal hepatic function. The PK of crizotinib in patients
with mild hepatic impairment (Group B) was comparable to that of matched control patients
with normal hepatic function (Group A1) with similar CL/F observed at steady state,
indicating that mild hepatic impairment has no or minimal effects on the PK of crizotinib.
Preliminary PK data for patients treated with crizotinib 250 mg QD during Stage 1 of Group
C showed that total systemic exposure was approximately one-half the exposure in normal
controls (Group Al). This indicated that the elimination of crizotinib after an oral dose in
patients with moderate hepatic impairment who received 250 mg QD dosing was
comparable to that of patients with normal hepatic function who received 250 mg BID
dosing. Thus, a crizotinib dose of 250 mg BID would be considered to be an appropriate
dose for patients with moderate hepatic impairment based on these PK results. However, it
had not been established whether a linear PK relationship would be expected for patients
with moderate hepatic impairment when the dose is increased from 250 mg QD to 250 mg
BID. Therefore, it was decided to use a more conservative approach in selecting the dose for
Stage 2 of Group C (Group C2) and for Group D. The final doses for Groups C2 and D were
200 mg BID and 250 mg QD, respectively, based on clinical and PK data.

When the dose increased from 250 mg QD (Group C1) to 200 mg BID (Group C2) for
patients with moderate hepatic impairment, the total exposure of crizotinib increased in a
more than dose-proportional manner (mean AUC sy increased from 2305 to 8108 ng h/
mL), indicating nonlinear PK of crizotinib in patients with moderate hepatic impairment
tested between 250 mg QD and 200 mg BID.

When receiving the same crizotinib dose of 200 mg BID, patients with moderate hepatic
impairment (Group C2) showed higher systemic exposure and lower clearance compared to
the matched control group (Group A2) with normal hepatic function, suggesting decreased
overall elimination of crizotinib in patients with moderate hepatic impairment. In addition,
the total systemic exposure of crizotinib in patients with moderate hepatic impairment
receiving crizotinib 200 mg BID (Group C2) was comparable to that observed in patients
with normal hepatic function receiving a dose of 250 mg BID (Group Al).

The total systemic exposure of crizotinib in patients with severe hepatic impairment
receiving crizotinib 250 mg QD (Group D) was lower than that observed in patients with
normal hepatic impairment receiving a dose of 250 mg BID (Group Al) but higher than that
observed in patients with moderate hepatic impairment receiving 250 mg QD (Group C1).
Based on this observation and the above-described experience increasing the dose from 250
mg QD to the next dose level of 200 mg BID in patients with moderate hepatic impairment,
crizotinib doses higher than 250 mg QD are not recommended and have not been tested in
patients with severe hepatic impairment.

The results from this study showed that the metabolism of crizotinib to PF-06260182 was
lower in patients with hepatic impairment than in patients with normal hepatic function, as
indicated by the decrease in the metabolite-to-parent ratios in patients with hepatic
impairment (mild, moderate, or severe).
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The mean value of unbound fraction in Group D for crizotinib (0.03523) was similar to that
in patients with normal hepatic function (0.03624 and 0.03066 for Groups Al and A2,
respectively). However, it should be noted that the variability of protein binding in Group D
(46%) was higher than in the other hepatic function groups (34% or lower) and the number
of PK-evaluable patients in Group D was the smallest (7= 6). Thus, the results of Group D
should be interpreted with caution. In addition, it is unlikely that the protein-binding change
was associated with the degree of hepatic impairment, as the mean unbound fraction was
similar for Groups B and C2.

Crizotinib was generally tolerable, and TRAEs were manageable with dosing interruption,
dose reduction, and/or standard medical therapy. Most TRAES were grade 1 or 2. The
frequency of permanent treatment discontinuations associated with TRAEs was low (< 5%),
and the safety profile observed in this study was generally consistent with the known safety
profile for crizotinib. Moreover, there were no differences in the frequency of AEs based on
the degree of hepatic impairment.

The results from this study, based on the observed plasma exposures in patients with varying
degrees of hepatic impairment, suggest that crizotinib can be administered to patients with
hepatic impairment with appropriate dose adjustment. No dosing adjustments are
recommended for patients with mild hepatic impairment. Patients with moderate hepatic
impairment are recommended to start crizotinib at 200 mg BID. The crizotinib dose for
patients with severe hepatic impairment should not exceed 250 mg QD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Between-group comparisons of crizotinib exposure parameters at steady state (cycle 2, day
1). a Mean crizotinib concentration versus time curves for Groups Al through D. b
Individual values and geometric mean AUC,jy, and Ciyax Values for Groups Al through D.
Median is indicated by the line in the boxes. Box plot, 25%/75% quartiles with whiskers to
the last point within 1.5 times the interquartile range. AUCyjy, area under the plasma
concentration—time curve as daily exposure, B/D twice daily, Cp; maximum observed
plasma concentration, @D once daily
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