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Purpose

Crizotinib has demonstrated superior progression-free survival (PFS) and objective response
rates (ORRs) versus chemotherapy in previously treated and untreated patients with
anaplastic lymphoma kinase (ALK)-positive advanced non-small cell lung cancer (NSCLC).
We report the safety and efficacy of crizotinib in Asian subpopulations of two global phase
Il trials.

Materials and Methods

This analysis evaluated previously treated and untreated patients in two randomized, open-
label phase |l trials of crizotinib versus chemotherapy in ALK-positive advanced NSCLC in
second-line (PROFILE 1007) and first-line settings (PROFILE 1014). Efficacy and safety were
analyzed by race in the intention-to-treat and “as-treated” populations for efficacy and safety
endpoints, respectively.

Results

In previously treated (n=157) and untreated (n=157) Asian patients, PFS was statistically
significantly longer with crizotinib versus chemotherapy (hazard ratio for PFS, 0.526; 95%
confidence interval, 0.363 to 0.762; p < 0.001 and hazard ratio, 0.442; 95% confidence
interval, 0.302 to 0.648; p < 0.001, respectively). Similar antitumor activity was seen in the
non-Asian and overall populations. ORRs were statistically significantly higher with crizotinib
versus chemotherapy in both Asian and non-Asian previously treated and untreated patients
(p < 0.05). The most common treatment-emergent adverse events (any grade) with crizotinib
were vision disorder, diarrhea, and nausea, which were observed at a comparable incidence
across Asian and non-Asian populations, irrespective of previous treatment status. Most
adverse events were mild to moderate in severity.

Conclusion

These data, currently the only analysis showing Asian and non-Asian populations in the
same study, support the efficacy and safety of crizotinib in Asian patients with previously
treated or untreated ALK-positive advanced NSCLC.
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Introduction

Approximately 3% to 5% of all patients with non-small cell
lung cancer (NSCLC) harbor a rearrangement of the anaplas-
tic lymphoma kinase (ALK) gene, resulting in an oncogene
that codes for ALK fusion proteins such as echinoderm
microtubule-associated protein-like 4- ALK, which promotes
tumor cell growth. The incidence of ALK-positive NSCLC is
similar among Caucasian and Asian populations [1-3].
Although this subset represents only a small proportion of
the overall NSCLC population, the number still translates
into approximately 40,000 patients worldwide per year [4].
Crizotinib is a first-in-class, oral, small-molecule tyrosine
kinase inhibitor of ALK, ROS1, and cMET kinases that was
approved by the U.S. Food and Drug Administration (FDA)
in 2011 for the treatment of patients with locally advanced
or metastatic NSCLC who test positive for the ALK fusion
gene, as detected by an FDA-approved test. In 2016, the FDA
further approved crizotinib for patients with metastatic
NSCLC whose tumors are ROS1 positive. Crizotinib also
received approval in the European Union for the first-line
treatment of adults with ALK-positive advanced NSCLC or
in previously treated patients, as well as for the treatment of
adults with ROS1-positive advanced NSCLC.

A series of clinical trials have shown and confirmed the
efficacy and safety of crizotinib in patients with ALK-positive
advanced NSCLC. Named the PROFILE series, these trials
consist of a phase I dose-escalation study in an array of can-
cer indications, including ALK-positive advanced NSCLC
(PROFILE 1001 [5,6]), a phase II study evaluating patients
with ALK-positive advanced NSCLC (PROFILE 1005 [7]),
and three phase III trials assessing crizotinib use in ALK-pos-
itive advanced NSCLC, in both second-line (PROFILE 1007
[8]) and first-line settings (PROFILE 1014 [9] and PROFILE
1029 [10]). In these studies, crizotinib has established a con-
sistent safety profile, with the most common adverse events
(AEs) of visual disturbances, gastrointestinal effects, and
elevated liver aminotransferases [7-9].

In randomized trials involving patients with ALK-positive
advanced NSCLC (PROFILE 1007, PROFILE 1014, and PRO-
FILE 1029), crizotinib has demonstrated efficacy superior to
that of single-agent chemotherapy with pemetrexed or doc-
etaxel in previously treated patients [8], and to pemetrexed
plus platinum chemotherapy in previously untreated multi-
national [9] and Asian patients [10].

Across the PROFILE series, Asian patients have been well
represented, accounting for 45% and 46% of the overall pop-
ulation in PROFILE 1007 and PROFILE 1014, respectively,
and 100% in PROFILE 1029 [8-10]. Higher objective response
rates (ORRs) have been frequently reported in Asian patients
than in non-Asian patients [5,11].
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Data from the phase III trial in the first-line setting with
only Asian patients (PROFILE 1029) have been previously
presented [10]. This report focuses on the results of multina-
tional phase III trials that included Asian and non-Asian
patients, in both the second-line (PROFILE 1007) [8] and the
first-line (PROFILE 1014) [9] settings, to further evaluate the
efficacy and safety profile of crizotinib in the Asian popula-
tion.

Materials and Methods

Data from two randomized, open-label, phase III trials
comparing crizotinib with chemotherapy and ongoing at the
time of the analysis (PROFILE 1007 [8] [NCT00932893] and
PROFILE 1014 [9] [NCT01154140]) were analyzed. The
detailed methodologies and primary results for both studies
have been previously published [8,9]. Each participating cen-
ter’s institutional review board or independent ethics com-
mittee approved these protocols. The studies complied with
the International Ethical Guidelines for Biomedical Research
Involving Human Subjects, Good Clinical Practice guide-
lines, the Declaration of Helsinki, and local laws. All patients
provided written informed consent before enrollment.

1. Study design and treatment

In PROFILE 1007, patients with ALK-positive advanced
NSCLC who had progressive disease following one prior
platinum-based chemotherapy regimen were randomly
assigned, in a 1:1 ratio, to receive continuous oral crizotinib
at a dose of 250 mg twice daily in a 3-week cycle or intra-
venous chemotherapy, comprising either pemetrexed
500 mg/m? or docetaxel 75 mg/m? every 3 weeks. Previ-
ously untreated patients with ALK-positive advanced
NSCLC were selected for the PROFILE 1014 study and were
randomized (1:1) to receive continuous oral crizotinib at a
dose of 250 mg twice daily or intravenous chemotherapy of
pemetrexed 500 mg/m? plus a platinum agent (either cis-
platin 75 mg/m? or carboplatin, target area under the curve
5-6 mg/mL/min) administered every 3 weeks. Randomiza-
tion was stratified in both studies according to Eastern
Cooperative Oncology Group performance status (0 or 1 vs.
2) and presence or absence of brain metastases. Additional
stratification factors included prior or no prior therapy with
epidermal growth factor receptor tyrosine kinase inhibitors
for PROFILE 1007 and Asian or non-Asian race for PROFILE
1014.
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In both PROFILE studjes:

- Treatment was continued (up to a maximum of six cycles
of chemotherapy in PROFILE 1014) until disease pro-
gression as defined by Response Evaluation Criteria in
Solid Tumors (RECIST) ver. 1.1 per independent radiol-
ogy review (IRR) was observed, development of unac-
ceptable toxicity, death, or withdrawal of consent.
Crizotinib treatment could be continued beyond disease
progression per IRR at the discretion of the investigator.
Patients in the chemotherapy groups who had RECIST-
defined disease progression, confirmed by IRR, were
allowed to cross over to receive crizotinib. In PROFILE
1007, patients who crossed over were enrolled in a sep-
arate study (PROFILE 1005). In PROFILE 1014, patients
were allowed to cross over and remain in the study if
they met the safety eligibility criteria for crossover.

The primary endpoint was progression-free survival
(PFS), as assessed by IRR, and secondary endpoints
included the objective response, as assessed by IRR, and
safety.

2. Assessments

Tumor assessments were to be carried out every 6 weeks
during treatment until RECIST-defined disease progression
was documented by IRR. In PROFILE 1007, the brain was to
be included in subsequent tumor assessments if a patient had
brain metastases at baseline; otherwise, the brain was only
to be evaluated when clinically indicated. Repeat bone scans
were required every 12 weeks only if bone metastases were
present at baseline; otherwise, a repeat bone scan was
required only if new bone metastases were suspected. In
PROFILE 1014, brain and bone scans were performed at
baseline and were repeated every 6 weeks for patients report-
ing brain or bone lesions at baseline or every 12 weeks to
monitor for new lesions in the other patients. Patients with
brain metastases were eligible if treated and neurologically
stable; untreated and asymptomatic patients with brain
metastases were also eligible in PROFILE 1007. In both stud-
ies, all scans were submitted for central IRR, who were
unaware of the group assignments, and the data from IRR
were used to determine PFS and ORR. AEs were classified
and graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events ver. 4.0.

3. Statistical analysis

Efficacy endpoints were analyzed in the intention-to-treat
population (all randomized patients) in both studies. The
Kaplan-Meier method was used to estimate time-to-event
endpoints. One-sided log-rank tests (stratified for baseline
factors in the overall populations of both studies and unstrat-

ified in the Asian and non-Asian subgroups) were used to
compare PFS between the crizotinib and chemotherapy
groups; Cox regression models were used to estimate hazard
ratios (HRs; stratified in the overall populations and unstrat-
ified in the Asian and non-Asian subgroups). The ORR
between crizotinib and chemotherapy groups was compared
using a two-sided Pearson chi-square test. For the analyses
presented here, no adjustment of the type I error was made
for multiplicity. AEs were summarized in the “as-treated”
population in both studies that included all patients who
received at least one dose of study drug. The statistical analy-
sis plans for both studies have been previously described
[8,9].

Results

1. Patients

Baseline patient and disease characteristics were well bal-
anced across randomized study groups and are summarized
in S1 Table. In addition, the baseline characteristics in both
studies were similar between Asian and non-Asian patients.
A total of 314 Asian patients were randomized across the two
studies (PROFILE 1007, 157/347 [45%]; PROFILE 1014,
157/343 [46%]). The majority of Asian patients were either
Korean (34%) or Japanese (32%), and the majority of non-
Asian patients were white (95%) (S1 Table).

2. Efficacy

Overall, PFS, as determined by IRR, was significantly
longer with crizotinib than with chemotherapy in both stud-
ies (Fig. 1A and D). In previously treated Asian patients, the
HR for PFS with crizotinib was 0.526 (95% confidence inter-
val [CI], 0.363 to 0.762; p < 0.001); median PFS was 8.1 and
2.8 months in the crizotinib and chemotherapy groups,
respectively (Fig. 1B). A comparable benefit was observed
for PFS with crizotinib in previously treated non-Asian
patients (HR, 0.447; 95% CI, 0.304 to 0.655; p < 0.001); median
PFS was 7.1 months with crizotinib and 3.2 months with
chemotherapy (Fig. 1C). PFS was also significantly longer
with crizotinib than with chemotherapy in treatment-naive
patients, both Asian (HR, 0.442; 95% CI, 0.302 to 0.648;
p <0.001; median PFS, 13.6 and 7.0 months, respectively) and
non-Asian (HR, 0.525; 95% CI, 0.363 to 0.760; p < 0.001;
median PFS, 9.6 and 7.2 months, respectively) (Fig. 1E and F).

In both previously treated and untreated patients with
ALK-positive advanced NSCLC, comparable efficacy of
crizotinib versus chemotherapy was observed in both Asian
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Fig. 1. Progression-free survival by independent radiology review for all previously treated patients (A); previously treated
Asian patients (B); previously treated non-Asian patients (C); all previously untreated patients (D); previously untreated
Asian patients (E); and previously untreated non-Asian patients (F). mPFS, median progression-free survival; CI, confidence
interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group performance status. ¥Based on the Brookmeyer
and Crowley method, "Based on the Cox proportional hazards model (assuming proportional hazards, an HR < 1 indicates
a reduction in hazard rate in favor of crizotinib; an HR > 1 indicates a reduction in hazard rate in favor of chemotherapy),
9One-sided p-value from the log-rank test stratified by ECOG PS, brain metastases, and prior epidermal growth factor
receptor tyrosine kinase inhibitor treatment (PROFILE 1007) or by ECOG PS, race, and brain metastases (PROFILE 1014),
90ne-sided p-value from the unstratified log-rank test. (Continued to the next page)
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Fig. 1. (Continued from the previous page)

and non-Asian patients, as well as in the overall population
(Table 1). As assessed by IRR, the ORRs in the intention-
to-treat populations were statistically significantly higher
with crizotinib than with chemotherapy, respectively, in both
previously treated (75% vs. 22%) and untreated (70% vs.
54%) Asian patients (p < 0.05). A similar effect was observed
in previously treated (57% vs. 18%, respectively) and
untreated (78% vs. 37%, respectively) non-Asian patients
(p < 0.001) (S2 Fig.). Objective responses among crizotinib-
treated patients were both rapid in onset (median time to res-
ponse, up to 6 weeks; coinciding with the first tumor
assessment per protocol) and durable (median duration of
response, 31 and 32 weeks in previously treated patients,
respectively, and 42 and 54 weeks in previously untreated
patients, respectively) among Asian and non-Asian patients
(Table 1).

3. Safety

In the crizotinib group, the most common treatment-emer-
gent AEs of any cause (any grade) in previously treated or
untreated Asian and non-Asian patients, respectively, were
vision disorders (44%-79%), diarrhea (52%-70%), nausea
(45%-66%), vomiting (33%-62%), constipation (37%-51%),
elevated transaminases (25%-49%), and edema (23%-55%).
In both studies, reported incidence rates of grades 1-2 AEs
across all populations and treatment groups were between
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Chemotherapy 91 45 14 4 0 0 0 0

37% (lowest incidence rate [previously untreated non-Asian
patients in the crizotinib group]) and 53% (highest incidence
rate [previously treated Asian patients in the chemotherapy
group]).

Overall, the AE profiles of crizotinib among Asian pre-
treated and treatment-naive patients were generally compa-
rable with those observed in the corresponding non-Asian
patients. However, AEs of elevated transaminases and
decreased appetite were reported more frequently in Asian
patients than in non-Asian patients treated with crizotinib or
chemotherapy in both studies (Table 2). Among previously
treated patients, diarrhea, vomiting, and neutropenia were
more common in Asian patients treated with either crizotinib
or chemotherapy than in the non-Asian population.

In PROFILE 1007, the median duration of treatment was
31 weeks with crizotinib and 12 weeks with chemotherapy.
Median duration of treatment in PROFILE 1014 was 47
weeks with crizotinib and 18 weeks with chemotherapy.
Opverall, permanent discontinuation of crizotinib associated
with treatment-related AEs occurred at a similar rate in both
studies (6.4% and 4.7% for PROFILE 1007 and PROFILE 1014,
respectively). Rates of permanent treatment discontinuation
of crizotinib were higher among Asian than non-Asian
patients in both studies (PROFILE 1007: 11.4% vs. 2.2%,
respectively; PROFILE 1014: 6.5% vs. 3.2%, respectively). The
AE most frequently associated with permanent treatment
discontinuation of crizotinib was interstitial lung disease in
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Table 1. Response to treatment in Asian and non-Asian patients

Asian patients Non-Asian patients All patients

Crizotinib Chemotherapy? Crizotinib Chemotherapy?

Crizotinib Chemotherapy?

PROFILE 1007 n=79 n=78 n=94 n=96 n=173 n=174
Type of response

Complete response 1(1) 0 0 0 1(1) 0

Partial response 58 (73) 17 (22) 54 (57) 17 (18) 112 (65) 34 (20)

Stable disease 10 (13) 28 (36) 22 (23) 35 (37) 32(19) 63 (36)

Progressive disease 6 (8) 29 (37) 5(5) 31 (32) 11 (6) 60 (35)

Not evaluable® 4 (5) 4(5) 13 (14) 13 (14) 17 (10) 17 (10)
Objective response rate (%) 75 22 57 18 65 20

95% CI9 64-84 13-33 47-68 11-27 58-72 14-26

p-value? <0.001 <0.001
Duration of response (wk)?

Median 31.0 24.4 32.1 19.9 32.1 244

95% CIP 23.1-42.3 15.0-NR 24.4-51.3 12.1-43.6 26.4-42.3 15.0-36.0
Time to response (wk)

Median 6.3 19 6.4 11.9 6.3 12.6

Range 5.3-18.1 5.0-37.0 4.4-48.4 5.1-37.1 4.4-484 5.0-37.1
PROFILE 1014 n=77 n=80 n=95 n=91 n=172 n=171
Type of response

Complete response 1(1) 1(1) 2(2) 1(1) 3(2) 2(1)

Partial response 53 (69) 42 (53) 72 (76) 33 (36) 125 (73) 75 (44)

Stable disease 16 (21) 27 (34) 13 (14) 36 (40) 29 (17) 63 (37)

Progressive disease 5(7) 8 (10) 3(3) 13 (14) 8 (5) 21 (12)

Not evaluable® 2(3) 2(3) 5(5) 8(9) 7 (4) 10 (6)
Objective response rate (%) 70 54 78 37 74 45

95% CI9 59-80 42-65 68-86 27-48 67-81 37-53

p-value? 0.048 <0.001 <0.001
Duration of response (wk)?

Median 54.3 18.6 42.0 24.3 49.0 22.9

95% CIP 42.1-NR 12.3-24.1 30.6-58.9 19.3-25.9 35.1-60.0 18.0-25.1
Time to response (wk)

Median 6.1 12.1 6.3 12.1 6.1 12.1

Range 5.1-29.6 5.3-36.7 2.7-41.4 5.1-25.0 2.7-41.4 5.1-36.7

Values are presented as number (%) unless otherwise indicated. CI, confidence interval; NR, not reported. YPROFILE 1007:
pemetrexed or docetaxel; PROFILE 1014: pemetrexed plus cisplatin or carboplatin, ®Could not be evaluated, including early
death and indeterminate, “Using exact method based on F-distribution, ¥p-value is from a two-sided Pearson chi-square
test, 9Kaplan-Meier estimate of duration of response, ?Based on the Brookmeyer and Crowley method.

2.3% (5.1% Asian vs. 0.0% non-Asian) and 1.2% (1.3% Asian
vs. 1.1% non-Asian) of patients in PROFILE 1007 and PRO-
FILE 1014, respectively. Other AEs associated with perma-
nent discontinuation in both studies included elevated

transaminases, hepatotoxicity, and nausea (S3 and S4
Tables).

Discussion

Crizotinib has demonstrated superior efficacy over stan-
dard chemotherapy in phase III studies of previously treated
and untreated patients with ALK-positive advanced NSCLC.
In comparison with chemotherapy, crizotinib significantly
prolonged PFS and increased ORRs. Responses in patients
treated with crizotinib were generally seen within up to 6
weeks of treatment initiation, irrespective of prior treatment
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status, and durable [8,9].

These subgroup analyses have shown that the efficacy of
crizotinib in previously treated and untreated Asian patients
is consistent with that seen for non-Asian populations. Com-
parable PFS and ORRs for Asian and non-Asian patients
have been observed in both studies, although a higher ORR
was seen with crizotinib in the second-line setting among
Asian patients (ORR, 75%; 95% CI, 64 to 84) than among non-
Asian patients (ORR, 57%; 95% CI, 47 to 68), but the 95% CI
overlapped.

The safety of crizotinib for Asian and non-Asian patients
was consistent with previous publications, exhibiting a dis-
tinct AE profile compared with chemotherapy and a low
incidence of permanent treatment discontinuations. The
most common AEs observed with crizotinib included visual
impairment, diarrhea, nausea, vomiting and constipation,
elevated transaminases, and peripheral edema, which were
commonly reported AEs across the Asian and non-Asian
populations in both studies. However, some AEs were
reported with higher frequency for Asian than non-Asian
patients in both studies, as noted below.

In this subgroup analysis, AEs across both PROFILE 1007
and PROFILE 1014 were generally of low-grade severity
(grades 1-2), with a similar incidence of grades 3-4 AEs for
both Asian and non-Asian patients treated with crizotinib,
and were associated with few permanent treatment discon-
tinuations.

However, the incidence of selected AEs for patients treated
with either crizotinib or chemotherapy was higher for the
Asian population than for the non-Asian population in pre-
viously treated patients. For example, gastrointestinal events,
such as diarrhea and vomiting, were observed at a higher fre-
quency (= 10%) in the Asian subgroup than in the non-Asian
subgroup of both treatment groups of PROFILE 1007. In con-
trast, the incidence of these AEs was similar in previously
untreated Asian and non-Asian patients, although the inci-
dence of constipation was higher among Asian patients in
PROFILE 1014. The higher incidence of AEs among Asian
patients than non-Asian patients noted in PROFILE 1007 is
consistent with previous reports for crizotinib [11] and
chemotherapy [12].

While patient and disease characteristics were well bal-
anced between the Asian and non-Asian subgroups across
both studies, neither PROFILE 1007 nor PROFILE 1014 was
designed or powered to support inferential analyses of these
subgroups.

Notwithstanding previously noted limitations, the efficacy
and safety of crizotinib in Asian patients with ALK-positive
advanced NSCLC were comparable to those observed in
non-Asian patients, further supporting the use of crizotinib
in the Asian population. These studies, currently the only tri-
als that have included Asian and non-Asian populations in

the same study, provide evidence supporting the efficacy
and safety of crizotinib in Asian patients, both in the first-
line setting and in previously treated patients.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http: // www.e-crt.org).
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