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ABSTRACT

Introduction: Lorlatinib was found to have improved effi-
cacy versus crizotinib in the global phase 3 CROWN study
(NCT03052608). Similar results were revealed for the Jap-
anese population as for the overall population. We present
results from the unplanned 3-year follow-up from the
CROWN study in Japanese patients.

Methods: Patients were randomized to either lorlatinib 100
mg once daily (n ¼ 25) or crizotinib 250 mg twice daily
(n ¼ 23). The primary end point was progression-free
survival assessed by blinded independent central review.
Secondary end points included objective and intracranial
responses assessed by blinded independent central review
and safety.

Results: At the data cutoff of September 20, 2021, me-
dian progression-free survival was not reached with
lorlatinib and 11.1 months with crizotinib (hazard
ratio ¼ 0.36). Objective response rate was 72.0% with
lorlatinib and 52.2% with crizotinib. For patients with
baseline brain metastases, intracranial response rate
was 100.0% versus 28.6% with lorlatinib versus crizo-
tinib. Nine patients in the lorlatinib group received
more than or equal to 1 subsequent anticancer systemic
therapy, with ALK tyrosine kinase inhibitor as the most
common first subsequent therapy. The safety profile
was consistent with that reported previously, with no
new safety signals.
Conclusions: This updated analysis in the Japanese popu-
lation revealed prolonged benefits of lorlatinib over crizo-
tinib in patients with treatment-naive advanced ALK-
positive NSCLC with and those without brain metastases.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
ALK gene rearrangements occur in 4% to 5% of NSCLC

cases, and this subset of tumors is sensitive to ALK
tyrosine kinase inhibitors (TKIs).1–4 Lorlatinib is a brain-
penetrant, third-generation ALK TKI.5,6 Interim analysis
from the phase 3 CROWN study (NCT03052608) revealed
improved median progression-free survival (PFS) (not
reached [NR] versus 9.3 mo) and intracranial response
rate (82% versus 23%) compared with crizotinib in pa-
tients with treatment-naive advanced ALK-positive
NSCLC.7 Subsequent analysis in the Japanese population
of the CROWN study revealed similar results for lorlatinib
versus crizotinib (median PFS: NR versus 11.1 mo;
intracranial response rate: 100.0% versus 28.6%).8

Because the primary end point of median PFS along
with median time to intracranial progression was NR with
lorlatinib in the interim analysis, long-term follow-up is
important to understand efficacy and safety of lorlatinib.
In an unplanned 3-year follow-up CROWN study analysis,
lorlatinib was found to have continued efficacy benefit
over crizotinib in the overall population (median PFS: NR
versus 9.3 mo; intracranial response rate: 83% versus
23%), including patients with and those without baseline
brain metastases.9 Another concern is management of
subsequent treatments after first-line treatment in pa-
tients with ALK-positive NSCLC. We aimed to provide
results from this updated 3-year analysis for the Japanese
population of the CROWN study, including subsequent
treatments after first-line lorlatinib.

Materials and Methods
CROWN Study Design

The CROWN study (NCT03052608) is an ongoing
global, randomized, phase 3 trial comparing lorlatinib
with crizotinib in patients (N ¼ 296) with treatment-
naive advanced ALK-positive NSCLC.7,9 Full study
design details were previously published along with
global data from both the initial planned interim analysis
and an unplanned 3-year follow-up analysis.7,9 Patients
were randomized 1:1 to either lorlatinib 100 mg orally
once daily or crizotinib 250 mg orally twice daily.

The protocol and amendments were approved by the
institutional review board or independent ethics committee
at each site and complied with the International Ethical
Guidelines for Biomedical Research Involving Human Sub-
jects, Good Clinical Practice guidelines, the ethical principles
of the Declaration of Helsinki, and all local laws. Written
informed consent was obtained from all participants.

Japanese Subpopulation Analysis
Primary and secondary end points were analyzed in

the Japanese subpopulation as previously published.8

The data cutoff for this updated analysis was September
20, 2021. Full analysis included all randomized pa-
tients. Safety analysis set included all patients who
received more than or equal to one dose of the study
treatment. Statistical analyses from the previous global
and Japanese methods were used, including the Kaplan-
Meier method for estimating time-to-event end points
and Cox regression models for calculating hazard ratios
(HRs).7,8

Results
Patients

In the Japanese subpopulation of the CROWN study,
25 and 23 patients were randomized to the lorlatinib
and crizotinib groups, respectively. The safety analysis
set for crizotinib included 22 patients because one ran-
domized patient did not receive treatment. Patient
demographics of the Japanese subgroup were previously
described, with most baseline characteristics relatively
balanced between the treatment groups.8 At the time of
this analysis, treatment was ongoing in 14 patients
(56.0%) in the lorlatinib group and one patient (4.5%) in
the crizotinib group. Median follow-up for PFS (95%
confidence interval [CI]) was 45.9 (34.9–49.5) months for
lorlatinib and 38.6 (3.7–38.6) months for crizotinib.

Efficacy
At the time of this analysis, 25 of 48 patients had

experienced disease progression by blinded independent
central review (BICR) or died (11 [44.0%] with lorlatinib
and 14 [60.9%] with crizotinib). Median PFS (95% CI) by
BICR, which was the primary end point, was NR (11.3
mo–NR) with lorlatinib and 11.1 (5.4–14.8) months with
crizotinib (HR ¼ 0.36; 95% CI: 0.16–0.83) (Fig. 1A). PFS
(95% CI) by BICR at 36 months was 54.2% (32.7%–
71.4%) with lorlatinib and 7.8% (0.5%–29.1%) with
crizotinib. Median PFS (95% CI) by investigator assess-
ment was NR (16.4 mo–NR) with lorlatinib and 9.1 (5.4–
11.1) months with crizotinib (HR ¼ 0.25; 95% CI: 0.11–
0.57); 36-month PFS (95% CI) was 62.5% (40.3%–
78.4%) and 5.6% (0.4%–22.4%) with lorlatinib and
crizotinib, respectively.

Confirmed objective response rate (95% CI) by BICR
was 72.0% (50.6%–87.9%) with lorlatinib and 52.2%
(30.6%–73.2%) with crizotinib, with an odds ratio of
2.345 (95% CI: 0.610–9.035) (Supplementary Table 1).
For these patients, the median duration of response
(95% CI) was NR (12.8 mo–NR) with lorlatinib and 9.4
(7.4–16.6) months with crizotinib. Response by BICR
lasted more than or equal to 36 months in seven patients
(38.9%) with lorlatinib and one patient (8.3%) with
crizotinib. For the 10 patients with baseline brain me-
tastases (lorlatinib, three; crizotinib, seven), the objec-
tive intracranial response rate (95% CI) was 100.0%



A

B

Figure 1. Efficacy outcomes in the Japanese subpopulation (full analysis set). (A) Kaplan-Meier plot of PFS based on BICR
assessment. (B) Kaplan-Meier plot of time to intracranial progression based on BICR assessment. BICR, blinded independent
central review; CI, confidence interval; HR, hazard ratio; IC, intracranial; NR, not reached; PFS, progression-free survival;
TTP, time to progression.
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Figure 2. Subsequent anticancer systemic therapies in patients who discontinued lorlatinib. Patients discontinued study
treatment due to progressive disease (n ¼ 7) or other reasons (n ¼ 2) and then received up to eight subsequent treatments.
PD, progressive disease; PR, partial response.
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(29.2%–100.0%) with lorlatinib and 28.6% (3.7%–
71.0%) with crizotinib. Lorlatinib had intracranial ac-
tivity in patients with (n ¼ 3) and those without (n ¼ 22)
baseline brain metastases, with no new events observed
in either subset (Fig. 1B). Crizotinib was less effective at
preventing intracranial progression, with new events
occurring in four patients (57.1%) with and three pa-
tients (18.8%) without baseline brain metastases. For
these patients on crizotinib, the median time to intra-
cranial progression (95% CI) was 11.1 months (3.5 mo–
NR) and 27.4 months (16.6 mo–NR) for patients with
and those without baseline metastases, respectively. In
the full analysis set, the probability of intracranial PFS
(95% CI) at 36 months was 100.0% (100.0%–100.0%)
with lorlatinib and 24% (1.4%–61.9%) with crizotinib.

Nine patients (36.0%) in the lorlatinib group and 20
(87.0%) in the crizotinib group received more than or
equal to one subsequent anticancer systemic therapy after
discontinuation of the study treatment (Supplementary
Table 2). Seven of the nine patients on lorlatinib dis-
continued study treatment due to progressive disease and
two discontinued due to other reasons (Fig. 2). The most
common first subsequent therapy after lorlatinib was an
ALK TKI (n ¼ 6). At the time of this analysis, three pa-
tients in the lorlatinib group were alive and receiving
ongoing subsequent treatment.

Safety
Any-cause treatment-emergent adverse events (TEAEs)

of any grade occurred in all patients in the safety analysis
set. Serious TEAEs occurred in eight patients (32.0%)
with lorlatinib and seven patients (31.8%) with crizoti-
nib (Table 1). Grade 3 or 4 TEAEs occurred in 21 pa-
tients (84.0%) with lorlatinib and 16 patients (72.7%)
with crizotinib. One patient died due to acute cardiac
failure approximately two months after the last lorlatinib
dose. Dose reduction or temporary discontinuation due
to TEAEs occurred in 17 patients (68.0%) with lorlatinib
and 17 patients (77.3%) with crizotinib (Table 1). TEAEs
led to study treatment discontinuation in four patients
(16.0%) with lorlatinib and six patients (27.3%) with
crizotinib. Most frequent treatment-related AEs with
lorlatinib were hypertriglyceridemia, hypercholester-
olemia, cognitive effects, weight increased, and edema
(Supplementary Fig. 1). Most frequent treatment-related
AEs with crizotinib were nausea, diarrhea, vomiting, and
vision disorders.

Discussion
At approximately 3 years of follow-up in the

CROWN study, lorlatinib was found to have superior
overall and intracranial efficacy over crizotinib in Jap-
anese patients with treatment-naive advanced ALK-
positive NSCLC. Efficacy data for lorlatinib versus cri-
zotinib were consistent across the updated and interim
analyses, revealing sustained efficacy in the Japanese
population.8 In addition, the efficacy of lorlatinib in
the updated analysis was comparable across the Japa-
nese, Asian, and overall populations.9,10 Median PFS by
BICR was NR with lorlatinib in the Japanese, Asian, and



Table 1. Summary of All Treatment-Emergent AEs

Category, n (%) Lorlatinib (n ¼ 25) Crizotinib (n ¼ 22)a

Any AE 25 (100.0) 22 (100.0)
Serious AEs 8 (32.0) 7 (31.8)
Grade 3/4 AEs 21 (84.0) 16 (72.7)
Fatal AEs 1 (4.0) 0
Discontinued from study due to AEs 1 (4.0) 0
Discontinued study treatment due to AEs 4 (16.0) 6 (27.3)
Dose reduction or temporary
discontinuation due to AEs

17 (68.0) 17 (77.3)

aSafety end points were assessed in the safety analysis set, which included all patients who received more than or equal to one dose of the study treatment.
AE, adverse event.
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overall populations.9,10 Median PFS by BICR was 11.1
months with crizotinib in the Japanese and Asian
populations and 9.3 months in the overall popula-
tion.9,10 The proportion of patients with a confirmed
objective response by BICR was consistently greater
with lorlatinib than with crizotinib: Japanese (72%
versus 52%), Asian (78% versus 57%), and overall
(77% versus 59%) populations.9,10

The lorlatinib safety profile remained consistent with
that in the previous data cutoff, with no new safety
signals reported with longer exposure.8 Lorlatinib
treatment was ongoing in 56.0% of patients at both data
cutoffs. TEAEs resulted in one additional dose reduction
or temporary discontinuation but no additional perma-
nent discontinuations of lorlatinib treatment. In addition
to remaining consistent over time, the safety profile was
similar across populations, with a higher incidence of
grade 3 or 4 AEs with lorlatinib than crizotinib in Japa-
nese (84% versus 73%), Asian (80% versus 62%), and
overall (76% versus 57%) populations.8–10

Patients with ALK-positive NSCLC have a high inci-
dence of brain metastases (approximately 24%–35% at
diagnosis; approximately 58% by 3 y post diagnosis),
which are associated with high symptom burden, infe-
rior quality of life, and poor prognosis.11–13 Lorlatinib
was found to have intracranial activity in patients with
and without baseline brain metastases, with no new
events observed in either subset of patients. Crizotinib
was less effective at preventing intracranial progression,
with new events observed in 57.1% and 18.8% of pa-
tients with and without baseline brain metastases,
respectively.

Although this study provides additional data sup-
porting the first-line use of lorlatinib in Japanese pa-
tients, analysis is limited by low patient numbers.
Nevertheless, the median duration of follow-up for PFS
was longer in the Japanese population than in the overall
population in the CROWN study (45.9 versus 36.7 mo),9

which may make the Japanese data indicative of the
potential of lorlatinib, given the consistency with the
outcomes in the overall population. Overall, these long-
term efficacy and safety data for lorlatinib in the Japa-
nese subpopulation of CROWN support its use in the
first-line treatment of Japanese patients with treatment-
naive advanced ALK-positive NSCLC with and without
brain metastases.
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