
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 383;21 nejm.org November 19, 20202018

From the Massachusetts General Hospi-
tal Cancer Center (A.T.S.) and Pfizer (G.P.) 
— both in Boston; Sarah Cannon Research 
Institute–Tennessee Oncology, Nashville 
(T.M.B.); European Institute of Oncology, 
IRCCS (F.M.), and Pfizer (A.P., A.M.C.) — 
both in Milan; Vall d’Hebron University 
Hospital and Institute of Oncology, Inter-
national Oncology Bureau–Quirón, Bar-
celona (E.F.); National Cancer Center 
Hospital, Tokyo (Y.G.); Princess Marga-
ret Cancer Centre, Toronto (G.L.); Tou-
louse University Hospital, Toulouse, France 
(J.M.); Seoul National University College 
of Medicine and Seoul National Univer-
sity Hospital, Seoul, South Korea (D.-W.K.); 
State Key Laboratory of Translational On-
cology, Chinese University of Hong 
Kong, Hong Kong (T.M.); Pfizer, La Jolla, 
CA (H.T.); and Peter MacCallum Cancer 
Centre, Melbourne, VIC, Australia (B.J.S.). 
Address reprint requests to Dr. Shaw at 
the Massachusetts General Hospital 
Cancer Center, 32 Fruit St., Boston, MA 
02114, or at:  ashaw1@  mgh . harvard . edu.

*A complete list of the CROWN trial inves-
tigators is provided in the Supplementary 
Appendix, available at NEJM.org.

N Engl J Med 2020;383:2018-29.
DOI: 10.1056/NEJMoa2027187
Copyright © 2020 Massachusetts Medical Society.

BACKGROUND
Lorlatinib, a third-generation inhibitor of anaplastic lymphoma kinase (ALK), has 
antitumor activity in previously treated patients with ALK-positive non–small-cell 
lung cancer (NSCLC). The efficacy of lorlatinib, as compared with that of crizo-
tinib, as first-line treatment for advanced ALK-positive NSCLC is unclear.

METHODS
We conducted a global, randomized, phase 3 trial comparing lorlatinib with crizo-
tinib in 296 patients with advanced ALK-positive NSCLC who had received no 
previous systemic treatment for metastatic disease. The primary end point was 
progression-free survival as assessed by blinded independent central review. Sec-
ondary end points included independently assessed objective response and intra-
cranial response. An interim analysis of efficacy was planned after approximately 
133 of 177 (75%) expected events of disease progression or death had occurred.

RESULTS
The percentage of patients who were alive without disease progression at 12 months 
was 78% (95% confidence interval [CI], 70 to 84) in the lorlatinib group and 39% 
(95% CI, 30 to 48) in the crizotinib group (hazard ratio for disease progression or 
death, 0.28; 95% CI, 0.19 to 0.41; P<0.001). An objective response occurred in 76% 
(95% CI, 68 to 83) of the patients in the lorlatinib group and 58% (95% CI, 49 to 66) 
of those in the crizotinib group; among those with measurable brain metastases, 
82% (95% CI, 57 to 96) and 23% (95% CI, 5 to 54), respectively, had an intracra-
nial response, and 71% of the patients who received lorlatinib had an intracranial 
complete response. The most common adverse events with lorlatinib were hyper-
lipidemia, edema, increased weight, peripheral neuropathy, and cognitive effects. 
Lorlatinib was associated with more grade 3 or 4 adverse events (mainly altered 
lipid levels) than crizotinib (in 72% vs. 56%). Discontinuation of treatment because 
of adverse events occurred in 7% and 9% of the patients, respectively.

CONCLUSIONS
In an interim analysis of results among patients with previously untreated ad-
vanced ALK-positive NSCLC, those who received lorlatinib had significantly longer 
progression-free survival and a higher frequency of intracranial response than 
those who received crizotinib. The incidence of grade 3 or 4 adverse events was 
higher with lorlatinib than with crizotinib because of the frequent occurrence 
of altered lipid levels. (Funded by Pfizer; CROWN ClinicalTrials.gov number, 
NCT03052608.)
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Chromosomal rearrangements in-
volving the anaplastic lymphoma kinase 
(ALK) gene define a subset of non–small-

cell lung cancers (NSCLCs) that are highly sensi-
tive to small-molecule ALK tyrosine kinase inhibi-
tors.1,2 One trial showed that the efficacy of the 
first-generation ALK inhibitor crizotinib as first-
line therapy was superior to that of platinum–
pemetrexed chemotherapy3; this finding estab-
lished crizotinib as a standard first-line treatment 
for advanced ALK-positive NSCLC. Subsequently, 
several randomized, phase 3 studies showed that 
more potent second-generation ALK inhibitors, 
including alectinib, brigatinib, and ensartinib, 
were superior to crizotinib as first-line therapy 4-8; 
these findings led to the adoption of second-
generation inhibitors as standard first-line treat-
ments. However, despite the improved efficacy 
of second-generation inhibitors, drug resistance 
and recurrent disease9,10 — including central ner-
vous system (CNS) progression, a major cause of 
illness and death — still develop.11-15

Lorlatinib (Pfizer) is a novel third-generation 
ALK inhibitor that is more potent than second-
generation inhibitors in biochemical and cellular 
assays and has the broadest coverage of ALK re-
sistance mutations that have been identified.9,16,17 
Lorlatinib was designed to cross the blood–
brain barrier in order to achieve high exposures 
in the CNS.18,19 In phase 1 and 2 studies, lorlatinib 
had potent antitumor activity after the failure of 
previous ALK inhibitors (first-generation, second-
generation, or both).19,20 In particular, lorlatinib 
had marked intracranial activity in previously 
treated patients with baseline CNS disease, in-
cluding leptomeningeal disease.11,12,20 Because of 
its efficacy and safety, lorlatinib is a standard 
treatment option for ALK-positive patients in 
whom one or more ALK inhibitors have failed.

The CROWN trial is a global, randomized, 
phase 3 trial comparing lorlatinib with crizo-
tinib (the standard-of-care first-line treatment at 
the time of trial initiation) in patients with pre-
viously untreated advanced ALK-positive NSCLC. 
Here, we report the results of a planned interim 
analysis of the CROWN trial.

Me thods

Patients

Eligible patients (≥18 or ≥20 years of age, accord-
ing to local regulations) had histologically or 
cytologically confirmed locally advanced or meta-

static NSCLC with ALK status determined by 
means of the Ventana ALK (D5F3) CDx immuno-
histochemical assay. No previous systemic treat-
ment for metastatic disease was allowed. Patients 
with asymptomatic treated or untreated CNS 
metastases were eligible. Patients had to have at 
least one extracranial measurable target lesion 
(according to the Response Evaluation Criteria in 
Solid Tumours [RECIST], version 1.1) that had 
not been previously irradiated; an Eastern Coop-
erative Oncology Group performance-status score 
of 0 to 2 (on a 5-point scale in which higher 
numbers reflect greater disability); and adequate 
bone marrow, pancreatic, renal, and liver func-
tion (as defined in the trial protocol, available 
with the full text of this article at NEJM.org). All 
the patients provided written informed consent.

Trial Oversight

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 Biomedi-
cal Research Involving Human Subjects, Good 
Clinical Practice guidelines, the principles of the 
Declaration of Helsinki, and local laws. The trial 
was designed by the sponsor and members of 
the steering committee. Data were collected by 
the investigators and analyzed by the sponsor. The 
first author wrote the first draft of the manu-
script. All the authors contributed to the inter-
pretation of the data and to the development, 
writing, and approval of the manuscript. All the 
authors had full access to the raw data and 
vouch for the completeness and accuracy of the 
data reported and for the adherence of the trial 
to the protocol.

Trial Design and Treatment

Patients were randomly assigned in a 1:1 ratio to 
receive either oral lorlatinib at a dose of 100 mg 
daily or oral crizotinib at a dose of 250 mg twice 
daily (with each drug to be taken either with or 
without food) in a course of treatment that was 
measured in cycles of 28 days. Randomization 
was stratified according to the presence of brain 
metastases (yes or no) and ethnic group (Asian 
or non-Asian). Per protocol, crossover between 
the treatment groups was not permitted.

The primary end point was progression-free 
survival, defined as the time from randomiza-
tion to RECIST-defined disease progression (as 
determined by blinded independent central re-
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view) or death from any cause. Secondary end 
points included progression-free survival as as-
sessed by the investigator, overall survival, objec-
tive response, objective intracranial response, and 
safety. Treatment continued until independently 
assessed RECIST-defined disease progression, 
death, withdrawal of consent, or unacceptable 
toxic effects. At the investigator’s discretion, 
patients were allowed to continue treatment af-
ter RECIST-defined progression.

Assessments

Tumor assessments were performed at screen-
ing and then every 8 weeks (±1 week) starting 

from randomization until independently assessed 
RECIST-defined disease progression. Imaging 
assessments included chest, abdomen, and pelvis 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) and brain MRI. MRI of the 
CNS was required at baseline and at each tumor 
assessment, regardless of the patient’s baseline 
CNS status. The intracranial response was as-
sessed by an independent committee using a 
modified version of RECIST, version 1.1.21

Safety assessments included adverse events, 
vital signs, physical examination, 12-lead electro-
cardiography, echocardiography with multigated 
acquisition scanning, and laboratory assessments. 
Adverse events were classified and graded ac-
cording to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, 
version 4.03.

Statistical Analysis

An interim analysis was planned after approxi-
mately 75% (133) of 177 expected events of dis-
ease progression or death had been observed. 
Sample-size assumptions were a median dura-
tion of progression-free survival of 18 months in 
the lorlatinib group and 11 months in the crizo-
tinib group, at least 90% power to detect a haz-
ard ratio of 0.611 with a one-sided stratified 
log-rank test at a significance level of 0.025 
(one-sided), and a two-look, group-sequential 
design with a Lan–DeMets alpha-spending func-
tion with O’Brien–Fleming boundaries to deter-
mine the efficacy boundaries. For this interim 
analysis, the primary end point of progression-
free survival was tested at a one-sided alpha 
level of 0.0081 based on an updated boundary 
corresponding to the 72% information fraction 
observed at the interim analysis. The data cutoff 
date was March 20, 2020. Overall survival was to 
be hierarchically tested for significance at the 
time of the interim or final analysis of progres-
sion-free survival, provided that the primary end 
point was statistically significant, favoring the 
lorlatinib group.

Efficacy end points were measured in the in-
tention-to-treat population, which included all 
the patients who had undergone randomization. 
The Kaplan–Meier method was used to estimate 
time-to-event end points. One-sided log-rank 
tests, stratified according to baseline factors, 
were used for between-group comparisons of 

Figure 1. Randomization, Treatment, and Follow-up.

A total of 296 patients were randomly assigned to receive either lorlatinib 
or crizotinib. The intention-to-treat population included all the patients 
who underwent randomization. The as-treated population included all the 
patients who received at least one dose of lorlatinib or crizotinib.

296 Patients underwent randomization

149 Were assigned to receive lorlatinib
149 Received assigned treatment

147 Were assigned to receive crizotinib
142 Received assigned treatment

5 Did not receive assigned
treatment

46 Discontinued treatment
26 Had progressive disease
10 Had adverse events
4 Withdrew consent
6 Died

111 Discontinued treatment
83 Had progressive disease
12 Had adverse events
8 Withdrew consent
4 Died
3 Had a global deterioration

of health status
1 Had other reasons

At data cutoff:
103 Continued to receive lorlatinib
19 Were being followed for survival 

after discontinuation of lorlatinib
23 Died
4 Withdrew consent

At data cutoff:
31 Continued to receive crizotinib
68 Were being followed for survival

after discontinuation of crizotinib
28 Died
18 Withdrew consent
2 Were lost to follow-up

149 Were included in the intention-
to-treat analysis

149 Were included in the safety
analysis

148 Were included in the assessment
of patient-reported outcomes

147 Were included in the intention-
to-treat analysis

142 Were included in the safety
analysis

140 Were included in the assessment
of patient-reported outcomes
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progression-free survival and overall survival; 
stratified Cox regression models were applied 
to estimate hazard ratios. A one-sided stratified 
Cochran–Mantel–Haenszel test was used to com-
pare the between-group difference in response. 
Safety evaluations were performed in the as-treated 
population, which included all the patients who 
had received at least one dose of lorlatinib or 
crizotinib. Safety results were not adjusted for 
the shorter duration of treatment in the crizo-
tinib group.

R esult s

Patients

From May 2017 through February 2019, a total 
of 296 patients at 104 centers in 23 countries 
underwent randomization (149 to receive lorlati-
nib and 147 to receive crizotinib). Five patients 
in the crizotinib group did not receive treatment 
but were included in the intention-to-treat popu-
lation (Fig. 1). Baseline demographic and disease 
characteristics were well balanced in the treat-
ment groups (Table 1). CNS metastases at base-
line, as assessed by blinded independent central 
review, were present in 38 patients (26%) in the 
lorlatinib group and 40 patients (27%) in the 
crizotinib group. At the time of data cutoff, 103 
patients in the lorlatinib group and 31 patients 
in the crizotinib group were continuing to receive 
the assigned treatment. The median duration of 
follow-up for progression-free survival was 18.3 
months in the lorlatinib group and 14.8 months 
in the crizotinib group.

Efficacy

Among the 296 patients in the intention-to-treat 
population, 127 had had disease progression or 
died by the time of the data cutoff (41 of 149 
patients [28%] in the lorlatinib group and 86 of 
147 patients [59%] in the crizotinib group). The 
percentage of patients who were alive without 
disease progression at 12 months was 78% (95% 
confidence interval [CI], 70 to 84) in the lorlati-
nib group and 39% (95% CI, 30 to 48) in the 
crizotinib group (hazard ratio, 0.28; 95% CI, 
0.19 to 0.41; P<0.001) (Fig. 2A). The hazard ratio 
favored lorlatinib over crizotinib across all pre-
specified patient subgroups defined according 
to baseline characteristics and stratification fac-
tors (Fig. S1 in the Supplementary Appendix, 

Table 1. Baseline Patient Characteristics in the Intention-to-Treat Population.*

Characteristic
Lorlatinib 
(N = 149)

Crizotinib 
(N = 147)

Age — yr

Mean 59.1±13.1 55.6±13.5

Median 61 56

Interquartile range 51–69 45–66

Sex — no. (%)

Female 84 (56) 91 (62)

Male 65 (44) 56 (38)

Race or ethnic group — no. (%)†

White 72 (48) 72 (49)

Asian 65 (44) 65 (44)

Black 0 1 (1)

Missing 12 (8) 9 (6)

ECOG performance-status score — no. (%)‡

0 67 (45) 57 (39)

1 79 (53) 81 (55)

2 3 (2) 9 (6)

Smoking status — no. (%)§

Never smoked 81 (54) 94 (64)

Previous smoker 55 (37) 43 (29)

Current smoker 13 (9) 9 (6)

Current stage of disease — no. (%)

IIIA 1 (1) 0

IIIB 12 (8) 8 (5)

IV 135 (91) 139 (95)

Other¶ 1 (1) 0

Histologic type — no. (%)

Adenocarcinoma 140 (94) 140 (95)

Adenosquamous carcinoma 6 (4) 5 (3)

Large-cell carcinoma 0 1 (1)

Squamous-cell carcinoma 3 (2) 1 (1)

Use of previous anticancer drug therapy — no. (%)‖ 12 (8) 9 (6)

Previous brain radiotherapy — no. (%) 9 (6) 10 (7)

Brain metastases at baseline — no. (%) 38 (26) 40 (27)

*  Plus–minus values are means ±SD. Percentages may not total 100 because of 
rounding.

†  Race or ethnic group was reported by the investigator.
‡  Eastern Cooperative Oncology Group (ECOG) scores range from 0 to 5, with 

higher scores indicating greater disability.
§  Smoking status was not reported for one patient in the crizotinib group.
¶  The disease stage in one patient who had locally advanced disease at trial en-

try was defined according to the American Joint Committee on Cancer (AJCC), 
version 8.0, instead of AJCC, version 7.0, as required by the protocol. This stage 
was therefore classified as “other.”

‖  According to the protocol, previous adjuvant or neoadjuvant anticancer therapy 
was allowed if it had been completed more than 12 months before random-
ization. One patient who had received previous chemotherapy for metastatic 
disease was reported as having a protocol violation.
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available at NEJM.org). Progression-free survival 
as assessed by the investigators was also sig-
nificantly longer with lorlatinib than with crizo-
tinib; the percentages of patients with progres-
sion-free survival at 12 months were 80% (95% 
CI, 73 to 86) and 35% (95% CI, 27 to 43), respec-
tively (hazard ratio 0.21; 95% CI, 0.14 to 0.31) 
(Fig. S2).

The percentage of patients with a confirmed 
objective response as assessed by blinded inde-
pendent central review was significantly higher 
with lorlatinib than with crizotinib (76% [95% CI, 
68 to 83] vs. 58% [95% CI, 49 to 66]) (Table 2). 
A total of 70% of the patients who received lor-
latinib and 27% of those who received crizotinib 
had a response that lasted at least 12 months. 
Similar responses (both the percentage of pa-
tients with a confirmed objective response and 
the percentage of patients with a response last-
ing ≥12 months) were determined by investiga-
tor assessment (Table S1).

Among the 78 patients with measurable or 
nonmeasurable CNS metastases at baseline, the 
percentage of those with a confirmed objective 
intracranial response as assessed by blinded in-
dependent central review was significantly higher 
with lorlatinib than with crizotinib (66% [95% 
CI, 49 to 80] vs. 20% [95% CI, 9 to 36]); 61% and 

15%, respectively, had a complete intracranial 
response (Table 2). The percentage of patients 
with a duration of intracranial response of at 
least 12 months was 72% with lorlatinib and 0% 
with crizotinib. Among the 30 patients with 
measurable CNS metastases at baseline, 82% 
(95% CI, 57 to 96) in the lorlatinib group and 
23% (95% CI, 5 to 54) in the crizotinib group 
had an intracranial response, and 71% and 8%, 
respectively, had a complete response (Table 2).

In the intention-to-treat population, the time 
to CNS progression was significantly longer with 
lorlatinib than with crizotinib. The percentage 
of patients who were alive without CNS progres-
sion at 12 months was 96% (95% CI, 91 to 98) 
with lorlatinib and 60% (95% CI, 49 to 69) with 
crizotinib (hazard ratio, 0.07; 95% CI, 0.03 to 
0.17) (Fig. 2B). The cumulative incidence of CNS 
progression as the first event, with adjustment 
for the competing risks of non-CNS progression 
and death, was significantly lower in the lorlati-
nib group than in the crizotinib group. At 12 
months, the cumulative incidence of CNS pro-
gression as the first event was 3% with lorlatinib 
and 33% with crizotinib (hazard ratio, 0.06; 95% 
CI, 0.02 to 0.18) (Fig. 2C).

At the time of data cutoff, overall survival 
data were still evolving, with deaths occurring in 
a total of 51 patients in the intention-to-treat 
population (23 patients [15%] in the lorlatinib 
group and 28 patients [19%] in the crizotinib 
group). The hazard ratio for death was 0.72 (95% 
CI, 0.41 to 1.25); the between-group difference 
in overall survival was not significant (Fig. 2D).

Safety

In total, 291 of 296 patients received at least one 
dose of lorlatinib or crizotinib. The percentage 
of patients who continued to receive trial treat-
ment for at least 12 months was 76% (113 of 
149) in the lorlatinib group and 35% (49 of 142) 
in the crizotinib group, with 69% and 22% of 
the patients, respectively, still receiving treatment 
at the time of the data cutoff. Adverse events of 
any grade that occurred more frequently (by 
more than 10 percentage points) with lorlatinib 
than with crizotinib included hypercholesterol-
emia (occurring in 70% of the patients vs. 4%), 
hypertriglyceridemia (in 64% vs. 6%), edema 
(55% vs. 39%), increased weight (38% vs. 13%), 
peripheral neuropathy (34% vs. 15%), cognitive 

Figure 2 (facing page). Efficacy Outcomes  
in the Intention-to-Treat Population.

Panel A shows Kaplan–Meier estimates of progression-
free survival, according to blinded independent central 
review (BICR) in the intention-to-treat population. Pro-
gression-free survival was significantly longer with lor-
latinib than crizotinib; the median progression-free sur-
vival with lorlatinib was not reached. Tick marks on the 
survival curves indicate censoring of data. NR denotes 
not reached. Panel B shows Kaplan–Meier estimates of 
time to intracranial progression, as assessed by BICR, 
in the intention-to-treat population. Time to intracranial 
progression was defined as the time from randomiza-
tion to the first objective progression of central nervous 
system (CNS) disease (either new brain metastases or 
progression of existing brain metastases). Panel C shows 
the cumulative incidence of CNS progression as the first 
event, as assessed by BICR in the intention-to-treat 
population. Cumulative-incidence probabilities were 
calculated with the use of a competing-risks approach, 
with values adjusted for the competing risks of non-
CNS progression and death (Fig. S3 in the Supplemen-
tary Appendix). Panel D shows Kaplan–Meier curves of 
overall survival.
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effects (21% vs. 6%), anemia (19% vs. 8%), hyper-
tension (18% vs. 2%), mood effects (16% vs. 5%), 
and hyperlipidemia (11% vs. 0%). Consistent 
with previous studies of lorlatinib, changes in 
cognition (including memory impairment, distur-
bance in attention, and amnesia) and mood (in-
cluding anxiety, depression, and affect lability) 

were typically grade 1 and reversible with dose 
interruption.19,20,22,23

Adverse events that were more common with 
crizotinib than with lorlatinib included diarrhea 
(occurring in 52% of the patients vs. 21%), nau-
sea (in 52% vs. 15%), vision disorder (39% vs. 
18%), vomiting (39% vs. 13%), increased alanine 

Table 2. Objective Response in the Intention-to-Treat Population and among Patients with Brain Metastases  
at Baseline.*

Variable Lorlatinib Crizotinib
Odds Ratio 

(95% CI)

Intention-to-treat population

No. of patients 149 147

Confirmed objective response

No. of patients 113  85

% (95% CI) 76 (68–83) 58 (49–66) 2.25 (1.35–3.89)

Complete response — no. (%) 4 (3) 0

Partial response — no. (%) 109 (73) 85 (58)

Stable disease — no. (%) 19 (13) 41 (28)

Neither complete response nor progressive disease  
— no. (%)

3 (2) 3 (2)

Progressive disease — no. (%) 10 (7) 7 (5)

Could not be evaluated — no. (%) 4 (3) 11 (7)

Median duration of response (95% CI) — mo NE (NE–NE) 11.0 (9.0–12.9)

Median time to tumor response (IQR) — mo 1.8 (1.7–1.9) 1.8 (1.7–1.9)

Patients with measurable or nonmeasurable brain 
metastases at baseline

No. of patients  38  40

Confirmed CNS response

No. of patients  25   8

% (95% CI) 66 (49–80) 20 (9–36) 8.41 (2.59–27.23)

CNS complete response — no. (%) 23 (61) 6 (15)

Median duration of response (95% CI) — mo NE (NE–NE) 9.4 (6.0–11.1)

Median time to tumor response (IQR) — mo 1.9 (1.8–3.7) 1.8 (1.7–2.7)

Patients with measurable brain metastases  
at baseline

No. of patients  17  13

Confirmed CNS response

No. of patients  14   3

% (95% CI) 82 (57–96) 23 (5–54) 16.83 (1.95–163.23)

CNS complete response — no. (%) 12 (71) 1 (8)

Median duration of response (95% CI) — mo NE (NE–NE) 10.2 (9.4–11.1)

Median time to tumor response (IQR) — mo 1.9 (1.8–3.5) 1.9 (1.8–1.9)

*  Responses in patients with brain metastases at baseline were assessed by blinded independent central review. An odds 
ratio greater than 1 indicates a better outcome with lorlatinib than with crizotinib. CI denotes confidence interval, CNS 
central nervous system, IQR interquartile range, and NE could not be evaluated.
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aminotransferase level (34% vs. 17%), fatigue 
(32% vs. 19%), constipation (30% vs. 17%), in-
creased aspartate aminotransferase level (27% 
vs. 14%), decreased appetite (25% vs. 3%), dys-
geusia (16% vs. 5%), and bradycardia (12% vs. 1%) 
(Table 3).

Grade 3 or 4 adverse events occurred in 72% 
of the patients who received lorlatinib and 56% 
of those who received crizotinib (Table 3 and 
Table S2). The most common grade 3–4 adverse 
events in the lorlatinib group were elevated tri-

glyceride levels (20%), increased weight (17%), 
elevated cholesterol levels (16%), and hyperten-
sion (10%). The most common grade 3–4 ad-
verse events in the crizotinib group were labora-
tory abnormalities. Serious adverse events 
occurred in 34% of the patients in the lorlatinib 
group and 27% of those in the crizotinib group 
(Table S3). Fatal adverse events occurred in 14 
patients (7 [5%] in the lorlatinib group and 7 
[5%] in the crizotinib group) (Table S4).

Adverse events leading to dose interruption or 

Table 3. Adverse Events in the Safety Population.*

Lorlatinib (N = 149) Crizotinib (N = 142)

Event
Any 

Grade Grade 1 Grade 2 Grade 3 Grade 4
Any 

Grade Grade 1 Grade 2 Grade 3 Grade 4

number of patients (percent)

Any adverse event 149 (100) 6 (4) 28 (19) 87 (58) 21 (14) 140 (99) 8 (6) 46 (32) 67 (47) 12 (8)

Hypercholesterolemia† 105 (70) 24 (16) 57 (38) 23 (15) 1 (1) 5 (4) 5 (4) 0 0 0

Hypertriglyceridemia† 95 (64) 28 (19) 37 (25) 19 (13) 11 (7) 8 (6) 5 (4) 3 (2) 0 0

Edema† 82 (55) 54 (36) 22 (15) 6 (4) 0 56 (39) 38 (27) 16 (11) 2 (1) 0

Increased weight 57 (38) 11 (7) 21 (14) 25 (17) 0 18 (13) 6 (4) 9 (6) 3 (2) 0

Peripheral neuropathy† 50 (34) 36 (24) 11 (7) 3 (2) 0 21 (15) 19 (13) 1 (1) 1 (1) 0

Cognitive effects†‡ 32 (21) 20 (13) 9 (6) 3 (2) 0 8 (6) 7 (5) 1 (1) 0 0

Diarrhea 32 (21) 21 (14) 9 (6) 2 (1) 0 74 (52) 67 (47) 6 (4) 1 (1) 0

Anemia 29 (19) 16 (11) 9 (6) 4 (3) 0 11 (8) 3 (2) 4 (3) 4 (3) 0

Fatigue† 29 (19) 25 (17) 2 (1) 2 (1) 0 46 (32) 25 (18) 17 (12) 4 (3) 0

Hypertension 27 (18) 1 (1) 11 (7) 15 (10) 0 3 (2) 0 3 (2) 0 0

Vision disorder† 27 (18) 25 (17) 2 (1) 0 0 56 (39) 54 (38) 1 (1) 1 (1) 0

Increased ALT level 26 (17) 22 (15) 0 4 (3) 0 48 (34) 26 (18) 16 (11) 5 (4) 1 (1)

Constipation 26 (17) 24 (16) 2 (1) 0 0 42 (30) 30 (21) 11 (8) 1 (1) 0

Mood effects†§ 24 (16) 14 (9) 8 (5) 2 (1) 0 7 (5) 4 (3) 3 (2) 0 0

Nausea 22 (15) 21 (14) 0 1 (1) 0 74 (52) 56 (39) 15 (11) 3 (2) 0

Increased AST level 21 (14) 18 (12) 0 3 (2) 0 39 (27) 30 (21) 4 (3) 5 (4) 0

Vomiting 19 (13) 16 (11) 2 (1) 1 (1) 0 55 (39) 42 (30) 11 (8) 2 (1) 0

Hyperlipidemia 16 (11) 6 (4) 7 (5) 2 (1) 1 (1) 0 0 0 0 0

Dysgeusia 8 (5) 8 (5) 0 0 0 23 (16) 20 (14) 3 (2) 0 0

Decreased appetite 5 (3) 3 (2) 2 (1) 0 0 35 (25) 23 (16) 8 (6) 4 (3) 0

Bradycardia 2 (1) 2 (1) 0 0 0 17 (12) 15 (11) 2 (1) 0 0

*  Shown are adverse events that differed by more than 10 percentage points in frequency between the groups. Patients were counted only 
once per event. The listed events occurred after the first dose of trial treatment through the end of trial follow-up or the start of new anti-
cancer therapy, whichever took place first. Data for all grades in the lorlatinib group are listed in decreasing order of frequency. ALT denotes 
alanine aminotransferase, and AST aspartate aminotransferase.

†  This category comprised a cluster of adverse events that may represent similar clinical symptoms or syndromes.
‡  Cognitive effects with a frequency of at least 1% included memory impairment, disturbance in attention, confusion, amnesia, cognitive dis-

order, and delirium.
§  Mood effects with a frequency of at least 1% included anxiety, depression, affect lability, affective disorder, agitation, irritability, and altered 

mood.
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dose reduction, respectively, were reported in 
49% and 21% of the patients in the lorlatinib 
group and in 47% and 15% of those in the crizo-
tinib group (data on dose reductions are pro-
vided in Table S5). Adverse events leading to 
treatment discontinuation occurred in 7% of the 
patients who received lorlatinib and in 9% of 
those who received crizotinib (Table S6).

Patient-Reported Outcomes

Mean (±SE) baseline scores in measures of 
global quality of life were 64.6±1.82 in the lorla-
tinib group and 59.8±1.90 in the crizotinib 
group. Patients in the lorlatinib group had a 
significantly greater overall improvement from 
baseline in global quality of life than those who 
received crizotinib (estimated mean difference, 
4.65; 95% CI, 1.14 to 8.16), although the differ-
ence was not clinically meaningful (Fig. S4A). 
Improvements in quality of life were seen as 
early as cycle 2 and were maintained over time 
in the lorlatinib group (Fig. S4B).

Discussion

In this interim analysis of a randomized, phase 3 
trial, we compared the third-generation ALK 
inhibitor lorlatinib with the first-generation in-
hibitor crizotinib in patients with previously un-
treated advanced ALK-positive NSCLC. Although 
crizotinib was the standard first-line therapy for 
advanced ALK-positive NSCLC3 when the CROWN 
trial was initiated in 2017, it has now been sup-
planted by more potent second-generation ALK 
inhibitors.4,5,24 In the global ALEX trial, alectinib 
was shown to be superior to crizotinib as first-
line therapy, with a median duration of progres-
sion-free survival of 25.7 months versus 10.4 
months, respectively (hazard ratio, 0.50), as as-
sessed by an independent review committee.4 
Similarly, at the second interim analysis of the 
ALTA-1L (ALK in Lung Cancer Trial of Brigatinib 
in 1st Line) trial, progression-free survival was 
significantly longer among patients who received 
brigatinib than among those who received crizo-
tinib, with median duration of progression-free 
survival of 24 months and a hazard ratio for 
disease progression or death of 0.49.8 Most re-
cently, in the eXalt3 trial, ensartinib was also 
shown to be superior to crizotinib, with a median 
duration of progression-free survival of 25.8 

months and a hazard ratio for disease progres-
sion or death of 0.51.6

In the CROWN trial, progression-free survival 
was significantly longer among patients with 
ALK-positive NSCLC who received first-line lorla-
tinib than among those who received crizotinib. 
Although the length of follow-up does not allow 
determination of the median duration of pro-
gression-free survival, the hazard ratio for dis-
ease progression or death was 0.28, as assessed 
by blinded independent central review, which 
corresponds to a 72% lower risk of progression 
or death with lorlatinib than with crizotinib. 
Cross-trial comparisons are inherently limited 
because of differences in trial designs and trial 
populations; however, the magnitude of benefit, 
relative to crizotinib, appears to be at least as 
large for lorlatinib as for other second-genera-
tion inhibitors, all of which have been associated 
with an approximately 50% lower risk of pro-
gression or death than crizotinib.4-6 The efficacy 
observed in the crizotinib group in the CROWN 
trial was similar to that observed in the crizo-
tinib control groups in other randomized stud-
ies of next-generation inhibitors, and the median 
duration of follow-up in the CROWN trial was 
similar to that reported in the primary analysis 
of the global ALEX trial.4

Several factors may underlie the marked effi-
cacy of lorlatinib as first-line therapy. First, mul-
tiple preclinical studies have shown that lorlati-
nib is more potent in inhibiting ALK than first- or 
second-generation inhibitors.9,16,17 In addition, 
lorlatinib retains potency against all known 
single ALK resistance mutations, including ALK 
G1202R, which was the most common second-
ary ALK mutation identified after disease pro-
gression in patients who were receiving second-
generation inhibitors.9,17 Consistent with the 
preclinical findings, lorlatinib has had marked 
clinical activity in patients with tumors that 
progressed while they were receiving first-gener-
ation inhibitors, second-generation inhibitors, or 
both, with greater efficacy noted among patients 
with secondary ALK resistance mutations.20,25 In 
untreated patients, lorlatinib may eliminate rare 
preexisting subclones harboring ALK resistance 
mutations or prevent the emergence of such re-
sistant subclones.

Second, lorlatinib was designed to be CNS 
penetrant and has been shown in preclinical and 
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clinical studies to be highly effective in treating 
CNS metastases.16,19 In a phase 2 study of lorla-
tinib, among patients previously treated with a 
second-generation inhibitor such as alectinib or 
brigatinib, both of which are highly CNS active, 
the confirmed intracranial response with lorlati-
nib was 53 to 56%, with a median duration of 
intracranial response ranging from 14.5 months 
to not reached.20 Among patients previously 
treated with crizotinib, which has poor brain 
penetrance,26 the confirmed intracranial response 
was even higher, at 87%.20 The marked intracra-
nial activity of lorlatinib after failure of first-
generation ALK inhibitors, second-generation 
ALK inhibitors, or both suggests that as first-
line therapy, lorlatinib may be particularly effec-
tive in treating and preventing brain metastases. 
In the CROWN trial, the intracranial response 
among patients with measurable brain metasta-
ses at baseline was 82%, with a complete intra-
cranial response of 71%. In the global ALEX, 
ALTA-1L, and eXalt3 trials, the corresponding 
complete intracranial responses with alectinib, 
brigatinib, and ensartinib were 38%, 28%, and 
27%, respectively.4,6,8 In addition, in the CROWN 
trial, lorlatinib significantly decreased the cumu-
lative incidence of CNS progression, which sug-
gests that the prolonged progression-free sur-
vival seen with lorlatinib may be due in part to 
the prevention of CNS metastases.

Overall, the safety profile of lorlatinib was 
similar to that reported in previous studies.19,20,27 
Lorlatinib has a distinct side-effect profile as 
compared with other ALK inhibitors. In the pa-
tients who received lorlatinib, cognitive effects 
were reported in 21% and mood side effects were 
reported in 16%, and these side effects were 
predominantly low grade. As reported previous-
ly, cognitive and mood changes typically present 
within the first 2 months after lorlatinib admin-
istration and are managed with dose interrup-
tion and reduction.19,20,22,23 Weight gain, which 
was commonly reported in patients who received 
lorlatinib, may be associated with increased ap-
petite.22 Both weight gain and cognitive and 
mood changes may be due to off-target inhibi-
tion of tropomyosin receptor kinase B in the 
CNS.18,28 Grade 3 or 4 adverse events were more 
frequent with lorlatinib than with crizotinib (in 
72% vs. 56%). However, more than one half of 
the grade 3 or 4 adverse events in the lorlatinib 

group were elevated levels of cholesterol, triglyc-
erides, or both. Hypercholesterolemia and hyper-
triglyceridemia, the most common adverse re-
actions reported with lorlatinib, are usually 
asymptomatic and readily managed with lipid-
lowering agents and dose modifications as 
needed (details are provided in the Management 
of Hyperlipidemia section in the Supplementary 
Appendix).22,23 Brigatinib was associated with a 
similarly higher incidence of adverse events of 
grade 3 or higher than crizotinib (73% vs. 61%),8 
whereas alectinib showed a slightly lower inci-
dence of grade 3 or higher adverse events than 
crizotinib (45% vs. 51%).7 Despite the higher 
incidence of grade 3 or 4 adverse events with 
lorlatinib, the discontinuations of treatment be-
cause of adverse events were similar in the two 
groups (in 7% of the patients who received lor-
latinib and 9% of those who received crizotinib). 
Patient-reported outcomes also supported the 
safety and favorable side-effect profile of lorlati-
nib relative to crizotinib, and patients who re-
ceived lorlatinib reported a significantly greater 
improvement in global quality of life than those 
who received crizotinib.

Among patients with previously untreated, 
advanced ALK-positive NSCLC, those who received 
lorlatinib had significantly longer progression-
free survival, a higher overall and intracranial 
response, and better quality of life than those 
who received crizotinib. The incidence of grade 
3 or 4 adverse events was higher with lorlatinib 
than with crizotinib because of the frequent oc-
currence of hyperlipidemia, a known side effect 
of lorlatinib.
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