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ABSTRACT

PURPOSE Lorlatinib improved progression-free survival (PFS) and intracranial activity
versus crizotinib in patients with previously untreated, advanced, ALK-positive
non–small cell lung cancer (NSCLC) in the phase III CROWN study. Here, we
report long-term outcomes from CROWN after 5 years of follow-up.

METHODS Two hundred ninety-six patients with ALK-positive NSCLC were randomly
assigned 1:1 to receive lorlatinib 100 mg once daily (n 5 149) or crizotinib
250 mg twice daily (n 5 147). This post hoc analysis presents updated
investigator-assessed efficacy outcomes, safety, and biomarker analyses.

RESULTS With a median follow-up for PFS of 60.2 and 55.1 months, respectively, median
PFS was not reached (NR [95% CI, 64.3 to NR]) with lorlatinib and 9.1 months
(95% CI, 7.4 to 10.9) with crizotinib (hazard ratio [HR], 0.19 [95% CI, 0.13 to
0.27]); 5-year PFS was 60% (95% CI, 51 to 68) and 8% (95% CI, 3 to 14),
respectively. Median time to intracranial progression was NR (95% CI, NR to
NR) with lorlatinib and 16.4 months (95% CI, 12.7 to 21.9) with crizotinib (HR,
0.06 [95% CI, 0.03 to 0.12]). Safety profile was consistent with that in prior
analyses. Emerging new ALK resistance mutations were not detected in cir-
culating tumor DNA collected at the end of lorlatinib treatment.

CONCLUSION After 5 years of follow-up,medianPFShas yet to be reached in the lorlatinib group,
corresponding to the longest PFS ever reported with any single-agent molecular
targeted treatment in advanced NSCLC and across all metastatic solid tumors.
These results coupled with prolonged intracranial efficacy and absence of new
safety signals represent an unprecedented outcome for patients with advanced
ALK-positive NSCLC and set a new benchmark for targeted therapies in cancer.

INTRODUCTION

Anaplastic lymphoma kinase (ALK) tyrosine kinase inhibi-
tors (TKIs) are the standardfirst-line therapy recommended
for patients with ALK-positive non–small cell lung cancer
(NSCLC).1 Lorlatinib is a brain-penetrant, third-generation
ALK TKI that has greater coverage of ALK resistance mu-
tations than second-generation ALK inhibitors.2,3 In the
phase III CROWN study, lorlatinib showed improved benefit
over crizotinib in patients with previously untreated, ad-
vanced, ALK-positive NSCLC.4,5 At the interim analysis,
median progression-free survival (PFS) by blinded inde-
pendent central review (BICR) was not reached (NR [95% CI,
NR to NR]) with lorlatinib and 9.3 months (95% CI, 7.6 to
11.1) with crizotinib, with a hazard ratio (HR) of 0.28 (95%CI,

0.19 to 0.41; P < .001).4 On the basis of these results, lorlatinib
received regulatory approval in patients with previously
untreated, advanced, ALK-positive NSCLC.6-9

In a subsequent post hoc analysis, after approximately
3 years of follow-up, lorlatinib continued to show superior
PFS benefit over crizotinib irrespective of the presence or
absence of baseline brain metastases.5 At a median
36.7months of follow-up in the lorlatinib group,median PFS
by BICR was still NR (95% CI, NR to NR), and time to in-
tracranial progression by BICR was also longer with lorla-
tinib than with crizotinib in the overall patient population.5

Only one patient developed intracranial lesions on lorlatinib
treatment, suggesting a protective effect of lorlatinib against
the development of brain metastases.
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Acquired resistance to ALK TKIs limits the durability of
responses in patients with advanced ALK-positive NSCLC.
EML4::ALK variant 3 and/or a TP53 mutation are poor
prognostic markers and may influence development of
specific secondary ALK resistance mutations.10-12 When
lorlatinib was used in the first-line setting, preliminary data
indicated that no emerging new ALK resistance mutations
were detected in circulating tumor DNA (ctDNA) collected at
the end of treatment,13 consistent with the potent activity of
lorlatinib across a broad spectrum of ALK kinase domain
resistance mutations, whereas alterations in bypass path-
ways were more frequent.

Given that median PFS was not reached after 3 years of
follow-up, we aimed to further quantify long-term systemic
and intracranial outcomes from the CROWN study at the
clinically meaningful landmark follow-up of 5 years in this
post hoc analysis.

METHODS

Study Design and End Points

The CROWN study (ClinicalTrials.gov identifier:
NCT03052608) is an ongoing, international, open-label,
randomized phase III trial comparing lorlatinib versus cri-
zotinib in patients with previously untreated, advanced,
ALK-positive NSCLC. Full details of the study design were
published previously.4,5

Patients were randomly assigned 1:1 to receive lorlatinib
100 mg once daily or crizotinib 250 mg twice daily in 28-day
cycles. The primary end point was PFS by BICR per RECIST
version 1.1. The key secondary end point was overall survival
(OS), which will be assessed at the time of the protocol-
specified second interim analysis after at least 139 deaths

have occurred (70% information fraction). Other secondary
end points include PFS by investigator assessment; objective
response, intracranial objective response, time to intracra-
nial progression, duration of response, and duration of in-
tracranial response, both by BICR and investigator
assessment; safety; patient-reported outcomes; and bio-
marker analyses. Per protocol, end point evaluation by BICR
stopped after the 3-year analysis. Tumor assessments, in-
cluding brain magnetic resonance imaging, have been per-
formed every 8 weeks in all patients throughout the study.

The Protocol (online only) and amendments were approved
by institutional review boards or independent ethics com-
mittees at each site and complied with International
Guidelines for Biomedical Research Involving Human Sub-
jects, Good Clinical Practice Guidelines, the principles of the
Declaration of Helsinki, and local laws. All patients provided
written informed consent.

This is a post hoc analysis conducted after 5 years of follow-
up to present efficacy by investigator assessment only,
safety, and biomarker analyses. Because the primary ob-
jective of the study was met at the prespecified interim
analysis,4 no further formal comparative analysis of PFS is
planned, per protocol, and no formal statistical testing was
performed. Full details of statistical analyses were published
previously.4,5

Molecular Profiling

ctDNA from plasma collected at screening was analyzed with
a validated, commercially available 74-gene ctDNA next-
generation sequencing assay (Guardant360 panel version
2.11; bioinformatics pipeline version 3.5.3; Guardant Health,
Inc, Redwood City, CA). Details of the molecular profiling
were published previously.14

CONTEXT

Key Objective
This post hoc analysis of the phase III CROWN study evaluated the long-term outcomes of lorlatinib versus crizotinib in
patients with previously untreated, advanced, ALK-positive non–small cell lung cancer.

Knowledge Generated
After 5 years of follow-up, lorlatinib continued to show superior efficacy over crizotinib in patients with advanced ALK-
positive non–small cell lung cancer (NSCLC). At amedian follow-up of 60.2 months, median progression-free survival (PFS)
was still not reached with lorlatinib. The PFS benefit with lorlatinib, which exceeds 5 years, corresponds to the longest PFS
ever reported with any single-agent targeted treatment not only in advanced NSCLC but across all metastatic solid tumors.

Relevance (T.E. Stinchcombe)
The long term follow-up of the phase III trial revealed an impressive PFS, and no late treatment-emergent adverse events
were observed.*

*Relevance section written by JCO Associate Editor Thomas E. Stinchcombe, MD.
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RESULTS

A total of 296 patients were randomly assigned to the lor-
latinib group (n5 149) or the crizotinib group (n5 147; Fig 1).
Five patients in the crizotinib group did not receive treat-
ment butwere included in the intention-to-treat population.
At the data cutoff for this analysis (October 31, 2023), 74 of
149 (50%) patients treated with lorlatinib and 7 of 142 (5%)
patients treated with crizotinib were continuing to receive
the assigned treatment. Baseline characteristics of patients
in the treatment groups have been published previously.4,5

Efficacy

The median duration of follow-up for PFS was 60.2 months
(95%CI, 57.4 to 61.6) in the lorlatinib group and 55.1months
(95% CI, 36.8 to 62.5) in the crizotinib group. The HR for
disease progression or death with lorlatinib versus crizotinib
was 0.19 (95% CI, 0.13 to 0.27). Median PFS was NR (95% CI,
64.3 to NR) with lorlatinib and 9.1 months (95% CI, 7.4 to
10.9) with crizotinib (Fig 2). The 4- and 5-year PFS was 63%
and 60% (95% CI, 51 to 68) with lorlatinib, respectively, and
10% and 8% (95% CI, 3 to 14) with crizotinib. Among pa-
tients with baseline brain metastases (measurable and/or
nonmeasurable; n 5 35 in the lorlatinib group and n 5 38 in
the crizotinib group), the HR for disease progression or
deathwith lorlatinib versus crizotinibwas 0.08 (95%CI, 0.04
to 0.19); median PFS was NR (95% CI, 32.9 to NR) with
lorlatinib and 6.0months (95%CI, 3.7 to 7.6) with crizotinib.
Five-year PFSwas 53% (95%CI, 35 to 68)with lorlatinib and

not evaluable with crizotinib as all patients progressed or
died orwere censoredwithin 2 years (Appendix Fig A1, online
only). Among patients without baseline brain metastases,
theHR for disease progression or deathwith lorlatinib versus
crizotinib was 0.24 (95%CI 0.16 to 0.36);median PFSwasNR
(95% CI, 64.3 to NR) with lorlatinib and 10.8 months (95%
CI, 9.0 to 12.8) with crizotinib. Five-year PFS was 63% (95%
CI, 52 to 71) with lorlatinib and 10% (95% CI, 5 to 18) with
crizotinib (Appendix Fig A2).

The proportion of patients with a confirmed objective re-
sponse by investigator assessment was 81% (95% CI, 73 to
87) with lorlatinib and 63% (95% CI, 54 to 70) with crizo-
tinib; median duration of response was NR (95% CI, NR to
NR) and 9.2 months (95% CI, 7.5 to 11.1), respectively
(Table 1). In patientswithmeasurable and/or nonmeasurable
baseline brain metastases, intracranial objective response
was also greater with lorlatinib than with crizotinib (60% v
11%, respectively); intracranial complete response was re-
ported in 49% and 5% of patients, respectively. Median
duration of intracranial response was NR (95%CI, NR to NR)
and 12.8 months (95% CI, 7.5 to NR), respectively.

The time to intracranial progression by investigator as-
sessment was longer with lorlatinib than with crizotinib,
with an HR of 0.06 (95% CI, 0.03 to 0.12). Median time to
intracranial progression was NR (95% CI, NR to NR) with
lorlatinib and 16.4 months (95% CI, 12.7 to 21.9) with cri-
zotinib. The probability of being free of intracranial pro-
gression was 92% (95% CI, 85 to 96) with lorlatinib and 21%

On treatment at data cutoff           (n = 7)

  Discontinued treatment        (n = 135)
    Had progressive disease       (n = 104)
    Had AE           (n = 14)
    Withdrew consent            (n = 9)
    Died              (n = 4)
    Had global deterioration of health     (n = 3)
    Had other reasons            (n = 1)

Patients randomly assigned (N = 296)

Assigned to receive lorlatinib        (n = 149)
  Treated                 (n = 149)

Assigned to receive crizotinib         (n = 147)
  Treated           (n = 142)
    Did not receive assigned treatment     (n = 5)

On treatment at data cutoff         (n = 74)

  Discontinued treatment          (n = 75)
    Had progressive disease         (n = 36)
    Had AE           (n = 15)
    Died             (n= 12)
    Withdrew consent            (n = 9)
    Had global deterioration of health     (n = 2)
    Had other reasons            (n = 1)

Included in the intention-to-       (n = 149)
  treat analysis
Included in the safety analysis       (n = 149)

Included in the intention-to-       (n = 147)
  treat analysis
Included in the safety analysis       (n = 142)

FIG 1. CONSORT diagram for the CROWN study. AE, adverse event.
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(95% CI, 10 to 33) with crizotinib at 5 years (Fig 3A). Among
patients with baseline brain metastases, the HR for time to
intracranial progression favored lorlatinib over crizotinib at
0.03 (95%CI, 0.01 to 0.13). At 5 years, the probability of being
free of intracranial progression was 83% (95% CI, 64 to 93)
with lorlatinib and not evaluable with crizotinib as all the
patients progressed in the brain or were censored within
2 years (Fig 3B). In patients without baseline brain metas-
tases, the HR for time to intracranial progression was 0.05
(95%CI, 0.02 to 0.13), favoring lorlatinib over crizotinib. The
probability of preventing development of brain metastases
was 96% (95%CI, 89 to 98) with lorlatinib versus 27% (95%
CI, 14 to 43) with crizotinib (Fig 3C). The cumulative inci-
dence of progression of brain metastases as the first event,
with adjustment for the competing risks of progression
other than brain metastases and death, was lower in the
lorlatinib group than in the crizotinib group (Appendix
Fig A3). In the lorlatinib group, according to investigator
assessment, only 4 of 114 patients without baseline brain
metastases developed intracranial lesion(s), which occurred
during the first 16 months of treatment. Additional infor-
mation on these four patients is presented in Appendix 1,
Results.

Safety

The median duration of treatment was 57.0 months (IQR,
13.9-63.3) with lorlatinib and 9.6 months (IQR, 4.7-17.1)
with crizotinib. Overall, 49 of 149 patients (33%) treatedwith
lorlatinib and 36 of 142 (25%) treated with crizotinib had at
least one dose reduction. The median relative dose intensity
was 99% (IQR, 80-100) with lorlatinib and 99% (IQR, 91-
100) with crizotinib. All-causality any-grade adverse events
(AEs) occurred in all patients in the lorlatinib group and in
140 of 142 patients (99%) in the crizotinib group; grade 3/4

AEs occurred in 77% and 57% of patients, respectively
(Table 2). The higher incidence of all-causality grade 3/4
AEs in patients in the lorlatinib group versus crizotinib
group was largely due to hypertriglyceridemia (25% v 0%),
hypercholesterolemia (21% v 0%), weight gain (23% v 2%),
and hypertension (12% v 1%; Appendix Table A1). With
lorlatinib, all-causality AEs led to dose reduction in 23% of
patients, temporary treatment discontinuation in 62%, and
permanent discontinuation in 11%. Treatment-related AEs led
to permanent treatment discontinuation in eight patients
(5%), which occurred during the first 26 months. With cri-
zotinib, all-causality AEs led to dose reduction in 15% of
patients, temporary treatment discontinuation in 48%, and
permanent discontinuation in 11%.

At 5 years, all-causality any-grade cardiovascular AEs oc-
curred in 42 of 149 patients (28%) in the lorlatinib group and
40 of 142 (28%) in the crizotinib group (Appendix Table A2).
Among patients with hyperlipidemia that was either present
at baseline or developed during the study, 37 of 134 patients
(28%) in the lorlatinib group and 15 of 32 (47%) in the
crizotinib grouphad cardiovascular AEs (Appendix Table A3).
The lower incidence of cardiovascular AEs in this patient
population in the lorlatinib group versus crizotinib group
was largely due to ischemic heart disease (16% v 31%) and
embolic and thrombotic events (7% v 19%). All-causality
CNS AEs occurred in 42% of patients in the lorlatinib group,
the majority of which (86%) were of grade 1/2 severity
(Appendix Table A4). Only three patients who experienced
treatment-related CNS AEs (two had confusional state and
one had nightmares) permanently discontinued lorlatinib. In
the lorlatinib group, CNS AEs occurred in six of nine (67%)
patients who had prior brain radiotherapy and in 57 of 140
(41%) patients without prior brain radiotherapy (Appendix
Table A5).

Number at risk

Lorlatinib

Crizotinib

149

147

126

107

79

9

0

0

1

0

4

0

14

0

26

2

45

4

67

6

74

8

77

9

81

10

81

9

87

11

89

16

93

16

96

19

103

30

111

42

118

70

100

70%

65%
60%

63%

10% 10%

15%

8%

90

80

70

60

50

PF
S 

(%
)

40

30

20

10

0
0 4 8 12 16 20 24

Crizotinib (n = 147)

115
9.1 (7.4 to 10.9)

Lorlatinib (n = 149)

55
NR (64.3 to NR)

0.19 (0.13 to 0.27)

Events, n
PFS, months, median 
(95% CI)
HR (95% CI)

28 32

Time (months)

36 40 44 48 52 56 60 64 68 72 76 80

FIG 2. PFS by investigator assessment in the intention-to-treat population. HR, hazard ratio; NR, not
reached; PFS, progression-free survival.
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Efficacy in Patients Who Had Dose Reduction

Post hoc analyses were conducted in patients who had
lorlatinib dose reduction within the first 16 weeks and in

those who did not. Dose reduction did not seem to impact
median PFS (Fig 4A) or time to intracranial progression
(Fig 4B) in these patients.

Biomarker Analyses

Baseline plasma samples were available from 134 patients in
the lorlatinib group and 129 in the crizotinib group. EML4::
ALK variant 1 was detected in 15% of patients in the lorlatinib
group and 20% in the crizotinib group; EML4::ALK variant 3a/
b was detected in 13% and 18% of patients, respectively
(Appendix Fig A4). The median PFS was 64.3 months (95%
CI, 26.0 to NR) in patients with EML4::ALK variant 1 and
60.0 months (95% CI, 33.3 to NR) in those with EML4::ALK
variant 3a/b in the lorlatinib group; in the crizotinib group,
the median PFS was 7.4 months (95% CI, 5.5 to 9.0) and
5.6months (95%CI, 5.3 to 7.6), respectively (Appendix Table
A6). With lorlatinib (n 5 97), the median PFS was
51.6 months (95% CI, 16.4 to NR) in the TP53 mutation–
positive subgroup and NR (95% CI, 60.0 to NR) in the TP53
mutation–negative subgroup; with crizotinib (n 5 100), the
median PFS was 5.7 months (5.4 to 7.2) and 9.1 months (7.6
to 11.1), respectively (Appendix Table A7).

End-of-treatment ctDNA samples were available for 31
patients in the lorlatinib group and 89 patients in the cri-
zotinib group. Emerging new ALK resistance mutations were
detected at the end of crizotinib treatment, but none were
detected in the ctDNA collected at the end of lorlatinib
treatment (Appendix Table A8). Paired baseline and end-of-
treatment ctDNA samples indicated that bypass mechanism
aberrations were the main resistance mechanism in re-
sponse to lorlatinib treatment (Appendix Table A9). The
mutational landscape in lorlatinib and crizotinib patients is
shown in Appendix Fig A5.

DISCUSSION

In this updated analysis from the CROWN study, after 5 years
of follow-up, lorlatinib continued to show superior efficacy
over crizotinib in patients with previously untreated, ad-
vanced, ALK-positive NSCLC, with remarkable PFS benefit
and intracranial efficacy. At a median follow-up of
60.2 months, median PFS was still NR with lorlatinib. The
PFS benefit, which exceeds 5 years, is the longest reported
PFS in advanced NSCLC to date; to our knowledge, this
represents the longest reported PFS outcome with any
molecular targeted therapy across metastatic solid tumors
(Data Supplement, online only).

The long-term efficacy of lorlatinib in the CROWN study
surpassed that of other currently approved ALK TKIs. In the
global phase III ALEX trial, after a median follow-up of
37.8 months, the investigator-assessed median PFS was
34.8 months (95% CI, 17.7 to not evaluable) and the 3-year
PFS was 46% with alectinib.15 In the phase III ALTA-1L trial,
at a median follow-up of 40.4 months, the median PFS by
investigator was 30.8 months (95% CI, 21.3 to 40.6) and the

TABLE 1. Summary of Overall and Intracranial Response by
Investigator Assessment

Response/Duration Lorlatinib Crizotinib

Intention-to-treat population, No. 149 147

Confirmed ORR, % (95% CI) 81 (73 to 87) 63 (54 to 70)

Best overall response, No. (%)

Complete response 15 (10) 3 (2)

Partial response 105 (70) 89 (61)

Stable disease 16 (11) 38 (26)

Progressive disease 8 (5) 7 (5)

Not evaluable 5 (3) 10 (7)

ORR for lorlatinib v crizotinib, OR
(95% CI)

2.43 (1.43 to 4.43)

Duration of response, months, median
(95% CI)

NR (NR to NR) 9.2 (7.5 to 11.1)

Duration of response ≥2 years,
n/N (%)

89/120 (74) 14/92 (15)

Patients with measurable and/or
nonmeasurable baseline brain
metastases, No.

35 38

Confirmed intracranial ORR, %
(95% CI)

60 (42 to 76) 11 (3 to 25)

Best overall response, No. (%)

Complete response 17 (49) 2 (5)

Partial response 4 (11) 2 (5)

Stable disease 0 4 (11)

Noncomplete response or
nonprogressive disease

13 (37) 22 (58)

Progressive disease 1 (3) 5 (13)

Not evaluable 0 3 (8)

ORR for lorlatinib v crizotinib, OR
(95% CI)

12.02 (3.23 to 54.92)

Duration of intracranial response,
months, median (95% CI)

NR (NR to NR) 12.8 (7.5 to NR)

Duration of intracranial response ≥2
years, n/N (%)

17/21 (81) 0

Patients with measurable baseline brain
metastases, No.

12 6

Confirmed intracranial ORR,
% (95% CI)

92 (62 to 100) 33 (4 to 78)

Best overall response, No. (%)

Complete response 7 (58) 0

Partial response 4 (33) 2 (33)

Stable disease 0 4 (67)

Progressive disease 1 (8) 0

Not evaluable 0 0

ORR for lorlatinib v crizotinib, OR
(95% CI)

15.00 (0.99 to 786.47)

Duration of intracranial response,
months, median (95% CI)

NR (NR to NR) 10.2 (7.5 to NR)

Duration of intracranial response
≥2 years, n/N (%)

8/11 (73) 0

Abbreviations: NR, not reached; OR, odds ratio; ORR, objective response
rate.
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3-year PFS was 45%with brigatinib.16 In the phase III eXalt3
study, with a median follow-up of 23.8 months, the median
PFS by BICR was 25.8 months (95% CI, 21.8 to NR) with
ensartinib.17 Acknowledging the absence of head-to-head
trials comparing second-generation ALK TKIs with lorlati-
nib and the limitations of cross-trial comparisons, findings
from this study represent the longest reported PFS in ALK-
positive NSCLC. Most (76%) PFS events occurred in the first
2 years with lorlatinib in the CROWN study, with only six
additional PFS events occurring between 3 years and 5 years.

Brain metastases in patients with ALK-positive NSCLC re-
main a key clinical challenge.18,19 Although second-
generation ALK TKIs have shown significant improvement
in terms of intracranial efficacy versus crizotinib, prognosis
in patients with brain metastases remains poor.15,16 In pa-
tients with baseline brain metastases after 5 years of follow-
up in the CROWN study, lorlatinib resulted in high intra-
cranial response, the majority of which were complete and
durable responses; only five of 35 patients overall experi-
enced intracranial progression, all within 30 months. Con-
sistent with these results, only four patients developed
intracranial lesions of the 114 without baseline brain me-
tastases in the lorlatinib group, notwithstanding discrep-
ancies between investigator and independent radiologic
review. These results indicate that lorlatinib was effective in
controlling preexisting brain metastases and in protecting
against the development of new brain metastases.

At the time of this analysis, the required number of OS events
for a protocol-specified second interim analysiswas notmet.
OS follow-up is currently ongoing in the CROWN study, and
the results will be reported in the future. In the pivotal phase
I/II study, with a median follow-up for OS of 72.7 months
(95%CI, 69.3 to 76.3),median OSwasNR (95%CI, NR toNR)
with lorlatinib, and 5-year OS was 76% (95% CI, 57 to 88) in
patients with treatment-naїve ALK-positive NSCLC (n 5 30;
data on file). In the ALEX trial, 5-year OS was 62.5% with
alectinib.15 In the ALTA-1L trial, 4-year OS was 66% with
brigatinib.16

The safety profile of lorlatinib remains similar to that re-
ported in previous analyses of the CROWN study, with no
new safety signals detected after additional treatment ex-
posure and longer follow-up.4,5 Lorlatinib was associated
with a higher incidence of grade 3/4 AEs (77% v 57% with
crizotinib), mostly due to an increase in blood lipid values;
however, cardiovascular AEs (28%)were similar between the
treatment groups. A subsequent assessment in patients who
had hyperlipidemia at baseline or during the study showed
that although a higher number of patients in the lorlatinib
group had hyperlipidemia (134 v 32 in the crizotinib group),
the incidence of cardiovascular AEs was lower with lorlatinib
than with crizotinib (28% v 47%, respectively), mostly due
to fewer occurrences of ischemic heart disease and embolic
and thrombotic events. Management of hyperlipidemia
should include monitoring for cholesterol and triglyceride
levels while on lorlatinib treatment.20-22 The pragmatic guide
recommends treatment with statins (eg, rosuvastatin or
pravastatin) at the first sign of hyperlipidemia. For hyper-
lipidemia that persists despite treatment, increasing the
dosage or inclusion of an additional lipid-lowering therapy is
recommended.23

Among patients who developed CNS AEs, most had grade 1/2
events, which frequently could be managed by dose inter-
ruption and dose reduction.24 Long-term observations
showed that the frequency of CNS AEs was higher among
patients who had prior brain radiotherapy than those
without prior brain radiotherapy; however, the number of
patients who underwent brain radiotherapy was small,
which may have affected the results. Despite higher inci-
dences of grade 3/4 AEs with lorlatinib than with crizotinib,
permanent discontinuations because of AEs were similar.

As reported previously, AEs with lorlatinib were manageable
with dose reduction without affecting systemic or intra-
cranial efficacy.25,26 These findings were confirmed with
longer follow-up. PFS and time to intracranial progression
were similar in patients who had lorlatinib dose reduction
within the first 16 weeks and those who had no dose re-
ductions, indicating that dose reduction may be an effective

FIG 3. (Continued). (B) patients with baseline brain metastases, and (C) patients without
baseline brain metastases. HR, hazard ratio; IC, intracranial; NR, not reached.

TABLE 2. Summary of AEs

Safety Population
Lorlatinib
(n 5 149)

Crizotinib
(n 5 142)

All-causality AEs, No. (%)

Any grade 149 (100) 140 (99)

Grade 3/4 115 (77) 81 (57)

Grade 5 14 (9) 7 (5)

Serious 65 (44) 45 (32)

Leading to temporary drug discontinuation 92 (62) 68 (48)

Leading to dose reduction 34 (23) 21 (15)

Leading to permanent drug discontinuation 16 (11) 15 (11)

Treatment-related AEs, No. (%)

Any grade 145 (97) 133 (94)

Grade 3/4 99 (66) 55 (39)

Grade 5 2 (1) 0

Serious 14 (9) 9 (6)

Leading to temporary drug discontinuation 58 (39) 51 (36)

Leading to dose reduction 31 (21) 19 (13)

Leading to permanent drug discontinuation 8 (5) 8 (6)

Abbreviation: AE, adverse event.
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strategy tomitigate toxicity without compromising systemic
or intracranial efficacy.

Patients with poor prognostic factors such as EML4::ALK
variant 3a/b or TP53mutation–positive status are associated
with worse outcomes than those with EML4::ALK variant 1 or
TP53mutation–negative status.14,16,27With long-term follow-
up, themedian PFS with lorlatinib was 60.0months in EML4::
ALK variant 3a/b subgroup and 51.6 months in TP53 muta-
tion–positive subgroup. In the 3-year analysis, the median
PFS by BICR was 33.3 months in EML4::ALK variant 3a/b

subgroup.14 The discordance between the 3- and 5-year
analyses was due to disagreement between BICR and inves-
tigator assessments in a few patients, resulting in the dif-
ferences in median PFS because of the small number of
patients (n 5 18) in this subgroup. In the ALEX trial, the
median PFS with alectinib was 17.7 months for EML4::ALK
variant 3.27 In the ALTA-1L trial, the median PFS with brig-
atinib was 16.0 months in patients with EML4::ALK variant 3
and 18.0 months in those with TP53 mutation.16 The results
from this study emphasize that lorlatinib treatment can
benefit patients with poor prognostic biomarkers or difficult-
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to-treat alterations such as EML4::ALK variant 3 or TP53
comutation relatively more than other second-generation
ALK TKIs. ctDNA samples at the end of lorlatinib treatment
indicated that lorlatinib was effectively able to suppress the
emergence of new ALK kinase domain mutations; instead,
aberrations in bypass signaling pathways were the main re-
sistance mechanism in patients who did develop lorlatinib
resistance. Bydelaying the emergence of on-target resistance,
lorlatinib is able to improve the durability of treatment
outcomes.

A limitation of this study is that this is a post hoc analysis.
The results provided are consequently descriptive in nature,

with no statistical comparisons performed. In addition, end
point evaluation by BICR stopped after the 3-year analysis,
and only investigator assessments were conducted.

In summary, after 5 years of follow-up, the median PFS has
yet to be reached in the lorlatinib group, corresponding to
the longest PFS ever reported with any single-agent mo-
lecular targeted treatment not only in advanced NSCLC but
across all metastatic solid tumors. These systemic efficacy
results coupled with prolonged intracranial efficacy and the
absence of new safety signals represent unprecedented
outcomes for patients with advanced ALK-positive NSCLC
and set a new benchmark for targeted therapies in cancer.
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APPENDIX 1. RESULTS

PatientsWithout Baseline BrainMetastasesWho Developed
Intracranial Lesion(s) in the Lorlatinib Group

In the lorlatinib group, according to investigator assessment only 4 of 114 patients
without baseline brain metastases developed intracranial lesion(s), which occurred
during the first 16 months of treatment. The first patient had intracranial progression
after 1.6 months of treatment with lorlatinib, which was consistent with findings
reported by blinded independent central review (BICR). In contrast, findings from

investigator assessment in the remaining three patients were discordant with the
BICR provided by independent neuroradiologists. The second patient, who had
undergone brain radiotherapy 1 month before start of treatment, had intracranial
progression at 5.6 months. This patient had a nontarget brain lesion at baseline with
intracranial progression documented by BICR. The third patient had intracranial
progression at 14.7 months. This patient was classified as having baseline brain
metastases but had no documentation of intracranial progression by BICR. The
fourth patient had intracranial progression at 15.7 months. This patient was cate-
gorized as without baseline brain metastases and did not have intracranial pro-
gression by BICR.
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FIG A1. PFS by investigator assessment in patients with baseline brain metastases. HR, hazard ratio;
NR, not reached; PFS, progression-free survival.
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Patients randomly assigned (N = 296)

Assigned to receive crizotinib
(n = 147)

Assigned to receive lorlatinib
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Other ALK fusion (n = 4; 3%)

ALK rearrangement
not detected ( n = 36; 28%)
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FIG A4. Baseline plasma ctDNA samples available in the lorlatinib and crizotinib groups. ctDNA, cir-
culating tumor DNA.
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None 9 (29.0 %)

ALK 1 (3.2 %)

TP53 16 (51.6 %)

AKT1 1 (3.2 %)

APC 4 (12.9 %)

PDGFRA 0

NTRK1 0

NOTCH1 1 (3.2 %)

MYC 3 (9.7 %)

MTOR 1 (3.2 %)

MET 6 (19.4 %)

KRAS 1 (3.2 %)

KIT 1 (3.2 %)

IDH2 1 (3.2 %)

HNF1A 1 (3.2 %)

GNAS 1 (3.2 %)

FGFR1 1 (3.2 %)

ERBB2 0

EGFR 1 (3.2 %)

DDR2 0

CDKN2A 1 (3.2 %)

CDK4 0

CDK12 1 (3.2 %)

CCNE1 1 (3.2 %)

CCND2 2 (6.5 %)

BRCA2 1 (3.2 %)

BRCA1 1 (3.2 %)

BRAF 2 (6.5 %)

ATM 3 (9.7 %)

ARID1A 3 (9.7 %)

AR 1 (3.2 %)

PIK3CA 2 (6.5 %)

PTEN 2 (6.5 %)

RB1 1 (3.2 %)

ROS1 2 (6.5 %)

SMAD4 0

TERT 0

None 9 (29.0 %)

ALK 1 (3.2 %)

TP53 15 (48.4 %)

AKT1 0

APC 1 (3.2 %)

PDGFRA 1 (3.2 %)

NTRK1 2 (6.5 %)
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MYC 2 (6.5 %)

MTOR 1 (3.2 %)

MET 2 (6.5 %)
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KIT 1 (3.2 %)
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ERBB2 1 (3.2 %)

EGFR 0

DDR2 1 (3.2 %)

CDKN2A 1 (3.2 %)

CDK4 1 (3.2 %)
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CCNE1 0

CCND2 0

BRCA2 2 (6.5 %)
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Variant 1
Other

None
Variant 3

NoRearr
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Missense Promoter Copy number increase Frameshift Nonframeshift Multialterations Splice siteNonsenseNo mutation
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A

FIG A5. Mutational landscape in (A) lorlatinib and (B) crizotinib patients at screening and EOT. None indicates no mutation, which includes no
ctDNA samples and failed samples. If all mutations detected are SILENT, the column corresponding to the sample is blank. One crizotinib patient
had no screening visit sample and was not included in the plot for screening. EOT, end of treatment; NoRearr, no rearrangement; OthRearr, other
rearrangement. (continued on following page)
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None 31 (34.4 %)

ALK 5 (5.6 %)

TP53 27 (30.0 %)

APC 8 (8.9 %)

PDGFRA 0

MYC 2 (2.2 %)

MET 2 (2.2 %)

KIT 0

IDH1 0

HNF1A 1 (1.1 %)

GNAS 5 (5.6 %)

GNAQ 1 (1.1 %)

GATA3 2 (2.2 %)

FGFR3 0
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FBXW7 1 (1.1 %)
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ERBB2 0

EGFR 2 (2.2 %)
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KRAS 3 (3.3 %)

RAF1 2 (2.2 %)

ROS1 1 (1.1 %)

RHOA 1 (1.1 %)

SMAD4 1 (1.1 %)
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ALK 11 (12.2 %)

TP53 23 (25.6 %)

APC 9 (10.0 %)

PDGFRA 1 (1.1 %)
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FIG A5. (Continued).
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TABLE A1. All-Causality AEs Occurring in ≥10% of Patients in Any Treatment Group

Event

Lorlatinib (n 5 149) Crizotinib (n 5 142)

Any Gradea Grade 3 Grade 4 Any Gradeb Grade 3 Grade 4

Any AE, No. (%) 149 (100) 95 (64) 20 (13) 140 (99) 69 (49) 12 (8)

Hypercholesterolemiac 108 (72) 30 (20) 2 (1) 5 (4) 0 0

Hypertriglyceridemiac 99 (66) 25 (17) 12 (8) 8 (6) 0 0

Edemac 85 (57) 6 (4) 0 61 (43) 2 (1) 0

Peripheral neuropathyc 65 (44) 2 (1) 0 23 (16) 1 (1) 0

Weight increased 65 (44) 34 (23) 0 18 (13) 3 (2) 0

Fatiguec 45 (30) 2 (1) 0 47 (33) 4 (3) 0

Arthralgia 41 (28) 1 (1) 0 20 (14) 0 0

Cognitive effectsc 41 (28) 5 (3) 0 10 (7) 0 0

Hypertension 39 (26) 18 (12) 0 6 (4) 1 (1) 0

Anemia 37 (25) 6 (4) 0 14 (10) 4 (3) 0

Diarrhea 34 (23) 3 (2) 0 75 (53) 1 (1) 0

Dyspnea 34 (23) 5 (3) 0 26 (18) 4 (3) 0

Headache 33 (22) 0 0 28 (20) 1 (1) 0

Mood effectsc 31 (21) 2 (1) 0 9 (6) 0 0

Cough 30 (20) 0 0 27 (19) 0 0

Pyrexia 30 (20) 1 (1) 0 19 (13) 2 (1) 0

ALT increased 29 (19) 4 (3) 0 49 (35) 5 (4) 1 (1)

Back pain 29 (19) 2 (1) 0 20 (14) 0 0

Constipation 29 (19) 0 0 43 (30) 1 (1) 0

Vision disorderc 29 (19) 0 0 57 (40) 1 (1) 0

Pain in extremity 28 (19) 0 0 14 (10) 0 0

Gamma-glutamyltransferase
increased

27 (18) 8 (5) 1 (1) 22 (15) 6 (4) 0

Nausea 25 (17) 1 (1) 0 75 (53) 3 (2) 0

SARS-CoV-2 test positive 25 (17) 0 0 3 (2) 0 0

AST increased 24 (16) 3 (2) 0 39 (27) 5 (4) 0

Lipase increased 22 (15) 8 (5) 1 (1) 18 (13) 4 (3) 1 (1)

Hyperglycemia 21 (14) 8 (5) 0 5 (4) 0 0

Myalgia 21 (14) 0 0 6 (4) 0 0

Vomiting 20 (13) 1 (1) 0 56 (39) 2 (1) 0

Blood creatine phosphokinase
increased

19 (13) 4 (3) 0 25 (18) 5 (4) 1 (1)

Dizziness 19 (13) 0 0 21 (15) 0 0

Sleep effectsc 19 (13) 1 (1) 1 (1) 14 (10) 0 0

Chest pain 18 (12) 2 (1) 0 20 (14) 1 (1) 0

Rash 18 (12) 0 0 12 (8) 0 0

Upper respiratory tract infection 18 (12) 1 (1) 0 11 (8) 2 (1) 0

Amylase increased 17 (11) 0 0 19 (13) 1 (1) 0

Pneumonia 17 (11) 5 (3) 1 (1) 13 (9) 4 (3) 1 (1)

Hyperlipidemia 16 (11) 2 (1) 1 (1) 0 0 0

Hyperuricemia 16 (11) 0 1 (1) 6 (4) 0 0

Blood creatine increased 11 (7) 2 (1) 0 22 (15) 3 (2) 0

Neutropenia 11 (7) 1 (1) 0 21 (15) 13 (9) 0

Blood alkaline phosphatase
increased

9 (6) 0 0 17 (12) 2 (1) 0

Dysgeusia 9 (6) 0 0 23 (16) 0 0

Hypoalbuminemia 8 (5) 1 (1) 0 18 (13) 6 (4) 0

Decreased appetite 6 (4) 0 0 35 (25) 4 (3) 0

(continued on following page)
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TABLE A1. All-Causality AEs Occurring in ≥10% of Patients in Any Treatment Group (continued)

Event

Lorlatinib (n 5 149) Crizotinib (n 5 142)

Any Gradea Grade 3 Grade 4 Any Gradeb Grade 3 Grade 4

Sinus bradycardia 6 (4) 0 0 16 (11) 1 (1) 0

Blood lactate dehydrogenase
increased

5 (3) 1 (1) 0 16 (11) 0 0

Bradycardia 4 (3) 0 0 20 (14) 0 0

Neutrophil count decreased 3 (2) 0 0 18 (13) 8 (6) 4 (3)

Abbreviation: AE, adverse event.
aFourteen patients in the lorlatinib group died due to COVID-19 pneumonia (n 5 2), respiratory failure (n 5 2), pneumonia (n 5 1), cardiac failure
(n5 1), pulmonary embolism (n5 1), lower respiratory tract infection (n5 1), basal ganglia hemorrhage (n5 1), cardiac arrest (n5 1), cardiac failure
acute (n 5 1), death (n 5 1; reason unknown), disease progression (n 5 1), or lung neoplasm malignant (n 5 1). Two treatment-related deaths
occurred due to cardiac failure acute and respiratory failure (n 5 1 each).
bSeven patients in the crizotinib group died due to malignant neoplasm progression (n 5 2), pericardial effusion (n 5 1), death (n 5 1; reason
unknown), disease progression (n 5 1), neoplasm progression (n 5 1), or Clostridium difficile colitis (n 5 1).
cThis category comprised a cluster of AEs that may represent similar clinical symptoms or syndromes.
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TABLE A2. Summary of All-Causality Cardiovascular AEs

Event

Lorlatinib (n 5 149) Crizotinib (n 5 142)

Any Gradea Grade 1 Grade 2 Grade 3 Grade 4 Any Grade Grade 1 Grade 2 Grade 3 Grade 4

Any AEs, No. (%) 42 (28) 19 (13) 8 (5) 10 (7) 1 (1) 40 (28) 15 (11) 13 (9) 11 (8) 1 (1)

SMQ ischemic heart disease, No. (%) 21 (14) 14 (9) 1 (1) 6 (4) 0 25 (18) 15 (11) 3 (2) 6 (4) 1 (1)

Blood creatine phosphokinase
increased

19 (13) 14 (9) 1 (1) 4 (3) 0 25 (18) 16 (11) 3 (2) 5 (4) 1 (1)

Arteriosclerosis coronary artery 1 (1) 1 (1) 0 0 0 0 0 0 0 0

ECG T wave abnormal 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Myocardial infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Myocardial ischemia 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Troponin increased 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Blood creatine phosphokinase MB
increased

0 0 0 0 0 2 (1) 1 (1) 0 1 (1) 0

ECG ST segment elevation 0 0 0 0 0 1 (1) 1 (1) 0 0 0

ECG T wave inversion 0 0 0 0 0 1 (1) 1 (1) 0 0 0

SMQ embolic and thrombotic events,
No. (%)

13 (9) 4 (3) 4 (3) 4 (3) 0 16 (11) 3 (2) 8 (6) 5 (4) 0

Deep vein thrombosis 3 (2) 1 (1) 2 (1) 0 0 6 (4) 2 (1) 4 (3) 0 0

Pulmonary embolism 3 (2) 2 (1) 0 0 0 5 (4) 0 3 (2) 2 (1) 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Cerebral ischemia 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Embolic cerebral infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Monoparesis 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Myocardial infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Sigmoid sinus thrombosis 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Cerebral infarction 0 0 0 0 0 1 (1) 0 0 1 (1) 0

Ischemic stroke 0 0 0 0 0 1 (1) 0 0 1 (1) 0

Retinal vein occlusion 0 0 0 0 0 1 (1) 0 1 (1) 0 0

Superior vena cava syndrome 0 0 0 0 0 1 (1) 1 (1) 0 0 0

Thrombophlebitis 0 0 0 0 0 1 (1) 1 (1) 0 0 0

Thrombosis 0 0 0 0 0 1 (1) 0 0 1 (1) 0

Cluster cardiac failure, No. (%) 7 (5) 1 (1) 2 (1) 2 (1) 0 1 (1) 0 1 (1) 0 0

Cardiac failure 3 (2) 0 1 (1) 1 (1) 0 1 (1) 0 1 (1) 0 0

Ejection fraction decreased 2 (1) 0 1 (1) 1 (1) 0 0 0 0 0 0

Cardiac failure acute 1 (1) 0 0 0 0 0 0 0 0 0

Cardiac failure chronic 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Cardiac failure congestive 1 (1) 0 0 1 (1) 0 0 0 0 0 0

SMQ ischemic CNS vascular
conditions, No. (%)

5 (3) 0 1 (1) 4 (3) 0 2 (1) 0 0 2 (1) 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Carotid artery disease 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Cerebral ischemia 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Embolic cerebral infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Cerebral infarction 0 0 0 0 0 1 (1) 0 0 1 (1) 0

Ischemic stroke 0 0 0 0 0 1 (1) 0 0 1 (1) 0

(continued on following page)
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TABLE A2. Summary of All-Causality Cardiovascular AEs (continued)

Event

Lorlatinib (n 5 149) Crizotinib (n 5 142)

Any Gradea Grade 1 Grade 2 Grade 3 Grade 4 Any Grade Grade 1 Grade 2 Grade 3 Grade 4

SMQ hemorrhagic CNS vascular
conditions, No. (%)

4 (3) 0 1 (1) 1 (1) 1 (1) 1 (1) 0 1 (1) 0 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Basal ganglia hemorrhage 1 (1) 0 0 0 0 0 0 0 0 0

Subdural hematoma 1 (1) 0 1 (1) 0 0 1 (1) 0 1 (1) 0 0

Thalamus hemorrhage 1 (1) 0 0 0 1 (1) 0 0 0 0 0

NOTE. Cardiovascular events were cardiac death; sudden cardiac death; sudden death; and the SMQ embolic and thrombotic events of cluster
cardiac failure, SMQ ischemic heart disease, SMQ ischemic CNS vascular conditions, and SMQ hemorrhagic CNS vascular conditions.
Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SMQ, Standardized MedDRA Queries.
aFour patients in the lorlatinib group died due to pulmonary embolism, cardiac failure, cardiac failure acute, and basal ganglia hemorrhage (n 5 1
each).
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TABLE A3. Summary of Cardiovascular AEs in Patients With Hyperlipidemia At Baseline and/or Developed During the Study

Event

Lorlatinib (n 5 134) Crizotinib (n 5 32)

Any Gradea Grade 1 Grade 2 Grade 3 Grade 4 Any Grade Grade 1 Grade 2 Grade 3 Grade 4

Any CV AEs, No. (%) 37 (28) 18 (13) 7 (5) 8 (6) 1 (1) 15 (47) 8 (25) 4 (13) 3 (9) 0

SMQ ischemic heart disease 21 (16) 14 (10) 1 (1) 6 (4) 0 10 (31) 7 (22) 2 (6) 1 (3) 0

Blood creatine phosphokinase
increased

19 (14) 14 (10) 1 (1) 4 (3) 0 10 (31) 8 (25) 2 (6) 0 0

Arteriosclerosis coronary artery 1 (1) 1 (1) 0 0 0 0 0 0 0 0

ECG T wave abnormal 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Myocardial infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Myocardial ischemia 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Troponin increased 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Blood creatine phosphokinase MB
increased

0 0 0 0 0 1 (3) 0 0 1 (3) 0

ECG ST segment elevation 0 0 0 0 0 1 (3) 1 (3) 0 0 0

ECG T wave inversion 0 0 0 0 0 1 (3) 1 (3) 0 0 0

SMQ embolic and thrombotic events,
No. (%)

10 (7) 3 (2) 3 (2) 4 (3) 0 6 (19) 2 (6) 2 (6) 2 (6) 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Deep vein thrombosis 2 (1) 0 2 (1) 0 0 1 (3) 1 (3) 0 0 0

Pulmonary embolism 2 (1) 2 (1) 0 0 0 2 (6) 0 2 (6) 0 0

Cerebral ischemia 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Embolic cerebral infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Myocardial infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Sigmoid sinus thrombosis 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Cerebral infarction 0 0 0 0 0 1 (3) 0 0 1 (3) 0

Thrombophlebitis 0 0 0 0 0 1 (3) 1 (3) 0 0 0

Thrombosis 0 0 0 0 0 1 (3) 0 0 1 (3) 0

Cluster cardiac failure, No. (%) 6 (4) 1 (1) 2 (1) 1 (1) 0 0 0 0 0 0

Cardiac failure 2 (1) 0 1 (1) 0 0 0 0 0 0 0

Ejection fraction decreased 2 (1) 0 1 (1) 1 (1) 0 0 0 0 0 0

Cardiac failure acute 1 (1) 0 0 0 0 0 0 0 0 0

Cardiac failure chronic 1 (1) 1 (1) 0 0 0 0 0 0 0 0

Cardiac failure congestive 1 (1) 0 0 1 (1) 0 0 0 0 0 0

SMQ hemorrhagic CNS vascular
conditions, No. (%)

4 (3) 0 1 (1) 1 (1) 1 (1) 0 0 0 0 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Basal ganglia hemorrhage 1 (1) 0 0 0 0 0 0 0 0 0

Subdural hematoma 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Thalamus hemorrhage 1 (1) 0 0 0 1 (1) 0 0 0 0 0

SMQ ischemic CNS vascular
conditions, No. (%)

4 (3) 0 1 (1) 3 (2) 0 1 (3) 0 0 1 (3) 0

Cerebrovascular accident 2 (1) 0 0 2 (1) 0 0 0 0 0 0

Cerebral ischemia 1 (1) 0 1 (1) 0 0 0 0 0 0 0

Embolic cerebral infarction 1 (1) 0 0 1 (1) 0 0 0 0 0 0

Cerebral infarction 0 0 0 0 0 1 (3) 0 0 1 (3) 0

NOTE. Cardiovascular events were cardiac death; sudden cardiac death; sudden death; and SMQ embolic and thrombotic events of cluster cardiac
failure, SMQ ischemic heart disease, SMQ ischemic CNS vascular conditions, and SMQ hemorrhagic CNS vascular conditions.
Abbreviations: AE, adverse event; CV, cardiovascular; MedDRA, Medical Dictionary for Regulatory Activities; SMQ, Standardized MedDRA Queries.
aThree patients in the lorlatinib group died due to cardiac failure, cardiac failure acute, and basal ganglia hemorrhage (n 5 1 each).
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TABLE A4. Summary of CNS AEs in the Lorlatinib Group

Cluster Term

Lorlatinib (n 5 149)

Any Grade Grade 1 Grade 2 Grade 3 Grade 4

Any AEs, No. (%) 63 (42) 36 (24) 18 (12) 8 (5) 1 (1)

Cognitive effectsa 41 (28) 25 (17) 11 (7) 5 (3) 0

Mood effectsb 31 (21) 17 (11) 12 (8) 2 (1) 0

Speech effectsc 9 (6) 6 (4) 2 (1) 1 (1) 0

Psychotic effectsd 8 (5) 5 (3) 1 (1) 1 (1) 1 (1)

Abbreviations: AE, adverse event; HLGT, High-Level Group Term; HLT,
High-Level Term; MedDRA, Medical Dictionary for Regulatory Activities;
NEC, not elsewhere classified; PT, preferred term; SMQ, Standardized
MedDRA Queries.
aCognitive effects were any event from HLGT cognitive and attention
disorders and disturbances, deliria (including confusion), or mental
impairment disorders.
bMood effects were any event from HLGT anxiety disorders and
symptoms, depressed mood disorders and disturbances, manic and
bipolar mood disorders and disturbances, mood disorders and
disturbances NEC, or personality disorders and disturbances in
behavior.
cSpeech effects were any event from HLT speech and language
abnormalities.
dPsychotic effects were any event from SMQ narrow psychosis and
psychotic disorders or PT of psychotic symptom.

TABLE A5. Summary of CNS AEs in Patients With and Without Prior
Brain Radiotherapy in the Lorlatinib Group

Cluster Term

Lorlatinib

Any Grade Grade 1 Grade 2 Grade 3 Grade 4

Prior brain radiotherapy (n 5 9)

Any AEs, No. (%) 6 (67) 5 (56) 1 (11) 0 0

Cognitive effectsa 4 (44) 3 (33) 1 (11) 0 0

Mood effectsb 2 (22) 2 (22) 0 0 0

Speech effectsc 0 0 0 0 0

Psychotic effectsd 0 0 0 0 0

No prior brain radiotherapy (n 5 140)

Any AEs, No. (%) 57 (41) 31 (22) 17 (12) 8 (6) 1 (1)

Cognitive effectsa 37 (26) 22 (16) 10 (7) 5 (4) 0

Mood effectsb 29 (21) 15 (11) 12 (9) 2 (1) 0

Speech effectsc 9 (6) 6 (4) 2 (1) 1 (1) 0

Psychotic effectsd 8 (6) 5 (4) 1 (1) 1 (1) 1 (1)

Abbreviations: AE, adverse event; HLGT, High-Level Group Term; HLT,
High-Level Term; MedDRA, Medical Dictionary for Regulatory Activities;
NEC, not elsewhere classified; PT, preferred term; SMQ, Standardized
MedDRA Queries.
aCognitive effects were any event from HLGT cognitive and attention
disorders and disturbances, deliria (including confusion), or mental
impairment disorders.
bMood effects were any event from HLGT anxiety disorders and
symptoms, depressed mood disorders and disturbances, manic and
bipolar mood disorders and disturbances, mood disorders and
disturbances NEC, or personality disorders and disturbances in
behavior.
cSpeech effects were any event from HLT speech and language
abnormalities.
dPsychotic effects were any event from SMQ narrow psychosis and
psychotic disorders or PT of psychotic symptom.
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TABLE A6. Efficacy by EML4::ALK Fusion Variant and Other ALK Rearrangements in Baseline ctDNA

EML4::ALK Variant

Lorlatinib (n 5 134) Crizotinib (n 5 129)

No. (%) ORR, % (95% CI)
DOR, Months,

Median (95% CI)
PFS, Months,

Median, (95% CI) No. (%) ORR, % (95% CI)
DOR, Months,

Median (95% CI)
PFS, Months,

Median, (95% CI)

Variant 1 20 (15) 80 (56 to 94) 62.5 (50.0 to NR) 64.3 (26.0 to NR) 26 (20) 50 (30 to 70) 7.4 (5.6 to 9.2) 7.4 (5.5 to 9.0)

Variant 2 7 (5) 100 (59 to 100) NR (32.8 to NR) NR (34.6 to NR) 2 (2) 50 (1 to 99) NR (NR to NR) NR (3.7 to NR)

Variant 3a/b 18 (13) 83 (59 to 96) 58.2 (38.7 to NR) 60.0 (33.3 to NR) 23 (18) 70 (47 to 87) 5.6 (3.7 to 8.5) 5.6 (5.3 to 7.6)

Other 15 (11) 87 (60 to 98) 27.6 (11.1 to NR) 29.3 (11.1 to NR) 9 (7) 78 (40 to 97) 7.5 (7.3 to 14.6) 10.0 (7.2 to 16.0)

Other ALK fusion 2 (1) 100 (16 to 100) NR (12.9 to NR) NR (14.1 to NR) 4 (3) 75 (19 to 99) 3.7 (3.7 to NR) 8.2 (3.5 to NR)

ALK rearrangement not detected 35 (26) 69 (51 to 83) NR (NR to NR) NR (42.3 to NR) 36 (28) 64 (46 to 79) 11.1 (7.5 to 27.4) 11.0 (7.2 to 13.1)

No cell-free DNA detected 32 (24) 88 (71 to 97) NR (NR to NR) NR (NR to NR) 25 (19) 84 (64 to 96) 14.8 (11.0 to 28.2) 18.4 (12.7 to 29.3)

Not analyzeda 5 (4) 60 (15 to 95) NR (31.3 to NR) 32.9 (1.9 to NR) 4 (3) 50 (7 to 93) 12.7 (5.3 to NR) 21.9 (9.0 to NR)

Abbreviations: ctDNA, circulating tumor DNA; DOR, duration of response; NR, not reached; ORR, objective response rate; PFS, progression-free survival.
aSample failed analysis, was uninformative, or was not analyzed.
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TABLE A7. Efficacy by TP53 Statusa in Patients With Baseline ctDNA

Mutation Status

Lorlatinib (n 5 97) Crizotinib (n 5 100)

No. (%) ORR, % (95% CI) DOR, Months, Median (95% CI) PFS, Months, Median, (95% CI) No. (%) ORR, % (95% CI) DOR, Months, Median (95% CI) PFS, Months, Median, (95% CI)

Positive 41 (42) 68 (52 to 82) NR (50.0 to NR) 51.6 (16.4 to NR) 42 (42) 60 (43 to 74) 5.6 (5.3 to 8.5) 5.7 (5.4 to 7.2)

Negative 56 (58) 88 (76 to 95) NR (62.5 to NR) NR (60.0 to NR) 58 (58) 66 (52 to 78) 9.2 (7.4 to 11.1) 9.1 (7.6 to 11.1)

Abbreviations: ctDNA, circulating tumor DNA; DOR, duration of response; NR, not reached; ORR, objective response rate; PFS, progression-free survival.
aFor TP53 mutation status determination, both known pathogenic or likely pathogenic variants and variants of unknown significance per the ClinVar database were taken into account.
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TABLE A8. Summary of Resistance Mechanisms in End-of-Treatment ctDNA Samples

Resistance Mechanisms Lorlatinib (n 5 31) Crizotinib (n 5 89)

Resistance mechanisms, No. (%)

New single ALK mutation 0 8 (9)

ALK compound mutation 0 2 (2)

Bypass mechanism, No. (%) 9 (29) 10 (11)

MAPK pathway aberration 3 (10) 1 (1)

PI3K/MTOR/PTEN pathway
aberration

2 (6) 0

RTK pathway aberration 4 (13) 5 (6)

Cell cycle pathway aberration 2 (6) 5 (6)

Other gene aberration, No. (%) 11 (35) 19 (21)

Unknown, No. (%) 13 (42) 56 (63)

NOTE. Resistance mechanisms at EOT were not available for three patients because of results not reported at screening and for one patient
because of results not reported at screening and EOT. The following aberrations were identified: MAPK pathway aberration: Lorlatinib: KRAS G12C;
BRAF G466E; BRAF amplification; Crizotinib: KRAS K117N. PI3K/MTOR/PTEN pathway aberration: Lorlatinib: PIK3CA amplification; PTEN Q214*.
RTK pathway aberration: Lorlatinib: MET amplification (3); EGFR amplification; Crizotinib: NCOA4-RET fusion; EGFR L858R; FGFR1/PDGFRA
amplification; EGFR amplification; FGFR3 Y770F. Cell cycle pathway aberration: Lorlatinib: MYC amplification; RB1 K80*; Crizotinib: CDK4
amplification; CDK6 amplification; CDKN2A Y44fs; RB1 M695fs; CCND2 I287T. Other gene aberration: Any alteration in any of the other genes
included in the G360 panel (eg, APC, AR, ARID1A, ATM, etc).
Abbreviations: ctDNA, circulating tumor DNA; EOT, end of treatment.

TABLE A9. Summary of Potential Resistance Mechanisms in ctDNA Samples Collected At the End of Treatment

Resistance Mechanisms

Lorlatinib (n 5 31) Crizotinib (n 5 90)

Baseline End of Treatment Baseline End of Treatment

Patients with reported results, No. (%) 29 (94) 31 (100) 87 (97) 89 (99)

Positive status, No. (%)

ALK fusion 15 (48) 6 (19) 47 (52) 30 (33)

ALK mutation 1 (3) 1 (3) 5 (6) 11 (12)

TP53 mutation 15 (48) 16 (52) 27 (30) 23 (26)

MAPK pathway aberration 0 3 (10) 4 (4) 4 (4)

PI3K/MTOR/PTEN pathway
aberration

1 (3) 3 (10) 1 (1) 0

RTK pathway aberration 1 (3) 6 (19) 3 (3) 5 (6)

Cell cycle pathway aberration 4 (13) 5 (16) 4 (4) 5 (6)

Other mutation 12 (39) 14 (45) 36 (40) 28 (31)

No ctDNA detected 5 (16) 8 (26) 17 (19) 29 (32)

NOTE. Four patients were excluded from baseline because of missing sample or results not reported but were included in EOT as results were
available. One patient was excluded from baseline and EOT because of results not reported. A patient could be classified inmultiple categories. The
following aberrationswere identified:MAPK pathway aberration: BRAF V600E; V600Dup; R389C; G466E; or amplification; KRASG12D; G12C; G12S;
K117N; A146T; or amplification; NRAS G12D; or amplification. PI3K/MTOR/PTEN pathway aberration: PIK3CA E545K; E542K; K111E; R93Q;
N1044K; or amplification; MTOR C1483F; PTEN Q214*. RTK pathway aberration: EGFR L858R; R1068Q; or amplification; ERBB2 A440T; R678Q; or
amplification; KIT; MET; FGFR1; FGFR2; FGFR3; PDGFRA amplification; NCOA4-RET fusion. Cell cycle pathway aberration: CDK4; CDK6; CCND1;
CCND2; CCNE1; or MYC amplification; CDKN2A E69* or Y44fs; RB1M695fs; or K80*. Other gene aberration: Any alteration in any of the other genes
included in the G360 panel (eg, APC, AR, ARID1A, ATM, etc).
Abbreviations: ctDNA, circulating tumor DNA; EOT, end of treatment.
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