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abstract

PURPOSE The CNS is a recurrent site of progression in anaplastic lymphoma kinase (ALK)–rearranged (ALK+)
lung cancer. Lorlatinib is a third-generation ALK inhibitor developed to penetrate the CNS and overcome ALK
resistance mutations. We conducted a phase II study to evaluate the intracranial activity of lorlatinib in patients
with CNS-only progression on second-generation ALK inhibitors.

METHODS Patients with ALK+ lung cancer who had intracranial progression on ≥ 1 ALK inhibitor without
measurable extracranial disease received lorlatinib 100 mg once daily. The primary end point was intracranial
disease control rate at 12 weeks per modified RECIST v1.1. Secondary end points included intracranial
progression-free survival, intracranial objective response rate, and safety/tolerability.

RESULTS Twenty-three patients were enrolled between November 2016 and January 2019. Fifteen (65%)
patients had irradiated CNS metastases, with a median of 20.2 months between radiation and lorlatinib. Control
of intracranial disease was observed in 21 (95%) evaluable patients at 12 weeks. The intracranial objective
response rate was 59%with six complete and seven partial responses. The median intracranial progression-free
survival was 24.6 months (95% CI, 20.2 to not reached). With a median follow-up of 16.8 months, nine patients
developed disease progression, including four patients with CNS progression. The most common treatment-
related adverse events were hypercholesterolemia (96%), hypertriglyceridemia (87%), edema (65%), cognitive
effects (52%), andmood effects (43%). Three patients discontinued treatment because of toxicity, including two
patients with fatal respiratory events.

CONCLUSION Lorlatinib induced durable intracranial disease control in patients with CNS-only relapse on
second-generation ALK inhibitors, suggesting that tumors with CNS-limited progression on brain-penetrant ALK
tyrosine kinase inhibitors remain ALK-dependent.

JCO Precis Oncol 6:e2100522. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Anaplastic lymphoma kinase (ALK)–rearranged
(ALK+) non–small-cell lung cancer (NSCLC) demon-
strates a predisposition toward CNS metastasis, with
approximately 30%-40% of patients presenting with
brain involvement.1,2 Because of this CNS tropism and
high rates of CNS progression on the first-generation
ALK tyrosine kinase inhibitor (TKI) crizotinib,1 current
management strategies for ALK+ NSCLC prioritize ALK
TKIs with proven blood-brain barrier penetration as
first-line treatment.3,4 Compared with crizotinib,
second-generation ALK TKIs (eg, alectinib and brig-
atinib) induce more robust intracranial responses,
decrease the cumulative incidence of brain metasta-
ses, and yield more durable systemic and intracranial
responses.3-5 However, resistance to treatment is
largely inevitable, and the CNS remains a recurrent site
of progression, even on second-generation ALK
TKIs.3,5

Lorlatinib is a potent, third-generation ALK TKI
designed to penetrate the CNS and developed to
overcome ALK mutations that confer resistance to
second-generation ALK TKIs.6 In the phase I/II study
that led to its initial approval, treatment with lorlatinib
resulted in objective intracranial responses in 56% of
patients relapsing on a second-generation ALK TKI
with a median duration of intracranial response of
12.4 months.7,8 In the study, the cumulative incidence
of extracranial progression on lorlatinib exceeded the
cumulative incidence of intracranial progression,
consistent with a CNS protective effect.8,9 Among
patients receiving lorlatinib as their initial therapy in the
phase III CROWN study, 97% were free from intra-
cranial progression at 18 months, strongly supporting
the drug’s ability to delay CNS relapses.10

For a subset of patients, the CNS is the only site of
progression on first- and second-generation ALK
TKIs.5 Among patients progressing on crizotinib,
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isolated CNS progression is primarily attributable to limited
blood-brain barrier penetration.11 As several next-generation
ALK TKIs have significant CNS penetration, it is possible that
true resistancemay account for someCNS-specific relapses.
However, the molecular underpinnings of CNS-specific
progression on second-generation ALK TKIs have not
been robustly characterized, largely because of inaccessi-
bility of brainmetastases for sampling. In a handful of studies
that analyzed CSF from patients with CNS progression on
ALK therapies, ALK kinase domain mutations and key al-
terations in other genes have been detected, suggesting that
ALK-dependent and ALK-independent mechanisms may
contribute to CNS-specific resistance.12,13

Here, we conducted a phase II study (ClinicalTrials.gov
identifier: NCT02927340) to evaluate the intracranial ac-
tivity of lorlatinib in patients with ALK+ NSCLC and CNS-
only progression on ALK TKIs without measurable, active
extracranial disease. When our study launched, this subset
of patients was not eligible to enroll in the ongoing phase I/II
lorlatinib study. Because of its selectivity, lorlatinib is op-
timized to overcome resistance in tumors with ALK-
dependent resistance mechanisms.14 Thus, this study
was designed to provide insight into whether CNS metas-
tases that are resistant to second-generation ALK TKIs
retain ALK dependence.

METHODS

Study Design

ClinicalTrials.gov identifier: NCT02927340 is an open-
label, investigator-initiated, single-arm phase II trial of
lorlatinib in patients with ALK-rearranged NSCLC with CNS
metastasis and no sites of active, measurable extracranial
disease (Appendix Fig A1). The study was conducted at two
institutions (Massachusetts General Hospital and Dana-
Farber Cancer Institute) and has completed full enroll-
ment of 23 patients. The Protocol was approved by the

Institutional Review Board. Written informed consent was
obtained from all patients before screening. The study was
conducted in accordance with the principles of the Dec-
laration of Helsinki and Good Clinical Practice guidelines of
the International Conference on Harmonization.

Patients age ≥ 18 years with a histologically or cytologically
confirmed diagnosis of stage IV (American Joint Committee
on Cancer v7.0) NSCLC harboring an ALK rearrangement
as determined by the US Food and Drug Admin-
istration–approved Vysis fluorescence in situ hybridization
or Ventana immunohistochemistry assays or local and
commercial next-generation sequencing platforms were
enrolled. Patients were required to have at least one
measurable (≥ 5 mm) intracranial lesion according to
modified RECIST version 1.1 or evidence of leptomeningeal
disease on imaging.15 CSF evaluation was not mandated to
confirm leptomeningeal disease. Untreated and treated
CNS metastases were permitted. To be eligible to enroll
after local therapy, patients had to have new CNS metas-
tases or irradiated CNS metastases that demonstrated
unequivocal progression (defined as a . 20% increase in
longest diameter). Patients with symptomatic CNS lesions
were eligible if the Eastern Cooperative Oncology Group
performance status was ≤ 2. Steroid use was permitted to
address neurologic symptoms, provided that the steroid
dose was stable or decreasing for at least 1 week before
enrollment. Patients with measurable extracranial lesions
were excluded, except for those with extracranial lesions
that were not felt to represent active sites of disease on the
basis of a prolonged period of stability. There was no limit
on prior systemic therapies, including ALK TKIs.

Lorlatinib was administered at a starting dose of 100 mg
once daily in continuous 21-day cycles. Adverse events
(AEs) were graded per the National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.03. Dose reductions and interruptions were allowed. All
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95% of patients with a corresponding intracranial objective response rate of 59%. Responses were durable with a median
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This prospective clinical trial suggests that lorlatinib has robust intracranial activity in patients with CNS-only progression on

second-generation ALK inhibitors. Given the challenges of characterizing molecular mechanisms underlying CNS-specific
progression events, this study supports empiric use of lorlatinib for patients experiencing this unique pattern of progression.
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patients underwent baseline tumor assessments, including
brain imaging by contrast-enhanced magnetic resonance
imaging (MRI) and computed tomography (CT) scans of the
chest, abdomen, and pelvis. The study mandated a MRI
slice thickness of 1mm for brain metastases between 5 and
10 mm in size.

CT and MRI scans were performed every 6 weeks for the
initial eight cycles and then every 9 weeks. Apart from
patients with known pelvic metastases, on-treatment CT
scans were limited to chest and abdominal imaging. Re-
sponse assessment was performed centrally using RECIST
v1.1 for extracranial evaluation and modified RECIST v1.1
for intracranial evaluation.15 Patients with ongoing clinical
benefit were allowed to continue treatment beyond pro-
gression at the treating investigator’s discretion. Partici-
pants were given the option to undergo CSF sampling
before treatment and at relapse to characterize tumor-
related alterations in cell-free DNA.

Statistical Design

The primary end point was intracranial disease control
(defined as complete response, partial response, or stable
disease) at 12 weeks according to modified RECIST v1.1.15

Key secondary end points included median intracranial
progression-free survival (PFS), median intracranial duration
of response, intracranial objective response rate, median
extracranial PFS, and safety and tolerability of lorlatinib. The
target rate of effectiveness was an intracranial disease
control rate (DCR) at 12 weeks of 85%. An intracranial DCR
of 60% or less was considered ineffective. The study design
had a 90% power to detect this difference, with a one-side α
level of .07. All patients who underwent intracranial restaging
at 12 weeks were included in the efficacy analysis. Patients
were not censored at extracranial progression, provided that
they demonstrated ongoing CNS disease control and con-
tinued on lorlatinib. The data cutoff for this analysis was July
31, 2020. Analyses were performed using SAS version 9.4.

RESULTS

Patient Characteristics

Between November 2016 and January 2019, 23 patients
were enrolled. One patient was inadvertently enrolled with
nonmeasurable intracranial disease and was excluded
from the efficacy analysis but included in the safety
analysis.

Baseline characteristics of the 23 patients are shown in
Table 1. The median number of prior lines of therapy was 3
(range 1-10). Twenty-two (96%) of the patients had received
a second-generation ALK TKI. The remaining patient had
only been treated with crizotinib because of lack of access to
other ALK TKIs. Overall, the median number of prior ALK
TKIs was 2 (range 1-4). Twenty (87%) patients had received
the CNS-penetrant ALK TKIs, alectinib or brigatinib. Eight
(35%) patients were previously treated with chemotherapy.
The CNS was the only site of progression on the immediately

preceding therapy for 22 (96%) patients. One patient had
progression of both CNS and osseous disease. Nine (39%)
patients had one or more sites of extracranial disease on
baseline imaging, which were not measurable per RECIST
v1.1. Apart from the patient with progressive bone metas-
tases, none of the patients with nonmeasurable extracranial
disease were progressing at these sites. Six (26%) patients
had an extracranial lesion (all lung lesions) that was mea-
surable but deemed inactive on the basis of prolonged
stability by the treating investigator.

TABLE 1. Baseline Characteristics of the Study Population
Characteristic All Patients (N = 23), No. (%)

Age, years

Median 58

Range 22-84

Sex

Male 13 (57)

Female 10 (43)

Race

White 15 (65)

Asian 5 (22)

Hispanic 3 (13)

Smoking history

Never 18 (78)

Former 5 (22)

ECOG PS

0 8 (35)

1 12 (52)

2 3 (13)

Symptomatic brain metastases

Yes 5 (22)

No 18 (78)

Prior brain radiation

Yes 15 (65)

No 8 (35)

No. of prior lines of therapy

1 4 (17)

2 7 (30)

3+ 12 (52)

Prior chemotherapy

Yes 8 (35)

No 15 (65)

No. of prior ALK inhibitors

1 5 (22)

2 11 (48)

3+ 7 (30)

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG PS, Eastern
Cooperative Oncology Group performance status.

Lorlatinib in Patients With Brain Progression
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The majority (n = 19, 83%) of patients had only paren-
chymal brain metastases. The remaining four patients had
both leptomeningeal and parenchymal involvement.
Twenty (87%) patients had at least one brain metastases
measuring ≥ 1 cm. Five (22%) patients were symptomatic
from CNS disease at the time of enrollment. Five (22%)
patients were on steroids to manage symptomatic CNS
metastases at study entry. Fifteen (65%) patients had ir-
radiated brain metastases, including eight who were pre-
viously treated with stereotactic radiosurgery alone and
seven patients who had received partial or whole brain
radiation. The median time between completion of brain
radiation and initiation of lorlatinib was 20.2 (range 6.0-
47.9) months. Six patients had undergone resection of
brain metastases before enrollment, four of whom had
subsequently received radiation.

Safety

All 23 patients were evaluated for safety (Table 2). Themost
common treatment-related AEs of any grade were hyper-
cholesterolemia (n = 22, 96%), hypertriglyceridemia
(n = 20, 87%), edema (n = 15, 65%), cognitive effects
(n = 12, 52%), irritability/mood changes (n = 10, 43%), and
weight gain (n = 9, 39%). Other reported CNS AEs included
slowed speech (n = 4, 17%), dizziness (n = 1, 4%), and
hallucination (n = 1, 4%). CNS AEs were generally mild
(grade ≤ 2). Nine grade 3-4 treatment-related AEs were
observed, including triglyceride elevation (n = 3, 13%),
cholesterol elevation (n = 2, 9%), asymptomatic lipase
elevation (n = 2, 9%), cognitive effects (n = 1, 4%), and
weight gain (n = 1, 4%). In addition, two patients experi-
enced a grade 5 respiratory event. The first patient de-
veloped respiratory failure after 19 months on study with

imaging findings suggestive of intrathoracic disease pro-
gression and superimposed pneumonitis. The treating in-
vestigators attributed the pneumonitis to lorlatinib. The
second patient developed hypoxemic respiratory failure
related to pulmonary hypertension after 24 months on
lorlatinib. As pulmonary emboli and cardiac disease were
excluded, the event was attributed to lorlatinib.

Seventeen (74%) patients experienced an AE necessitating
dose reduction. The median interval between initiating
lorlatinib and dose reduction was 29 (range 4-883) days.
Nine (39%) patients required ≥ 2 dose reductions. The
mean lorlatinib dose intensity was 70 mg. One patient
discontinued lorlatinib because of ongoing edema and
dyspnea despite two dose reductions.

Efficacy

The efficacy analysis included 22 patients. As discussed
above, one patient with nonmeasurable CNS disease at
baseline was excluded. Thirteen (59%) patients had a
confirmed objective intracranial response at 12 weeks,
including three (14%) patients with complete intracranial
response (Fig 1). Eight (36%) additional patients had
stability of intracranial disease, yielding an intracranial DCR
of 95% at 12 weeks. The intracranial DCR at 12 weeks
exceeded the target threshold of 85%. Three (14%) pa-
tients converted from partial to complete intracranial re-
sponse with further follow-up. Thus, six (27%) patients had
complete intracranial response while on study. Best in-
tracranial response and a representative image of intra-
cranial response are presented in Appendix Figures A2 and
A3. None of the patients with stable intracranial disease
had an objective response during the follow-up period. The
best response among patients with leptomeningeal disease
was stable disease without either complete response or
progression.

The intracranial PFS rate at 12 months was 79% (95% CI,
53 to 94). Patients with ongoing CNS disease control at a
follow-up of . 1 year included several patients receiving
dose-reduced lorlatinib (Fig 2A). With a median follow-up of
16.8 months from initiation of lorlatinib, nine (41%) of 22
patients experienced disease progression. Four (18%)
patients developed progression of brain metastases, in-
cluding one patient who also had progression of extra-
cranial disease. Five patients had progression that was
confined to extracranial sites. Four of five patients with
extracranial-only progression continued treatment beyond
progression given ongoing intracranial disease control. The
median intracranial PFS was 24.6 months (95% CI, 20.2 to
not reached; Fig 2B). Because of the limited number of
progression events, the secondary efficacy end points of
extracranial PFS and median intracranial duration of re-
sponse could not be estimated.

Of the four patients with intracranial progression on study,
only one underwent resection of an enlarging brain me-
tastasis. Molecular and histologic analysis demonstrated

TABLE 2. Treatment-Related AEs Occurring in ≥ 10% of Patients

AE

Patients With Treatment-Related AEs by Grade, No. (%)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 All Grades

Cholesterol
elevation

10 (43) 10 (43) 1 (4) 1 (4) 0 (0) 22 (96)

Triglyceride
elevation

11 (48) 6 (26) 2 (9) 1 (4) 0 (0) 20 (87)

Peripheral edema 12 (52) 3 (13) 0 (0) 0 (0) 0 (0) 15 (65)

Cognitive effects 6 (26) 5 (22) 1 (4) 0 (0) 0 (0) 12 (52)

Mood effects 6 (26) 4 (17) 0 (0) 0 (0) 0 (0) 10 (43)

Weight gain 6 (26) 2 (9) 1 (4) 0 (0) 0 (0) 9 (39)

ALT elevation 6 (26) 1 (4) 0 (0) 0 (0) 0 (0) 7 (30)

Neuropathy 6 (26) 1 (4) 0 (0) 0 (0) 0 (0) 7 (30)

AST elevation 6 (26) 0 (0) 0 (0) 0 (0) 0 (0) 6 (26)

Lipase elevation 2 (9) 1 (4) 2 (9) 0 (0) 0 (0) 5 (22)

Speech effects 4 (17) 0 (0) 0 (0) 0 (0) 0 (0) 4 (17)

Diarrhea 3 (13) 0 (0) 0 (0) 0 (0) 0 (0) 3 (13)

Amylase elevation 1 (4) 2 (9) 0 (0) 0 (0) 0 (0) 3 (13)

Abbreviation: AEs, adverse events; No., number.
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ALK+ lung adenocarcinoma that did not harbor ALK mu-
tations but had low-level amplification of the MET gene.
There was no prelorlatinib biopsy for comparison. None of
the 22 patients evaluated for efficacy pursued optional CSF
sampling during the study period.

Patient Disposition

Sixteen patients discontinued lorlatinib during the follow-
up period. For six patients, lorlatinib was stopped as a
result of disease progression. Three patients dis-
continued lorlatinib for toxicity, including one patient
with intolerable edema and two patients with fatal re-
spiratory events as described above. One patient with
nonmeasurable intracranial disease discontinued treat-
ment because of functional decline related to underlying
disease. As a result of worsening functional status from
pre-enrollment radiation necrosis and persistent neu-
rologic symptoms that predated study entry, respectively,
two other patients elected to stop lorlatinib. The
remaining four patients left the study because of financial
hardship (n = 1) or transitioning to commercial lorlatinib
(n = 3).

Prevalence of CNS-Only Progression on Second-

Generation ALK TKIs

Estimates of the prevalence of CNS-only progression on
second-generation ALK TKIs are lacking. To better un-
derstand the relevance of the approach explored in this
trial in the context of the ALK therapeutic landscape, we
reviewed records of unselected patients with
ALK+ NSCLC who were enrolled in the lorlatinib ex-
panded access program (ClinicalTrials.gov identifier:
NCT03178071) at Massachusetts General Hospital and
Dana-Farber Cancer Institute to determine the frequency
of CNS-only progression. The expanded access program

was selected as the representative data set as patients
with nonmeasurable disease and those with CNS-only
progression were permitted to enroll. In total, 49 patients
were enrolled between February 2018 and November
2018 (Appendix Table A1). All patients had received a
second-generation ALK TKI, and 98% had been exposed
to alectinib and/or brigatinib. Overall, nine (18%) had
experienced CNS-only progression on a second-
generation ALK TKI.

DISCUSSION

In this investigator-initiated, single-arm phase II study,
we evaluated the intracranial activity of the third-
generation ALK TKI lorlatinib in patients with meta-
static ALK+ NSCLC who had CNS-only relapse on earlier-
generation ALK TKIs. Among this group of patients,
lorlatinib demonstrated potent intracranial activity, with
an intracranial objective response rate and an intra-
cranial DCR of 59% and 95%, respectively, at 12 weeks.
Our findings support lorlatinib as a highly effective
therapeutic strategy for the subset of patients with iso-
lated CNS progression on other ALK TKIs.

Early studies of resistance to ALK TKIs identified the CNS as
a common site of relapse and a routine site of involvement
at diagnosis.11,16 Therefore, current management strategies
for ALK+ NSCLC place emphasis on CNS-penetrant, next-
generation ALK TKIs. Despite substantial intracranial ac-
tivity of the second-generation ALK TKIs, alectinib and
brigatinib, 10% of patients treated with these drugs in the
first-line setting experience intracranial progression within
the initial year of treatment.3,17 In a retrospective analysis, we
identified CNS-only relapse events in 18% of patients pro-
gressing on a second-generation ALK TKI. Baseline CNS
disease is a strong predictor of future CNS progression.
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FIG 1. Intracranial antitumor activity of
lorlatinib. The waterfall plot depicts intra-
cranial tumor response at 12 weeks as
assessed by modified RECIST version 1.1.
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Indeed, the intracranial PFS rate at 2 years among pa-
tients receiving first-line brigatinib was 48% for those
with pretreatment brain metastases compared with 74%
for patients without brain involvement.3 In addition to
demonstrating that second-generation ALK TKIs do not
completely eliminate the propensity for CNS metastases
to beget further CNS progression events, the pattern of
failure analyses suggests that the CNS is vulnerable even
among patients who do not have CNS metastases at
diagnosis. Thus, there is ongoing need for therapeutic
strategies that can be initiated to salvage CNS
progression.

Lorlatinib is a potent, next-generation ALK TKI with the
broadest spectrum of activities against ALKmutations. In
phase I/II testing, lorlatinib induced significant re-
sponses in ALK+ tumors that developed resistance to
second-generation ALK TKIs as a result of acquired ALK
kinase domain mutations.14 Here, we observed that
nearly all (95%) patients who received lorlatinib in our
study experienced control of CNS disease and a majority
(59%) of patients met criteria for intracranial objective
response. As 87% of patients in our study had received
alectinib or brigatinib before initiating lorlatinib, this
raises the possibility that ALK-dependent mechanisms
might have accounted for some CNS relapses. As es-
calating the dose of alectinib or brigatinib can overcome
CNS progression,18,19 it is also conceivable that ALK is
incompletely inhibited in the CNS at standard dosing of
both drugs. Considering the challenges of distinguishing
between resistance and pharmacokinetic failure, our
study supports empiric use of lorlatinib for patients with

CNS-confined progression on second-generation ALK
TKIs. Furthermore, the finding that lorlatinib significantly
reduced risk of developing brain metastases in the
CROWN study provides compelling rationale for con-
sidering lorlatinib for first-line treatment,10 particularly
among patients with baseline CNS disease.

The safety profile for lorlatinib in our study was similar to
previous studies.7,20 Specifically, the most common AEs
were lipid abnormalities, edema, cognitive and mood
effects, and weight gain. In addition to these toxicities,
we observed fatal pulmonary toxicity at a rate (9%) that
exceeded previous reports.7 The over-representation of
this rare toxicity in our study may be an artifact of the
small sample size. Interestingly, certain expected tox-
icities were also over-represented in our study, in-
cluding cognitive and mood effects, which were
observed in 52% and 43% of patients, respectively. The
rate of these AEs was double the frequency of similar
events reported for all-comers treated with lorlatinib in
the global phase I-III studies.7,10 It is possible that traits
enriched in our study population compared with other
studies—brain metastases, prior CNS radiation
(65%)—may increase likelihood of developing neuro-
cognitive toxicity or enhance vigilance for this class of
toxicities. Additional studies are needed to assess for
correlation between brain metastases and local CNS
therapies received and the spectrum and frequency of
lorlatinib-related toxicities.

In our study, the rate of dose reduction was also higher
than that anticipated from previous studies. Thus, in
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addition to potentially enhancing risk of certain toxic-
ities, the unique attributes of the population enrolled
might have affected tolerance of side effects. Dose
adjustment occurred early and often in our study, with
74% of patients requiring dose interruption and re-
duction and a median time to dose reduction of 29 days.
The majority of dose reductions were driven by neu-
rocognitive toxicity or edema. Importantly, dose re-
duction had a mitigating effect and did not compromise
durability of intracranial response to lorlatinib (Fig 2A),
suggesting that the dose decrease did not result in
subtherapeutic dosing. These findings should reassure
practitioners that CNS efficacy can be maintained in
patients requiring dose reduction.

Our study had several important limitations. The sample
size was intentionally small as we primarily recruited a
subset of patients with ALK+ NSCLC. We justified the
small sample size by targeting a dramatic signal of in-
tracranial activity (DCR of 85%) that would confidently

support the hypothesis that CNS-specific relapses do not
forfeit ALK dependence. The sample size was further
limited by the fact that three patients discontinued
treatment early to transition to commercial lorlatinib,
affecting our analysis of durability of response. Despite
sample size limitations, we developed our study as a
platform for providing insight into the biologic under-
pinnings of CNS-specific relapses on next-generation
ALK TKIs. To this end, the study included optional
CSF analyses, but none of the patients in the study
elected to pursue this procedure. As a result, our as-
sumptions of ALK dependence are based on clinical
outcomes and are not confirmed by molecular studies.

In summary, in this phase II study, we observed robust
intracranial activity of lorlatinib in patients with isolated
CNS progression on second-generation ALK TKIs. The
intracranial DCR of 95% with lorlatinib in this context
suggests that brain metastases from patients with CNS-
only progression remain ALK-dependent.
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APPENDIX

KEY ELIGIBILITY

Stage IV NSCLC (AJCC v7.0)
ALK rearrangement as determined by FISH or
immunohistochemistry or NGS
Measurable intracranial disease per modified
RECIST v1.1 and/or radiographic evidence of
leptomeningeal disease
No measurable and active extracranial lesions
≥ 1 prior ALK tyrosine kinase inhibitor     

Stable Disease, Partial or
Complete Response 

Continue
Lorlatinib

Discontinue
Lorlatinib*

(n = 23)

Progression or
Toxicity

Lorlatinib

FIG A1. Study schema. The schematic describes the study design and key eligibility criteria. *Treatment beyond
progression permitted at investigator discretion. AJCC, American Joint Committee on Cancer; ALK, anaplastic
lymphoma kinase; FISH, fluorescence in situ hybridization; NGS, next-generation sequencing; NSCLC,
non–small-cell lung cancer; TKI, tyrosine kinase inhibitor.
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FIG A2. Best intracranial response to lorlatinib. The waterfall plot depicts best intracranial tumor response as assessed by
modified RECIST version 1.1.
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Pre-Lorlatinib After 6 Weeks on Lorlatinib

FIG A3. Resolution of brain metastasis on lorlatinib. Serial brain
imaging demonstrates complete resolution of a left occipital me-
tastasis (A) pre-lorlatinib (yellow arrow) and (B) after 6 weeks
on lorlatinib. Complete intracranial response in this lesion and all
pre-lorlatinib brain metastases was maintained for 23 months. The
patient had previously received crizotinib and alectinib.

TABLE A1. Baseline Characteristics of Patients With ALK-Positive
Lung Cancer in Lorlatinib Expanded Access Program
Characteristic All Patients (N = 49), No. (%)

Age, years

Median 56.4

Range 28-72

Sex

Male 26 (53)

Female 23 (47)

ECOG PS

0 17 (35)

1 22 (45)

2+ 10 (20)

Brain metastases

Yes 38 (78)

No 11 (22)

Site of progression at
lorlatinib starta

Extracranial only 9 (18)

Extracranial only 23 (47)

Both intracranial and
extracranial

16 (33)

No. of prior lines of therapy

1b 4 (8)

2 13 (27)

3+ 32 (65)

Prior chemotherapy

Yes 23 (47)

No 26 (53)

No. of prior ALK inhibitors

1 7 (14)

2 22 (45)

3+ 20 (41)

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG PS, Eastern
Cooperative Oncology Group performance status.

aOne patient discontinued their prior ALK inhibitor because of
toxicity and did not have progression.

bAll patients had received a second-generation ALK tyrosine kinase
inhibitor.
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