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Abstract

Background Lorlatinib is a potent, third-generation ALK/ROS1 tyrosine kinase inhibitor (TKI) designed to penetrate the 

blood–brain barrier.

Objective We report the cumulative incidence of central nervous system (CNS) and non-CNS progression with lorlatinib in 

patients with ALK-positive non-small-cell lung cancer (NSCLC) previously treated with ALK TKIs.

Patients and methods In an ongoing phase II study (NCT01970865), 198 patients with ALK-positive NSCLC with ≥ 1 prior 

ALK TKI were enrolled into expansion cohorts (EXP) based on treatment history. Patients received lorlatinib 100 mg once 

daily. Patients were analyzed for progressive disease, categorized as CNS or non-CNS progression, by independent central 

review. Cumulative incidence probabilities were calculated adopting a competing risks approach.

Results Fifty-nine patients received crizotinib as their only prior ALK TKI (EXP2–3A); cumulative incidence rates (CIRs) 

of CNS and non-CNS progression were both 22% at 12 months in patients with baseline CNS metastases (n = 37), and CIR 

of non-CNS progression at 12 months was higher versus that for CNS progression in patients without baseline CNS metas-

tases [43% vs. 9% (n = 22)]. In patients who received ≥ 1 prior second-generation ALK TKI [EXP3B–5 (n = 139)], CIR of 

non-CNS progression at 12 months was higher versus that for CNS progression in patients both with and without baseline 

CNS metastases (35% vs. 23% (n = 94) and 55% vs. 12% (n = 45), respectively).

Conclusions Lorlatinib showed substantial intracranial activity in patients with pretreated ALK-positive NSCLC, with or 

without baseline CNS metastases, whose disease progressed on crizotinib or second-generation ALK TKIs.

ClinicalTrials.gov identi�er NCT01970865.

Prior presentation Some of the results from these analyses have 

been presented at the International Association for the Study of 

Lung Cancer (IASLC) 19th World Conference on Lung Cancer 

(WCLC), 23–26 September 2018; Toronto, Ontario, Canada; 

American Society of Clinical Oncology (ASCO) meeting 1–5 

June 2018, Chicago, Illinois, USA, and European Medical Society 

for Oncology (ESMO) meeting, 27 September–1 October 2019, 

Barcelona, Spain.
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Key Points 

Lorlatinib is a potent, brain-penetrant, third-generation 

ALK/ROS1 TKI.

We performed an analysis of CNS and non-CNS pro-

gression in patients with pretreated ALK+ NSCLC.

Our results indicate that lorlatinib is active in the treat-

ment and prevention of CNS metastases in patients with 

ALK+ NSCLC, including those who had progressed on 

crizotinib or second-generation TKIs.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11523-020-00702-4&domain=pdf
https://doi.org/10.1007/s11523-020-00702-4
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1 Introduction

Central nervous system (CNS) metastases are a known 

complication of anaplastic lymphoma kinase (ALK)-pos-

itive non-small-cell lung cancer (NSCLC), occurring in 

approximately 30% of patients at the time of diagnosis [1]. 

In general, the presence of CNS metastases is associated 

with a poor prognosis, including decreased progression-free 

survival, and can lead to neurocognitive dysfunction that can 

negatively affect patient quality of life [2–4].

ALK tyrosine kinase inhibitors (TKIs), including the 

first-generation TKI crizotinib [5] and second-generation 

ALK TKIs [6–8], are standard therapies for patients with 

ALK-positive NSCLC. However, most patients treated with 

crizotinib will relapse over time because of the development 

of resistance and poor intracranial disease control [9–11]. 

The CNS is a common site of progression with crizotinib, 

likely because of poor CNS penetration as a result of P-gly-

coprotein-mediated efflux across the blood–brain barrier 

(BBB) [12]. Despite the development of more potent and 

BBB-permeable second-generation ALK TKIs, the emer-

gence of resistance and progression of CNS metastases 

remain clinically significant issues in the management of 

ALK-positive NSCLC.

Lorlatinib was specifically designed to penetrate the BBB 

and is a highly potent, selective, third-generation macrocy-

clic inhibitor of ALK and ROS1 with broad ALK mutational 

coverage [13]. Using radiolabeling and positron emission 

tomography imaging, lorlatinib demonstrated high BBB 

permeability and rapid brain uptake in animals [14, 15]. 

Lorlatinib has also shown antitumor activity in ALK-posi-

tive intracranial tumor models [16]. The high CNS penetra-

tion of lorlatinib noted in preclinical studies was confirmed 

in the clinic where the mean ratio of cerebrospinal fluid 

(CSF)/plasma (unbound) was 0.75 in four patients, who had 

matched samples available, from the phase I portion of the 

ongoing phase I/II study (NCT01970865) [17]. This phase 

I/II study demonstrated robust overall and intracranial anti-

tumor activity of lorlatinib in patients with ALK-positive 

NSCLC, most of whom had CNS metastases at baseline 

and experienced treatment failure with ≥ 1 ALK TKI [17, 

18]. On the basis of data from this phase I/II study, the US 

Food and Drug Administration granted lorlatinib acceler-

ated approval status in November 2018 for the treatment 

of patients with ALK-positive metastatic NSCLC who had 

disease progression on crizotinib and ≥ 1 other ALK TKI 

or who had disease progression on alectinib or ceritinib as 

the first ALK TKI received. In May 2019, the European 

Commission also approved lorlatinib for use in these patient 

populations.

To further assess the effect of brain penetration with 

lorlatinib in the clinic, we report an analysis of CNS and 

non-CNS progression in patients with ALK-positive NSCLC 

previously treated with ALK TKIs from the phase II portion 

of the phase I/II study. We also present antitumor activity 

data in previously irradiated brain lesions with progression 

at baseline and in patients with leptomeningeal disease.

2  Materials and Methods

2.1  Study Design and Participants

The full methodology for this ongoing, open-label, single-

arm, multicenter phase II trial has been published [18]. 

Eligible patients were aged ≥ 18 years and had histologi-

cally or cytologically confirmed metastatic NSCLC with 

either ALK or ROS1 rearrangement. ALK positivity was 

determined locally on the basis of the US Food and Drug 

Administration-approved fluorescence in situ hybridiza-

tion assay (Abbott Molecular, Abbott Park, IL, USA) or by 

immunohistochemistry (Ventana Medical Systems, Tucson, 

AZ, USA). An Eastern Cooperative Oncology Group per-

formance status of ≤ 2 and ≥ 1 measurable target extrac-

ranial lesion according to Response Evaluation Criteria in 

Solid Tumors (RECIST), version 1.1, were also required. 

Patients with untreated or treated (including those con-

trolled with stable or decreasing steroid use within the last 

2 weeks) asymptomatic CNS metastases were permitted. 

CNS metastases may be newly diagnosed or be present as 

progressive disease after surgery, whole-brain radiotherapy, 

or stereotactic radiosurgery. Prior radiotherapy must have 

been completed within 2 weeks of study entry (whole-brain 

radiotherapy: ≤ 4 weeks). Patients with leptomeningeal dis-

ease/carcinomatosis were allowed to enroll if the disease 

was visualized on magnetic resonance imaging (MRI) or if 

baseline CSF-positive cytology was available.

Patients were enrolled into expansion cohorts (EXP) by 

their ALK (EXP1–5) or ROS1 (EXP6) status and treatment 

history. In this analysis, we focused on previously treated 

ALK-positive patients who were enrolled into EXP2–5. 

Specific enrolment criteria for these ALK-positive cohorts 

were as follows: progression following previous crizotinib 

only (EXP2), progression following previous crizotinib and 

one or two regimens of chemotherapy given before or after 

crizotinib (EXP3A), progression following one previous 

second-generation ALK TKI with or without chemotherapy 

(EXP3B), and ALK-positive patients with disease progres-

sion following two (EXP4) or three (EXP5) previous ALK 

TKIs with or without chemotherapy.

Patients were administered lorlatinib orally at a dose of 

100 mg once daily until progression, unacceptable toxicity, 

death, or withdrawal. Treatment beyond progression was 

permitted if the patient was still experiencing clinical benefit 

per the investigator’s discretion.
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All patients provided written, informed consent before 

participation. The institutional review board or independ-

ent ethics committee at each participating site approved 

the protocol, which complied with the International Ethi-

cal Guidelines for Biomedical Research Involving Human 

Subjects, Good Clinical Practice guidelines, the Declaration 

of Helsinki, and local laws.

2.2  Assessments

All patients underwent baseline tumor imaging by computed 

tomography and brain imaging by MRI. Computed tomog-

raphy and MRI scans were to be taken every 6 weeks for the 

first 30 months and then every 12 weeks thereafter until pro-

gressive disease or the start of a new anticancer treatment. 

Response was assessed according to modified RECIST, ver-

sion 1.1, which allowed for up to five CNS target lesions, 

as assessed by independent central radiology review (ICR).

Adverse events (AEs) associated with the CNS were ana-

lyzed. They consisted of preferred terms from the Medical 

Dictionary for Regulatory Activities System Organ Class 

(SOC) of psychiatric disorders and SOC of nervous system 

disorders. Peripheral neuropathy was excluded as it repre-

sented an AE associated with the peripheral nervous sys-

tem, but not the CNS. These AEs were assessed at baseline, 

every subsequent visit, and ≥ 28 days after the final lorlatinib 

administration, and were graded according to the National 

Cancer Institute Common Terminology Criteria for Adverse 

Events, version 4.03.

2.3  Statistical Analysis

Patients were analyzed for progressive disease events, cat-

egorized as either CNS or non-CNS progression, by ICR. 

Any new CNS lesions or progression of pre-existing CNS 

lesions versus baseline was considered a CNS progres-

sion, while any new lesion or progression of pre-existing 

lesions in areas outside the CNS was considered non-CNS 

progression. If both CNS and non-CNS progression were 

presented simultaneously as the first progressive event, 

patients were considered to have CNS progression as their 

first event. The probability of a first event being a CNS pro-

gression, non-CNS progression, or death was estimated by 

cumulative incidences using a competing risks approach in 

patients with or without baseline CNS metastases. EXP2 

and EXP3A were pooled because the included patients had 

all been treated with crizotinib (first-generation ALK TKI) 

as their only prior ALK TKI. EXP3B, EXP4, and EXP5 

were pooled because the included patients had all received 

≥ 1 prior second-generation ALK TKI.

In an unplanned subgroup analysis, intracranial 

response was derived based on irradiated brain lesions 

with progression at baseline and new brain lesions only. 

Other efficacy and statistical methodology has been previ-

ously described [18]. The data cutoff for this analysis was 

2 February 2018.

3  Results

3.1  Patients

Patients were enrolled between 15 September 2015, and 3 

October 2016. Baseline characteristics of the overall phase 

II population (EXP1–6) have been previously reported 

[18]. In this analysis, we report data from the 198 patients 

with ALK-positive NSCLC who had received ≥ 1 ALK 

TKI and received ≥ 1 dose of lorlatinib (EXP2–5). Of these 

patients, 59 received crizotinib as their only prior ALK 

TKI (EXP2–3A) and 139 received ≥ 1 prior second-gen-

eration ALK TKI (EXP3B–5). Baseline CNS metastases 

(measurable/non-measurable) were present in 37 patients 

(62.7%) from EXP2–3A and in 94 patients (67.6%) from 

EXP3B–5. Baseline characteristics of the subgroups ana-

lyzed are shown in Table 1 and were generally comparable. 

There were more Asian patients (51.1%) and fewer White 

patients (33.3%) in the EXP3B–5 subgroup without base-

line CNS metastases compared with all other subgroups 

(27.0–31.8% and 50.0–54.3%, respectively). Among 

patients with baseline CNS metastases in EXP2–3A and 

EXP3B–5, respectively, eight (21.6%) and 30 (31.9%) 

had irradiated brain lesions with progression at baseline; 

the median number was 3.5 lesions (range 2–10) and 5.0 

lesions (range 1–11) per patient. At the time of data cut-

off, the median duration of follow-up for progression-free 

survival for EXP2–3A and EXP3B–5 was 18.2 months 

(95% confidence interval (CI) 18.0–21.1 months) and 19.1 

months (95% CI 16.5–20.8 months), respectively.

3.2  CNS Versus Non‑CNS Progression

Figure 1 shows the cumulative incidences for CNS pro-

gression, non-CNS progression, and death with lorlatinib 

in patients who had received prior crizotinib as their only 

ALK TKI (EXP2–3A). In patients with baseline CNS metas-

tases (n = 37), the cumulative incidence rates (CIRs) of CNS 

and non-CNS progression were 16% and 11% at 6 months, 

respectively, and 22% and 22% at 12 months, respectively 

(Fig. 1a; Table 2). In patients without baseline CNS metas-

tases (n = 22), the CIR of non-CNS progression was higher 

versus that for CNS progression at both 6 months (24% vs. 

9%) and 12 months (43% vs. 9%; Fig. 1b and Table 2).

In patients who had received ≥ 1 prior second-gener-

ation ALK TKI (EXP3B–5) with baseline CNS metasta-

ses (n = 94), the CIR of non-CNS progression was higher 
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versus that for CNS progression at 6 months (25% vs. 

14%) and at 12 months (35% vs. 23%; Fig. 2a; Table 2). 

Patients without baseline CNS metastases (n = 45) also had 

a higher CIR of non-CNS progression versus that for CNS 

progression, with CIRs of 37% versus 12% at 6 months and 

55% versus 12% at 12 months (Fig. 2b; Table 2).

Of all patients previously treated with ≥ 1 prior second-

generation ALK TKI, 121 of 139 received a second-gen-

eration ALK TKI as their last ALK TKI prior to receiving 

lorlatinib, with most having last received alectinib (n = 62) 

or ceritinib (n = 47). The curves of cumulative incidence 

for CNS and non-CNS progression were similar to those 

for the overall EXP3B–5 subgroups (Fig. 3). Similarly, the 

CIR of non-CNS progression was higher versus that for 

CNS progression in patients with or without baseline CNS 

metastases at 6 months (27% vs. 15% and 38% vs. 11%, 

respectively) and at 12 months (37% vs. 23% and 53% vs. 

11%, respectively; Supplementary Table A.1).

3.3  Intracranial Antitumor Activity

Baseline measurable CNS metastases were present in 24 

(64.9%) out of 37 patients in EXP2–3A and 57 (60.6%) 

out of 94 patients in EXP3B–5. In EXP2–3A, intracranial 

responses were observed in 21 (87.5%, 95% CI 67.6–97.3) 

of 24 patients (Table 3). Median duration of response was 

not reached (95% CI 15.2 months–not estimable). Of the 

57 patients in EXP3B–5, 31 (54.4%; 95% CI 40.7–67.6) 

achieved an intracranial response and the median duration 

of response was 12.4 months (95% CI 5.8–not estimable).

Table 1  Baseline characteristics of the pooled subgroups for this analysis by baseline metastases

ALK anaplastic lymphoma kinase, CNS central nervous system, ECOG PS Eastern Cooperative Oncology Group performance status, EXP 

expansion cohort, TKI tyrosine kinase inhibitor
a With or without chemotherapy
b Includes patients with measurable and/or non-measurable CNS lesions
c Number of patients with irradiated brain lesions with progression at screening by independent central review

Characteristic Prior  crizotiniba (EXP2–3A; n = 59) At least one prior second-generation ALK  TKIa 

(EXP3B–5; n = 139)

Baseline CNS metastases 

(n = 37)b
No baseline CNS metastases 

(n = 22)

Baseline CNS metastases 

(n = 94)b
No baseline 

CNS metastases 

(n = 45)

Age, years

 Median 54.0 58.0 50.5 56.0

 Range 30–74 37–85 29–77 33–83

Sex, n (%)

 Male 12 (32.4) 8 (36.4) 40 (42.6) 21 (46.7)

 Female 25 (67.6) 14 (63.6) 54 (57.4) 24 (53.3)

Race, n (%)

 White 20 (54.1) 11 (50.0) 51 (54.3) 15 (33.3)

 Asian 10 (27.0) 7 (31.8) 30 (31.9) 23 (51.1)

 Black 0 0 0 1 (2.2)

 Other 1 (2.7) 1 (4.5) 4 (4.3) 2 (4.4)

 Not specified 6 (16.2) 3 (13.6) 9 (9.6) 4 (8.9)

ECOG PS, n (%)

 0 17 (45.9) 11 (50.0) 45 (47.9) 16 (35.6)

 1 20 (54.1) 10 (45.5) 44 (46.8) 28 (62.2)

 2 0 1 (4.5) 5 (5.3) 1 (2.2)

Irradiated brain lesions with progression at screening

 nc (%) 8 (21.6) 30 (31.9)

 Number of lesions,

  Median 3.5 5.0

  Range 2–10 1–11
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Fig. 1  Cumulative incidence 

of CNS progression, non-CNS 

progression, and death with lor-

latinib in patients with prior cri-

zotinib* (EXP2–3A). a Patients 

with baseline CNS metastases 

and b patients without baseline 

CNS metastases. *With or with-

out chemotherapy. CNS central 

nervous system, EXP expansion 

cohort, PD progressive disease
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Table 2  Cumulative incidence probabilities for CNS progression, non-CNS progression, and death at 6 and 12 months

Data are given as cumulative incidence probability (95% confidence interval)

ALK anaplastic lymphoma kinase, CNS central nervous system, EXP expansion cohort, TKI tyrosine kinase inhibitor
a With or without chemotherapy

Prior  crizotiniba (EXP2–3A; n = 59) At least one prior second-generation ALK  TKIa 

(EXP3B–5; n = 139)

Baseline CNS metastases 

(n = 37)

No baseline CNS metastases 

(n = 22)

Baseline CNS metastases 

(n = 94)

No baseline CNS 

metastases (n = 45)

CNS progression

 6 months 0.16 (0.07–0.30) 0.09 (0.02–0.25) 0.14 (0.07–0.22) 0.12 (0.04–0.24)

 12 months 0.22 (0.10–0.36) 0.09 (0.02–0.25) 0.23 (0.15–0.33) 0.12 (0.04–0.24)

Non-CNS progression

 6 months 0.11 (0.04–0.24) 0.24 (0.09–0.43) 0.25 (0.17–0.35) 0.37 (0.22–0.51)

 12 months 0.22 (0.10–0.37) 0.43 (0.22–0.62) 0.35 (0.25–0.45) 0.55 (0.38–0.69)

Death

 6 months 0.03 (0.00–0.12) 0.05 (0.00–0.19) 0.07 (0.03–0.13) 0.05 (0.01–0.15)

 12 months 0.03 (0.00–0.12) 0.05 (0.00–0.19) 0.07 (0.03–0.13) 0.08 (0.02–0.19)
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3.4  Antitumor Activity in Irradiated Brain Lesions 
with Progression at Baseline

In EXP2–3A, intracranial responses in irradiated brain 

lesions with progression at baseline were observed in four 

(50.0%; 95% CI 15.7–84.3) of eight patients and median 

duration of intracranial response was not reached (95% CI 

2.8–not estimable; Fig. 4a; Supplementary Table A.2). Of 

30 patients in EXP3B–5, 12 (40.0%; 95% CI 22.7–59.4) 

achieved an intracranial response in irradiated brain lesions 

with progression at baseline and median duration of intrac-

ranial response was 12.4 months (95% CI 11.1–not estima-

ble; Fig. 4b; Supplementary Table A.2). Best responses of 

stable disease in irradiated brain lesions with progression 

at baseline were observed in three (37.5%) and ten (33.3%) 

patients, respectively, with some lasting > 6 months (Fig. 4; 

Supplementary Table A.2).

3.5  Leptomeningeal Disease/Carcinomatosis

Lorlatinib was also active in the two ALK-positive 

patients with leptomeningeal disease at baseline. One 

patient had overall and intracranial responses of complete 

response, and had not progressed at the time of analysis, 

with an overall time to progression of 21.9 months (in 

follow-up for progression). The second patient achieved 

overall and intracranial responses of partial response; the 

overall time to progression was 11 months.

3.6  Safety

The safety profile of lorlatinib based on the overall phase 

II population has been previously reported, with CNS 

effects (e.g., cognitive and mood effects) among the 

Fig. 2  Cumulative incidence 

of CNS progression, non-CNS 

progression, and death with 

lorlatinib in patients with at 

least one prior second-gener-

ation ALK TKI* (EXP3B–5). 

a Patients with baseline CNS 

metastases and b patients with-

out baseline CNS metastases. 

*With or without chemotherapy. 

ALK anaplastic lymphoma 

kinase, CNS central nervous 

system, EXP expansion cohort, 

PD progressive disease, TKI 

tyrosine kinase inhibitor
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Fig. 3  Cumulative incidence 

of CNS progression, non-CNS 

progression, and death with 

lorlatinib in patients with a sec-

ond-generation ALK TKI* as 

their last prior TKI. a Patients 

with baseline CNS metastases 

and b patients without baseline 

CNS metastases. *Second-

generation ALK TKIs included: 

alectinib (n = 62), ceritinib 

(n = 47), brigatinib (n = 8); other 

TKI (ensartinib or entrec-

tinib) (n = 4). ALK anaplastic 

lymphoma kinase, CNS central 

nervous system, EXP expansion 

cohort, PD progressive disease, 

TKI tyrosine kinase inhibitor
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Table 3  Intracranial antitumor activity by independent central review in patients with ≥ 1 measurable CNS lesion at baseline

NE not evaluable, NR not reached
a With or without chemotherapy

Prior  crizotiniba (EXP2–3A; n = 24) At least one prior second-generation ALK  TKIa 

(EXP3B–5; n = 57)

Best overall intracranial response, n (%)

 Complete response 6 (25.0) 12 (21.1)

 Partial response 15 (62.5) 19 (33.3)

 Stable disease 3 (12.5) 17 (29.8)

 Objective progression 0 6 (10.5)

 Indeterminate 0 3 (5.3)

Objective response rate, n (%) 21 (87.5) 31 (54.4)

 95% CI 67.6–97.3 40.7–67.6

Duration of intracranial response, months

 Median NR 12.4

 95% CI 15.2–NE 5.8–NE
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most common treatment-related AEs [18]. Treatment-

related AEs associated with the CNS (any grade) were 

reported in 71 of 131 patients (54.2%) with baseline CNS 

metastases and 33 of 67 patients (49.3%) without baseline 

CNS metastases (Supplementary Table A.3). Grade 3–4 

treatment-related AEs associated with the CNS occurred 

in 2.3% and 7.5% of patients with and without baseline 

CNS metastases, respectively. Cognitive effects (26.0% 

and 19.4%, respectively) and mood effects (16.8% and 

16.4%, respectively) were the most frequently reported 

treatment-related CNS AEs in patients with or without 

baseline CNS metastases.

4  Discussion

Despite impressive initial responses among patients with 

ALK-positive advanced NSCLC following treatment with 

the first-generation ALK TKI crizotinib and with second-

generation ALK TKIs, including ceritinib, alectinib, and 

brigatinib, CNS progression remains a clinically signifi-

cant problem [5, 7, 8, 19]. Thus, there remains a need for 

effective management of CNS metastases in ALK-positive 

NSCLC. Our findings indicate that lorlatinib has robust 

CNS activity in patients with previously treated ALK-

positive NSCLC with or without baseline CNS metasta-

ses whose disease progressed on crizotinib and/or second-

generation ALK TKIs.

Among patients with baseline CNS metastases previ-

ously treated with crizotinib or second-generation TKIs, 

the CIR of CNS progression at 12 months was relatively 

low (22–23%), and the cumulative incidence curves indi-

cate that the probability of extracranial progression was 

generally higher than intracranial progression, indicating 

that lorlatinib is highly active against CNS metastases. 

Furthermore, as evident by the relatively small increases 

in the CIR between 6 and 12 months, protection against 

progression in the CNS persisted over time with lorlat-

inib treatment, suggesting that this benefit to the CNS is 

durable. A similar analysis with alectinib in crizotinib-

refractory patients reported a consistently higher CIR of 

CNS progression than non-CNS progression in patients 

with baseline CNS metastases [20]. In patients without 

baseline CNS metastases in our study, the higher CIR for 

Fig. 4  Percentage change from 

baseline in tumor size of previ-

ously irradiated brain lesions 

in progression at baseline*. a 

Patients with prior  crizotinib† 

(EXP2–3A) and b patients with 

at least one prior second-gen-

eration ALK  TKI† (EXP3B–5). 

*Based on derived independent 

central review. †With or without 

chemotherapy. ALK anaplastic 

lymphoma kinase, EXP expan-

sion cohort, PD progressive 

disease, TKI tyrosine kinase 

inhibitor
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non-CNS progression than for CNS progression in both 

patient groups indicates that lorlatinib may also prevent 

metastatic spread to the brain in ALK-positive NSCLC. 

This protective effect in patients without baseline CNS 

disease was maintained over time, as evidenced by the 

unchanged CIR of CNS progression (9% for EXP2–3A 

and 12% for EXP3B–5) between 6 and 12 months in both 

groups. Although these findings should be interpreted 

with caution, given the small patient numbers in some 

subgroups and the exploratory post hoc nature of the anal-

ysis, these data further support the substantial intracranial 

antitumor activity seen in patients treated with previous 

crizotinib only or previous second-generation ALK TKIs 

in this phase II study. Lorlatinib also showed clinically 

meaningful benefit in previously irradiated brain lesions 

that were in progression at baseline, a subset of metastases 

for which treatment options are limited. Local reirradia-

tion or whole-brain radiotherapy may be considered for 

patients with these metastases; however, neurocognitive 

impairment and decreased quality of life remain signifi-

cant issues with such treatments [21, 22]. Together, our 

findings indicate that the robust CNS activity of lorlat-

inib may assuage the need for additional treatment with 

local CNS-directed therapies. Thus, lorlatinib represents 

a highly effective treatment option for patients who have 

CNS progression on ALK TKIs, including brain-penetrant, 

second-generation TKIs.

The generally lower CIRs of CNS progression than non-

CNS progression reported here, together with previously 

reported efficacy results [18], may suggest that lorlatinib 

has more durable activity in the CNS than in extracra-

nial sites. A potential reason for this difference might be 

that CNS lesions have been exposed to fewer therapies 

at baseline due to the BBB attenuating CNS exposure to 

prior treatments, such as ALK TKIs and chemotherapy, to 

varying extents. An analysis of lorlatinib-resistant biop-

sies found an accumulation of ALK resistance mutations 

through sequential ALK TKIs, suggesting that less expo-

sure to ALK TKIs may prevent the emergence of muta-

tions that confer resistance to lorlatinib [23]. Thus, it is 

tempting to speculate that there would be less mutational 

heterogeneity in CNS lesions than non-CNS lesions, with 

fewer resistance mutations having likely developed. Addi-

tionally, tumor microenvironments at specific metastatic 

sites (e.g., brain, lung, and liver) can be widely diverse 

and have been shown to influence response to anti-cancer 

treatments [24, 25].

Leptomeningeal carcinomatosis is associated with poor 

prognosis and, thus, is listed in the exclusion criteria for 

the majority of NSCLC trials [26]. In our study, durable 

overall and intracranial responses were observed in both 

patients who presented with leptomeningeal involvement 

at baseline. Notwithstanding the small number of patients, 

these data suggest lorlatinib may have activity against lep-

tomeningeal disease, which could potentially be explained 

by its high CNS permeability as demonstrated in preclini-

cal studies [14, 15]. Other brain-penetrant ALK TKIs, 

alectinib and ceritinib, have shown analogous activity in 

case reports of leptomeningeal carcinomatosis, further 

substantiating this hypothesis [27, 28].

AEs associated with the CNS reported with lorlatinib 

were generally mild to moderate in severity and were com-

parable between patients with or without baseline CNS 

metastases. Further details on CNS effects associated with 

lorlatinib treatment (i.e., changes in cognitive function, 

mood, and speech, and comprehensive guidance on the 

management of the unique AE profile) have been pub-

lished [29].

Overall, the results of this analysis show that lorlatinib 

is active in the treatment and prevention of CNS metasta-

ses in patients with ALK-positive NSCLC with or without 

baseline CNS metastases whose disease progressed on cri-

zotinib and/or second-generation ALK TKIs.
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