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Introduction

Metastatic non-small cell lung cancer (NSCLC) remains
the first cause of cancer-related death worldwide (1). Recent
progress in the medical treatment of NSCLC have been
focusing on molecular alterations. Anaplastic lymphoma
kinase (ALK) rearrangements are found in about 3% to 5% of
lung adenocarcinomas in western countries, more frequently
non-smokers and younger patients than most NSCLC.
EMIL4-ALK represent the commonest fusion partner with
around 30% gene fusions identified (2). The development
of ALK tyrosine kinase inhibitors (ALK-TKIs) over
chemotherapy improved the response rate up to 60%
in first line treatment and also the median survival for
metastatic disease. Crizotinib represent the first generation of
ALK-TKI and showed efficacy in second line treatment over
Pemetrexed and Docetaxel (3) followed by first line assessment
over platinum-based chemotherapy since 2014 (4). More
recently, new generation ALK-TKIs, Ceritinib, Alectinib
and Brigatinib showed efficacy in second then first line
treatment (5,6).

Unfortunately, all patients finally progress within one to
two years challenging Crizotinib, due to various resistance
mechanisms: ALK-dependent mutations, such as L1196M
or G12694, ALK-amplifications, or most frequently ALK-
independent mechanisms, mostly bypass mechanisms (7).
These findings induced the development of new targeted
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therapies. Indeed, despite the good efficacy of post-
Crizotinib second generation ALK-TKIs (8,9), patients
inevitably progress, with an evolution of the resistance
profiles. The leading mechanism of resistance at this
time of the disease became the ALK-dependent G1202R
mutation, for more than 20% of patients (10). Considering
these findings, molecular monitoring with new histology or
cytology samples at the time of progression are required to
identify the mechanisms of resistance and guide further-line
treatment (11).

Lung cancer is the first cause of central nervous system
(CNS) metastases, which are deeply worsening the prognosis
despite the recent development of many local and systemic
treatments. Moreover, ALK rearrangements showed a strong
association with CNS metastases at the initial time of the
disease (35%) and CNS progression is common under first
and further line treatment (60%) (12). Consequently, CNS
efficacy will be a major challenge to develop new ALK-TKIs
and to adjust the therapeutic sequence.

Brigatinib and Lorlatinib represents the next-generation
of ALK-TKIs, targeting several resistance mutations of first
and second generation of treatment, particularly GI202R.
Brigatinib showed good systemic and CNS efficacy in
a phase II study conducted in a Crizotinib-resistant
population, with an overall response rate (ORR) of 54% (13).
A phase III study of front-line setting Brigatinib compared
to Crizotinib is currently going (NCT02737501). Lorlatinib
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Table 1 Systemic efficacy of Lorlatinib in the ALK-positive expansion cohorts of the phase II trial in Crizotinib naive and pretreated population

Number of

Expansion cohorts patients Population ORR (95% Cl), % Median PFS (95% Cl), months
EXP 1 30 Treatment naive 90 (73.5-97.9) NR (11.4-NR)

EXP 2-3A 59 Crizotinib resistant 69.5 (56.1-80.8) NR (12.5-NR)

EXP 3B 32 Non-Crizotinib resistant 32.1 (15.9-52.4) 5.5 (2.7-9)

EXP 4-5 111 Two or three prior ALK-TKIs resistant 38.7 (29.6-48.5) 7.3 (5.6-11)

ORR, overall response rate; PFS, progression free survival; EXP, expansion cohort; NR, not reached.

(PF-06463922; Pfizer Oncology, Groton, CT, USA) is a
novel ALK-TKI developed specifically to target second-
generation ALK-TKIs resistant mutants with optimal brain
penetration. This paper will summarize and comment the
global phase II trial leaded by Solomon ez 4l. and published
in 2018, and discuss the place of Lorlatinib among the fan
of ALK-TKIs in a near future (14).

Molecular characteristics

Lorlatinib is a small ATP-competitive macrocyclic
ALK-TKI. The macrocyclic formation showed in-
vitro an improvement of the metabolic stability and a
low propensity for p-glycoproteinl mediated efflux (15),
leading respectively to an efficacy in ALK wild type and
ALK dependent resistant NSCLC, and a better blood
brain barrier penetration. Especially, preclinical studies
highlighted impressive efficacy targeting the highly resistant
G1202R mutant (16).

Clinical activity

Lorlatinib development has been quickly conducted in a
phase I-II trial, leading to an accelerated approval from
the US Food and Drug Administration (FDA) on Nov, 2,
2018 for ALK-rearranged patients who experienced disease
progression under second-generation ALK-TKI.

First in human Lorlatinib administration was conducted
over a phase I trial, multicenter single-arm open-label dose
escalation trial assessing safety, maximum tolerated dose
and antitumor efficacy (17). Dose escalation was conducted
initially from 10 to 200 mg once daily and 35 to 100 mg
twice daily. The 100 mg once daily dose taken continuously
in 21-day cycles was select for the phase II part of the trial.

The phase I part of the trial included 54 patients,
including 41 ALK-positive NSCLC, all pretreated by
ALK-TXKIs or chemotherapy. The ORR was 46% (19/41)
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(95% CI: 31-63%) for overall population, 57% (95% CI:
29-82%) for NSCLC pretreated with one prior ALK-TKI
and 42% (95% CI: 23-63%) for NSCLC pretreated with
two or more ALK-TKIs. The estimated median progression
free survival (PFS) was 9.6 months (95% CI: 3.4-16.6): 13.5
and 9.2 months if patients were treated with one or more
prior ALK-TKI, respectively.

Based on these findings, Lorlatinib was evaluated in
the phase II part of the trial (14), a multicenter single-arm
open-label trial assessing objective tumor response and
intracranial tumor response in pooled subgroups of ALK-
positive patients. Patients were divided in 6 expansion
cohorts (EXP) depending on the ALK or ROSI status
and previous treatment history. Results were collected by
scheduled clinical visits (Day 1, 8, 15 and every 3 months)
and imaging assessment (CT scan of the chest, abdomen
and pelvis and brain MRI every 6 weeks). A total of 275
patients were enrolled across all cohorts, outcomes about
systemic efficacy are summarized in 7able 1. In the pooled
population of 198 patients receiving at least one ALK-TKI
(EXP 2-5), the ORR was 47% (95% CI: 39.9-54.2) and
median PFS was 7.3 months (95% CI: 5.6-11).

CNS efficacy

Knowing the high frequency, morbidity and mortality due
to CNS metastases in this population of ALK-rearranged
NSCLC, CNS efficacy is considered as a major outcome
for the next-generation ALK-TKIs development. Both part
of the phase I-II trial included patients with asymptomatic
treated or untreated CNS metastases. In the phase I study,
CNS target lesions (measurable according to RECIST
1.1) were presents at baseline in 24 patients, 19 in the
ALK-positive population. Among them, overall intracranial
response (OIR) was 42% (95% CI: 20-67%). In the phase
II study, CNS metastases were present at baseline in 8 of
30 (27%) naive-treatment patients (EXP1) and in 133 of
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198 (67%) pretreated patients (EXP 2-5), most of whom
locally pretreated. In EXP1 population, 3 patients had
measurable baseline CNS lesions and OIR was 66.7% (95%
CI: 9.4-99.2%). In EXP 2-5 population, 81 patients had
measurable baseline CNS lesions and OIR was 63% (95%
CI: 51.5-73.4%). In the Crizotinib pretreated population
(EXP 2-3A), OIR was 87% (95% CI: 66.4-97.2%). In
the population pretreated by non-Crizotinib ALK-TKI
(EXP 3B), OIR was 55.6% (95% CI: 21.2-86.3). In the
population pretreated with at least two ALK-TKIs, OIR
was 53.1% (95% CI: 38.3-67.5%). Despite the higher rate
of intracranial response over systemic response, authors
proved that overall response wasn’t drive only by CNS
efficacy.

Safety and tolerability

The multiplication of available treatments for ALK-positive
NSCLC with prolonged response imply an extended
exposure to ALK-TKIs in the targeted population,
explaining the major importance of safety and tolerability
outcomes. At the chosen dose of 100 mg once daily, the
most common adverse event was hypercholesterolemia,
occurring in 81% of treated patients. Others adverse
event were described: hypertriglyceridemia, peripheral
neuropathy, peripheral edema, cognitive effects, weight
gain, mood effect and asthenia. Most side effects were
common to other targeted therapies but dyslipidemia (81%
of patients, divided in 66% grade 1-2, 14% grade 3 and 1%
grade 4) and cognitive effects (18% of patients, divided in
17% grade 1-2 and 1% grade 3) seemed to be unique to
Lorlatinib. Even if dose interruption and dose reduction
due to treatment-related adverse event occurred for 30%
and 22% of patients respectively, permanent discontinuation
was rare (3%) and essentially related to cognitive effects.

New treatments, new issues: choose the
therapeutic schedule for ALK-positive NSCLC

In this phase II trial, Lorlatinib showed impressive efficacy
in ALK-positive NSCLC, whether pretreated or not,
partially due to the large range of targeted molecular
alterations. Unfortunately, molecular profile wasn’t required
at baseline and available data not showed. Nevertheless,
preclinical data and retrospective results of the phase
I study suggested an impressive efficacy targeting the
highly resistant G1202R mutation, and most of the ALK-
dependent mutations implied in Crizotinib resistance
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(L1196M, G1269A). Lorlatinib efficacy in more than one
third of patients pretreated with a second generation ALK-
TKI (Alectinib, Ceritinib) with extended survival shows that
next-generation TKIs will find their place in the spectrum
of ALK inhibitors, leading to impressive median survival
exceeding five years for ALK-positive NSCLC (18).

Liquid biopsy follow-up used in this trial could be an
interesting further option in order to avoid repetitive
invasive acts in this frail population, and will be particularly
helpful knowing the high rate of CNS progression under
ALK-TKIs (19). However, we regret the absence of results
concerning iterative liquid biopsies and hope data will be
discussed in an ancillary paper.

Inevitably, the matter of Lorlatinib resistance will be a
major stake to help determine the best therapeutic schedule.
First data on the subject highlighted double mutations
(essentially C1156Y/L1198F) (20) or activation of the MET
pathway (21), which might restore sensitivity to Crizotinib.

To conclude, Lorlatinib showed great systemic and CNS
efficacy in ALK-positive NSCLC and a phase III trial is
actually ongoing to compare Crizotinib with Lorlatinib
in first line setting (CROWN trial, NCT03052608). The
outcomes will certainly help to determine the future place
of Lorlatinib in the complex therapeutic schedule for ALK-
positive NSCLC. Assessment of a survival benefit in front
line setting will probably lead to a quick FDA approval,
but a direct comparison with other next generation
ALK-TKIs (Alectinib, Ceritinib, Brigatinib) will be needed
to precisely define the best therapeutic schedule. In case
of negative issues in first line assessment, Lorlatinib will
still be a relevant option during the disease course of ALK-
positive NSCLC due to his impressive molecular spectrum.
The results of the French IFCT-1803 LORLATU trial
(NCT03727477) evaluating efficacy of treatment sequences
in patients with NSCLC receiving Lorlatinib will also be
helpful to determine his place among the fan of ALK-TKIs.
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