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Introduction: ROS1-rearranged (ROS1þ) non-small-cell lung cancer (NSCLC) is a rare lung cancer with limited treatment
options. Phase I-II studies with ROS1-tyrosine kinase inhibitors (TKIs) included small numbers of patients and real-world
data are lacking. We investigate the efficacy and safety of lorlatinib, a third-generation TKI targeting ALK and ROS1, in
patients with ROS1þ NSCLC treated through an expanded access program.
Methods: Consecutive patients with advanced ROS1þ NSCLC treated with lorlatinib between October 2015 and June
2019 were included. Data were collected from medical records. The primary endpoint was progression-free survival.
Results: Out of the 80 patients included, 47(59%) were female, 49(62%) never smokers (less than 100 cigarettes over the
lifetime), and 68(85%) had stage IV NSCLC at diagnosis. Most frequent histology was adenocarcinoma (95%) and median
age was 58.2 years. At the time of lorlatinib initiation, 51(64%) patients had brain metastases and 55(81%) were PS 0-1.
Lorlatinib was administered as second/third/fourth/fifthþ line in 29%/28%/18%/26% of patients. All patients previously
received at least one ROS1 TKI, and 55(69%) previously received chemotherapy.Median follow-up from lorlatinib initiation
was 22.2 months. Median progression-free survival and overall survival from lorlatinib initiation were 7.1 months [95%
confidence interval (CI) 5.0-9.9 months] and 19.6 months (95% CI 12.3-27.5 months). Median duration of treatment
with lorlatinib was 7.4 months (95% CI 6.5-13.1 months). Overall response and disease control rates were 45% and
82%, respectively. The central nervous system response rate was 72%. Treatment was stopped due to toxicity in 10
patients (13%). The safety profile was consistent with previously published data.
Conclusions: Lorlatinib is a major treatment option for advanced refractory ROS1þ NSCLC in treatment strategy.
Key words: NSCLC, ROS1, chemotherapy, brain metastases
INTRODUCTION

Rearrangements of theROS1 receptor tyrosine kinase gene are
observed in 1%-2% of non-small-cell lung cancers (NSCLCs),
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mainly in never-smoking (patients who smoked less than 100
cigarette in their lifetime) patients.1,2 This alteration leads to
a fusion protein carrying the constitutively activated ROS1
tyrosine kinase domain. Several tyrosine kinase inhibitors
(TKIs) are active against ROS1, including crizotinib, ceritinib, or
entrectinib,3-5 based on data from phase I-II studies with
limited cohorts of patients. As per current guidelines (Euro-
pean Society for Medical Oncology, National Comprehensive
Cancer Network), management of patients with metastatic
https://doi.org/10.1016/j.esmoop.2022.100418 1
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ROS1-rearranged (ROS1þ) NSCLC relies on first-line crizotinib,
ceritinib, or entrectinib which provide median progression-
free survival (PFS) ranging from 6 to 20 months.4-9 All
ROS1þ NSCLC patients, however, eventually show tumor
progression due to resistance mechanisms such as kinase
domain mutations. The most common of these alterations is
the G2032R mutation.10,11

Lorlatinib is a brain-penetrant third-generation ATP
competitive reversible TKI of ALK and ROS1 retaining ac-
tivity in vitro on several crizotinib-resistant ROS1 muta-
tions.12 The clinical efficacy of lorlatinib in metastatic
ROS1þ NSCLC after ROS1 TKI failure was evaluated in one
single non-comparative phase I-II trial13; among the 40
patients pretreated with crizotinib in this study, the objec-
tive response rate (ORR) was 35% and the median PFS was
8.5 months. Real-life evidence regarding the efficacy and
safety of lorlatinib in this setting, however, is still lacking as
the number of ROS1þ patients is limited in previous re-
ports.14,15 Meanwhile, treatment sequencing in ROS1þ
NSCLC is still to be assessed in a routine practice setting.

Here, we took advantage of the French lorlatinib
expanded access program (EAP), to assess treatment
sequencing, and lorlatinib efficacy and safety, in patients
with ROS1þ NSCLC.
MATERIALS AND METHODS

Study population and data collection

Consecutive adult patients, from 49 centers, with an
advanced or metastatic ROS1þ NSCLC, treated from
October 2015 to June 2019 with lorlatinib, 100 mg once
daily, for at least 7 days, as part of the French lorlatinib EAP,
were included in the present study. Patients were eligible
for lorlatinib EAP if they had previously failed at least one
ROS1 TKI. The EAP list of patients was provided by Pfizer.

Data and survival follow-up were extracted from medical
records by independent research staff of the French
Thoracic Cancer Intergroup (IFCT) at each center and
documented in a standard case report form. The database is
hosted by the IFCT that ensured the quality of the data
collected by monitoring the centers with periodic visits of
IFCT clinical research associates.
Study oversight

This non-interventional study was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice
guidelines, approved by a national ethics committee, French
Advisory Committee on Information Processing in Material
Research in the Field of Health, and France’s national data
protection authority (CNIL) in accordance with General
Data Protection Regulation. All participating departments
approved the study protocol and all included patients
received information from their referring physician, with an
opportunity not to participate.
2 https://doi.org/10.1016/j.esmoop.2022.100418
Study endpoints

The primary endpoint was PFSmeasured from the date of first
lorlatinib dose to the date of disease progression according to
RECIST version 1.1 or death from any cause. Secondary end-
points included: ORR defined as the percentage of patients
with partial or complete response to lorlatinib according to
RECIST 1.1 evaluated by investigators; disease control rate
(DCR) defined as the percentage of patients with partial or
complete response or stable disease to lorlatinib according to
RECIST 1.1 evaluated by investigators; overall survival (OS)
calculated from the date of the lorlatinib first dose; OS calcu-
lated from the date of advanced or metastatic NSCLC diag-
nosis; duration of treatment (DOT) measured from the date of
lorlatinib first dose to the date of treatment discontinuation or
death from any cause during the study; DOT response
measured from the date of first lorlatinib RECIST 1.1 tumor
response to the date of disease progression or death from any
cause; central nervous system (CNS) response rate defined as
the rate of intracranial tumor response to lorlatinib according
to RECIST 1.1 with baseline measurement only including CNS
lesions evaluated by investigators among patients with brain
metastasis; duration of CNS response defined as the time from
the first documentation of objective cerebral response to the
first documentation of cerebral response or death from any
cause. ORR, PFS, and DOT were also collected for subsequent
treatments after lorlatinib failure. Adverse events were graded
according to the Common Terminology Criteria for Adverse
Events version 5.0.
Statistical analysis

Categorical variables are expressed as frequencies and
percentages. Quantitative variables are expressed as me-
dian (range). The KaplaneMeier method was used to
estimate PFS and OS endpoints. The cut-off for survival
analysis was 22 February 2020. All analyses were carried
out using SAS software, Version 9.4 (SAS Institute, Cary, NC).
RESULTS

Clinicopathological characteristics

Eighty patients out of the 343 listed in the lorlatinib EAP
database were eligible and included in the present study
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2022.100418). Baseline clinical features
are provided in Table 1. Most patients were women (59%),
never-smokers (62%), and displayed a stage IV NSCLC at
diagnosis (85%). The median age was 58.2 years (range:
25.9-92.8 years). The most common histology was
adenocarcinoma (95%). At lorlatinib initiation, most pa-
tients were PS 0 or 1 (81%) and had brain metastasis
(64%). Overall, 71% of patients had previously undergone
at least two lines of systemic therapy, and 34% had
received brain radiation therapy. All patients in the cohort
had previously been treated with a first generation ROS1
TKI (crizotinib), and 21% had received a second generation
ROS1 TKI. Before lorlatinib, a total of 63 (79%)/13 (16%)/4
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Table 1. Demographics of the cohort

Characteristics N [ 80 n (%)

Sex
Male 33 (41)
Female 47 (59)

Median age (range), years 58.2 (25.9-92.8)
Smoking status
Current or former smokers 30 (38)
Never smokers 49 (62)
Unknown 1

Staging at diagnosis
I-II 4 (5)
III 8 (10)
IV 68 (85)

Brain metastasis at diagnosis
Present 17 (21)
Absent 63 (79)

Histology
Adenocarcinoma 76 (95)
Squamous carcinoma 1 (1)
Other 3 (4)

PS at lorlatinib initiation
0-1 55 (81)
�2 13 (19)
Unknown 12

Previous lines of systemic therapy
1 23 (29)
2 22 (28)
3 14 (18)
�4 21 (26)

Previous systemic therapy
Chemotherapy 55 (69)
First-generation ROS1 TKI 80 (100)
Second-generation ROS1 TKI 17 (21)
Immune checkpoint inhibitors 8 (10)

Previous lines of ROS1 TKI
1 63 (79)
2 13 (16)
�3 4 (5)

Previous brain radiotherapy 27 (34)
Brain metastasis at lorlatinib initiation
Present 51 (64)
Absent 29 (36)

Current smokers: ongoing smoking at baseline; Former smokers: quit more than 1
year before baseline; Never smokers: smoked less than 100 cigarettes before
baseline.
TKI, tyrosine kinase inhibitor.

Table 2. Lorlatinib therapy clinical outcome

Characteristics N [ 80

Median follow-up (IQR), months 22.2 (13.6-31.3)
Median PFS (95% CI), months 7.1 (5.0-9.9)
Median OS (95% CI), months 19.6 (12.3-27.5)
Median OS from advanced or metastatic
NSCLC diagnosis (95% CI), months

51.9 (41.8-74.5)

Best response overall response to lorlatinib, n (%)
Number of patients with available data 76 (95)
Complete response 0 (0)
Partial response 34 (45)
Objective response 34 (45)
Stable disease 28 (37)
Progression 12 (16)
Not evaluable 2 (3)

Median duration of response (95% CI), months 6.9 (5.1-20.6)
CNS objective responsea (available data; %) 33 (/46; 72)
CNS objective response in patients with prior
brain radiotherapya (available data; %)

18 (/24; 75)

CNS objective response in patients without prior
brain radiotherapya (available data; %)

15 (/22; 68)

Median duration of CNS response (95% CI), months 16.7 (5.1-20.6)
Median duration of CNS response in patients with
prior brain radiotherapy (95% CI), months

9.0 (2.8-NR)

Median duration of CNS response in patients
without prior brain radiotherapy (95% CI), months

20.6 (1.9-22.7)

Median lorlatinib duration (95% CI), months 7.4 (6.5-13.1)
Median lorlatinib duration beyond progression
(95% CI), months

0.9 (0.4-2.0)

Treatment discontinuation, n (%) 53 (66)
Cause of treatment discontinuation, n (%)
Disease progression 37 (46)
Toxicity 10 (13)
Death 4 (5)
Investigator’s decision 1 (1)
Patient’s decision 1 (1)
Intercurrent disease 1 (1)

PFS according to the number of previous ROS1
TKI lines
1 ROS1 TKI (95% CI), months(n¼20, %) 7.6 (6.2-12.9)
2 ROS1 TKI (95% CI), months 2.8 (1.6-9.0)
�3 ROS1 TKI (95% CI) months 6.9 (0.5-NR)

OS according to the number of previous ROS1
TKI lines
1 ROS1 TKI (95% CI), months(n¼20, %) 20.7 (12.3-27.5)
2 ROS1 TKI (95% CI), months 19.1 (2.9-NR)
�3 ROS1 TKI (95% CI), months 10 (1.0-14.1)

Objective response according to the number of
previous ROS1 TKI lines
1 ROS1 TKI (n ¼ 60) n (%)(n¼20, %) 29 (48)
2 ROS1 TKI (n ¼ 12) n (%) 4 (33)
�3 ROS1 TKI (n ¼ 4) n (%) 1 (25)

N. Girard et al. ESMO Open
(5%) patients had received one/two/three or more ROS1
TKIs, respectively.
CI, confidence interval; CNS, central nervous system; IQR, interquartile range; NR,
not reached; NSCLC, non-small-cell lung cancer; OS, overall survival; PFS,
progression-free survival; TKI, tyrosine kinase inhibitor.
a Defined as the rate of intracranial tumor response according to RECIST v1.1.
Efficacy

The median follow-up from lorlatinib initiation was 22.2
months (interquartile range: 13.6-31.3 months) (Table 2).
Median PFS on lorlatinib was 7.1 months [95% confidence
interval (CI) 5.0-9.9 months] and median OS from lorlatinib
initiation 19.6months (95%CI 12.3-27.5months) (Figure 1 and
2).MedianOS fromadvancedormetastatic NSCLCdiseasewas
51.9 months (95% CI 41.8-74.5 months). ORR to lorlatinib and
DCR were 45% and 82%, respectively. Median duration of
lorlatinib treatment was 7.4 months (95% CI 6.5-13.1 months)
and the median duration of response was 6.9 months (95% CI
5.1-20.6months). CNS response rate was 72% and themedian
duration of CNS response was 16.7 months (95% CI 5.1-20.6
months). For patients with brain irradiation before lorlatinib
initiation, the CNS response rate and the median duration of
Volume 7 - Issue 2 - 2022
CNS response were, respectively, 75% and 9.0 months [95% CI
2.8 months-not reached (NR)]. Among the patients who did
not receive brain radiotherapy before lorlatinib initiation, the
CNS response rate and the median duration of CNS response
were, respectively, 68% and 20.6 months (95% CI 1.9-22.7
months). For the 51 patients who experienced tumor pro-
gression, the main progression site was the thorax
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2022.100418). When lorlatinib treatment
was continued beyond progression, median DOT after pro-
gression was 0.9 months (95% CI 0.4-2.0 months). When pa-
tients had previously received one, two, or three ormore ROS1
https://doi.org/10.1016/j.esmoop.2022.100418 3
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Figure 1. Progression-free survival.
KaplaneMeier estimate of progression-free survival (PFS). Tick marks on the survival curves indicate censoring of data.
CI, confidence interval.
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TKIs, median PFS and OS were 7.6 months (95% CI 6.2-12.9
months) and 20.7 months (95% CI 12.3-27.5 months), 2.8
months (95% CI 1.6-9.0 months) and 19.1 months (95% CI 2.9
months-NR), and 6.9 months (95% CI 0.5 months-NR) and 10
months (95% CI 1.0-14.1 months), respectively. ORR depend-
ing on whether patients had received one, two, or three or
more previous ROS1 TKIs before lorlatinib initiation were 48%,
33%, and 25%, respectively.

Safety

Grade 3 or more adverse events were reported in 33% of
the patients (Table 3). The most common �grade 3 adverse
events were elevated cholesterol levels (13%), cognitive
effects (8%), elevated triglyceride levels (5%), mood effects
(4%), peripheral neuropathies (3%), and renal failures (3%).
Adverse events leading to treatment discontinuation
occurred in 13% of the patients included in the study. They
were mainly represented by renal failure, cognitive effects,
O
ve

ra
ll

su
rv

iv
al

 (%
)

80

20

0

100

60

40

Median

Tim
80 40Subjects at risk

0 10

Figure 2. Overall survival.
KaplaneMeier estimate of overall survival (OS) measured from lorlatinib initiation.
Tick marks on the survival curves indicate censoring of data.
CI, confidence interval; NR, not reached.
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and mood effects (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2022.100418). The two
renal failures observed in the study were, respectively,
grade 3 and grade 4.

Subsequent therapy

After lorlatinib treatment, 36 (46%) patients received at
least one subsequent therapy, mainly chemotherapy and
additional ROS1 TKI (Supplementary Table S2 and
Supplementary Figure S3, available at https://doi.org/10.
1016/j.esmoop.2022.100418). Interestingly, a ROS1 TKI
was used in 12 patients as first subsequent therapy after
lorlatinib failure. For these patients, ORR and median PFS
were 0% and 2.4 months (95% CI 0.7-4.7 months), respec-
tively (Supplementary Table S3, available at https://doi.org/
10.1016/j.esmoop.2022.100418). The median OS from the
initiation of ROS1 TKI as the first subsequent line after the
lorlatinib was 8.2 months (95% CI 0.7-15.7 months).
+ Censored

 OS: 19.6 months, 95% CI 12.3-7.5 months
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Table 3. Serious adverse events in patients treated with lorlatinib (re-
ported in >1% of patients)

N [ 80, n (%)

Grade 3-5 Grade 3 Grade 4 Grade 5
Any adverse event 26 (33) 15 (19) 11 (14) 0 (0)
Hypercholesterolemia 10 (13) 6 (8) 4 (5) 0 (0)
Cognitive effect 6 (8) 5 (6) 1 (1) 0 (0)
Hypertriglyceridemia 4 (5) 1 (1) 3 (4) 0 (0)
Mood effect 3 (4) 2 (3) 1 (1) 0 (0)
Peripheral neuropathy 2 (3) 2 (3) 0 (0) 0 (0)
Renal failure 2 (3) 1 (1) 1 (1) 0 (0)
Edema 1 (1) 1 (1) 0 (0) 0 (0)
Fatigue 1 (1) 1 (1) 0 (0) 0 (0)
Arthralgia 1 (1) 1 (1) 0 (0) 0 (0)
Pulmonary hypertension 1 (1) 0 (0) 1 (1) 0 (0)
Interstitial lung disease 1 (1) 0 (0) 1 (1) 0 (0)
Abdominal pain 1 (1) 1 (1) 0 (0) 0 (0)
Amylase increase 1 (1) 1 (1) 0 (0) 0 (0)
Cholestasis 1 (1) 1 (1) 0 (0) 0 (0)

N. Girard et al. ESMO Open
DISCUSSION

LORLATU represents the largest study describing the real-life
efficacy and safety of lorlatinib in patients with ROS1þ
NSCLC after the failure of at least one ROS1 TKI, while
analyzing treatment sequences. We found an ORR of 45%, a
CNS response rate of 72%, and a median PFS of 7.1 months.
Despite the inclusion of patients treated with two or more
ROS1 TKIs in our study (21% of patients), these results are
comparable and even better to those obtained in the pivotal
phase I-II study assessing lorlatinib efficacy in ROS1þ NSCLC.
Indeed, this trial reports an ORR of 35%, an intracranial
response of 50%, and a median PFS of 8.5 months in crizo-
tinib pretreated ROS1þ NSCLC.13 Similar efficacy was also
seen in smaller, real-life studies.14,16 Although lorlatinib is
not yet approved for use in ROS1þ NSCLC, our results
strongly support lorlatinib as a salvage therapy after the
failure of at least one ROS1 TKI in these patients.

In our study, the safety profile of lorlatinib was broadly
similar to that described in previous studies, with hyper-
triglyceridemia, hypercholesterolemia, mood disorders,
cognitive effects, edema, and peripheral neuropathies being
the most frequent side-effects. The rate of discontinuation
due to toxicity, however, was actually higher in our study
(12.5% versus 1%). This difference may be explained by the
inclusion of 21 patients who were naive to any ROS1 TKI in
the landmark trial, as well as a higher proportion of patients
with a PS�2 in our study (19% versus 3%).13 In addition, two
patients in our study experienced treatment discontinua-
tions related to renal failure. Cases of renal toxicity have
been described for other ALK inhibitors such as alectinib or
crizotinib.17-19 To our knowledge, however, no renal toxicity
has been reported with lorlatinib to date, except a case
report describing proteinuria acquired under lorlatinib
treatment and a case of lorlatinib discontinuation due to
proteinuria in the CROWN trial, assessing lorlatinib as first-
line treatment of ALK-rearranged NSCLC.20,21 These events
may be related to the prior exposure to multiple lines of
TKIs. Finally, as in other publications, several treatment dis-
continuations were observed following cognitive or mood
Volume 7 - Issue 2 - 2022
disorders, highlighting the difficulty of managing this type of
toxicity, which may also be exacerbated by the high fre-
quency of brain metastases and prior radiation therapy.14,15

In our study, we were able to analyze the subsequent
therapies received after lorlatinib progression. Although
significant efficacy of pemetrexed-based chemotherapy has
been reported in ROS1þ NSCLC, data are lacking regarding
the value of systemic treatment after lorlatinib failure.22,23

Notably, the clinical efficacy of ROS1 TKI rechallenge after
lorlatinib progression has not been previously described.
Here, we observed an ORR of 0% and a median PFS of 2.4
months (95% CI 0.7-4.7 months) among patients treated
with a ROS1 TKI as first subsequent therapy after lorlatinib.
These results indicate a poor antitumoral efficacy of current
ROS1 TKIs in this setting, which is consistent with the
recently published description of lorlatinib resistance
mechanisms in ROS1þ NSCLC.24 Indeed, ROS1 mutation
occurred in 46% of post-lorlatinib patient samples, and
these alterations led to resistance to ROS1 type I TKIs in
preclinical models. Additionally, ROS1-independent mecha-
nisms of resistance were also described, such as MET or
KRAS amplification, KRAS mutation, NRAS mutation,
MAP2K1 mutation, making efficacy of rechallenge with
crizotinib, ceritinib, or entrectinib unlikely.

This study has several limitations mainly related to its
retrospective nature. Thus, the modalities of patient follow-
up and adverse events monitoring could not be harmonized.
A central review of tumor response assessment and molec-
ular analyses was also not feasible. We were also unable to
collect data on ROS1 fusion partners or resistance mutations
to crizotinib. It is therefore not possible to determine the
impact of these alterations on the response to lorlatinib.

In conclusion, our study shows that lorlatinib stands for a
major treatment option for patients with advanced ROS1þ
NSCLC and is part of the sequential treatment strategy.
Further studies are needed to evaluate the therapeutic
options after progression. In addition, better characteriza-
tion of resistance mechanisms would allow optimized de-
cision making of treatment sequences.
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