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ABSTRACT

Lorlatinib is a third-generation tyrosine-kinases inhibitor (TKI) targeting ALK/ROS1 fusions. The FDA has ap-
proved lorlatinib for TKI-pretreated ALK(+) NSCLC, while its approval for ROS1(+) is still pending. Here we
present the largest real-world data of NSCLC patients harboring ALK/ROS1 rearrangements treated with lorla-
tinib.

Methods: 123 patients were enrolled retrospectively (data cut-off 1/1/2019). Lorlatinib was administered
through an early access program for patients with no other available therapy. Outcome and response were
defined by each investigator upon RECIST 1.1 criteria.

Results: 106 ALK(+) and 17 ROS1(+) patients recruited from 8 different countries. The ALK(+) cohort in-
cluded 50 % males, 73 % never-smokers and 68 % with brain metastases. Extracranial (EC) and intracranial (IC)
response rates (RR) were 60 % and 62 %, with disease control rates (DCR) of 91 % and 88 % respectively. Mean
duration of therapy (DoT) was 23.9 *+ 1.6 months and median overall survival (mOS) was 89.1 *= 19.6 months.
ROS1 cohort enrolled 53 % males, 65 % never-smokers and 65 % had brain metastases. EC and IC RR were 62 %
and 67 % with DCR of 92 % and 78 % respectively. Median DoT was 18.1 * 2.5 months and mOS of
90.3 *= 24.4 months. OS and DoT in both cohorts were not significantly correlated with line of therapy nor other
parameters.

The most common adverse events of any grade were peripheral edema (48 %), hyperlipidemia (47 %), weight
gain (25 %) and fatigue (30 %). CNS adverse events such as cognitive effect of grade 1-2 were reported in 18 %
of patients.

Conclusion: Lorlatinib shows outstanding EC/IC efficacy in ALK/ROS1(+) NSCLC. The observed mOS of
89 = 19 months in ALK(+) NSCLC supports previous reports, while mOS from of 90 = 24 months is un-

precedented for ROS1(+) NSCLC.

1. Introduction

The treatment strategy in anaplastic lymphoma kinase (ALK)-posi-
tive non-small cell lung cancer (NSCLC) is shifting toward newer agents
in the first line setting, while the existing roadmap in ROS1(+) NSCLC
is not mature yet. The current NCCN recommendations categories
alectinib as the preferred 1st line therapy for ALK(+) and crizotinib for
ROS1(+) NSCLC. The ALEX [1-3] and the ALTA [4] studies indicates
better progression free survival (PFS) when choosing second generation
ALK tyrosine kinase inhibitors (TKI) as first line therapy compared with
crizotinib. No randomized trial was conducted for ROS1.

ALK gene rearrangements occur in approximately 5% of non-squa-
mous patients with NSCLC [5,6]. ALK fusion proteins are constitutively
active and involved in the proliferation and survival of tumor cells. ’
Independent of ligand binding, EML4 or the partner protein facilitates
dimerization of the fusion protein, resulting in the constitutive activa-
tion of the ALK kinase domain [8,9]. ALK fusions are more commonly
found in light smokers (< 10 pack years) and/or never-smokers. ALK
fusions are also associated with younger age and adenocarcinomas with
acinar histology or signet-ring cells [10].

ROS1 oncogenic fusions are reported in 1%-2% of non-squamous
NSCLC patients and defines a special molecular disease sub-group. The
kinase domains of ALK and ROS1 share a significant homology in amino
acid identity and most of the differences that exist occur in conservative
regions. The ROS1 locus is located on chromosome 6 and encodes for an
orphan tyrosine kinase receptor with no known ligand and biologic
function in humans [11]. ROSI rearrangements/translocations lead to
fusions of an intact ROS1 tyrosine kinase domain with partner genes,
which are usually present on another chromosome [12,13]. ALK and
ROS1 rearrangements may be detected by fluorescence in situ hy-
bridization (FISH), real-time polymerase chain reaction (RT-PCR) or
immunohistochemistry (IHC) and next-generation sequencing (NGS)
[14]. Hybrid-capture NGS is the most accurate technique to detect these
aberrations with an advantage of recognizing the fusion partner
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[15-19].

Recent reviews, such as from Friedlaender A et al. [20] and Tessa A.
Morris et al. [21,22] summarized treatment options harboring NSCLC
ALK(+) and ROS1(+) rearrangements.

Acquired resistance to ALK/ROS1 TKIs is generally inevitable and
independent of therapy, and is mediated mainly through a secondary
point mutation in tumor driver ALK or ROS1 genes [23,24] The ac-
quired resistance mutation mechanism may influence the probability of
response to further lines of treatment, emphasizing the importance of
liquid or tissue re-biopsy upon progression in order to identify and
target the molecular mechanism of TKI resistance.

Lorlatinib is a potent, brain-penetrant third generation ALK/ROS1
TKI with a broad mutational coverage including ALK G1202R, F1174X,
L1196 M, G1269A, and 11171 X . It has shown clinical activity in pa-
tients with ALK(+) and ROS1(+) advanced NSCLC, most of whom had
central nervous system (CNS) metastases and had received prior cri-
zotinib [25]. Lorlatinib evoked responses in treatment-naive patients or
those resistant to prior ROSI TKIs [26].

The safety and efficacy of lorlatinib were evaluated and reported
earlier in advanced ALK/ROS1 NSCLC [27-30]. In crizotinib treated
patients the ORR was 73 % (95 % CI 60-84) and median progression-
free survival (PFS) of 11.1 (95 % CI 8.2-NR) while in patients who had
failed one or more ALK TKIs the ORR was 40 % (95 % CI 32-49) with a
median PFS of 6.9 (95 % CI 5.4-8.2) months. Based on these results,
lorlatinib was recently approved in many countries for previously
treated, advanced ALK(+) NSCLC. However, there is a lack of data on
the activity and tolerability of lorlatinib in the real-world setting.

Here, we report the first major global retrospective study with lor-
latinib in previously treated patients with ALK/ROS1(+) NSCLC.

2. Methods

This is a international, multicenter, retrospective study, which
aimed to describe the efficacy and safety of lorlatinib in previously
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treated ALK/ROS1(+) NSCLC. All patients were treated through an
early access program, when no other targeted therapy was available.
The countries that participated in this study were Turkey,
Switzerland, Russia, Israel, Germany, France and the USA, between
March 2015 to January 2019 (date of data cutoff). Inclusion criteria
were ALK/ROS1(+) NSCLC who were previously treated and re-
sponded to ALK/ROS1 TKI and received lorlatinib for at least one
month. All cases were treated by lorlatinib outside of clinical trials and
have not been previously reported. 123 eligible patients had a patho-
logic diagnosis of NSCLC at any stage out of which 106 had ALK re-
arrangement and 17 had ROS1 rearrangement. Accepted test methods
for molecular profiling were fluorescence in situ hybridization (FISH),
immunohistochemistry (IHC) real time polymerase chain reaction (RT-
PCR) or next generation sequencing (NGS) in certified laboratories.

2.1. Data collection and response assessment

Anonymized demographic and clinical characteristics were docu-
mented by the investigators including age; gender; ethnicity; smoking
habits, tumor stage; date of diagnosis; ALK/ROSI detection; brain me-
tastasis at disease diagnosis, previous therapies; extracranial and in-
tracranial best response to each line of treatment, brain radiation; type
of progression for each line and date of death. Specifically, lorlatinib
therapy was recorded including dose modifications, treatment duration,
reasons for final drug discontinuation and adverse events. Extracranial
and intracranial responses were assessed by each investigator upon
complete response (CR), partial response (PR), stable disease (SD) or
progressive disease (PD) (RECIST 1.1) [31-33].

The data was collected centrally by the corresponding author at
Soroka University Medical Center, Israel; under the IRB approval
number 0058-19-SOR.

2.2. Outcomes

Several clinical endpoints were assessed. Objective response rate
(ORR) was defined by the investigator using RECIST 1.1 as the pro-
portion of patients achieving a best clinical response to lorlatinib of
either CR or PR. Disease control rate (DCR) was defined as the patients
achieved a best clinical response of CR + PR + SD. Duration of therapy
(DoT) was defined as time from lorlatinib treatment initiation until
treatment termination, including treatment beyond progression.
Patients without a progression event were censored at the earlier of
initiation of a new therapy or last available medical record. Finally,
overall survival (OS) was calculated from initial diagnosis of metastatic
disease with a data cut-off at January 2019. Patients who were still
alive at the time of data cut off were censored at the date of the last
available medical record.

2.3. Statistical analysis

Statistical analysis was performed by SPSS (version 23, IBM
Corporation) and RStudio (Version 1.2.1335, RStudio, Inc.). Analysis
variables as well as ORR and DCR were summarized and stratified by
line of therapy (Table 1) and by the extracranial versus intracranial
response (Tables 3A and 3B). DoT and OS were analyzed using the
Kaplan-Meier method P-values < 0.05 were considered as significant.

3. Results

From March 2015 to January 2019, a total of 123 ALK or ROS1
positive NSCLC patients were enrolled from 8 countries (Table 1).

3.1. ALK positive patients

One hundred and sixteen patients with ALK-positive NSCLC had a
mean age of 53 = 12.7 years old (ranging from 19 to 85 years old) and
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50 % (53/106) were males. Most of patients 73 % (77/106) were never
smokers. Lung adenocarcinoma was the predominant histology 97 %
(103/106) and the vast majority was diagnosed with advanced disease
96 % (102/106). Molecular testing for ALK rearrangement were per-
formed locally via FISH, IHC, NGS and RT-PCR (76 %, 31 %, 8% and 13
% respectively) whilst 23/106 patients were diagnosed with more than
one method and 72/106 (68 %) patients had brain metastases at the
time of diagnosis.

Lorlatinib was 2nd line in 16/106 patients (15 %), 3rd line in 40/
106 patients (38 %), 4th line in 33/106 patients (31 %) and = 5th line
in 17/106 patients (16 %). Most patients initiated lorlatinib therapy
with ECOG score of 0-1 (65/106 patients, 61 %). Previous last therapies
prior to lorlatinib were crizotinib (40,/106, 38 %), ceritinib (25/106, 24
%), alectinib (15/106, 14 %), Brigatinib (13/106, 12 %) and che-
motherapy (13/106, 12 %; Table 2).

Investigator assessed RECIST 1.1 objective response rate (ORR)
were 60 % (52/87) extracranial and 62 % (40/65) intracranial, while
disease control rate (DCR) were 91 % (79/87) and 88 % (57/65) re-
spectively (Tables 3A and 3B). ORR showed a non-significant trend of a
higher ORR correlated to the line of treatment (Table 3A). Interestingly
CR was achieved in 10 % (9/87). The median duration of therapy (DoT)
was not reached with a mean DoT of 23.9 = 1.6 months (95 % CI
20.9-27) (Fig. 1). Median overall survival (OS) was 89.1 * 19.6
months (95 % CI 50.7-127.5) (Fig. 2). OS and DoT were not sig-
nificantly correlated with neither line of therapy nor with the previous
type of therapy. Molecular profiling before lorlatinib initiation was not
available.

3.2. ROS1 positive patients

Seventeen patients with ROSI-positive NSCLC had a mean age of
51 + 10.7 years (range, 22-70 years), 53 % (9/17) males, 65 % (11/

Table 1

Baseline characteristics and patient demographics. Data are in (%) in ALK/
ROS1 group, unless indicated otherwise. ECOG = Eastern Cooperative
Oncology Group.

Characteristics ALK (+) patients ROS1 (+) patients

Age at diagnosis, Y

Median 53 49

Mean (SD) 53 (12.7) 51 (10.7)

Range 19-84 22-70
Sex

Male 53 (50%) 9 (53%)

Female 53 (50%) 8 (47%)
Smoking history

Never 77 (73%) 11 (65%)

Current 5 (5%) 1 (6%)

Former 23 (21%) 5 (29%)

Unknown 1 (1%) 0 (%)
Histology

Adenocarcinoma 103 (97%) 16 (94%)

Other NSCLC 3 (3%) 1 (6%)
Stage of disease at diagnosis

Early 4 (4%) 1 (6%)

3-4 102 (96%) 16 (94%)
ECOG performance status at diagnosis

0-1 65 (61%) 11 (65%)

2< 15 (14%) 3 (18%)

NA 26 (25%) 3 (18%)
Brain metastasis at diagnosis

Present 72 (68%) 11 (65%)

Absent 34 (32%) 6 (35%)
Method of diagnosis'

FISH 81 (76%) 12 (71%)

IHC 33 (31%)) 2 (12%)

NGS 8 (8%) 2 (12%)

PCR 14 (13%) 2 (12%)

T Few patients have been diagnosed by more than one method.
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Table 2
Last therapy before Lorlatinib treatment.
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Last Therapy before Lorlatinib Summary of cases Lorlatinib as

Lorlatinib as

Lorlatinib as Lorlatinib as Lorlatinib as Lorlatinib as Lorlatinib as

2" Line 3 Line 4™ Line 5% Line 6™ Line 7™ Line 8™ Line
ALK(+) Patients
Crizotinib 40 (38%) 12 (75%) 22 (55%) 4 (13%) 2 (18%)
Alectinib 15 (14%) 1 (6%) 2 (5%) 8 (24%) 1 (9%) 1 (50%) 2 (67%)
Brigatinib 13 (12%) 1 (2%) 6 (18%) 4 (36%) 1 (100%) 1 (33%)
Ceritinib 25 (24%) 3 (19%) 9 (22%) 10 (30%) 2 (18%) 1 (50%)
Chemotherapy 13 (12%) 6 (16%) 5 (15%) 2 (18%)
Total ALK(+) cases 106 (100%) 16 (100%) 40 (100%) 33 (100%) 11 (100%) 2 (100%) 1 (100%) 3 (100%)
ROS1(+) Patients
Crizotinib 12 (71%) 5 (83%) 5 (83%) 1 (100%) 1 (100%)
Ceritinib 2 (12%) 1 (17%) 1 (17%)
Chemotherapy 3 (18%) 3 (100%)
Total ROS1(+) cases 17 (100%) 6 (100%) 6 (100%) 3 (100%) 1 (100%) 1 (100%)
N (% from summary of line of treatment).
Table 3A
Extracranial best response to Lorlatinib treatment.
Extracranial Summary 2nd Line 3rd Line 4th Line 5th Line 6th Line 7th Line 8th Line
Best response to of cases
Lorlatinib treatment
ALK(+) Patients
Objective Response Rate 52 (60%) 7 (64%) 21 (63%) 15 (54%) 7 (70%) 0 (0%) 0 (0%) 2 (67%)
Disease Control Rate 79 (91%) 11 (100%) 28 (88%) 24 (86%) 10 (100%) 2 (100%) 1 (100%) 3 (100%)
Complete Response 9 (10%) 2 (18%) 4 (13%) 1 (4%) 2 (20%)
Partial Response 43 (50%) 5 (46%) 17 (53%) 14 (50%) 5 (50%) 2 (67%)
Stable Disease 27 (31%) 4 (36%) 7 (22%) 9 (32%) 3 (30%) 2 (100%) 1 (100%) 1 (33%)
Progressive Disease 8 (9%) 0 (0%) 4 (12%) 4 (14%)
Summary of available data 87 (100%) 11 (100%) 32 (100%) 28 (100%) 10 (100%) 2 (100%) 1 (100%) 3 (100%)
Indeterminate/ Missing Data 19 5 8 5
Total ALK(+) cases 106 16 40 33 11 2 1 3
ROS1(+) Patients
Objective Response Rate 8 (62%) 1 (25%) 4 (100%) 1 (33%) 1 (100%) 1 (100%)
Disease Control Rate 12 (92%) 4 (100%) 4 (100%) 2 (67%) 1 (100%) 1 (100%)
Complete Response 0 (0%)
Partial Response 8 (61%) 1 (25%) 4 (100%) 1 (33%) 1 (100%) 1 (100%)
Stable Disease 4 (31%) 3 (75%) 1 (33%)
Progressive Disease 1 (8%) 1 (33%)
Summary of available data 13 (100%) 4 (100%) 4 (100%) 3 (100%) 1 (100%) 1 (100%)
Indeterminate/ Missing Data 4 2 2
Total ROS1(+) cases 17 6 6 3 1 1

All percentage calculations are from the total of patients with available evaluable data.

N (% from summary of line treatment).

17) were never smokers. Lung adenocarcinoma was the predominant
histology in 94 % and 94 % had advanced disease. Molecular testing for
ROS1 rearrangement was performed locally via FISH, IHC, NGS and RT-
PCR (71 %, 12 %, 12 % and 12 % respectively). 11/17 patients (65 %)
had brain metastases before lorlatinib initiation.

Lorlatinib was 2nd line in 6/17 patients (35 %), 3rd line in 6/17
patients (35 %) and = 4th line in 5/17 (30 %). ECOG score was 0-1 in
11/17 (65 %) of the patients upon lorlatinib initiation. Last previous
line prior to lorlatinib was crizotinib in 12/17 (71 %), ceritinib in 2/17
(12 %) and chemotherapy in 3/17 (18 %; Table 2).

Extracranial and intracranial ORR were 62 % (8/13) and 67 % (6/
9), while DCR were 92 % (12/13) and 78 % (7/9) respectively (Tables
3A and 3B). Median DoT was 18.1 *+ 2.5 months (95 % CI 13.2-23.1)
(Fig. 1) and median OS was 90.3 + 24.4 months (95 % CI 42.5-138.1)
(Fig. 2). OS and DoT were not significantly correlated with lorlatinib
line of therapy.

51

3.3. Adverse events

The most common lorlatinib treatment-related adverse events of
any grade among all patients were hypercholesterolemia 46 % (56/
123), hypertriglyceridemia 43 % (53/123), peripheral edema 47 %
(58/123), weight gain 24 % (30/123) and fatigue 24 % (30/123). CNS
adverse events such as cognitive effect of grade 1-2 were reported in 18
% (22/123) of patients.

4. Discussion

This report confirms the activity of lorlatinib in ALK and ROSI
positive NSCLC both extracranial and intracranial as well as the overall
survival of 89 = 19 months for ALK(+) NSCLC patients treated with
next generation TKIs, and it is the first report showing a median OS of
90.3 + 24.4 months for patients with ROS1(+) NSCLC.

The extracranial ORR of 60 % and 62 % respectively and the in-
tracranial ORR of 62 % and 67 % respectively are as expected and in
similarity with previous reports for lorlatinib both in the ALK and the
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Table 3B
Intracranial best response to Lorlatinib treatment.
Intracranial Summary of cases 2nd Line 3rd Line 4th Line 5th Line 6th Line 7th Line 8th Line
Best response to Lorlatinib treatment
ALK(+) Patients
Objective Response Rate 40 (62%) 5 (50%) 12 (71%) 13 (52%) 7 (78%) 1 (50%) 1 (100%) 2 (67%)
Disease Control Rate 57 (88%) 10 (100%) 14 (83%) 20 (80%) 9 (100%) 2 (100%) 1 (100%) 3 (100%)
Best Overall Response
Complete Response 10 (16%) 2 (25%) 2 (12%) 5 (20%) 1 (11%)
Partial Response 30 (46%) 2 (25%) 10 (59%) 8 (32%) 6 (67%) 1 (50%) 1 (100%) 2 (67%)
Stable Disease 17 (26%) 4 (50%) 2 (12%) 7 (28%) 2 (22%) 1 (50%) 1 (33%)
Progressive Disease 8 (12%) 3 (17%) 5 (20%)
Summary of available data 65 (100%) 8 (100%) 17 (100%) 25 (100%) 9 (100%) 2 (100%) 1 (100%) 3 (100%)
Indeterminate/ Missing Data 41 8 23 8 2
Total ALK(+) cases 106 16 40 33 11 2 1 3
ROS1(+) Patients
Objective Response Rate 6 (67%) 2 (67%) 2 (100%) 1 (33%) 1 (100%)
Disease Control Rate 7 (78%) 3 (100%) 2 (100%) 1 (33%) 1 (100%)
Best Overall Response
Complete Response 1 (11%) 1 (50%)
Partial Response 5 (56%) 2 (67%) 1 (50%) 1 (33%) 1 (100%)
Stable Disease 1 (11%) 1 (33%)
Progressive Disease 2 (22%) 2 (67%)
Summary of available data 9 (100%) 3 (100%) 2 (100%) 3 (100%) 1 (100%)
Indeterminate/ Missing Data 8 3 4 1
Total ROS1(+) cases 17 6 6 3 2
All percentage calculations are from the total of patients with available evaluable data.
N (% from summary of line treatment).
— ALK —— ROS1
1.00
0.75
2
§ 0.50{  mmmmm e
o
o
0.25
0.00
0 5 10 15 20 25 30 35 40
Time (months)
Number at Risk
-_— 106 88 al 42 14 4 2 2 0
— 17 15 11 6 3 1 0 0 0
0 5 10 15 20 25 30 35 40

Time (months)

Fig. 1. Duration of Therapy (DoT) of Lorlatinib in ALK and ROS1 NSCLC patients.

ROS1 positive NSCLC [34] ROS1 median DoT of 18.1 = 2.5 months
(95 % CI 13.2-23.1) showed in this cohort (Fig. 1) while previously
reported 21.1 months (IQR 152-30-3) [35].

The intracranial ORR of lorlatinib in this cohort was similar to the
extracranial ORR with a range of 50 %-70 %). This is in line with the
previous report of Camidge R et al. who have reported an intracranial
response of 45.8-66.7 % [36]. Lorlatinib was reported recently to
overcome leptomeningeal disease [37].

The median OS of 89.1 + 19 and 90.3 + 24 months in ALK and
ROS1 positive NSCLC presented in this study (Fig. 2), where crizotinib
was used first in most patients, challenges the new recommendation for
a preferred 2nd generation ALK TKI in the ALK(+) population. The

52

updated ALEX data shows a median PFS of 34.8 months for alectinib vs.
10.9 months for crizotinib and overall survival benefit for alectinib arm
HR 0.67 (CI 0.46—0.98) [38,39]. Therefore, the current report may
emphasize the importance of preserving numerous therapeutic alter-
natives, particularly in countries with limited access to newer agents.
Treatment strategy should be taken in caution and after considering all
factors including existence of brain disease, mechanism of resistant and
drug availability.

Safety data reported in this study is presented in Table 4 and the
results are similar to previously reported data [40], no unexpected
adverse effects and no treatment related deaths were noted by our in-
vestigators. The existence of cognitive changes was reported in this
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— ALK —+— ROS1
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Fig. 2. Overall Survival (OS) since first diagnosis, all cohorts (ALK and ROS1 subgroups).

Table 4
Lorlatinib’s adverse events.

Adverse effect Gradel Grade 2 Grade 3  Grade 4

N=123 N (%) N (%) N (%) N (%)

Hyperlipidemia 13 (11%) 35(28%) 8(6%) 3 (3%)
Hypercholesterolemia 12 (10%) 34 (28%) 7 (6%) 3 (3%)
Hypertriglyceridemia 25 (20%) 24 (20%) 2 (2%) 2 (2%)

Peripheral edema 27 (22%) 29 (24%) 2 (2%)

Weight increased 23 (19%) 5 (4%) 2 (2%)

Fatigue 23 (19%) 6 (5%) 1 (1%)

Peripheral neuropathy 9 (7%) 4 (3%) 2 (2%)

Cognitive effects 16 (13%) 6 (5%)

Mood effects 16 (13%) 3 (2%)

Diarrhea 6 (5%) 1 (%)

Arthralgia 6 (5%) 3 (2%)

Increased AST 8 (6%) 2 (2%)

Bronchial pain while breathing 2 (2%)

deeply

QTc prolongation 2 (2%)

Creatinine elevation 1 (1%)

Pleural and pericardial effusion 1 (1%)

Systremma 1 (%)

Rash 2 (2%)

Anemia 1 (1%)

Dyspnea 1 (1%)

Exanthema 1 (1%)

Formication left arm 1 (1%)

Ischemia 1 (1%)

Dry skin 1 (1%)

Double vision 1 (1%)

Fever 1 (1%)

registry, while was not reported in this incidence previously.

Our study has several limitations. First, it is retrospective and
therefore imaging routine and standardization of previous lines were
not feasible. Likewise, the exact time of RECIST progression is limited,
and therefore we discussed duration of therapy and not PFS, moreover
there is a high degree of censoring which might reflect an over-
estimation of the median DoT. Survival data may overcome this lim-
itation. Molecular profiling on progression was not available in most
cases, and centrally assessed molecular testing or RECIST evaluation
was not feasible. Moreover, adverse events were collected and graded

retrospectively.
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