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ARTICLE INFO ABSTRACT

Keywords: Objectives: Quality of life (QoL) for patients with non-small cell lung cancer (NSCLC) is negatively impacted by
Lo_rlati.“i.b their disease and treatment side effects. We present detailed patient-reported outcome (PRO) data from the phase
;rslé‘l"zmb 3 CROWN study, which compared lorlatinib with crizotinib in patients with previously untreated ALK-positive

advanced NSCLC.

Materials and methods: PROs were assessed using the European Organisation for Research and Treatment of
Cancer QoL Questionnaire with Lung Cancer module. A longitudinal, random-intercept, random-slope, mixed-
effect model assessed score changes from baseline up to (not including) end of treatment. Mean changes of
absolute scores from baseline at each cycle were calculated and presented up to cycle 18 (> 10-point change
considered clinically meaningful).

Results: In both lorlatinib (n = 148) and crizotinib (n = 140) arms, there were longitudinal improvements across
multiple functioning and symptom scores during treatment compared with pre-treatment. Numerical improve-
ments for most longitudinal functioning scores (physical, role, emotional, social) favored lorlatinib; cognitive
functioning favored crizotinib. Numerical improvements favored lorlatinib for several symptoms (fatigue, nausea
and vomiting, insomnia, appetite loss, constipation, diarrhea [clinically meaningful improvement], and cough);
peripheral neuropathy favored crizotinib. Subgroup analyses showed PROs did not differ by presence/absence of
baseline brain metastases.

Conclusions: Patients receiving first-line lorlatinib or crizotinib showed improvements and delayed deterioration
in QoL, functioning, and several symptoms. Alongside the previously reported significantly longer progression-

Patient-reported outcomes

Abbreviations: AE, adverse event; ALK, anaplastic lymphoma kinase; BL, baseline; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group per-
formance status; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life of Cancer Patients Questionnaire; EORTC QLQ-LC13,
European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire: lung cancer module; NSCLC, non-small cell lung cancer; OR, odds ratio;
PFS, progression-free survival; PRO, patient-reported outcome; QoL, quality of life; RECIST, Response Evaluation Criteria In Solid Tumors; SE, standard error; SD,
standard deviation; TTD, time to deterioration.
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free survival and higher intracranial response rates for lorlatinib versus crizotinib, these data further support the
use of lorlatinib over crizotinib in patients with advanced ALK-positive NSCLC with/without baseline brain
metastases and provide evidence of several QoL improvements with lorlatinib when used in the first-line setting.

1. Introduction

The quality of life (QoL) of a patient with lung cancer is negatively
impacted by factors such as the number of symptoms they experience (e.
g., fatigue, loss of appetite, pain in chest, cough, dyspnea), side effects of
treatment, and disease progression [1,2]. Brain metastases are common
in patients with lung cancer, particularly in those with anaplastic lym-
phoma kinase (ALK)-positive non-small cell lung cancer (NSCLC) [3].
The presence of brain metastases can impact a patient’s QoL further due
to increased symptom burden, the development of neurological symp-
toms, a reduced capacity for daily functioning, and broader aspects such
as financial issues [3-5]. Treatments that target brain metastases not
only prolong progression-free survival (PFS) or overall survival [6-9]
but may also reduce the associated QoL burden experienced by patients
who develop brain metastases during the course of their disease [3].

Several second-generation ALK inhibitors have shown improved ef-
ficacy over crizotinib (a first-generation ALK inhibitor) in patients with
ALK-positive NSCLC [8,10-13]. Lorlatinib is a potent, brain-penetrant,
third-generation ALK inhibitor [14] indicated for the first-line treat-
ment of adult patients with ALK-positive metastatic NSCLC [15]. In the
phase 3 CROWN study (NCT03052608), lorlatinib significantly
improved independently assessed PFS (primary endpoint by blinded
independent central review assessment based on Response Evaluation
Criteria In Solid Tumors [RECIST] v1.1), with a 72 % reduction in the
risk of progression or death compared with crizotinib [16]. Overall
response rates were 76 % (95 % confidence interval [CI]: 68-83) with
lorlatinib versus 58 % (95 % CI: 49-66) with crizotinib (odds ratio [OR]
2.25 [95 % CI: 1.35-3.89]). Intracranial response rates in patients with
measurable or non-measurable brain metastases at baseline were 66 %
(95 % CI: 49-80; 61 % complete response rate) with lorlatinib versus 20
% (95 % CI: 9-36; 15 % complete response rate) with crizotinib (OR 8.41
[95 % CI: 2.59-27.23]). Respective intracranial response rates for pa-
tients with measurable brain metastases at baseline were 82 % (95 % CI:
57-96; 71 % complete response rate) with lorlatinib versus 23 % (95 %
CI: 5-54; 8 % complete response rate) with crizotinib (OR 16.83 [95 %
CI: 1.95-163.23]) [16].

Treatment side effects are a potential contributor to reduced QoL in
patients with NSCLC [1]. The safety profile of lorlatinib was initially
described following a phase 1/2 study (NCT01970865) [17,18], and
safety data obtained from the CROWN study were consistent with this
[16]. The most frequently occurring lorlatinib-associated adverse events
(AEs) were hypercholesterolemia, hypertriglyceridemia, edema,
increased weight, peripheral neuropathy, diarrhea, and neuropsycho-
logical effects [16,17]. In the CROWN study, 21 % of patients receiving
lorlatinib experienced cognitive effects and 16 % experienced mood
effects (mostly grade 1 or 2), compared with 6 % and 5 % for crizotinib,
respectively [16]. The potential clinical impact of cognitive and mood
effects following treatment with lorlatinib has been debated previously
[19,20]. Most AEs associated with lorlatinib treatment can be managed
effectively by dose modification and concomitant medication
[16-18,21]. Permanent treatment discontinuations due to AEs associ-
ated with lorlatinib were uncommon in both the phase 2 part of the
phase 1/2 study (3 %) and in CROWN (7 %) [16,17].

Patient-reported outcome (PRO) data for lorlatinib from the phase 2
part of the phase 1/2 study showed improvements from baseline in
global QoL as well as several symptom and functioning scales [22].
Global QoL data from the CROWN study also supported the safety and
favorable AE profile of lorlatinib relative to crizotinib [16]. Improve-
ments in global QoL were seen from cycle 2 of treatment and were
maintained over time in the lorlatinib arm [16]. Here, we build on the
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global QoL data reported previously and present a detailed analysis of
PRO data from the CROWN study, focusing on cognitive and emotional
functioning and subgroup analyses in patients in the lorlatinib arm with
or without brain metastases at baseline.

2. Materials and methods
2.1. Study design and patients

Full details of the CROWN study have been reported previously [16]
and are summarized in the Supplementary Methods. Patients with
treated or untreated central nervous system metastases were eligible if
asymptomatic.

Patients were randomized 1:1 to either oral lorlatinib 100 mg once
daily or oral crizotinib 250 mg twice daily, stratified by the presence of
brain metastases (yes or no) and ethnicity (Asian or non-Asian). Treat-
ment continued until disease progression (RECIST defined, determined
by blinded independent central review), death, withdrawal of consent,
loss to follow-up, or unacceptable toxicity. Crossover between treatment
arms was not permitted.

The study protocol and amendments were approved by the institu-
tional review board or independent ethics committee at each site and
complied with the International Ethical Guidelines for Biomedical
Research Involving Human Subjects, Good Clinical Practice guidelines,
the Declaration of Helsinki, and local laws.

2.2. PRO assessments

In the CROWN study, PROs were assessed as a secondary endpoint
using the European Organisation for Research and Treatment of Cancer
Quality of Life of Cancer Patients Questionnaire (EORTC QLQ-C30) [23]
and its corresponding module for lung cancer (QLQ-LC13) [24]. The
EuroQol 5-dimension 5-level (EQ-5D-5L) questionnaire [25] was also
completed by patients; these results will be presented separately. PROs
were assessed at baseline and then on day 1 of each 28-day treatment
cycle through to the end of treatment. Patients completed paper-based
questionnaires in the clinic prior to their physician visit, per protocol.
All questionnaires were translated into local languages as appropriate
for each site. These translations underwent the EORTC’s rigorous pro-
cedures for translation and cultural adaptation [26].

The EORTC QLQ-C30 and EORTC QLQ-LC13 questionnaires have
been used in previous assessments of ALK inhibitor therapy in patients
with NSCLC [27-29]; further details of these questionnaires can be
found in the Supplementary Methods. Higher scores on the global
health/QoL and functioning scales indicate higher health status/QoL
and functioning, whereas higher scores on symptom scales/items and
the financial impact item represent a greater presence of symptoms/
financial impact.

2.3. Statistical analysis

The PRO analysis set comprised all treated patients who completed a
baseline assessment and at least one post-baseline PRO assessment.
Baseline data were summarized descriptively in tabulated form.

A longitudinal, random-intercept, random-slope, mixed-effect model
was used to assess EORTC QLQ-C30 and EORTC QLQ-LC13 score
changes from baseline up to, but not including, end of treatment. The
model had an intercept term, treatment, time (as a continuous variable),
treatment-by-time, baseline, and randomization stratification factors as
covariates. Analysis was based on restricted maximum likelihood using
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an unstructured covariance matrix. Longitudinal mean score changes
from baseline were compared between treatment arms (> 10-point
difference was considered clinically meaningful [27,30,31]). No ad-
justments were made for multiple comparisons. Mean changes in abso-
lute scores from baseline and standard errors at each cycle were
calculated and presented as line charts up to cycle 18 for all patients and
those with and without brain metastases at baseline. Data are presented
for the first 18 cycles, as later cycles had a smaller (approximately < 20
%) number of participants in each arm, which limited the interpretation
of the data.

The Kaplan-Meier method was used to estimate time to deterioration
(TTD), defined as the time from randomization to the first time a pa-
tient’s score showed a > 10-point decrease for global QoL (EORTC QLQ-
C30) or a > 10-point increase for a composite lung cancer symptom
endpoint of pain in chest, dyspnea, or cough. The TTD analysis of global
QoL was performed post hoc.

3. Results

A total of 296 patients were randomized in the CROWN study: 149 to
lorlatinib and 147 to crizotinib. The baseline demographics and clinical
characteristics of the overall patient population have been reported
previously [16]. Of the 296 patients, 288 patients (97 %) had evaluable
PRO data, as they had PRO data at baseline and at least one post-baseline

Table 1
Summary of patient demographics and baseline disease characteristics in the
CROWN PRO analysis set.

Characteristic Lorlatinib (n = Crizotinib (n =
148) 140)

Age, median (interquartile range), years” 61 (51, 69) 56 (45, 66)

Sex, female, n (%) 84 (57) 86 (61)

Race, n (%)"

White 71 (48) 67 (48)

Asian 65 (44) 63 (45)

Black or African American 0 11

Missing 12 (8) 9 (6)

ECOG PS, n (%)°

0 67 (45) 52 (37)

1 78 (53) 79 (56)

2 3(2) 9 (6)

Smoking status, n (%)

Never smoked 81 (55) 90 (64)

Previous smoker 54 (37) 40 (29)

Current smoker 13 (9) 9 (6)

Use of previous anti-cancer drug therapy, 12 (8) 8 (6)

n (%)°

Time from end of prior brain radiotherapy to randomization

Previous brain radiotherapy, n (%) 9 (6) 10 (7)

Mean (SD), days 94 (110) 71 (66)

Median (min., max.), days 63 (26, 374) 49 (16, 235)

Brain metastasis at baseline, n (%)’ 38 (26) 39 (28)

ECOG PS, Eastern Cooperative Oncology Group performance status; PRO,
patient-reported outcome; SD, standard deviation.

@ Age at screening (years) = (date of given informed consent — date of birth +
1)/365.25.

> Race was reported by the investigator.

¢ ECOG PS ranged from 0 to 5, with higher scores indicating greater disability.

d Smoking status was not reported for one patient in the crizotinib arm.

¢ According to the protocol, previous adjuvant or neoadjuvant anti-cancer
therapy was allowed if it had been completed > 12 months before randomiza-
tion. One patient who had received previous chemotherapy for metastatic dis-
ease was reported as having a protocol violation.

f per independent central neuroradiological review.
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assessment (n = 148 in the lorlatinib arm and n = 140 in the crizotinib
arm; Table 1). All PRO analyses are based on a data cutoff date of March
20, 2020, consistent with the primary analysis. PRO completion rates
(defined as at least one question answered) remained > 96 % through
cycle 18 in both treatment arms (Supplementary Table 1). As random-
ization was stratified according to the presence of brain metastases (yes
or no) and ethnic group (Asian or non-Asian), patients were well
balanced between the treatment arms. In total, 77 patients in the PRO
analysis population (38 patients in the lorlatinib arm and 39 patients in
the crizotinib arm) had measurable or non-measurable brain metastases
at baseline.

Baseline scores for EORTC QLQ-C30 and EORTC QLQ-LC13 for all
patients and by subgroups of presence or absence of brain metastases are
shown in Table 2. Patients with brain metastases at baseline had lower
scores on all functioning domains and higher scores on most symptom
domains, with the exceptions of diarrhea, peripheral neuropathy, pain in
chest, and pain in other parts in the lorlatinib arm and dyspnea, cough,
hemoptysis, sore mouth, and pain in the arm or shoulder in the crizo-
tinib arm.

3.1. PRO changes from baseline according to EORTC QLQ-C30 and
EORTC QLQ-LC13

As shown previously [16], overall improvement from baseline in
global QoL (according to EORTC QLQ-C30) was significantly higher in
patients in the lorlatinib arm compared with those in the crizotinib arm,
but this difference was below the clinically meaningful difference
threshold of > 10 points (Fig. 1A). There was no difference in TTD for
global QoL between treatment arms (Supplementary Fig. 1).

Numerical improvements in change from baseline favoring lorlatinib
were seen in physical, role, emotional, and social functioning scales,
although a numerical improvement favoring crizotinib was observed in
the cognitive functioning scale (Fig. 1A). Patients in both treatment arms
showed longitudinal improvement in most functioning scales during the
entire treatment period, compared with their pre-treatment values
(Supplementary Fig. 2). Cognitive functioning remained relatively sta-
ble over time for patients in both treatment arms, although the changes
from baseline were generally numerically better with crizotinib than
lorlatinib. Emotional functioning improved in both arms within the first
four cycles, after which there was stability; patients in the lorlatinib arm
generally had numerically better emotional score improvements than
those in the crizotinib arm throughout the study.

Statistically significant improvements in change from baseline fa-
voring lorlatinib over crizotinib were also seen in the symptom scores for
fatigue, nausea and vomiting, insomnia, appetite loss, constipation,
diarrhea, and coughing, although diarrhea was the only symptom with a
clinically meaningful difference of > 10 points (Fig. 1B). Peripheral
neuropathy was the only symptom score with a statistically significant
improvement favoring crizotinib over lorlatinib; however, this differ-
ence was below the threshold of > 10 points.

Changes from baseline in the composite endpoint score and its
components (pain in chest, dyspnea, and cough) up to cycle 18 (week
68) are presented in Fig. 2. Composite symptom scores improved from
baseline in both treatment arms; mean score improvements from base-
line were generally > 10 points from cycle 2 in the lorlatinib arm and
from cycle 3 in the crizotinib arm; although changes from baseline in
composite symptom scores were comparable between the treatment
arms (Fig. 2A), there was some variability in the scores observed at each
cycle. There was also no difference between treatment arms in TTD for
the composite symptom endpoint (Supplementary Fig. 3); however, a
greater proportion of patients remained on-treatment and available for
analysis with lorlatinib versus crizotinib (Fig. 2A), indicative of a lower
rate of progression with lorlatinib. Changes over time in the individual
symptoms from which the composite scores were generated are pre-
sented in Fig. 2B (pain in chest), Fig. 2C (dyspnea), and Fig. 2D (cough),
where there were improvements in both treatment arms from baseline
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Table 2
Baseline scores for EORTC QLQ-C30 and EORTC QLQ-LC13 in the lorlatinib and crizotinib treatment arms in all patients and according to the presence or absence of brain metastases at baseline (PRO analysis set).
Characteristic Lorlatinib Crizotinib
All patients (n = 148) Patients with brain metastases Patients without brain metastases  All patients (n = 140) Patients with brain metastases Patients without brain metastases
at baseline (n = 38) at baseline (n = 110) at baseline (n = 39) at baseline (n = 101)
n Mean 95 % CI n Mean 95 % CI n Mean 95 % CI n Mean 95 % CI n Mean 95 % CI n Mean 95 % CI
EORTC QLQ-C30 global QoL/functioning scales
Global QoL 148 64.6 60.99, 68.18 38 55.7 47.64, 63.76 110 67.7 63.78, 71.52 139 59.8 56.02, 63.52 39 51.7 43.72, 59.70 100 62.9 58.81, 67.02
Physical functioning 148 81.2 77.86, 84.61 38 70.1 61.64, 78.54 110 85.1 81.82, 88.36 140 78.8 75.07, 82.55 39 74.5 65.89, 83.17 101 80.5 76.44, 84.49
Role functioning 148 79.2 74.22, 84.11 38 65.8 53.25, 78.33 110 83.8 78.90, 88.68 140 72.5 67.21, 77.79 39 66.7 54.97, 78.36 101 74.8 68.89, 80.61
Emotional functioning 148 81.8 79.22, 84.41 38 76.8 70.74, 82.77 110 83.6 80.77, 86.35 140 80.0 76.87, 83.17 39 77.8 71.82, 83.73 101 80.9 77.12, 84.65
Cognitive functioning 148 87.7 84.84, 90.61 38 82.5 75.84, 89.07 110 89.5 86.41, 92.68 140 88.5 85.70, 91.21 39 83.3 76.54, 90.12 101 90.4 87.66, 93.20
Social functioning 148 83.9 79.88, 87.91 38 75.4 66.92, 83.96 110 86.8 82.34, 91.29 140 73.9 69.11, 78.75 39 64.1 53.77, 74.44 101 77.7 72.43, 83.01

EORTC QLQ-C30 symptoms and financial difficulties

Fatigue 148 283 24.31,32.29 38 383 28.94, 47.67 110 248 20.66, 29.04 140 334 29.14,37.68 39 36.5 26.98, 45.96 101 32.2 27.49, 36.97
Nausea and vomiting 148 6.1 3.65, 8.51 38 9.2 2.75, 15.67 110 5.0 2.57,7.43 140 7.0 4.83, 9.22 39 7.7 3.25,12.13 101 6.8 4.21,9.32
Pain 148 19.6 15.60,23.59 38 215 12.40, 30.58 110 18.9 14.50, 23.38 140 229 18.69,27.02 39 231 15.28, 30.88 101 228 17.77, 27.78
Dyspnea 148 243 20.06,28.59 38 281 17.71, 38.43 110  23.0 18.46, 27.61 140 28.1 23.13,33.06 39 265 16.22, 36.77 101 28.7 22.97, 34.45
Insomnia 148 248 19.84, 29.71 38 29.8 18.21, 41.44 110 23.0 17.65, 28.41 140 28.8 24.12,33.50 39 31.6 21.42, 41.83 101 277 22.45, 32.99
Appetite loss 148 16.9 12.40,21.38 38 263 15.46, 37.17 110 13.6 8.94,18.33 140 18.6 14.03,23.12 39 231 12.81, 33.34 101 16.8 11.85, 21.81
Constipation 148 144 10.03,18.80 38 18.4 7.12, 29.73 110 13.0 8.51, 17.55 140 138 9.53, 18.09 39 222 10.77, 33.67 101 10.6 6.62, 14.50
Diarrhea 147 6.3 4.21, 8.49 37 5.4 1.25,9.56 110 6.7 4.14, 9.20 140 7.1 4.10, 10.19 39 8.5 1.23,15.87 101 6.6 3.37,9.83
Financial difficulties 147 16.8 12.36,21.20 37 225 11.39, 33.65 110 148 10.21, 19.49 140 214 16.94, 25.91 39  26.5 16.52, 36.47 101 19.5 14.52, 24.42

EORTC QLQ-LC13 symptoms

Dyspnea 144  20.1 16.87,23.25 36 26.9 19.15, 34.55 108 17.8 14.43, 21.16 138 243 20.59,28.04 38 231 15.44, 30.76 100 24.8 20.46, 29.10
Coughing 146  37.0 32.45,41.52 38 395 29.02, 49.93 108  36.1 31.11, 41.11 139 333 28.67,38.00 39 31.6 22.04, 41.21 100  34.0 28.60, 39.40
Hemoptysis 146 4.1 2.00, 6.22 38 5.3 -0.16, 10.68 108 3.7 1.52, 5.89 138 3.4 1.68, 5.08 39 2.6 -0.35, 5.48 99 3.7 1.60, 5.80
Sore mouth 146 3.9 2.01, 5.75 38 6.1 1.84,10.44 108 3.1 1.04,5.13 138 5.3 3.14,7.48 39 3.4 0.10, 6.74 99 6.1 3.31,8.81
Dysphagia 146 3.9 2.01, 5.75 38 4.4 0.63, 8.14 108 3.7 1.52, 5.89 138 5.8 2.93, 8.67 39 9.4 2.41, 16.39 99 4.4 1.43,7.33
Peripheral neuropathy 146 9.4 6.11, 12.61 38 8.8 2.70, 14.85 108 9.6 5.68, 13.46 139 6.7 4.09, 9.34 39 8.5 3.16, 13.93 100 6.0 2.97,9.03
Alopecia 145 7.4 3.92, 10.80 37 171 6.44, 27.80 108 4.0 1.30, 6.72 139 5.3 2.73,7.82 39 120 4.74,19.19 100 2.7 0.63, 4.70
Pain in chest 143 147 10.95,18.42 37 135 4.27, 22.76 106  15.1 11.12, 19.07 139 189 14.74,23.15 39 188 9.94, 27.67 100  19.0 14.18, 23.82
Pain in arm or shoulder 146  16.2 12.15,20.27 38 18.4 8.01, 28.83 108 154 11.22, 19.64 139 187 14.72,22.69 39 12.0 5.65, 18.28 100 213 16.40, 26.26
Pain in other parts 143 21.0 16.23,25.73 36 17.6 7.69, 27.49 107 221 16.64, 27.59 139 189 14.38, 23.51 39 205 10.72, 30.31 100 18.3 13.15, 23.51

All scores are linearly transformed to a 0-100 scale. Baseline was defined as the last assessment performed on or prior to the date of the first dose of study treatment. Higher scores on the global health/QoL and functioning
scales indicate higher health status/QoL and functioning. Higher scores on symptom scales/items or with the ‘financial difficulties’ item represent a greater presence of symptoms/financial difficulties.

CI, confidence interval; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life of Cancer Patients Questionnaire; EORTC QLQ-LC13, European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire: lung cancer module; PRO, patient-reported outcome; QoL, quality of life.
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for all three symptoms. Of note, cough symptom scores were markedly
improved in the lorlatinib arm, with a clinically meaningful score
change of > 20 points.

Changes over time in EORTC QLQ-C30 symptom and financial dif-
ficulty scores and other EORTC QLQ-LC13 individual symptom scores
are presented in Supplementary Fig. 4 Most symptom scores showed
improvement from baseline, with subsequent stability over time, in both
treatment arms, although worsening from baseline was observed in the
crizotinib arm for the gastrointestinal symptoms of nausea and vomiting
(up to cycle 13), constipation (all time points), and diarrhea (all time
points). Peripheral neuropathy symptom scores worsened (increased)
from baseline (but by < 10 points) to cycle 2 for both treatment arms.
These remained relatively stable for the crizotinib arm after cycle 2 but
worsened to > 10 points in the lorlatinib arm from cycles 4 and 5 up to
cycle 12, before generally stabilizing at around 10 points.
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Fig. 1. Forest plot for difference in change from
baseline in (A) EORTC QLQ-C30 global QoL and in-
dividual functioning scales and (B) EORTC QLQ-C30
and EORTC QLQ-LC13 symptom scales (based on the
PRO analysis set). Included were patients with a score
at baseline and at least one post-baseline assessment.
Analyses are based on random-intercept, random-
slope, mixed-effect model with an intercept term,
treatment, time (as a continuous variable), treatment-
by-time, baseline, and randomization stratification
factors as covariates. Analysis based on restricted
maximum likelihood using unstructured covariance
matrix. Analysis model included post-baseline assess-
ments up to (but not including) end of treatment.
Higher scores on functional domains represent greater
functioning, whereas higher scores on symptoms
scales/items represent a greater presence of symp-
toms. Score changes of > 10 points were considered
clinically meaningful [31]. CI, confidence interval;
EORTC QLQ-C30, European Organisation for
Research and Treatment of Cancer Quality of Life of
Cancer Patients Questionnaire; EORTC QLQ-LC13,
European Organisation for Research and Treatment
of Cancer Quality of Life Questionnaire: lung cancer
module; PRO, patient-reported outcome; QoL, quality
of life.
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2.27 (-1.30, 5.85)

Estimate (95% CI)
-5.67 (-9.42, -1.92)

-7.86 (-9.86, —5.86)
1.16 (-2.49, 4.82)
1.72 (-1.98, 5.43)
~7.95 (—11.25, —4.64)
-9.21 (-11.80, -6.62)
-4.93 (-9.07, -0.79)
-12.03 (-15.49, -8.58)
-1.04 (4.90, 2.82)

0.55 (-2.51, 3.60)
-4.55 (-8.06, —1.03)
0.12 (-0.75, 0.99)
1.16 (~1.04, 3.36)
-1.51(-3.79, 0.76)
5.37 (0.59, 10.15)
-0.20 (~3.89, 3.49)
-0.53 (-2.96, 1.90)
0.45 (-3.13, 4.04)
3.36 (-0.82, 7.55)

3.2. PRO:s according to the presence or absence of brain metastases at
baseline by treatment arm

As brain metastases are common in patients with ALK-positive
NSCLC and can reduce patients’ QoL [32], further analyses were per-
formed according to the presence or absence of brain metastases at
baseline. In the lorlatinib arm, global QoL generally improved from
cycle 2 regardless of whether patients had brain metastases at baseline,
although there was a tendency for higher QoL improvement in those
with brain metastases versus those without; patients with brain metas-
tases had clinically meaningful improvements from baseline (>10
points) from cycle 2 (Fig. 3A). Patients with brain metastases at baseline
in the crizotinib arm also tended to experience higher QoL improve-
ments from baseline compared with those without brain metastases
(Supplementary Fig. 5).

Improvements from baseline in the composite lung cancer symptom
endpoint in the lorlatinib arm were observed regardless of whether
patients had brain metastases at baseline; improvements were > 10
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A — o Lorlatinib Fig. 2. Mean change from baseline in EORTC QLQ-
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-30 = T T T T T T T T T T T T T T T T T T score was generated as the arithmetic mean of the
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£ 0 —=@— Crizotinib = o [Treatment of Cancer Quality of Life Questionnaire:
gg _5 — % g lslizng car:lcerd module; PRO, patient-reported outcome;
=3 , standard error.
o _15 - w
g2 £%
O 20
cwn
83 25
=
~50 = I I I I I I I I I I I I I I I I I I
BL 2 3 4 &5 6 7 8 9 10 11 12 13 14 15 16 17 18
No. of patients CyCIe
Lorlatinib 139 135 129 128 124 120 122 118 115 114 115 111 109 109 102 90 82
Crizotinib 134 127 122 116 105 100 94 81 76 74 62 57 49 44 40 32 29
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Lorlatinib 143 138 132 130 126 122 124 119 116 115 116 112 110 110 103 91 82
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points from baseline at most timepoints (Fig. 3B). There was a tendency
toward greater composite symptom improvement in patients with brain
metastases versus those without at baseline, although there was greater
variability in the data for this subgroup. Changes over time in the in-
dividual symptoms from which the composite scores were generated are
presented in Supplementary Fig. 6.

Cognitive and emotional functioning scores remained generally
stable over time regardless of whether patients had brain metastases at
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baseline (Fig. 4A and B). However, for cognitive functioning, patients
with brain metastases had small improvements whereas patients
without brain metastases appeared to have small deteriorations (all
changes from baseline were < 10 points). Accordingly, mean emotional
functioning score improvements from baseline of > 10 points were more
frequently observed for those with baseline brain metastases.

The corresponding longitudinal cognitive and emotional functioning
scores by presence or absence of brain metastases in the crizotinib arm
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Fig. 3. Mean change from baseline according to the
presence or absence of brain metastases at baseline in
the lorlatinib arm in (A) EORTC QLQ-C30 global QoL
and (B) EORTC QLQ-LC13 for the composite symptom
endpoint consisting of pain in chest, dyspnea, and
cough (based on the PRO analysis set). Baseline was
defined as the last assessment performed on or prior
to the date of the first dose of study treatment. PROs
were assessed at baseline and then on day 1 of each
28-day treatment cycle through to the end of treat-
ment. Score changes of > 10 points were considered
clinically meaningful [31]. Higher scores on the
global health/QoL scale indicate higher health status/
QoL; higher scores on symptom scales/items represent
a greater presence of symptoms. BL, baseline; EORTC
QLQ-C30, European Organisation for Research and
Treatment of Cancer Quality of Life of Cancer Patients
Questionnaire; EORTC QLQ-LC13, European Organi-
sation for Research and Treatment of Cancer Quality
of Life Questionnaire: lung cancer module; PRO,
patient-reported outcome; QoL, quality of life; SE,
standard error.

Fig. 4. Mean change from baseline according to the
presence or absence of brain metastases at baseline in
the lorlatinib arm in EORTC QLQ-C30 (A) cognitive
functioning scores and (B) emotional functioning
scores (based on the PRO analysis set). Baseline was
defined as the last assessment performed on or prior
to the date of the first dose of study treatment. PROs
were assessed at baseline and then on day 1 of each
28-day treatment cycle through to the end of treat-
ment. Score changes of > 10 points were considered
clinically meaningful [31]. Higher scores on func-
tioning scales indicate higher functioning. BL, base-
line; EORTC QLQ-C30, European Organisation for
Research and Treatment of Cancer Quality of Life of
Cancer Patients Questionnaire; PRO, patient-reported
outcome; SE, standard error.
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are presented in Supplementary Fig. 7.
4. Discussion

These in-depth PRO analyses build on previously published global
QoL improvements from the CROWN study [16], showing early and
sustained improvements following treatment with lorlatinib in patients
with previously untreated advanced ALK-positive NSCLC [16]. These
additional analyses are important for addressing questions related to the
management of cognitive- and mood-related side effects in patients
receiving lorlatinib [19,20], as well as the more general detrimental
effects on QoL associated with lung cancer disease and treatment [1,2].

Overall, patients receiving first-line lorlatinib or crizotinib showed
improvements, and delays in deterioration, of QoL and functioning.
There were no statistically significant differences in TTD between the
two treatment arms, despite the greater efficacy with lorlatinib versus
crizotinib [16]. However, the study was not powered to detect such
differences with the planned population size. As such, the differences
were too small to allow statistical significance to be demonstrated.
Numerical improvements favored lorlatinib in physical, role, emotional,
and social functioning scales, while cognitive functioning favored cri-
zotinib. None were clinically meaningful, as expected given the good
levels of functioning prior to treatment (evidenced by high baseline
functioning scores). A numerical improvement was seen in the cognitive
functioning scale with crizotinib versus lorlatinib, although this was also
not clinically meaningful. This is consistent with the high brain pene-
trance of lorlatinib [14], which may result in an increased incidence of
cognitive side effects versus crizotinib; however, these are mostly low
grade and manageable [16]. Nonetheless, the robust intracranial effi-
cacy of lorlatinib is not associated with a significant deterioration in a
patient’s global QoL, and results here show that overall QoL is preserved
with lorlatinib versus crizotinib, if not improved.

Symptom scores generally showed improvement or stability over
time in both treatment arms, although worsening from baseline was
observed in symptoms associated with treatment-related AEs: nausea
and vomiting, constipation, and diarrhea (crizotinib arm) and periph-
eral neuropathy (lorlatinib arm). Scores for several symptoms were
significantly improved from baseline with lorlatinib versus crizotinib,
but only diarrhea showed a clinically meaningful improvement. Baseline
scores for diarrhea (and nausea and vomiting) were < 10 points in both
arms, indicating few problems prior to treatment. Thus, the > 10-point
difference between arms during treatment is likely due to an increased
incidence of diarrhea (along with other gastrointestinal events) in the
crizotinib arm [16], rather than a treatment effect of lorlatinib, espe-
cially given the stability of symptom scores around the level of baseline
in the lorlatinib arm. Although not clinically meaningful, significant
improvements were also seen with lorlatinib versus crizotinib (cycles 2
to 18) in other symptom scores that were > 10 points at baseline.
Together, these results indicate that lorlatinib treatment results in at
least similar or numerically improved QoL versus crizotinib for the
majority of symptoms, with several being significantly improved,
including symptoms particularly burdensome to patients. The exception
was peripheral neuropathy, which showed worsening of symptom scores
with lorlatinib versus crizotinib, likely due to the increased incidence of
peripheral neuropathy in the lorlatinib arm in the CROWN study [16].

Change from baseline across cycles for the composite lung cancer
symptom endpoint showed mean score improvements of > 10 points in
both treatment arms. Although the score changes showed variability at
individual cycles, overall, there was no difference between treatment
arms. This reflects the differences between treatment arms in the indi-
vidual components of this endpoint. For example, pain in chest tended to
show greater improvements in the crizotinib arm, whereas improve-
ments in coughing were greater in the lorlatinib arm.

Greater improvements in global QoL scores were seen in patients
with brain metastases versus those without in both the lorlatinib and
crizotinib arms; however, in patients with brain metastases, a greater
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proportion were still on treatment at cycle 18 in the lorlatinib arm (21/
38; 55 %) compared with crizotinib (4/39; 10 %), consistent with the
brain penetrance and intracranial activity of lorlatinib [14,16]. There
was also no significant reduction in global QoL for patients without
brain metastases at baseline, suggesting that any side effects from lor-
latinib treatment may be offset by the prevention of side effects from
brain metastases. Additionally, patients in the lorlatinib arm with brain
metastases had poorer baseline scores (i.e., lower baseline scores on
functioning domains and, in general, higher baseline scores on symptom
domains) compared with their counterparts without brain metastases at
baseline. Therefore, patients with brain metastases had greater room for
improvement in scores and, consequently, appeared to have greater
improvements in functioning and symptom scores. However, the smaller
number of patients with brain metastases (versus those without) at
baseline limits the ability to directly compare data between these patient
subgroups. It should also be considered that patients in poorer health
may place more value on small incremental improvements in their QoL
compared with healthier patient populations [33].

PRO data have been reported previously for the second-generation
ALK inhibitors alectinib [29] and brigatinib [13,34]. In the CROWN
study, a higher proportion of patients (97 %) provided evaluable PRO
data, compared with the phase 3 ALEX trial (66 % and 64 % in the
alectinib and crizotinib arms, respectively) [29]; having near-complete
data collection reduces the chances of selection bias. In the phase 3
ALTA-1L trial, PRO questionnaire completion rates were > 90 % for the
brigatinib and crizotinib arms; however, EORTC QLQ-LC13 was added
as a protocol amendment, and only 54 % of patients completed the
EORTC QLQ-LC13 questionnaire [34]. These differences in completion
rates, particularly between the CROWN and ALEX trials, may complicate
indirect cross-trial comparisons of PROs. Nonetheless, symptom im-
provements generally favored alectinib (ALEX) [29], brigatinib (ALTA-
1L) [13,34], and lorlatinib (CROWN) over crizotinib. As with CROWN,
the TTD in lung cancer symptoms between treatment arms in ALEX was
not significantly different [29]. In ALTA-1L, TTD for global QoL was
significantly longer with brigatinib, although statistical significance was
only just reached (HR 0.70; 95 % CI: 0.49-1.00; p = 0.049) [13,34], and
p values were not adjusted for multiplicity [34].

In conclusion, overall, patients receiving first-line lorlatinib or cri-
zotinib showed improvements in, and delay in deterioration of, QoL,
functioning, and several symptoms, with no clear difference in PRO
outcomes of patients in the lorlatinib cohort based on the presence or
absence of brain metastases at baseline. These data, along with the
significantly longer PFS and higher intracranial response for lorlatinib
versus crizotinib reported previously [16], support the use of lorlatinib
over crizotinib in patients with advanced ALK-positive NSCLC with or
without brain metastases at baseline. Lorlatinib is a recommended first-
line option for ALK-positive NSCLC [35-37], alongside other options
such as alectinib, brigatinib, crizotinib, and ceritinib [35-38]. The re-
sults of this study provide evidence for several QoL improvements with
lorlatinib over crizotinib in the first-line setting, an important factor to
consider during treatment selection. As long as patients are benefiting
clinically from lorlatinib treatment, their QoL is not negatively affected
by treatment and AEs are generally manageable [16]. Patients with
(versus without) brain metastases at baseline had overall worse QoL
before treatment and showed greater improvement in QoL that was
maintained over time with tyrosine kinase inhibitor treatment. Patients
treated with lorlatinib in the CROWN study showed greater clinical
benefit and were on-treatment longer than those treated with crizotinib
[16], which was reflected in improved PRO scores.
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