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abstract

PURPOSE Brigatinib, a next-generation anaplastic lymphoma kinase (ALK) inhibitor, demonstrated superior
progression-free survival (PFS) and improved health-related quality of life (QoL) versus crizotinib in advanced
ALK inhibitor–naive ALK-positive non–small cell lung cancer (NSCLC) at first interim analysis (99 events; median
brigatinib follow-up, 11.0 months) in the open-label, phase III ALTA-1L trial (ClinicalTrials.gov identifier:
NCT02737501). We report results of the second prespecified interim analysis (150 events).

METHODS Patients with ALK inhibitor–naive advanced ALK-positive NSCLC were randomly assigned 1:1 to
brigatinib 180 mg once daily (7-day lead-in at 90 mg once daily) or crizotinib 250 mg twice daily. The primary
end point was PFS as assessed by blinded independent review committee (BIRC). Investigator-assessed ef-
ficacy, blood samples for pharmacokinetic assessments, and patient-reported outcomes were also collected.

RESULTS Two hundred seventy-five patients were randomly assigned (brigatinib, n5 137; crizotinib, n5 138).
With median follow-up of 24.9 months for brigatinib (150 PFS events), brigatinib showed consistent superiority
in BIRC-assessed PFS versus crizotinib (hazard ratio [HR], 0.49 [95% CI, 0.35 to 0.68]; log-rank P , .0001;
median, 24.0 v 11.0 months). Investigator-assessed PFS HR was 0.43 (95% CI, 0.31 to 0.61; median, 29.4 v
9.2 months). No new safety concerns emerged. Brigatinib delayed median time to worsening of global health
status/QoL scores compared with crizotinib (HR, 0.70 [95% CI, 0.49 to 1.00]; log-rank P 5 .049). Brigatinib
daily area under the plasma concentration–time curve was not a predictor of PFS (HR, 1.005 [95% CI, 0.98 to
1.031]; P 5 .69).

CONCLUSION Brigatinib represents a once-daily ALK inhibitor with superior efficacy, tolerability, and QoL over
crizotinib, making it a promising first-line treatment of ALK-positive NSCLC.
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INTRODUCTION

Oncogenic rearrangements in the anaplastic lymphoma
kinase gene (ALK) drive 3%-5% of non–small cell
lung cancer (NSCLC).1-3 Patients treated with first-
generation ALK tyrosine kinase inhibitor (TKI) crizotinib
experience disease progression either in the CNS, likely
owing to poor drug penetration,4-6 or, predominantly
extracranially, through emergence of secondary ALK
mutations or secondary signaling pathways.7-10

Brigatinib (ARIAD Pharmaceuticals, Cambridge, MA) is
a next-generation ALK inhibitor with broad activity against
ALK resistance mutations.11-13 In crizotinib-refractory
patients, brigatinib demonstrated high systemic and
CNS response rates and median progression-free

survival (PFS) of 16.3 and 16.7 months, respectively,
in phase I/II and II trials.14-16

The phase III ALK in Lung Cancer Trial of brigAtinib in
1st Line (ALTA-1L) compared brigatinib versus cri-
zotinib in patients with ALK-positive NSCLC not pre-
viously treated with an ALK TKI.17 The primary end
point was met in the first prespecified interim anal-
ysis (performed after 50% [99/198] of expected PFS
events; median follow-up: brigatinib, 11.0 months;
crizotinib, 9.3 months), with brigatinib demonstrating
superior PFS, as assessed by a blinded indepen-
dent review committee (BIRC; hazard ratio [HR], 0.49;
P , .001; 12-month event-free rate: 67%, brigatinib;
43%, crizotinib).17
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Improved health-related quality of life (HRQoL) outcomes
have been reported with ALK inhibitors (eg, crizotinib,
alectinib, ceritinib) compared with chemotherapy in first-
and second-line settings.18-21 However, the only previous
head-to-head trial assessing global HRQoL between ALK
inhibitors (alectinib v crizotinib in treatment-naive NSCLC)
showed no statistically significant differences.22 In contrast,
at the first ALTA-1L interim analysis, patients treated with
brigatinib reported greater improvements from baseline in
scores for global health status (GHS)/quality of life (QoL),
function (e.g., physical, emotional, cognitive), and symp-
toms (e.g., fatigue, nausea/vomiting, appetite loss, con-
stipation) than those treated with crizotinib (P , .05).23

This report provides updated efficacy, safety, exposure-PFS
relationships, and QoL results from the second ALTA-1L
prespecified interim analysis, conducted after 150 (75% of
the expected 198) PFS events occurred.

METHODS

Study Design and Patients

ALTA-1L is a phase III, open-label, randomized study
(ClinicalTrials.gov identifier: NCT02737501) conducted at
124 centers in 20 countries. Detailed methods have been
published.17 Briefly, enrolled patients were adults with lo-
cally advanced/metastatic NSCLC and $ 1 measurable
lesion per RECIST version 1.1 who had not received prior
ALK-targeted therapy (Data Supplement). Asymptomatic or
stable CNS metastases (defined as neurologically stable,
without increasing doses of corticosteroids or anticonvul-
sant use for 7 days before randomization) were permitted.
Patients were stratified by presence/absence of brain
metastases and completion of $ 1 cycle of chemotherapy
for locally advanced/metastatic disease (yes/no) and then
randomly assigned (1:1) to brigatinib 180 mg once daily
(with 7-day lead-in at 90 mg once daily) or crizotinib
250 mg twice daily. Patients continued treatment until
progression, intolerable toxicity, or another discontinuation

criterion. Dose-reduction criteria were protocol mandated,
as previously described.17 Crossover from crizotinib to
brigatinib was offered after BIRC-assessed progression
(following $ 10-day washout from crizotinib).24

All patients provided written informed consent. Protocol
and consent documents were approved by local in-
stitutional review boards or ethics committees. The trial was
conducted in accordance with the ethical standards of the
Declaration of Helsinki and International Council for Har-
monization guidelines for good clinical practice.

Assessments

Chest and abdomen (computed tomography or magnetic
resonance imaging [MRI] with contrast) and brain (MRI
with contrast) imaging was performed at screening, every
8 weeks through cycle 14 (28 d/cycle), and then every
12 weeks through treatment discontinuation. Two BIRCs
performed disease assessments: one evaluated all disease
on the basis of RECIST version 1.1,25 and one evaluated
intracranial CNS disease. Confirmation of response oc-
curred $ 4 weeks after initial response. Adverse events
(AEs) were categorized according to National Cancer In-
stitute Common Terminology Criteria for AEs, version 4.03.

Patients completed the validated European Organization for
Research and Treatment of Cancer (EORTC) QoL Ques-
tionnaire (QLQ)-C30 (version 3.0)26 and its lung cancer–
specific module (QLQ-LC13 version 3.0)27 at baseline, day
1 of every 4-week cycle until end of treatment, end of
treatment, and 30 days after last dose.

Pharmacokinetic Analysis

Blood for brigatinib levels was collected predose on day 1
of cycles 1-5; postdose on cycle 2, day 1 at 1, 4, and 6-8
hours; and on day 1 of cycles 3-5 any time between 1-8
hours postdose. Individual pharmacokinetic (PK) pa-
rameters were derived for each patient using a pop-
ulation PK model.28 The daily area under the plasma
concentration–time curve (AUC) was calculated until
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PFS event or censoring. The exposure-PFS relationship
was evaluated by a time-dependent Cox proportional
hazard model relating brigatinib exposure (AUC) to PFS:
l(t) 5 l0 (t) eb13AUCDt1bTXi, where l0(t) is the baseline
hazard function at time t, AUCDt is the daily AUC up to time
t, and Xi is a vector of predictor variables.

Outcomes

The primary end point was BIRC-assessed PFS. Secondary
end points included BIRC-assessed confirmed objective
response rate (ORR), confirmed intracranial ORR, in-
tracranial PFS, overall survival (OS), duration of response,
safety, and change from baseline in GHS/QoL (per EORTC

QLQ-C30). Exploratory end points included BIRC-assessed
PFS and confirmed ORR on brigatinib in patients who
crossed over after BIRC-confirmed disease progression on
crizotinib, and relationship between PFS and AUC. In-
vestigator assessments of PFS were also analyzed.

Statistical Analysis

Sample size calculations assuming median PFS of
10 months for crizotinib29 estimated 198 events (pro-
gression or death) among approximately 270 randomly
assigned patients would achieve approximately 90% power
to detect a 6-month improvement in PFS (HR, 0.625)
at final primary end point analysis. An O’Brien-Fleming

Patients randomly assigned
(N = 275)

Analyzed for primary end point
Analyzed for safety

Analyzed for primary end point
Analyzed for safety

(n = 138)
(n = 137)

Patients were screened
(n = 311)

Patients were not eligible                                        (n = 36)
   Not willing to comply with study procedures
   Insufficient tumor tissue available
   Symptomatic CNS metastases at screening or 
     asymptomatic disease requiring increasing
     dose of corticosteroids within 7 days
   Other eligibility criteria not met

 
(n = 4)
(n = 3)
(n = 3)

(n = 26)

Arm A: Brigatinib 
Allocated to brigatinib 180 mg once
    daily with a 7-day lead-in at 90 mg
   Received allocated treatment
   Did not receive allocated treatment

(n = 137)

(n = 136)
(n = 1)

Discontinued
Primary reason for discontinuation:

   Disease progression*
   Adverse event
   Death‡

   Withdrew consent
   Physician’s decision

(n = 61)

(n = 36)
(n = 13)
(n = 4)
(n = 4)
(n = 4)

Patient status at date of data cutoff
   Continuing to receive brigatinib
   Followed for survival after
      discontinuation of trial treatment
     Alive on date of follow-up
     Died
     Withdrew consent 

(n = 75)
(n = 61)

(n = 14)
(n = 33)
(n = 14)

Patient status at date of data cutoff
   Continuing to receive crizotinib
   Followed for survival after
      discontinuation of trial treatment
     Alive on date of follow-up
     Died
     Withdrew consent
     Lost to follow-up

(n = 23)
(n = 53)

(n = 22)
(n = 25)
(n = 5)
(n = 1)

Discontinued
Primary reason for discontinuation:

   Disease progression†

   Adverse event
   Death‡

   Withdrew consent
   Physician’s decision‡

(n = 114)

(n = 94)
(n = 10)
(n = 3)
(n = 6)
(n = 1)

Arm B: Crizotinib
Allocated to crizotinib 250 mg
    twice daily 
   Received allocated treatment
   Did not receive allocated treatment

(n = 138)

(n = 137)
(n = 1)

Crossover to brigatinib§

Discontinued
  Primary reason for discontinuation:
       Documented disease progression
          per RECIST v1.1
       Adverse event
       Death
       Withdrew consent
       Physician’s decision

Patient status at date of data cutoff
   Continuing to receive brigatinib
   Followed for survival after
     discontinuation of trial treatment
       Alive on date of follow-up
       Died
       Withdrew consent

(n = 35)
(n = 26)

(n = 10)
(n = 12)
(n = 4)

(n = 137)
(n = 136)

(n = 61)
(n = 26)

  
(n = 20)

(n = 3)
(n = 1)
(n = 1)
(n = 1)

FIG 1. CONSORT diagram for the ALTA-1L trial. Data reported as of the cutoff date for the second interim analysis (June 28, 2019) are shown. Two patients
(1 in each treatment arm) never received study treatment but are included in the intention-to-treat analyses. (*) Thirty-one patients had documented
disease progression per RECIST v1.1; 5 had clinical disease progression. (†) Ninety patients had documented disease progression per RECIST v1.1; 4 had
clinical disease progression. (‡) Minor differences in patient disposition from that reported in the first interim analysis17 are due to reclassification of reasons
for discontinuation during data cleaning for the second interim analysis. (§) Crossover from crizotinib to brigatinib was permitted after objective progression
was assessed by the blinded independent review committee. Patients who discontinued crizotinib for other reasons (eg, progression per investigator
assessments) and then initiated brigatinib are not included in the number of crossover patients. CONSORT, Consolidated Standards of Reporting Trials.
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Lan-DeMets30 a spending function was used to control the
overall 2-sided a level at .05. Prespecified interim analyses were
planned after 99 and149 events had occurred. The primary end
point (PFS)wasplanned tobe tested at a2-sideda level of .0031
for the first and .0183 for the second interim analyses. As the
primary end point met the preplanned a level at first interim
analysis, there was no inferential test for it for the second one.

Efficacy was evaluated in the intention-to-treat (ITT) pop-
ulation. The primary end point was compared between
arms using a 2-sided stratified log-rank test. Time-to-event
efficacy analyses estimated median values and 2-sided
95% CIs using Kaplan-Meier methods. To adjust for po-
tential time-dependent confounding effects of crossover
after patients discontinue crizotinib, an additional OS
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FIG 2. Efficacy of brigatinib and crizotinib in tyrosine kinase inhibitor (TKI)–naive anaplastic lymphoma kinase (ALK)–positive non–small cell lung cancer.
Kaplan-Meier–estimated (A) blinded independent review committee (BIRC)–assessed progression-free survival (PFS), and (B) investigator-assessed PFS for
the intention-to-treat (ITT) population. (C) Hazard ratios (HRs) for BIRC-assessed PFS across predefined patient subgroups. (D) Overall survival in the ITT
population. (*) HR was not calculated for patients who were current smokers because of insufficient patient numbers as dictated by the Statistical Analysis
Plan (brigatinib, n 5 3; crizotinib, n 5 7). (†) HR was not calculated for patients who had ECOG performance status of 2 because of insufficient patient
numbers as dictated by the Statistical Analysis Plan (brigatinib, n5 7; crizotinib, n5 7). (‡) Brain metastases at baseline as assessed by the investigator. (§)
Prior chemotherapy in a locally advanced or metastatic setting. ECOG, Eastern Cooperative Oncology Group; NR, not reached.
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sensitivity analysis was conducted using marginal struc-
tural models (MSMs).31,32

Time to worsening ($ 10-point decrease from baseline
EORTC QLQ-C30 GHS/QoL score) and duration of im-
provement (from first $ 10-point improvement from
baseline score to first $ 10-point deterioration from
baseline) in all randomly assigned patients with baseline
and any postbaseline assessment were compared between
groups using a 2-sided stratified log-rank test. HRs and
95% CIs were estimated using a Cox proportional hazard
model with baseline brain metastases and prior chemo-
therapy as covariates.

The safety population included patients who received $ 1
dose of study drug. Statistical analyses were performed using
Base 9.4 SAS/STAT 13.1 software (SAS Institute, Cary, NC).
Data are reported as of the June 28, 2019 data cutoff date.

Data Sharing

The data sets, including the redacted study protocol,
redacted statistical analysis plan, and individual participant
data supporting the results reported in this article, will be
made available within three months from initial request, to
researchers who provide a methodologically sound pro-
posal. The data will be provided after de-identification, in
compliance with applicable privacy laws, data protection,
and requirements for consent and anonymization.

RESULTS

Patients

Between April 2016 and August 2017, 275 patients were
enrolled and randomly assigned to brigatinib (n 5 137) or
crizotinib (n 5 138). Baseline factors, including age, sex,

TABLE 1. BIRC-Assessed Objective Response (systemic and intracranial)
Efficacy End Point Brigatinib Crizotinib ORa (95% CI)

Intention-to-treat population

No. of patients 137 138

Confirmed ORR, No. of patients 101 85

% (95% CI) 74 (66 to 81) 62 (53 to 70) 1.73 (1.04 to 2.88) P 5 .0342

Complete response, No. (%) 20 (15) 12 (9)

Partial response, No. (%) 81 (59) 73 (53)

Median duration of confirmed response, months (95% CI) NR (19.4 to NR) 13.8 (9.3 to 20.8)

2-year probability of maintaining response, % (95% CI) 51 (40 to 61) 30 (18 to 42)

Patients with measurableb brain metastases at baseline (as assessed by BIRCc)

No. of patients 18 23

Confirmed intracranial ORR, No. of patients 14 6

% (95% CI) 78 (52 to 94) 26 (10 to 48) 11.67 (2.15 to 63.27) P 5 .0014

Intracranial complete response, No. (%) 5 (28) 0

Intracranial partial response, No. (%) 9 (50) 6 (26)

Median duration of confirmed response, months (95% CI) NR (5.7 to NR) 9.2 (3.9 to 9.2)

2-year probability of maintaining confirmed response,
% (95% CI)

64 (30 to 85) (insufficient No. of patients)

Patients with any brain metastases at baseline
(as assessed by the BIRCc)

No. of patients 47 49

Confirmed intracranial ORR, No. of patients 31 8

% (95% CI) 66 (51 to 79) 16 (7 to 30) 11.75 (4.19 to 32.91) P , .0001

Intracranial complete response, No. (%) 21 (45) 2 (4)

Intracranial partial response, No. (%) 10 (21) 6 (12)

Median duration of confirmed response, months (95% CI) 24.0 (16.9 to NR) 9.2 (3.9 to NR)

2-year probability of maintaining confirmed response,
% (95% CI)

55 (32 to 73) (insufficient No. of patients)

Abbreviations: BIRC, blinded independent review committee; NR, not reached; OR, odds ratio; ORR, objective response rate.
aORs (brigatinib v crizotinib) and P values are from a Cochran-Mantel-Haenszel test stratified by presence of prior chemotherapy for locally advanced or

metastatic disease.
bDiameter $ 10 mm.
cIntracranial reviewers are independent from systemic reviewers.
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ECOG performance status, presence/absence of brain
metastases, prior radiotherapy/chemotherapy, and best
response to chemotherapy, were balanced between
arms.17 As of June 28, 2019, 75 patients (55%) in the
brigatinib arm and 23 (17%) in the crizotinib arm remained
on study treatment (Fig 1), with median (range) follow-ups
of 24.9 (0-34.1) and 15.2 (0.1-36.0) months, respectively.
Median (range) duration of treatment was 24.3 (0.1-34.6)
months with brigatinib and 8.4 (0.1-36.0) months with
crizotinib.

Efficacy

PFS. At data cutoff, 150 PFS events had occurred in the
ITT population (brigatinib, 63 of 137 patients [46%]; cri-
zotinib, 87 of 138 patients [63%]). Brigatinib demonstrated
superior BIRC-assessed PFS versus crizotinib, with 2-year
probability (95% CI) of no progression of 48% (39% to
57%) in the brigatinib arm and 26% (18% to 35%) in the
crizotinib arm (HR, 0.49 [95% CI, 0.35 to 0.68]; log-rank
P , .0001; Fig 2A). Investigator-assessed PFS demon-
strated improvements with brigatinib (2-year PFS probability
[95% CI], 56% [46% to 64%]) v crizotinib (24% [16%
to 32%]; HR, 0.43 [95% CI, 0.31 to 0.61]; log-rank P ,
.0001; Fig 2B). BIRC-assessed PFS improvements were
consistent across subgroups (Fig 2C). Cox regression
analysis on the basis of dynamic daily AUC demonstrated
no effect of brigatinib exposure on BIRC-assessed PFS
(regression coefficient [SE], 0.005 [0.013]; HR, 1.005
[95% CI, 0.98 to 1.031]; P 5 .69).

Response rate and durability of response. The BIRC-
assessed confirmed ORR (95% CI) was 74% (66% to
81%) with brigatinib and 62% (53% to 70%) with crizotinib
(Table 1). Median duration of response in confirmed re-
sponders (95% CI) was not reached (19.4 months to not
reached) with brigatinib and 13.8 (9.3 to 20.8) months with
crizotinib.

Overall survival. As of the data cutoff date, 70 patients had
died (brigatinib, 33 [24%]; crizotinib, 37 [27%]). The OS
probability at 2 years (95% CI) was 76% (67% to 82%) with
brigatinib and 74% (65% to 80%) with crizotinib (HR, 0.92
[95% CI, 0.57 to 1.47]; log-rank P 5 .771; Fig 2D).

Efficacy in patients with and without baseline brain
metastases. Among 81 patients with baseline brain me-
tastases per medical history (brigatinib, n 5 40; crizotinib,
n 5 41), BIRC-assessed nonprogression probability at
2 years (95% CI) was 43% (25% to 59%) with brigatinib
and 10% (2% to 25%) with crizotinib (HR, 0.25 [95% CI,

0.14 to 0.46]; log-rank P, .0001; Fig 3A). Among patients
without baseline brain metastases (brigatinib, n 5 97;
crizotinib, n5 97), PFS was less mature by percentage with
events but still favored brigatinib (HR, 0.65 [95%CI, 0.44 to
0.97]; log-rank P5 .030; Fig 3B). Investigator assessments
were consistent with BIRC assessments (Figs 3C and 3D).

BIRC assessment identified 96 patients with baseline brain
metastases, of whom 41 had measurable (diameter $ 10
mm) lesions. In patients with measurable brain metastases,
confirmed intracranial ORR was 78% (14 of 18 patients;
95% CI, 52% to 94%) with brigatinib and 26% (6 of 23
patients; 95% CI, 10% to 48%) with crizotinib (Table 1).
Intracranial PFS rate at 2 years by BIRC assessment in
patients with baseline brain metastases was 48% (95% CI,
30% to 63%) with brigatinib and 15% (5% to 32%) with
crizotinib (Fig 3E), and in patients without baseline brain
metastases it was 74% (62% to 83%) and 67% (52% to
79%), respectively (Fig 3F).

Crossover treatment. Among 61 patients in the crizotinib
arm who crossed over to brigatinib (44% of total crizotinib
arm, 65% of those after BIRC progression), median BIRC-
assessed PFS was 15.6 (95% CI, 9.4 to not reached)
months, with median follow-up of 14.4 (range, 0.2 to 26.5)
months. The BIRC-assessed confirmed ORR was 54%
(95% CI, 41% to 67%).

OS after adjustment for crossover. In the MSM sensitivity
analysis, OS HR after adjusting for treatment crossover
effect was 0.70 (95% CI, 0.39 to 1.26) in favor of brigatinib,
suggesting the crossover did affect the ability to detect OS
improvement in this trial.

Safety

The most common (. 25% of patients overall) any-grade
treatment-emergent AEs (TEAEs) were GI events, increased
blood creatine phosphokinase (CPK), cough, and in-
creased aminotransferases (Table 2). Grade 3-5 TEAEs
occurred in 73% versus 61% of patients on brigatinib and
crizotinib, respectively. No clinically diagnosed pancreatitis
or rhabdomyolysis cases were reported. Symptoms possibly
related to increased blood CPK (eg, myalgia, muscle pain)
did not differ between treatment arms or appear related to
grade of increased CPK (Table 2). Twenty patients had AEs
leading to death within 30 days of the last brigatinib (9
[7%]) or crizotinib (11 [8%]) dose; none were deemed
related to study treatment. Interstitial lung disease (ILD) or
pneumonitis at any time occurred in 5% (7 of 136) and
2% (3 of 137) of patients in the brigatinib and crizotinib

FIG 3. Efficacy of brigatinib and crizotinib in patients with and without baseline brain metastases: Kaplan-Meier–estimated blinded independent review
committee (BIRC)–assessed progression-free survival (PFS) in patients (A) with, and (B) without brain metastases at baseline and investigator-assessed
PFS in patients (C) with, and (D) without brain metastases at baseline. Kaplan-Meier estimated intracranial PFS by BIRC in patients (E) with, and (F)
without any brain metastases at baseline. HR, hazard ratio; NR, not reached. (*) Per investigator assessment. (†) Intracranial reviewers were independent
from systemic reviewers. Only brain lesions were reviewed. Patients were counted as having an event if there was radiologic progression, radiotherapy to
the brain, or death. (‡) Per BIRC assessment. (§) Includes 1 patient with radiotherapy to the brain. (||) Includes 2 patients with radiotherapy to the brain. (¶)
Includes 3 patients with radiotherapy to the brain.
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TABLE 2. Safety Overview and Treatment-Emergent Adverse Events of Any Grade That Were Reported in$ 20% of All Patients or That Differed
Between Arms by $ 5 Percentage Points

Adverse Event

Brigatinib (n 5 136) Crizotinib (n 5 137)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

Overview of adverse events

Any adverse event 135 (99) 99 (73) 137 (100) 84 (61)

Adverse event leading to treatment discontinuation 17 (13) — 12 (9) —

Adverse event leading to dose reduction 52 (38) — 34 (25) —

Adverse events reported in $ 20% of all patients or that differed by $ 5 percentage points in frequency between arms

Diarrhea 71 (52) 3 (2) 77 (56) 4 (3)

Increased blood creatine phosphokinasea 63 (46) 33 (24) 23 (17) 2 (1)

Cough 47 (35) 0 27 (20) 0

Hypertension 43 (32) 16 (12) 11 (8) 4 (3)

Nausea 41 (30) 3 (2) 80 (58) 4 (3)

Increased AST 35 (26) 5 (4) 36 (26) 9 (7)

Increased lipaseb 31 (23) 19 (14) 21 (15) 9 (7)

Increased ALT 29 (21) 5 (4) 48 (35) 14 (10)

Vomiting 28 (21) 1 (1) 60 (44) 3 (2)

Dyspnea 28 (21) 3 (2) 28 (20) 6 (4)

Fatigue 26 (19) 0 31 (23) 1 (1)

Constipation 25 (18) 0 57 (42) 0

Pruritus 25 (18) 1 (1) 7 (5) 1 (1)

Increased amylaseb 24 (18) 8 (6) 12 (9) 2 (1)

Rash 20 (15) 0 4 (3) 0

Decreased appetite 12 (9) 1 (1) 26 (19) 4 (3)

Dermatitis acneiform 12 (9) 0 3 (2) 0

Dyspepsia 11 (8) 0 22 (16) 1 (1)

Bradycardia 11 (8) 1 (1) 21 (15) 0

Peripheral edema 9 (7) 1 (1) 61 (45) 1 (1)

Increased blood cholesterol 9 (7) 0 1 (1) 0

Epistaxis 9 (7) 0 0 0

Upper abdominal pain 8 (6) 1 (1) 24 (18) 2 (1)

Hypokalemia 8 (6) 0 1 (1) 0

Erythematous rash 8 (6) 0 1 (1) 0

Hypercholesterolemia 8 (6) 0 0 0

Pain in extremity 7 (5) 0 20 (15) 1 (1)

Increased blood creatinine 5 (4) 0 20 (15) 1 (1)

Dysgeusia 4 (3) 0 19 (14) 0

Dysphagia 3 (2) 1 (1) 12 (9) 2 (1)

Pleural effusion 3 (2) 2 (1) 11 (8) 3 (2)

Decreased neutrophil count 2 (1) 0 14 (10) 7 (5)

Hypocalcemia 2 (1) 0 10 (7) 0

Photopsia 1 (1) 0 28 (20) 1 (1)

Gastroesophageal reflux disease 1 (1) 0 15 (11) 0

Hypoalbuminemia 1 (1) 0 10 (7) 1 (1)

(continued on following page)
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arms, respectively; grade 3 or 4 ILD/pneumonitis occurred
in 3% (4 of 136) and , 1% (1 of 137) of patients. Any-
grade early-onset ILD/pneumonitis occurred in 3% (4 of
136) of patients in the brigatinib arm (onset, days 3 to 8),
2% (1 of 61) of patients crossing from crizotinib to brigatinib
and no patients in the crizotinib arm.17

Dose escalation of brigatinib 90 mg to 180 mg daily oc-
curred as planned in 94% of patients; however, approxi-
mately 40% of those who escalated subsequently had dose
reduction because of AEs. Dose reduction due to AEs was
mandated by investigator or protocol in 38% and 25% of
treated patients in the brigatinib and crizotinib arms, re-
spectively. AEs leading to dose reduction in $ 1 patient in
the brigatinib arm were increased blood CPK (15%), in-
creased lipase (7%), increased amylase (4%), hypertension
(2%), increased AST (2%), increased alanine amino-
transferase (1%), pneumonitis (1%), and pruritic rash (1%).
Thirteen percent of patients treated with brigatinib and
9% treated with crizotinib discontinued due to AEs.

HRQoL

Median time to worsening of GHS/QoL score (95%CI) across
all patients was 26.7 (8.3 to not reached) months for brig-
atinib and 8.3 (5.7 to 13.5) months for crizotinib (HR, 0.70
[95% CI, 0.49 to 1.00]; log-rank P 5 .049; Fig 4A). In the
subset of patients without prior chemotherapy, median time
to worsening was not reached (13.9 months to not reached)
for brigatinib and 8.3 (6.4 to 18.5) months for crizotinib (HR,
0.68 [0.44 to 1.04]; log-rank P 5 .0695; Fig 4B).

Among patients with improved GHS/QoL, the median du-
ration of improvement was not reached for brigatinib versus
12.0 (7.7 to 17.5) months for crizotinib (HR, 0.27 [95% CI,
0.14 to 0.49]; log-rank P , .0001; Fig 4C). In patients
without prior chemotherapy, median duration of improve-
ment was not reached for brigatinib and 9.9 (7.3 to not
reached) months for crizotinib (HR, 0.26 [0.12 to 0.56];
log-rank P 5 .0002; Fig 4D).

DISCUSSION

Results of this second ALTA-1L interim analysis confirmed
that brigatinib has superior overall and intracranial efficacy

compared with crizotinib in patients with ALK TKI–naive
ALK-positive NSCLC. With median follow-up of approximately
25 months, brigatinib showed consistent BIRC-assessed PFS
superiority. Notable durability was observed for delaying both
overall and intracranial progression. PFS favored brigatinib
over crizotinib across all subgroups, with BIRC-assessed
efficacy most prominent in patients with baseline brain
metastases and good ECOG performance status. Median
PFS data are still maturing among patients without baseline
CNS disease in the brigatinib arm (44% with events), con-
sistent with CNS progression occurring later in such pa-
tients.33 The overall and especially the intracranial confirmed
response rates were higher with brigatinib than crizotinib.

Themost common causes of dose reduction due to AEs were
related to laboratory changes (eg, increased CPK, lipase,
amylase). The rate of dose reductions increased from the
first interim analysis (29% brigatinib, 21% crizotinib),17

consistent with some events being related to increased
treatment duration. Treatment discontinuation due to AEs
was rare. Outside of a clinical trial, asymptomatic changes
may not prompt dose reduction. The influence of these
protocol-mandated dose reductions on efficacy in the
brigatinib arm was considered in an exposure-PFS analysis.
Dynamic daily exposure metric was considered the appro-
priate method for this analysis.34 Results of this analysis
indicated that there was no statistically significant relation-
ship between brigatinib daily exposure and risk of disease
progression or death, suggesting that the efficacy benefit of
brigatinib is consistent across the range of systemic expo-
sures achieved with the brigatinib regimen used in the study.

Brigatinib was associated with delayed time to worsening
and prolonged duration of improvement in GHS/QoL score
compared with crizotinib. Further analyses showed that
brigatinib delayed worsening and prolonged duration of
improvement of other functions and symptoms (manuscript
in preparation). These differences in global QoL could
reflect differences in efficacy on disease-related symptoms
and in treatment-related AEs.

Across first-line ALK inhibitor studies, including ALTA-1L,
efficacy estimates have been consistently higher by

TABLE 2. Safety Overview and Treatment-Emergent Adverse Events of Any Grade That Were Reported in$ 20% of All Patients or That Differed
Between Arms by $ 5 Percentage Points (continued)

Adverse Event

Brigatinib (n 5 136) Crizotinib (n 5 137)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

Hypotension 1 (1) 0 10 (7) 0

Visual impairment 0 0 23 (17) 0

Deep vein thrombosis 0 0 9 (7) 0

NOTE. Data are reported as No. of patients (%).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
aMyalgia was reported in 13 (10%) and 10 (7%) patients in the brigatinib and crizotinib arms, respectively. Musculoskeletal pain was reported

in 13 (10%) and 11 (8%) patients, respectively. No grade 3 or greater myalgia or musculoskeletal pain was reported in either arm.
bNo clinical cases of pancreatitis were reported in either arm.
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investigator assessments than by independent review
committees,17,35 important to consider when comparing
data across studies. In ALEX (ClinicalTrials.gov identifier:
NCT02075840), which compared alectinib36 with crizotinib
in the treatment-naive setting, the IRC-assessed PFS HR
was 0.50 (median, 25 months), similar to the BIRC results
from ALTA-1L. Investigator-assessed PFS (ALEX primary
end point), the only form of assessment made past initial
data cut, demonstrated a mature HR of 0.43 and 2-year
PFS rate of 57%,37,38 almost the same as in ALTA-1L. The
median point estimate by investigators of 34.8 months

(95% CI, 17.7 months to not estimable) exceeded that in
ALTA-1L, but with broadly overlapping CIs in the 2
trials.35,37 In contrast to the ALTA-1L results, there were
no statistically significant differences in patient-centered
HRQoL outcomes between alectinib and crizotinib in
ALEX.22 There were differences in clinical trial design and
patient characteristics between ALEX and ALTA-1L; for
example, prior chemotherapy was permitted in ALTA-1L
but not ALEX. The impact, if any, of these differences on
HRQoL or efficacy is unknown. As outcomes in the cri-
zotinib control arms were similar in ALTA-1L and ALEX, the

HR, 0.70; 95% CI, 0.49 to 1.00;
P = .049 by log-rank test

0 6 12 18 24 30 36

100

80

60

40

20

Time (months)

Pr
ob

ab
ili

ty
 o

f
N

on
w

or
se

ni
ng

 (%
)

131 66 55 47 33 4

131 58 29 12 10 1

Brigatinib

No. at risk:

Crizotinib

Median Time to Worsening,*
Months (95% CI)

26.7 (8.3 to NR)

8.3 (5.7 to 13.5)

Brigatinib

Crizotinib

Time to Worsening in GHS/QoL

 ~18 mo

A

0 6 12 18 24 30 36

Time (months)

20

40

60

80

100

Pr
ob

ab
ili

ty
 o

f
N

on
w

or
se

ni
ng

 (%
)

HR, 0.68; 95% CI, 0.44 to 1.04;
P = .0695 by log-rank test

Brigatinib

Crizotinib

No. at risk:

95

96

52

44

43

19

38

8

26

7

3

1

Time to Worsening in GHS/QoL in

Patients With No Prior Chemotherapy

Median Time to Worsening,*
Months (95% CI)

NR (13.9 to NR)

8.3 (6.4 to 18.5)

Brigatinib

Crizotinib

B

Median Duration of Improvement,†

Months (95% CI)

NR (NR to NR)

12.0 (7.7 to 17.5)

Brigatinib

Crizotinib

Duration of Improvement in GHS/QoL Responders

0 6 12 18 24 30 36

100

80

60

40

20

Time (months)

Pr
op

or
tio

n 
of

 P
at

ie
nt

s
in

 Im
pr

ov
em

en
t (

%
)

HR, 0.27; 95% CI, 0.14 to 0.49;
P < .0001 by log-rank test

79 56 46 39 22 2

83 46 17 7 4 0

Brigatinib

No. at risk:

Crizotinib

C

0 6 12 18 24 30 36

Time (months)

20

40

60

80

100

Pr
op

or
tio

n 
of

 P
at

ie
nt

s
in

 Im
pr

ov
em

en
t (

%
)

HR, 0.26; 95% CI, 0.12 to 0.56;
P = .0002 by log-rank test

58

61

41

34

34

11

31

5

17

3

1

0

Brigatinib

No. at risk:

Crizotinib

Brigatinib

Crizotinib

Median Duration of Improvement,†

Months (95% CI)

NR (NR to NR)

9.9 (7.3 to NR)

Duration of Improvement in GHS/QoL Responders

With No Prior Chemotherapy

D

FIG 4. Effect of brigatinib and crizotinib on global health status/quality of life (GHS/QoL): Time to worsening in GHS/QoL score from the European
Organization for Research and Treatment of Cancer (EORTC) QoL Questionnaire-C30 (version 3.0) in (A) all patients, and (B) patients without prior
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impact of these differences on efficacy is likely to be low. In
the post hoc analysis of patients without prior chemo-
therapy, mean time to worsening was not reached for
brigatinib and was 8.3months for crizotinib. The duration of
HRQoL also favored brigatinib treatment. Thus, brigatinib
appears to have similar efficacy to alectinib in the first-line
setting but potentially better HRQoL outcomes versus
crizotinib.

The lack of OS benefit to date is likely due to the ALTA-1L
protocol allowing patients in the crizotinib arm to switch to
brigatinib after BIRC-confirmed progression in contrast to
ALEX, which did not include crossover. Notably, the 2-year
OS of the brigatinib and crizotinib arms in ALTA-1L (76% and

74%, respectively) resembles that of the alectinib arm in
ALEX (73%), with both ALTA-1L arms appearing superior to
the 2-year OS of the crizotinib arm in ALEX (65%).38 These
data raise important issues in relation to the acceptability of
noncrossover designs in similar populations in the future. The
results from the MSM approach in ALTA-1L also showed that
there appeared to be a positive trend for OS favoring brigatinib
if treatment crossover had not been allowed.

In conclusion, brigatinib represents a single-tablet dose
ALK inhibitor with significantly superior efficacy and tol-
erability and better QoL than crizotinib, making it a prom-
ising first-line treatment option for patients with ALK-
positive NSCLC.
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