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ABSTRACT

Introduction: In the phase 3 study entitled ALK in Lung
cancer Trial of brigAtinib in 1st Line (ALTA-1L), which is a
study of brigatinib in ALK inhibitor–naive advanced ALK-
positive NSCLC, brigatinib exhibited superior progression-
free survival (PFS) versus crizotinib in the two planned
interim analyses. Here, we report the final efficacy, safety,
and exploratory results.

Methods: Patients were randomized to brigatinib 180 mg
once daily (7-d lead-in at 90 mg once daily) or crizotinib
250 mg twice daily. The primary end point was a blinded
independent review committee–assessed PFS. Genetic al-
terations in plasma cell-free DNA were assessed in relation
to clinical efficacy.

Results: A total of 275 patients were enrolled (brigatinib, n¼
137; crizotinib, n ¼ 138). At study end, (brigatinib median
follow-up ¼ 40.4 mo), the 3-year PFS by blinded independent
review committee was 43% (brigatinib) versus 19% (crizo-
tinib; median ¼ 24.0 versus 11.1 mo, hazard ratio [HR] ¼
0.48, 95% confidence interval [CI]: 0.35–0.66). The median
overall survival was not reached in either group (HR ¼ 0.81,
95% CI: 0.53–1.22). Posthoc analyses suggested an overall
survival benefit for brigatinib in patients with baseline brain
metastases (HR ¼ 0.43, 95% CI: 0.21–0.89). Detectable
baseline EML4-ALK fusion variant 3 and TP53 mutation in
plasma were associated with poor PFS. Brigatinib exhibited
superior efficacy compared with crizotinib regardless of
EML4-ALK variant and TP53 mutation. Emerging secondary
ALK mutations were rare in patients progressing on brig-
atinib. No new safety signals were observed.
Conclusions: In the ALTA-1L final analysis, with longer
follow-up, brigatinib continued to exhibit superior efficacy
and tolerability versus crizotinib in patients with or without
poor prognostic biomarkers. The suggested survival benefit
with brigatinib in patients with brain metastases warrants
future study.

� 2021 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

Keywords: Anaplastic lymphoma kinase; ALK tyrosine ki-
nase inhibitor; Brigatinib; Crizotinib; Non–small cell lung
cancer

Introduction
Brigatinib is an oral tyrosine kinase inhibitor (TKI)

that has potent activity against the EML4-ALK fusion
that drives 3% to 5% of NSCLC.1–4 Furthermore,
brigatinib has exhibited activity against a broad range
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Figure 1. Efficacy of brigatinib and crizotinib in TKI–naive ALKþ NSCLC. (A) BIRC-assessed and (B) investigator-assessed PFS
for the ITT population. (C) Forest plot of HRs for BIRC-assessed PFS across predefined patient subgroups. (D) Duration of
response in confirmed responders. Intracranial PFS by BIRC in (E) patients with baseline brain metastases by BIRC assessment
and (F) all patients (ITT population). Time-to-event plots illustrate Kaplan-Meier estimates. aHR was not calculated for
current smokers because of insufficient patient numbers (brigatinib, n ¼ 3; crizotinib, n ¼ 7). bHR was not calculated for
patients who had an ECOG performance status of 2 because of insufficient patient numbers (brigatinib, n ¼ 7; crizotinib,
n ¼ 7). cBrain metastases at baseline as assessed by the investigator. dPrevious chemotherapy in a locally advanced or
metastatic setting. eIntracranial reviewers were independent from systemic reviewers. Only brain lesions were reviewed.
Patients were counted as having an event if there was a radiologic progression, radiotherapy to the brain, or death. fPer BIRC
assessment. gIncludes one patient with radiotherapy to the brain. hIncludes three patients with radiotherapy to the brain.
iIncludes one patient with radiotherapy to the brain. jIncludes six patients with radiotherapy to the brain. BIRC, blinded
independent review committee; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; ITT,
intention-to-treat; NE, not estimable; PFS, progression-free survival.
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of ALK resistance mutations.1 The phase 3 study ALK
in Lung cancer Trial of brigAtinib in 1st Line (ALTA-
1L) reported the superior efficacy of brigatinib
compared with crizotinib in patients with ALK TKI–
naive advanced ALK-positive (ALKþ) NSCLC.5,6 After
the median follow-up of 11 months in the brigatinib
arm, ALTA-1L met its primary end point, exhibiting
significantly improved blinded independent review
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Figure 1. Continued.
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committee (BIRC)–assessed progression-free survival
(PFS) with brigatinib versus crizotinib (hazard ratio
[HR] ¼ 0.49, 95% confidence interval [CI]: 0.33–0.74,
p < 0.001).5 At the second interim analysis with a
median follow-up of 25 months for brigatinib, the PFS
was consistent with the first analysis (HR ¼ 0.49, 95%
CI: 0.35–0.68, p < 0.0001), and data on overall sur-
vival (OS) was maturing (HR ¼ 0.92, 95% CI: 0.57–
1.47; brigatinib, 24% of events; crizotinib, 27% of
events).6
More than 15 EML4-ALK fusion variants have been
identified, most often variants 1 (V1), 2 (V2), and 3a/b
(V3).7 Emerging evidence suggests that EML4-ALK
variant status may affect treatment outcomes and ac-
quired resistance to ALK inhibitors.7–9 In addition,
concomitant TP53 mutations may negatively affect
treatment outcomes.10–12 However, there are limited
clinical trial data on the effect of EML4-ALK variant and
TP53 mutation status on the efficacy of ALK inhibitors
including brigatinib, especially in the first-line setting.
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Here, we report the final efficacy and safety data from
ALTA-1L, with a median follow-up of 40 months in the
brigatinib arm and exploratory analyses of the impact of
EML4-ALK fusion variants and other molecular oncogenic
mutations, including TP53 status, on clinical efficacy.
Materials and Methods
Study Design and Patients

ALTA-1L was a randomized, open-label, phase 3,
multicenter, international study (ClinicalTrials.gov
identifier: NCT02737501). Detailed methods have
been published.5,6 Patients aged 18 years or older with
locally advanced or metastatic NSCLC who had not
received ALK-targeted therapy were randomized (1:1)
to receive oral brigatinib 180 mg once daily (with 7-
d lead-in at 90 mg once daily) or oral crizotinib 250
mg twice daily until the achievement of progressive
disease (PD), intolerable toxicity, or another discon-
tinuation criterion. Randomization was stratified by
the presence or absence of baseline brain metastases
and completion of at least one full cycle of

http://ClinicalTrials.gov
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at baseline. aBrain metastasis present at baseline on the basis of investigator assessment. CI, confidence interval; HR, hazard
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chemotherapy for locally advanced or metastatic dis-
ease (yes or no). Patients with asymptomatic or stable
central nervous system (CNS) metastases were
permitted. Patients in the crizotinib arm could cross
over to brigatinib after BIRC-assessed progression
(after 10-d washout from crizotinib). Subsequent
anticancer therapies after discontinuation of the study
drug were selected by the physician in agreement with
the patient.

The protocol was approved by local institutional
review boards or ethics committees at each site. The
trial was conducted in accordance with the principles
of the Declaration of Helsinki and International
Council for Harmonization guidelines for good clinical
practice. All patients provided written informed
consent.
Outcomes
The primary end point was BIRC-assessed PFS per

Response Evaluation Criteria in Solid Tumors, version
1.1.13 Secondary end points included BIRC-assessed
confirmed objective response rate (ORR), confirmed
intracranial ORR, intracranial PFS, OS, duration of
response (DoR), safety, and change from baseline in
global health status (GHS)/quality of life (QoL) (per
European Organization for Research and Treatment of
Cancer [EORTC] QoL Questionnaire [QLQ]–C30 version
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3.0). Exploratory end points included BIRC-assessed PFS
and confirmed ORR on brigatinib in patients who
crossed over to brigatinib after progression on crizotinib.
Investigator-assessed PFS and intracranial DoR were
also analyzed. Exploratory analyses assessed molecular
determinants (e.g., ALK-EML4 fusion variant and TP53
mutation status) of efficacy (PFS, OS, and confirmed ORR
assessed by BIRC) and emerging mutations over time.
Assessments
The disease was assessed by imaging at screening, every

8 weeks through cycle 14 (28 d/cycle), and then every 12
weeks through treatment discontinuation. There were two
BIRCs: one evaluated all diseases; the other evaluated only
intracranial CNS disease. Objective responses were
confirmed at least 4 weeks after the initial observation.

Blood samples for biomarker studies were collected
at screening, cycle 3, day 2, and end of treatment (EOT).
The mutation status of ALK and other oncogenes was
determined through next-generation sequencing (NGS)
of cell-free DNA in plasma (ctDx Lung NGS panel, Reso-
lution Bioscience, Kirkland, WA).

Adverse events (AEs) were graded according to Na-
tional Cancer Institute Common Terminology Criteria for
AEs, version 4.03.

The EORTC QLQ-C30 (version 3.0)14 and its lung
cancer-specific module (QLQ-LC13 version 3.0)15 were
administered at baseline, day 1 of every 4-week cycle,
EOT, and 30 days after the last dose.
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Statistical Analysis
The study was closed approximately 3 years after

the last patient was enrolled because the primary end
point (BIRC-assessed PFS) met the prespecified critical
value at the first interim analysis and was confirmed
at the second interim analysis. Efficacy was evaluated
Table 1. Baseline ALK Fusion Variant and TP53 Mutation Status

Baseline Mutation Status

Patients with plasma samples, n
ALK fusion detected, n/N (%)
EML4-ALK fusion detected
V1, n/N (%)

ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

V2, n/N (%)
ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

V3, n/N (%)
ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

V5, n/N (%)
ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

V5’, n/N (%)
ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

Undetermined, n/N (%)
TP53 status in patients with EML4-ALK fusion detected
TP53 mutant, n/N (%)

ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

TP53 WT, n/N (%)
ORR, n/N (%) [95% CI]
Median PFS, mo (95% CI)

Note: N ¼ 250 treated patients who had plasma samples at screening.
CI, confidence interval; NE, not estimable; ORR, objective response rate; PFS,
in the intention-to-treat population. The primary end
point was compared between treatment arms using a
two-sided log-rank test stratified by baseline brain
metastases (yes or no) and previous chemotherapy
(yes or no). The preplanned analyses of OS were
performed at the final analysis, as the primary end
: Prevalence and Effect on Efficacy

Brigatinib Crizotinib

123 127
67/123 (54) 69/127 (54)
57/123 (46) 64/127 (50)
25/57 (44) 30/64 (47)
21/25 (84) [64–96] 22/30 (73) [54–88]
29.0 (18.0–NE) 13.0 (7.4–24.0)
6/57 (11) 5/64 (8)
5/6 (83) [36–100] 3/5 (60) [15–95]
16.0 (6.3–NE) 11.0 (7.4–NE)
23/57 (40) 21/64 (33)
19/23 (83) [61–95] 14/21 (67) [43–85]
16.0 (7.6–NE) 7.4 (3.7–13.0)
1/57 (2) 0
1/1 (100) [3–100] —

5.5 (NE–NE) —

2/57 (4) 7/64 (11)
2/2 (100) [16–100] 3/7 (43) [10–82]
16.0 (16.0–NE) 9.9 (3.7–NE)
0 1/64 (2)

22/57 (39) 23/64 (36)
17/22 (77) [55–92] 14/23 (61) [39–80]
18.0 (5.6–NE) 7.4 (5.6–13.0)
35/57 (61) 41/64 (64)
31/35 (89) [73–97] 29/41 (71) [55–84]
24.0 (18.0–NE) 13.0 (9.2–21.0)

progression-free survival; V, variant; WT, wild type.
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Figure 3. Efficacy by baseline molecular variables. (A) Kaplan-Meier plot of BIRC-assessed PFS by the presence of EML4-ALK
fusion variant. (B) Multivariate analysis of PFS by baseline molecular and clinical covariates. (C) Overall survival by the
presence of EML4-ALK fusion variant. (D) BIRC-assessed PFS and (E) overall survival by TP53 mutation status in patients with
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point was met at the first interim analysis. The anal-
ysis of OS was performed using a two-sided stratified
log-rank test. Time-to-event analyses estimated median
values and two-sided 95% CIs using Kaplan-Meier
(KM) methods. Analyses of OS by baseline brain me-
tastases status were posthoc.
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To adjust for potential time-dependent confounding
effects of crossover after patients discontinued crizotinib,
a marginal structural model (MSM) and an inverse
probability of censoring weight Cox model were con-
structed.16,17 The final model included baseline covariates
of age, initial diagnosis stage, Eastern Cooperative
Oncology Group score, tumor histopathologic class,
measurable intracranial CNS disease (yes or no), race
(Asian versus non-Asian), sex, smoking history, and strata
at randomization and time-dependent covariates of
intracranial disease progression, target-lesion size, and
Eastern Cooperative Oncology Group score.
Baseline ALK fusion variants and other oncogenic
mutations, including TP53 gene status, were charac-
terized in patients with assessable plasma samples,
and correlations with ORR, PFS, and OS were
evaluated.

The time to worsening in EORTC QLQ-C30 GHS/QoL
and other functioning and symptom scores (defined as a
�10-point decrease from baseline) in patients with
baseline and any postbaseline EORTC assessment were
compared between treatment arms using a two-sided
stratified log-rank test. A Cox proportional hazard

model with baseline brain metastases and previous
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chemotherapy as covariates was used to estimate HRs

and 95% CIs.
The safety population included patients who received at

least one dose of the study drug. Statistical analyses were

performed using Base 9.4 SAS/STAT 15.1 software (SAS

Institute, Cary, NC) and R (version 4.0.2, R Core Team,

Vienna, Austria). Data were reported as of January 29, 2021

(last patient, last contact).
Results
Patients

The ALTA-1L patient population has been previously
described.5 A total of 275 patients were randomly assigned
to brigatinib (n¼ 137) or crizotinib (n¼ 138). Of these, 96
patients (38%) had baseline intracranial CNS metastases
by BIRC assessment (brigatinib, n ¼ 47; crizotinib, n ¼ 49)
and 81 (32%) had baseline CNS metastases by investigator
assessment (brigatinib, n ¼ 40; crizotinib, n ¼ 41). Base-
line demographic and clinical characteristics were
balanced across treatment arms (Supplementary Table 1).

At study end (last patient last contact: January
2021), approximately 3.5 years after the last patient
enrolled (August 2017), the median (range) follow-
up was 40.4 (0–52.4) months in the brigatinib arm
and 15.2 (0.1–51.7) months in the crizotinib arm. A
total of 58 patients (42%) in the brigatinib arm and
16 patients (12%) in the crizotinib arm were still on
the study drug before the end of the study
(Supplementary Fig. 1). The median (range) duration
of assigned treatment was 34.9 (0.1–52.4) months in
the brigatinib arm and 9.3 (0.1–51.5) months in the
crizotinib arm.

A total of 65 patients from the crizotinib arm crossed
over to brigatinib after PD on crizotinib; of these, 23
patients (35%) remained on brigatinib up to study end.
Crossover occurred in 46% of patients (19 of 41) who
had brain metastases at baseline per investigators. The
median duration of brigatinib treatment in the 65 pa-
tients who crossed over from crizotinib was 17.3 (range:
0.1–37.5) months.
Efficacy
Updated PFS. At final analysis, 166 patients had expe-
rienced PFS events (PD or death; brigatinib, 73 of 137
[53%]; crizotinib, 93 of 138 [67%]). Brigatinib continued
to exhibit superior BIRC-assessed PFS versus crizotinib;
the KM-estimated 3-year PFS rate (95% CI) was 43%
(34%–51%) in the brigatinib arm and 19% (12%–27%)
in the crizotinib arm (median [95% CI] ¼ 24.0 mo [18.5–
43.2] versus 11.1 mo [9.1–13.0]; HR ¼ 0.48, 95% CI:
0.35–0.66, log-rank p < 0.0001) (Fig. 1A). At 4 years, the
BIRC-assessed PFS rate was 36% (26%–46%) in the
brigatinib arm and 18% (11%–26%) in the crizotinib
arm, although the 4-year data were limited by a high rate
of censoring and small sample size (two patients at risk
in each group) (Fig. 1A). The investigator assessments
were consistent with BIRC assessments. The investigator-
assessed 3-year PFS rate (95% CI) was 45% (36%–54%)
with brigatinib and 18% (11%–26%) with crizotinib
(median [95% CI] ¼ 30.8 mo [21.3–40.6] versus 9.2
mo [7.4–12.7]; HR ¼ 0.43, 95% CI: 0.31–0.58, log-rank



Table 2. Safety Overview and Treatment-Emergent Adverse Events of Grade 3 or Higher Reported in at Least 2% of Patients
in Either Treatment Arm

Patients with �1 event, n (%) Brigatinib (n ¼ 136) Crizotinib (n ¼ 137)

Overview of adverse events
Any-grade adverse event 136 (100) 137 (100)
Grade 3-4 adverse event 95 (70) 77 (56)
Adverse events leading to death (grade 5) 11 (8) 11 (8)
Treatment-related 0 0
Adverse event leading to treatment discontinuation 18 (13) 12 (9)
Adverse event leading to dose reduction 60 (44) 34 (25)
Adverse event leading to dose interruption 98 (72) 65 (47)

Grade �3 adverse events reported in �2% of patients in either treatment arm
Blood creatine phosphokinase increaseda 36 (26) 2 (1)
Lipase increasedb 21 (15) 11 (8)
Hypertension 19 (14) 6 (4)
Amylase increasedb 8 (6) 2 (1)
Pneumonia 7 (5) 5 (4)
Alanine aminotransferase increased 6 (4) 14 (10)
Aspartate aminotransferase increased 6 (4) 9 (7)
Neoplasm progression 4 (3) 4 (3)
Anemia 4 (3) 1 (1)
Blood alkaline phosphatase increased 4 (3) 1 (1)
Dyspnea 3 (2) 6 (4)
Pulmonary embolism 3 (2) 5 (4)
Diarrhea 3 (2) 4 (3)
Nausea 3 (2) 4 (3)
Hypophosphatemia 3 (2) 3 (2)
Gamma-glutamyl transferase increased 3 (2) 3 (2)
Headache 3 (2) 0
Neutropenia 2 (1) 4 (3)
Pleural effusion 2 (1) 3 (2)
Vomiting 2 (1) 3 (2)
Neutrophil count decreased 1 (1) 7 (5)
Decreased appetite 1 (1) 4 (3)
Urinary tract infection 1 (1) 3 (2)
Upper abdominal pain 1 (1) 3 (2)
Noncardiac chest pain 0 3 (2)

aMyalgia was reported in 14 (10%) and 11 patients (8%) in the brigatinib and crizotinib arms, respectively. Musculoskeletal pain was reported in 15 (11%) and 11
patients (8%), respectively. No grade 3 or higher myalgia or musculoskeletal pain was reported in either arm.
bNo clinical cases of pancreatitis were reported in either arm.
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p < 0.0001) (Fig. 1B). Improvements in BIRC-assessed
PFS were consistent across all subgroups (Fig. 1C).

Updated Response Rate and Durability of Response.
The BIRC-assessed confirmed ORR was consistent with
previous reports (Supplementary Table 2).5,6 The me-
dian DoR in confirmed responders (95% CI) was 33.2
months (22.1 mo–not reached) with brigatinib and 13.8
months (10.4–22.1 mo) with crizotinib (Fig. 1D).

Updated Intracranial Efficacy. The confirmed intracra-
nial ORR in patients with measurable brain metastases at
baseline was consistent with previous reports
(Supplementary Table 2).5,6 The median (95% CI) intra-
cranial DoR in patients with measurable brain metastases
at baseline by BIRC assessment was 27.9 months (5.7
mo–not estimable [NE]) in the brigatinib arm and 9.2
months (3.9 mo–NE) in the crizotinib arm. In patients
with any brain metastases at baseline by BIRC assess-
ment, the 3-year intracranial PFS rate (95% CI) was 31%
(17%–47%) with brigatinib and 9% (95% CI: 2%–25%)
with crizotinib (HR ¼ 0.29, 95% CI: 0.17–0.51, log-rank p
< 0.0001), and the 4-year rate was 22% (9%–39%; two
patients at risk) with brigatinib and NE (zero patients
at risk) with crizotinib (Fig. 1E). In all patients (inten-
tion-to-treat population), the 3-year intracranial PFS
was 57% (47%–66%) with brigatinib and 38% (27%–
49%) with crizotinib (HR ¼ 0.44, 95% CI: 0.30–0.65),
and the 4-year rate was 46% (34%–57%; two patients
at risk) and 33% (19%–47%; two patients at risk),
respectively (Fig. 1F).

Updated Efficacy of Crossover Brigatinib Treatment.
Among 65 patients who crossed over to brigatinib
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(47% of total crizotinib arm, 65% of patients with
PD on crizotinib), the median BIRC-assessed PFS was
16.8 months (95% CI: 10.1–23.9 mo) with a median
follow-up of 22.7 months (range: 0.2–37.6 mo). The
BIRC-assessed confirmed ORR was 57% (95% CI:
44%–69%), with median DoR in confirmed re-
sponders (95% CI) of 19.1 months (10.9–23.5 mo).

Subsequent Anticancer Therapy. Greater proportions
of patients in the crizotinib arm received subsequent
anticancer treatment after discontinuation of the
study drug compared with the brigatinib arm
(Supplementary Table 3). Among 121 patients who
discontinued crizotinib before study end, 103 (85%)
received subsequent anticancer treatment; 99 (82%)
received subsequent ALK TKI treatment, most often
brigatinib (80 [66%]) and alectinib (28 [23%]).
Among 78 patients who discontinued brigatinib, 46
(59%) received subsequent systemic anticancer
treatment and 42 (54%) received a subsequent ALK
TKI, most often lorlatinib (22 [28%]) and alectinib
(16 [21%]). For the 27 patients who discontinued
brigatinib and had brain metastases at baseline, 19
(70%) received subsequent systemic treatment, most
often lorlatinib (10 [37%]) and alectinib (10 [37%]).
Among 39 patients who discontinued crizotinib and
had brain metastases at baseline, 32 (82%) received
subsequent systemic treatment, most often brigatinib
(24 [62%]), alectinib (nine [23%]), and lorlatinib
(nine [23%]).
Overall Survival. At study end, 92 patients had died
(brigatinib, 41 [30%]; crizotinib, 51 [37%]). The KM-
estimated 3-year OS rate (95% CI) was 71% (62%–
78%) in the brigatinib arm and 68% (59%–75%) in the
crizotinib arm without adjustment for patients who
crossed over from crizotinib to brigatinib (HR ¼ 0.81,
95% CI: 0.53–1.22, log-rank p ¼ 0.331) (Fig. 2A). At 4
years, the KM-estimated OS (95% CI) was 66% (56%–
74%; seven patients at risk) in the brigatinib arm and
60% (51%–68%; five patients at risk) in the crizotinib
arm. In sensitivity analyses adjusting for treatment
crossover in the crizotinib arm, the OS HR was 0.54
(95% CI: 0.31–0.92, p ¼ 0.023) by the MSM method
(Fig. 2B) and 0.50 (95% CI: 0.28–0.87, p ¼ 0.014) by the
inverse probability of censoring weight approach
(Fig. 2C).
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Among patients with brain metastases at baseline
per investigator, 33 patients had died (brigatinib, 11 of
40 [28%]; crizotinib, 22 of 41 [54%]). The HR for
death was 0.43 (95% CI: 0.21–0.89, log-rank p ¼
0.020) (Fig. 2D), with a 3-year KM-estimated OS rate
(95% CI) of 74% (57%–85%) with brigatinib and 55%
(38%–69%) with crizotinib and a 4-year rate of 71%
(53%–83%; four patients at risk) and 44% (28%–
59%; zero patients at risk), respectively. The survival
benefit of brigatinib versus crizotinib in this subset of
patients was greater in patients without previous
radiotherapy to the brain (HR ¼ 0.25, 95% CI: 0.08–
0.75, log-rank p ¼ 0.008) than in patients with pre-
vious radiotherapy to the brain (HR ¼ 0.76, 95% CI:
0.27–2.12, log-rank p ¼ 0.637). Among patients
without baseline brain metastases by investigator
assessment (brigatinib, n ¼ 97; crizotinib, n ¼ 97), 59
patients had died (brigatinib, 30 [31%]; crizotinib, 29
[30%]; HR ¼ 1.16, 95% CI: 0.69–1.93, log-rank p ¼
0.603; Fig. 2E), with the 3-year OS (95% CI) estimated
at 70% (59%–78%) for brigatinib and 73% (62%–
81%) for crizotinib and the 4-year OS estimated at
64% (52%–74%; three patients at risk) and 67%
(56%–76%; four patients at risk), respectively.
Biomarker Analyses
Correlations Between Baseline ALK Fusion Vari-
ants and TP53 Mutation Status and Clinical
Efficacy. Among 250 patients with baseline plasma
samples for NGS analysis of circulating tumor DNA
(brigatinib, n ¼ 123; crizotinib, n ¼ 127;
Supplementary Fig. 1), ALK fusions were detected in
54% of patients in the brigatinib (67 of 123) and cri-
zotinib (69 of 127) arms; EML4-ALK fusions were
detected in 57 of 123 patients (46%) in the brigatinib
arm and 64 of 127 patients (50%) in the crizotinib arm.
The most common EML4-ALK fusions were V1 (brig-
atinib, 25 of 57 [44%]; crizotinib 30 of 64 [47%]) and
V3 (brigatinib, 23 of 57 [40%]; crizotinib, 21 of 64
[33%]) (Table 1). Patients with EML-ALK fusion V3
exhibited worse PFS compared with patients with V1 or
V2, regardless of the treatment group (Table 1 and
Fig. 3A). Multivariate analysis adjusting for potential
confounding effects of molecular and clinical covariates
confirmed a significant independent effect of V3 versus
V1 on PFS (HR [95% CI] for PD, V3 versus V1: 2.45
[1.07–5.60], brigatinib; 3.42 [1.56–7.50], crizotinib)
(Fig. 3B). Although the OS data were immature, there
was the suggestion of a trend for worse OS in patients



December 2021 Brigatinib in ALK TKI-naive ALKD NSCLC 2105
with V3 compared with V1 (HR [95% CI] for death, V3

versus V1: 1.45 [0.54–3.91], brigatinib; 1.58 [0.65,

3.83], crizotinib) (Fig. 3C). Brigatinib exhibited a higher

ORR and longer median PFS compared with crizotinib

in all variant subgroups (Table 1).
Among patients with EML4-ALK fusions detected at

screening, the TP53 mutation was detected in 22 of 57

patients (39%) in the brigatinib arm and 23 of 64 pa-

tients (36%) in the crizotinib arm (Table 1). Patients

with the TP53 mutation exhibited a trend toward lower

ORR and worse PFS compared with patients with wild

type (WT) in both treatment arms (Table 1 and Fig. 3D).

The TP53mutation maintained a strong prognostic trend

toward worse PFS in the multivariate analysis (HR [95%

CI] for PD, TP53 mutation versus WT ¼ 1.76 [0.81–
3.83], brigatinib; 1.77 [0.90–3.49], crizotinib) (Fig. 3B).
There was also a trend for poorer OS (HR [95% CI] for
death, TP53 mutation versus WT ¼ 2.36 [1.00–5.58],
brigatinib; 1.98 [0.91–4.27], crizotinib) (Fig. 3E).
Brigatinib exhibited superior ORR and PFS compared
with crizotinib in patients with and without the TP53
mutation (Table 1).

Emerging Mutations. Mutations detected in plasma at
baseline, cycle 3, and EOT are listed in Supplementary
Table 4. No clear pattern of emerging mutations was
identified in patients who progressed on brigatinib.
Among patients with assessable plasma samples who
discontinued owing to PD, emerging non-ALK mutation
types detected in at least one patient at cycle 3 or EOT
were EGFR, FGFR2, FGFR3, KEAP1, KRAS, MET, MYC,
RICTOR, ROS1, and TP53 in the brigatinib arm and EGFR,
ERBB2, FGFR2, FGFR3, JAK2, KEAP1, MET, MYC, PIK3CA,
STK11, and TP53 in the crizotinib arm (Supplementary
Table 5). Emerging ALK mutations were detected at
EOT in two patients in the brigatinib arm and 10 patients
in the crizotinib arm (Supplementary Table 5).
Safety
The most common (>25% of patients overall) any-

grade treatment-emergent AEs (TEAEs) were gastroin-
testinal events, increased blood creatine phosphokinase,
cough, and increased aminotransferases. TEAEs reported
in at least 5% of patients are listed in Supplementary
Table 6. Grade 3 to 5 TEAEs were reported for 78% of
patients in the brigatinib arm and 64% in the crizotinib
arm (Table 2). Dose reduction owing to AEs occurred in
44% and 25% of patients in the brigatinib and crizotinib
arms, respectively. AEs leading to dose reduction in at
least one patient are listed in Supplementary Table 7.
Treatment was interrupted owing to AEs in 72% versus
47% and discontinued owing to AEs in 13% versus 9%
of treated patients in the brigatinib and crizotinib arms,
respectively.

Interstitial lung disease (ILD) or pneumonitis at any
time occurred in 8 of 136 patients (6%) in the brigatinib
arm and 3 of 137 patients (2%) in the crizotinib arm;
grade 3 or higher ILD or pneumonitis occurred in 4 of
136 (3%) and 1 of 137 (<1%) patients, respectively.
Among patients who crossed over to brigatinib from
crizotinib, 4 of 65 (6%) had ILD or pneumonitis (1 [2%]
grade �3) after crossover.
Updated Health-Related QoL
The median time to worsening in GHS/QoL for

brigatinib was 26.7 months, and for crizotinib was
8.3 months (HR ¼ 0.69, 95% CI: 0.49–0.98, log-rank
p ¼ 0.047) (Fig. 4A). Compared with crizotinib, brigatinib
significantly delayed the time to worsening of emotional
and social functioning and symptoms of fatigue, nausea
and vomiting, appetite loss, and constipation (log-rank
p < 0.05) (Fig. 4B). No domain significantly favored
crizotinib.

Discussion
Results of the final analysis of the ALTA-1L trial of

brigatinib versus crizotinib in patients with ALK TKI–
naive ALKþ NSCLC were consistent with those of the
first two interim analyses,5,6 with approximately 15
months’ additional follow-up (median ¼ 40 mo for
brigatinib) since the second interim analysis. Brigatinib
continued to exhibit superior BIRC-assessed PFS
compared with crizotinib, with a 52% reduction in the
risk of progression or death (HR ¼ 0.48). DoR data have
matured since the previous analysis, demonstrating
more durable responses with brigatinib (median ¼ 33.2
mo) than crizotinib (13.8 mo). OS data were still
maturing at final analysis (30% event rate) and indicated
similar OS in the two arms (HR ¼ 0.81), although OS may
be affected by the imbalance of subsequent anticancer
therapies, including a high rate of crossover to brigatinib
and a higher rate of receiving any subsequent anticancer
therapy after discontinuing study treatment in the cri-
zotinib arm. Sensitivity analyses of OS that adjusted for
possible confounding from crossover suggested that
brigatinib treatment would have been associated with
improved OS (HR ¼ 0.54 by MSM method) if treatment
crossover had not been allowed in the crizotinib arm.

Brigatinib continued to exhibit compelling intracra-
nial efficacy. The risk of intracranial progression was
reduced by 56% in all patients (HR ¼ 0.44) and by 71%
in patients with any brain metastases at baseline (HR ¼
0.29) with brigatinib compared with crizotinib. Intra-
cranial responses were durable, with median intracra-
nial DoR of 27.9 months in the brigatinib arm and 9.2
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months in the crizotinib arm in patients with measurable
brain metastases at baseline. The HR for OS with brig-
atinib versus crizotinib in patients with baseline brain
metastases was 0.43 (log-rank p ¼ 0.020) despite the
high rate of crossover in the crizotinib arm, suggesting a
survival benefit in patients with brain metastases
receiving brigatinib as the first ALK TKI treatment. The
applicability of this finding, although limited by the small
number of patients in the posthoc OS analysis, is sup-
ported by the strong intracranial response and intra-
cranial DoR, and as such, generates interesting
hypotheses for optimal drug sequencing in ALKþ NSCLC
for evaluation in future studies.

Our analyses of ALK fusion variants in plasma
revealed a predominance of EML4-ALK fusions V1 and
V3 in the ALTA-1L population, consistent with previous
reports in ALKþ NSCLC.9,18 The efficacy benefit (both
PFS and ORR) of brigatinib versus crizotinib was
consistent across patients with EML4-ALK fusion vari-
ants V1, V2, and V3, although the PFS was shorter in
patients with V3 compared with other variants. Detec-
tion of the EML4-ALK fusion V3 in plasma was associated
with significantly shorter PFS than V1 in multivariate
analyses of the brigatinib (p ¼ 0.033) and crizotinib
arms (p ¼ 0.002). Previous studies reported no signifi-
cant difference in PFS with first-line crizotinib or alec-
tinib in patients with V1 versus V3 detected in plasma or
tumor specimens,9,18 although one study revealed a
shorter PFS in patients with V3 versus V1 (in tumor
specimens) treated with lorlatinib after crizotinib.9 That
study also revealed that tumors with EML4-ALK V3 were
more likely to develop resistance mutations, especially
ALK G1202R.9

In ALTA-1L, the TP53mutation was detected in 37% of
patients with the EML4-ALK fusion detected in plasma at
screening. The presence of TP53 mutations in tumor
specimens has been correlated with lower response rates
and shorter PFS and OS in patients with ALKþ NSCLC
treated with crizotinib.10–12 Our results revealed a trend
for plasma detection of the TP53 mutation as a prognostic
biomarker of poor ORR and PFS. This trend persisted in
multivariate analyses adjusting for confounding covariates,
indicating that the effect of TP53 mutations warrants
further investigation in a larger population.

Resistance to ALK TKIs may develop through ALK-
dependent and ALK-independent mechanisms.19,20 Sec-
ondary acquired ALK resistance mutations, the primary
mechanism of resistance, generate conformational changes
in the ALK protein, interfering with the binding of ALK
inhibitors. ALK resistance mutations develop more
frequently with second- or next-generation ALK inhibitors
compared with crizotinib.20 Gainor et al.20 reported ALK
mutations in 20% of the 55 patients who progressed on
crizotinib versus 54% with second-generation ALK
inhibitors (n ¼ 41) and 71% with brigatinib (n ¼ 7). The
most common mutations after progression on crizotinib
and second-generation inhibitors were the ALK L1196M
gatekeeper mutation and ALK G1202R, respectively.20 We
detected only two emerging ALK mutations in plasma
postprogression on brigatinib among 64 patients with EOT
samples. No patient in either treatment arm developed the
resistant G1202R mutation. Consistent with results from
the ALTA study in patients with crizotinib-resistant
NSCLC,21 non-ALK emerging mutations were detected af-
ter progression on brigatinib in ALTA-1L, although with
relatively less complexity and at a lower rate than
observed with crizotinib. No clear patterns in ALK-
dependent mechanisms of resistance to brigatinib were
apparent in the first-line setting. An independent study
with a larger sample size is needed.

The safety profile of brigatinib in the first-line
setting was consistent with its known safety profile,
with no new safety signals observed. Increases in blood
creatine phosphokinase occurred frequently in patients
treated with brigatinib (50%), but no cases of clinically
diagnosed rhabdomyolysis were reported. Consistent
with the primary clinical outcomes, brigatinib also
continued to exhibit health-related QoL (HRQoL) ben-
efits such as delaying the time to worsening in GHS/
QoL and multiple other HRQoL domain scores compared
with crizotinib.

In conclusion, the final results of ALTA-1L revealed
efficacy and safety consistent with the two interim ana-
lyses, with longer follow-up. Brigatinib continued to
exhibit superior efficacy and tolerability and better
HRQoL than crizotinib. The superior efficacy of brig-
atinib compared with crizotinib was consistent across
EML4-ALK fusion variants and in patients with and
without the TP53 mutation. Whereas OS data remained
immature, the suggestion of a survival advantage in pa-
tients with brain metastases starting with brigatinib as
the first ALK TKI generates interesting hypotheses for
future study of optimal drug sequencing and supports
brigatinib as a standard treatment option for treatment-
naive ALKþ NSCLC.
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