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Anaplastic lymphoma kinase (ALK) rearrangement is a rare
feature in advanced non-small cell lung cancer (NSCLC),
occurring in around 5% of the patients (1). This oncogenic
addiction is more frequent in no/light-smokers, in #hyroid
transcription factor-1 (I'TF1)-positive adenocarcinoma,
with cribriform architecture and ring cells (2). ALK
rearrangement—most of the time a translocation with a
partner gene—induces the formation of a fusion protein
with oncogenic properties. The first targeted therapy
developed for ALK-rearranged NSCLC was crizotinib,
an ALK tyrosine kinase inhibitor (TKI). Crizotinib was
proved to be superior to chemotherapy in first-line setting
in ALK-rearranged NSCLC, with an overall response rate
(ORR) of 74% and a progression-free survival (PFS) of
10.9 months (3). Crizotinib in first-line treatment is now
widely used. Other ALK TKIs have been developed, as
brigatinib. Results of the phase I-II trial published in 2016
showed in 79 advanced NSCLC patients treated with
brigatinib an ORR at 75% [72% in previously crizotinib
treated patients (n=71)] and a PFS (median) of 13.2 months
(4). Safety profile showed specific lung toxicity, occurring
at the beginning of the treatment (median 2 days) in 8%
of the patients, with incidence increasing with the dose
of brigatinib. The ALTA trial, published in May 2017 in
Journal of Clinical Oncology by Kim er al. was a phase
IT trial that randomized patients with advanced ALK-
rearranged NSCLC between 2 doses of brigatinib (90 mg
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daily and 90 mg daily for 7 days then 180 mg daily) (5). The
primary endpoint was ORR, and no comparison between
the 2 arms was pre-planned. Assuming an ORR >35%
with a power of 90% and a bilateral alpha risk at 0.025,
the study had to include 109 patients per arm. Patients
should have an advanced ALK-rearranged NSCLC with
progression with crizotinib and a performance status (PS)
between 0 and 2. Brain metastases were allowed only if
asymptomatic and with stable doses of steroid treatment.
Two-hundred and twenty-two patients were randomized
[112 patients arm A (90 mg) and 110 patients arm B (90 mg
then 180 mg)]. Both arms were well-balanced, with a
median age at 54 years, 57% of women, 31% of Asian, 60%
of non-smokers, 97% of adenocarcinoma, 69% of brain
metastases. ORR (investigator-assessed) was 45% in arm
A and 54% in arm B, and disease-control rate was 82%
(arm A) and 86% (arm B). Median time to response was
1.8 months (arm A) and 1.9 months (arm B), and duration of
response was 13.8 months (arm A) and 11.8 months (arm B).
Median PFS was 9.2 months (arm A) and 12.9 months
(arm B). Post-hoc comparison between the 2 arms for PFS
showed a clear benefit for arm B, with a hazard ratio (HR)
at 0.55 [95% confidence interval (CI), 0.36-0.86]. One-year
overall survival (OS) probability was 71% (arm A) and 80%
(arm B). As shown in the phase I-II trial, brigatinib had
intracranial efficacy. ORR for measurable brain metastases
was 42% (arm A, n=26) and 67% (arm B, n=18). For active
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Table 1 Post-crizotinib efficacy results of main ALK TKIs

Drugs ORR (%) PFS (months) icORR (%)
Brigatinib (arm A/arm B) 45/54 9.2/12.9 42/67
Ceritinib 39 7.2 45
Alectinib 48 8.1 67
Lorlatinib 57 NA 51

ALK, anaplastic lymphoma kinase; TKI, tyrosine kinase inhibitor;
ORR, overall response rate; PFS, progression-free survival;
icORR, intra-cranial overall response rate.

brain metastases (i.e., metastases without previous brain
radiotherapy, or progression after brain radiotherapy),
intracranial ORR was 42% (arm A, n=19) and 73% (arm B,
n=15). Intracranial PFS (median) was 15.6 months (arm A)
and 12.8 months (arm B), with a duration of intracranial
response (median) not reached in both arms. In term of
safety, no new signal was detected. In both arms, main
toxicities (210% patients) were nausea (33%/40%), diarrhea
(19%/38%), vomiting (24%/23%), headache (28%/27%),
decrease appetite (22%/15%) and hypertension (11%/21%).
Grade 3-4 toxicities were rare: hypertension (6%/6%),
increased creatine phosphokinase (3%/9%) and rash
(1%/3%), mainly. Pulmonary early toxicity occurred in
6% of patients (n=14), during the first 2 days of treatment
(always at 90mg daily of brigatinib). Grade 3-5 pulmonary
toxicities concerned 3% of patients (n=7). Half of the
patients (n=7) had successfully continued brigatinib after
suspension, whereas 7 patients stopped brigatinib definitely.
One patient died from acute respiratory failure (<1%).
Multivariate analysis showed that advanced age [odds
ratio (OR) =2.10; 95% CI, 1.21-3.65] and time from last
crizotinib dose to first brigatinib dose less than 7 days
(OR =3.88; 95% CI, 1.10-13.68) were associated with early
pulmonary toxicity. Seven percent (arm A) and 20% (arm B)
patients had dose reduction, due to increase of creatine
phosphokinase, pneumonitis and rash.

In summary, the ALTA trial is a positive study, with
results suggesting high efficacy of brigatinib after failure
of crizotinib in ALK-rearranged advanced NSCLC.
Brigatinib has also good brain penetration and intracranial
efficacy. Toxicity seems manageable, paying attention to
the specific dose-dependent early pulmonary toxicity, rare
but sometimes severe, and suggesting the use of a two-
step initiation of brigatinib (90 mg one week then 180 mg).
Wil these results change our treatment strategy of ALK-
rearranged NSCLC? Brigatinib appears clearly as a
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good treatment option after progression with crizotinib.
Other validated ALK TKIs in this second-line setting are
ceritinib and alectinib. Ceritinib has proved its efficacy
after crizotinib treatment. The ASCEND-2 phase II trial,
testing ceritinib after crizotinib showed an ORR at 39%, a
median PFS at 7.2 months, and intracranial ORR at 45% (6).
For alectinib, in the same setting, ORR was 48%, median
PFS 8.1 months, and intracranial ORR 67% (7). Even if
comparison between these 3 studies is subject to caution,
brigatinib seems to have slightly longer PFS (median
12.9 months with 180 mg per day). Concerning intracranial
efficacy, both brigatinib and alectinib reach acceptable
ORR, whereas ceritinib allowed only intracranial ORR less
than 50%, leading probably to choose rather brigatinib
or alectinib in case of brain progression after crizotinib.
A fourth ALK TKI, lorlatinib, has also an accelerated
development and should receive a Food and Drug
Administration (FDA) approval soon. In the phase I-1I
trial, ORR with lorlatinib given after crizotinib was 57%
(n=7) and intracranial ORR for target lesions (=5 mm;
no prior radiotherapy or progression post prior radiotherapy)
was 51% (n=35) (8). Beyond, these efficacy data (Table 1),
the choice between these drugs will probably be conditioned
by several factors. First, concerning the toxicity profile,
brigatinib seems to be better tolerated than ceritinib. In the
ASCEND-2 trial, nausea and diarrhea occurred in 80% of
patients (6% grade 3—4), vomiting in 63% (4% grade 3-4)
and ALT elevation in 44% (17% grade 3-4) (6). In the
opposite way, alectinib and lorlatinib showed very good
safety profile (7,8). The last point is the difference of activity
of ALK TKIs depending of the ALK mutational status at
progression under crizotinib. Preliminary studies have shown
that in around one-third of the cases, secondary resistance
to crizotinib was an ALK-dependent process, mainly
due to the acquisition of an ALK resistance mutation (9).
Based on primary NSCLC cultures, ALK TKIs had various
efficacy depending on the type of the mutation (9). Of
interest, brigatinib seemed to have the best efficacy in vitro
in case of high-resistance G1202R mutation, compared to
crizotinib, ceritinib and alectinib (10). In the ALTA trial,
one patient with G1202R mutation had a partial response
with brigatinib. However, larger clinical data with molecular
status at progression on ALK TKIs (sequential re-biopsies)
are urgently needed to correlate with drug efficacy and draw
definitive conclusions.

These considerations will evolve in the very near future, as
the treatment strategy is quickly changing in these patients.
Several recent results on second-generation ALK TKIs use in
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first-line setting have been published. The ASCEND-4 trial,
testing ceritinib in first-line, showed a benefit compared
to standard platinum-based chemotherapy (11). However,
beyond the poor safety profile of ceritinib, the PFS of
16.6 months in this trial was not very different from the
cumulated PFS of crizotinib (10.9 months) and ceritinib
in second-line (7.2 months) based on the results of
PROFILE-1014 and ASCEND-2 trials (3,6), questioning
the interest of ceritinib in front-line treatment. The ALEX
trial compared alectinib to crizotinib in first-line treatment,
and showed a large benefit of alectinib over crizotinib, with a
median PFS not reached with alectinib, versus 11.1 months
with crizotinib (HR =0.47; 95% CI, 0.34-0.65) (12).
In the same setting, median PFS in Asiatic population
(J-ALEX trial) was 25.9 months with alectinib, versus
10.2 months with crizotinib (13). This important difference
will probably set alectinib as the preferred choice of treatment
for advanced ALK-rearranged NSCLC as first-line treatment
until publication of the results on other ALK TKIs in first-
line treatment. For brigatinib, the phase III comparing
brigatinib and crizotinib is ongoing (NCT02737501), and
the amplitude of benefit with brigatinib, if present, will be
determinant for the positioning of this drug in first-line.
Unsolved questions remain, like the efficacy of brigatinib
after alectinib, the change in the natural history of the disease
with the prescription of new generation ALK TKI in first-
line setting, as preliminary data suggest that the type and
proportion of ALK mutations vary with the drugs (9).

In conclusion, brigatinib is a new treatment option
after crizotinib progression in ALK-rearranged NSCLC,
with good efficacy, notably for brain metastases. Its good
safety profile and putative efficacy in case of high-resistance
G1202R ALK mutation seem particularly interesting. The
current development of other ALK TKI, as entrectinib (14),
will enrich the strategy treatment, with a necessity of a serial
molecular screening to select the right treatment at the good
moment. But the availability of a large number of ALK
TKIs, allowing multiple sequential treatments, is the main
determinant for prolonged survival in these patients (15).
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