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A B S T R A C T

Objectives: Brigatinib is a next-generation ALK inhibitor initially developed in ALK-positive NSCLC pretreated
with crizotinib.
Materials and Methods: This retrospective multicentric study analyzed ALK-positive advanced NSCLC patients
pretreated with at least one tyrosine-kinase inhibitor, including crizotinib, and enrolled in the brigatinib French
early access program. The primary endpoint was investigator-assessed progression-free survival (PFS).
Results: 104 patients were included (mean age, 56.6 years; never smokers, 61.5%; adenocarcinoma, 98.1%).
Patients had received a median of 3 previous treatment lines, including at least 2 ALK inhibitors (mainly cri-
zotinib then ceritinib). At brigatinib initiation, 59.1% had performance status 0–1, 51.9% had ≥ 3 metastatic
sites, 74.5% had central nervous system metastases (CNS) and 8.8% had carcinomatous meningitis. Median
duration of brigatinib treatment was 6.7 (95% CI, 0.06–20.7) months. Median PFS was 6.6 (4.8–9.9) months for
the entire population. For patients who received 2, 3–4 and> 4 lines of treatment before brigatinib, PFS was 4.3
(2.5–8.9), 10.4 (5.9–13.9) and 3.8 (0.8–7.4) months, respectively. In the 91 evaluable patients, disease control
rate was 78.2%. From brigatinib start, median overall survival was 17.2 (11.0–not reached) months. Among the
68 patients with progressive disease after brigatinib, CNS was involved in 29.4% of cases. Median OS from the
diagnosis of NSCLC was 75.3 (38.2–174.6) months.
Conclusion: These real-world results confirm the efficacy of brigatinib in a cohort of patients heavily pretreated
for ALK-positive advanced NSCLC.

1. Introduction

Rearrangements of anaplastic lymphoma kinase gene (ALK) are an
oncogenic driver reported in 3–5% of patients with non-small cell lung

cancers (NSCLC) [1]. Patients with ALK rearrangement (ALK-positive)
NSCLC are generally younger, are never or light smokers, with a his-
tology of adenocarcinoma and a high risk of central nervous system
(CNS) metastases at diagnosis and progression [2,3].
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Crizotinib was the first ALK tyrosine-kinase inhibitor (TKI) ap-
proved for ALK-positive NSCLC. In first-line treatment, crizotinib
achieved objective responses rates from 61 to 74% with a median
progression-free survival (PFS) of 8–11 months [4–6]. Mechanisms of
acquired resistance to crizotinib (alterations in ALK gene or activation
of signaling pathways bypassing ALK) explain disease progression in
most patients treated with crizotinib [7]. The limited CNS penetration
of crizotinib is also responsible for intracranial disease progression,
which is the most frequent site of relapse. Second-generation ALK in-
hibitors, namely ceritinib and alectinib, achieved median PFS of
5.7–6.9 months and 8.1–8.9 months, respectively, in patients pretreated
with crizotinib [8–12]. However, due to secondary ALK kinase domain
resistance mutations (e.g., G1202R mutation) in patients treated by
ceritinib or alectinib and previously treated with crizotinib, new ALK
inhibitors are required.

Brigatinib is a new ALK inhibitor with a potent activity on many
ALK resistance mutations including G1202R mutation, which is in-
hibitable in vitro and in some patients but perhaps not in all [13]. A
phase II randomized trial included patients with ALK-positive advanced
NSCLC and disease progression after crizotinib treatment (69% with
brain metastases and 74% with prior chemotherapy) and compared
brigatinib 90 or 180mg/day after a first week at 90mg/day [14].
Brigatinib yielded confirmed objective response rates (ORRs) of 51% in
arm A (112 patients treated at 90mg daily) and 55% in arm B (110
patients treated at 180mg daily with a 7-day lead-in at 90mg, the re-
commended dosing regimen) per independent review committee (IRC).
Median progression-free survival (PFS) was 9.2 months in arm A and
16.7 months in arm B, per IRC respectively [15]. In patients with
measurable brain metastases at baseline, ORR was 42% in 90-mg group
and 67% in 180-mg group. Based on the results of the phase II study,
the US Food and Drug Administration granted in April 2017 accelerated
approval to brigatinib in patients with locally-advanced or metastatic
ALK-positive NSCLC who have progressed on or are intolerant to cri-
zotinib. In France, brigatinib was available through an early access
program since August 2016 for patients with ALK-positive NSCLC re-
fractory to crizotinib and ceritinib. This program closed on January
21st, 2018 after the approval of brigatinib by the European Medicines
Agency. The primary objective of the BRIGALK study was to assess the
efficacy of brigatinib after at least two ALK inhibitors in patients who
benefited from this early access program.

2. Patients and methods

2.1. Study design and patients

The BRIGALK study (GFPC 07–2017) was a national retrospective
non-interventional study that included patients treated with brigatinib
in the French early access program. The objective was to describe in
real-world setting the efficacy of brigatinib in patients with advanced
NSCLC harboring ALK rearrangement.

The inclusion criteria were the followings: at least 18 years old;
advanced NSCLC; ALK-positive NSCLC assessed with in situ hybridiza-
tion (FISH) and/or immunohistochemistry; previous treatment with at
least one ALK inhibitor including crizotinib; treatment with brigatinib
in the setting of the early access program from September 1st, 2016 to
January 1st, 2018.

The primary objective was to evaluate the investigator-assessed PFS
from brigatinib initiation, defined as the time from first dose of briga-
tinib to first documentation of objective disease progression or to death
from any cause. The main secondary objectives were the followings:
ORR to brigatinib, overall survival (OS) from brigatinib initiation and
from diagnosis of NSCLC; treatment duration and reasons for dis-
continuation of brigatinib treatment.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the French Advisory Committee on
Information Processing in Health Research (CCTIRS). If patients were

alive, they received a written information on the study. For deceased
patients, an exemption of information was obtained from CCTIRS.

2.2. Data collection

Patient data were obtained retrospectively from medical files and
included demographics, characteristics of NSCLC, number and locali-
zation of metastatic sites, previous treatments, tumor response to bri-
gatinib, resistance mutation before brigatinib initiation or after pro-
gression and treatments after progression. Patients were included
consecutively in each center according to inclusion criteria without
selection.

2.3. Statistical analysis

The Kaplan-Meier method was used to estimate PFS and OS for the
entire cohort and in defined subgroups according to the number of lines
of treatments. Best response to treatment was assessed according to
RECIST 1.1 criteria [16]. The statistical analyses were performed with
SAS 9.4 software (SAS Institute, Cary, NC, USA).

3. Results

3.1. Characteristics of patients at diagnosis of NSCLC

A total of 104 patients were included in 42 centers. Their mean (SD)
age was 56.6 (11.5) years and 61.5% were never-smokers (Table 1).
NSCLC was adenocarcinoma in 98.1% of patients with stage IV disease
in 88.5%. At diagnosis, there was a mean of 3.3 (1.3) metastatic sites;
CNS metastases were reported in 28.9% of patients. Overall, patients
were in good condition with performance status at 0–1 for 91.6%.

The median time from NSCLC diagnosis and result of ALK translo-
cation test was 21 (range, 0–515) days. Diagnosis of ALK translocation
was based in 16% of cases on a positive immunohistochemistry with
score 3+, on FISH in 84% of cases (78% of these patients had also
positive immunohistochemistry with score 2+/3+). Diagnosis was
established mainly on biopsy of the primary tumor (62.0%), mediast-
inal lymph nodes (11.5%), pleural metastases (9.6%) or extra-thoracic
metastases (16.9%).

3.2. Treatments before brigatinib initiation

Before brigatinib, patients received a median of 3 lines of treatment.
Among the different therapeutic sequences presented in Table 2, the
most frequent were two (n=29) or three lines (n=43). For the 29
patients who received two lines of treatment before brigatinib, the most
frequent sequence was crizotinib-ceritinib (n= 24; 82.7%); for the 43
patients who received 3 lines before brigatinib, the most frequent se-
quence was chemotherapy-crizotinib-ceritinib (n=32; 74.4%). Almost
all patients received at least two anti-ALK TKIs before brigatinib (97/
104; 93.3%).

First-line treatment was chemotherapy for 62.5% of patients or
crizotinib for 36.5% (Table 3). All patients with chemotherapy treat-
ment received a platinum/pemetrexed combination. Median duration
of chemotherapy was 5.8 (range, 0.1–29.6) months and median dura-
tion of crizotinib treatment was 9.2 (range, 0.1–22.2) months.

Second-line treatment was chemotherapy (platinum/pemetrexed)
for 18.3% of patients and TKI for the others (crizotinib for 52.9% and
ceritinib for 26.9%). Median duration of post-chemotherapy treatment
was 11.5 months for crizotinib and median duration of post-crizotinib
treatment was 3.0 months for ceritinib.

A total of 75 patients received a 3rd line of treatment (che-
motherapy, 13.3%; crizotinib, 8.0% and ceritinib, 77.3%); 32, 18 and
11 patients received a 4th, 5th, and 6th line of treatment, respectively
(Table 2).

Radiotherapy was administered before brigatinib to 56.7% (59/
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104) of patients, most frequently during the first treatment line (47.5%;
28/59). Brain was the main target for radiotherapy (64%; 38/59).

3.3. Clinical characteristics at brigatinib initiation

At initiation of brigatinib treatment, performance status was 0–1 for
59.1% of patients (Table 4). More than 40% of them had a PS≥ 2 and
general symptoms (asthenia or weight loss) for 72%; 51.9% of patients
had ≥ 3 metastatic sites and 74.5% and 8.8% had CNS metastases and
carcinomatous meningitis, respectively. CNS metastases were active in
the majority of cases (51.8%).

A tissue rebiopsy was performed for 33.7% (35/104) of patients
(Table 3). Detection of resistance mutations was carried out in 18 cases
and G1202R mutation was identified in 4 patients; other mutations
found are reported in Table 4.

Almost all patients (95.2%; 99/104) received brigatinib at 90mg/
day for 7 days and then 180mg/day. The 180-mg dose was reduced to
90mg for 9 (8.8%) patients and 10 (9.6%) had permanent treatment
discontinuation due to intolerance or patient request.

3.4. Efficacy of brigatinib in entire population

The date of primary data cut-off was June 30, 2018. Median PFS
from initiation of brigatinib was 6.6 (95% CI, 4.8–9.9) months with a
median OS of 17.2 (95% CI, 11.0–not reached) months (Fig. 1).

For patients who received 2, 3–4 and>4 lines of treatment, median
PFS was 4.3 (95% CI, 2.5–8.9), 10.4 (95% CI, 5.9–13.9) and 3.8 (95%
CI, 0.8–7.4) months, respectively (Fig. 2).

For the 91 evaluable patients, the disease control rate was 78.2%
(stable disease, 28.2%; partial response, 45.7%; complete response,
4.3%). Median duration of brigatinib treatment was 6.7 (range,
0.06–20.7) months.

Table 1
Characteristics of patients at diagnosis of NSCLC.

N=104

Mean age, years (SD) 56.6 (11.5)
Range 23–85
Female gender, n (%) 63 (60.6)
Performance status, n (%)
0 43 (51.8)
1 33 (39.8)
≥ 2 7 (8.4)
Missing 21
Smoking, n (%)
Current smoker 8 (7.7)
Former smoker 32 (30.8)
Never-smoker 64 (61.5)
Concomitant diseases, n (%)
Cardiovascular disease 22 (21.2)
Hypercholesterolemia 13 (12.5)
Cancer 10 (9.6)
Diabetes 6 (6.2)
Chronic obstructive pulmonary disease 3 (2.9)
Others 6 (6.2)
Histology, n (%)
Adenocarcinoma 102 (98.1)
Large-cell carcinoma 2 (1.9)
Stage, n (%)
Localized 2 (1.9)
Locally advanced 10 (9.6)
Metastatic 92 (88.5)
Metastatic sites a

Number, mean (SD) 3.3 (1.3)
Localization, n (%)
Bone 48 (53.3)
Liver 39 (43.3)
Lung 28 (31.1)
Adrenal gland 28 (31.1)
Central nervous system 26 (28.9)
Pleura 21 (23.3)
Lymph nodes 18 (20.0)
Pericardium 8 (8.9)
Others 6 (6.7)
Peritoneum 3 (3.3)
Missing 2

a For the 92 patients with metastatic stage.

Table 2
Therapeutic sequences before brigatinib.

Sequences
2 lines N=29

Crizotinib-ceritinib 24
Crizotinib-chemotherapy 1
Chemotherapy-crizotinib 4
3 lines N=43
Chemotherapy-crizotinib-ceritinib 32
Chemotherapy-crizotinib-alectinib 1
Chemotherapy-chemotherapy-crizotinib 2
Crizotinib-chemotherapy-ceritinib 3
Crizotinib-ceritinib-chemotherapy 4
Alectinib-crizotinib-ceritinib 1
4 lines N=14
Chemotherapy-chemotherapy-crizotinib-ceritinib 3
Chemotherapy-crizotinib-ceritinib-chemo/immunotherapy 3
Chemotherapy-crizotinib-ceritinib-lorlatinib 3
Chemotherapy-crizotinib-chemotherapy-ceritinib 2
Crizotinib-ceritinib-chemotherapy-chemotherapy 2
Crizotinib-chemotherapy-ceritinib-chemotherapy 1
5 lines and more N=18
Chemotherapy-crizotinib-ceritinib-chemotherapy-other 4
Chemotherapy-crizotinib-ceritinib-chemotherapy-other 5
Chemotherapy-chemotherapy-ceritinib-chemotherapy-alectinib 1
Chemotherapy-chemotherapy-ceritinib-chemotherapy-ceritinib 5
Crizotinib-chemotherapy-chemotherapy-crizotinib-other 2
Crizotinib-immunotherapy-crizotinib-ceritinib-other 1

Table 3
Systemic treatments before brigatinib.

Lines of treatment a N (%)

1st line N=104
Chemotherapy 65 (62.5)
Crizotinib 38 (36.5)
Alectinib 1 (1.0)
2nd line N=104
Chemotherapy 19 (18.3)
Crizotinib 55 (52.9)
Ceritinib 28 (26.9)
Alectinib 1 (1.0)
Immunotherapy 1 (1.0)
3rd line N=75
Chemotherapy 10 (13.3)
Crizotinib 6 (8.0)
Ceritinib 58 (77.3)
Immunotherapy 1 (1.3)
4th line N=32
Chemotherapy 19 (59.4)
Crizotinib 2 (6.3)
Ceritinib 6 (18.8)
Lorlatinib 3 (9.4)
Alectinib 1 (3.1)
Immunotherapy 1 (3.1)
5th line N=18
Chemotherapy 6 (33.3)
Crizotinib 6 (33.3)
Ceritinib 5 (27.8)
Alectinib 1 (5.6)
6th line N=11
Chemotherapy 3 (27.3)
Crizotinib 5 (45.4)
Ceritinib 3 (27.3)

Results are presented as n (%).
a 2 lines for n=29 patients; 3 lines for n=43; 4 lines

for n= 14, 5 lines for n=7 and 6 lines for n=11.
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Among the 68 patients with progressive disease after brigatinib,
CNS was involved in 29.4% of cases (including new lesions for 5 and
carcinomatous meningitis for 5). Brigatinib treatment was continued
beyond disease progression in 25% (17/68) of patients in combination
with local treatment in 53% (9/17) of them.

During post-brigatinib progression, 15% (12/68) of patients had a
rebiopsy (one mutation G1202R and one mutation D1203 N were re-
ported). A systemic treatment was administered to 52% (35/68) of
patients after brigatinib (lorlatinib, n= 25; crizotinib, n= 1; che-
motherapy, n=7) and 13% (9/68) had a second subsequent treatment
line after brigatinib (lorlatinib, n= 5, chemotherapy, n=4). Eight
patients benefited from stereotactic brain radiation therapy.

Median OS from the diagnosis of NSCLC was 75.3 months (95% CI,
38.2–174.6) (Fig. 2).

4. Discussion

This retrospective study shows that brigatinib exhibits clinical ac-
tivity in a cohort of patients heavily pretreated with at least two ALK
inhibitors. The median PFS and OS from brigatinib initiation were 6.6
months and 17.2 months, respectively. ORR and disease control rate
were 50.0% and 78.2%, respectively, consistently with the results of the
180-mg arm of the phase II study of Kim et al, which included crizo-
tinib-refractory ALK-positive NSCLC patients (ORR, 54%; disease con-
trol rate, 84%) [14]. PFS appeared to be lower compared to the 180-mg
arm of this clinical trial (6.6 vs. 12.9 months). However, patients in our

Table 4
Clinical characteristics of patients before brigatinib treatment.

Characteristics N=104

Stage IV 104 (100)
ECOG performance status
0 17 (19.3)
1 35 (39.8)
≥ 2 36 (40.9)
Missing 16
Location of metastatic sites
Central nervous system 76 (74.5)
Bone 54 (52.9)
Lung 44 (43.1)
Pleura 32 (31.4)
Liver 32 (31.4)
Peripheral lymph nodes 32 (31.4)
Adrenal gland 12 (11.8)
Meninges 9 (8.8)
Pericardium 6 (5.9)
Missing 2
Symptoms
General 74 (72.5)
Neurological or meningeal 32 (31.4)
Missing 2
Weight loss > 5 kg 36 (36.7)
Missing 6
Rebiopsy before brigatinib 35 (33.7)
Metastatic site 14
Primitive tumor 11
Cerebrospinal fluid 6
Pleura 4
Liquid biopsy 9
Result of rebiopsy
Histological change 2
ALK rearrangement not found 4
Detection of mutation resistance before brigatinib 18
G1202R 4
L861Q 1
C1156Y 1
F1174L 1
Exon 2 KRAS 1
TP53 1
MET amplification 1

Results are presented as n (%).

Fig. 1. PFS (A) and OS (B) since initiation of brigatinib treatment.

Fig. 2. PFS since initiation of brigatinib according to the number of previous
lines of treatment (A) and OS from the diagnosis of NSCLC (B).
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cohort were more heavily pretreated and had a poorer condition with
40.9% of patients with PS≥ 2. In the phase II trial, patients with any
prior TKI other than crizotinib were not included and only 6% of the
patients enrolled had a PS≥ 2. In our study, PFS under brigatinib dif-
fered not consistently according to the number of pre-brigatinib lines.
The retrospective design of the study and the small number (n=29) in
the subgroup of patients who received two previous lines of treatment
do not allow conclusions to be drawn about the observed results. This
subgroup consisted of patients who predominantly received crizotinib
and ceritinib (n=24). The PFS values should be taken with caution
because 5 patients had less than one month of brigatinib and 8 are
censored because they were still under treatment at the date of analysis.

CNS metastases are frequent in ALK-positive patients. In this cohort,
28.9% of patients had CNS metastases at diagnosis and 74.5% at bri-
gatinib initiation (8.8% had carcinomatous meningitis). Among the 68
patients with disease progression after brigatinib initiation, CNS loca-
tion was at the forefront in 29.4% of cases, thus suggesting a high ef-
ficacy of brigatinib on CNS metastases. This has been demonstrated in
an exploratory analysis of brigatinib efficacy in ALK-positive NSCLC
patients with brain metastases included in a phase II trial [17]. In pa-
tients with measurable brain metastases treated with 90mg/day first
week followed by 180mg/day, a confirmed intracranial ORR of 67%
(95% CI, 41–87) and a median intracranial PFS of 18.4 months (95% CI,
12.8–not reached) were reported.

About 5% of non-squamous NSCLC are ALK positive and therefore
data from large series are rarely reported. To our knowledge, our cohort
is the first one to present real-life data on sequential strategy in patient
who received at least three ALK inhibitors even though data were
limited. A previous study of Solomon et al reported a phase II trial in
different cohorts of patients with ALK-positive or ROS1-positive ad-
vanced NSCLC treated with lorlatinib [18]. Thus, the cohort EXP4-5
included 111 ALK-positive patients pretreated with 2 or 3 ALK TKI
inhibitors (including the second-generation drugs ceritinib, alectinib
and brigatinib) with or without chemotherapy. ORR was 38.7% (in-
tracranial ORR, 48%) and disease control rate was 73%; PFS was 6.9
(95% CI, 5.4–9.5) months [18]. These results are also consistent with
those of our study.

ALK inhibitors are now considered as the standard of care in pa-
tients with ALK-positive NSCLC. Some questions remain unanswered
about the optimal sequential therapy with different ALK inhibitors. The
benefit of a sequential strategy has been evidenced in different studies.
The PROFILE 1014 phase III study compared first-line crizotinib vs.
chemotherapy in ALK-positive NSCLC patients [19]. The longest OS was
obtained for crizotinib-treated patients who received a subsequent ALK
TKI, thus indicating the benefit of sequential strategy with ALK TKIs.
The French retrospective CLINALK study performed in a large popula-
tion of unselected patients with ALK-positive NSCLC was also in favor
of a sequential strategy. After progression on crizotinib treatment, pa-
tients received either best supportive care, subsequent drug other than
next-generation ALK inhibitors or next-generation ALK inhibitors.
Better survival outcomes were reported for patients with next-genera-
tion ALK inhibitors: median OS from progression was 25.0 months vs.
6.4 months for drugs other than next-generation ALK inhibitors and 1.5
months for best supportive care [20]. It is also important to underline
that about half (51.5%) of patients in our cohort with progression re-
ceived a systemic treatment post brigatinib (most often lorlatinib).

The recent results of the ALEX and ALTA-1 L studies have chal-
lenged the current sequential strategy with ALK inhibitors [21,22].
These studies included TKI untreated patients with advanced ALK-po-
sitive NSCLC and compared next-generation frontline ALK TKIs to cri-
zotinib. In the ALEX study, the rate of PFS at 12 months was sig-
nificantly higher with alectinib than with crizotinib (68.4% vs. 48.7%,
respectively); 12% of patients in the alectinib group had an event of
CNS progression and 45% in the crizotinib group [22]. In the ALTA-1 L
study, the rate of PFS at 12 months was higher with brigatinib than with
crizotinib (67% vs. 43%, respectively) [21]. ORR was 71% with

brigatinib and 60% with crizotinib; the rates of intracranial response in
patients with measurable lesions were 78% and 29%, respectively.
Therefore, the strategy with a next generation ALK inhibitor in frontline
showed its clear superiority to crizotinib, especially for the risk of CNS
progression. However, data from real-world studies and indirect ana-
lyses assessing sequential strategy starting with crizotinib and new in-
hibitors as first line treatment are needed. In this study, only one pa-
tient received brigatinib after alectinib and three patients after
lorlatinib and at least after three therapeutics sequences. This did not
allow definitive conclusions to be drawn about the efficacy of brigatinib
after first-line alectinib.

Detection of ALK acquired resistance mutations in patients pro-
gressing during ALK TKI treatment is not recommended today in
France, outside of clinical trials. For this reason, only a small proportion
of patients benefited from tissue rebiopsy or liquid biopsy. However,
such information may be valuable in determining the optimal choice of
next-generation TKIs, which have different activity against distinct
mutations. When rebiopsy of the progressing site is not feasible, com-
prehensive testing such as a next-generation sequencing panel using
circulating tumor DNA can provide information on ALK resistance
mutations, but also on other molecular mechanisms of resistance for
which the patient may receive treatment either through a clinical trial
or expanded access [23]. Given the small number of patients who had a
re-biopsy before brigatinib and the low number of mutations high-
lighted, it is difficult from the data of this study to assess the relevance
of this research on the adaptation of anti-ALK treatments.

Our study has some limitations. Data were not recorded pro-
spectively, but were obtained from patient medical records. Therefore,
we cannot exclude some selection biases. The efficacy of treatment was
assessed by the investigator and there was no independent review
committee; a bias associated with investigator assessment cannot be
discarded. In this real-life study, it was not always possible to have a
complete information from medical records in some patients. This was
the case, for example, for patients who had a dose reduction or for those
who stopped brigatinib before progression. One of the strengths of the
study is the absence of stringent criteria for study inclusion. As a con-
sequence, the study population is representative of real-life patients
heavily treated for advanced NSCLC.

In conclusion, this study confirms the efficacy of brigatinib in a
cohort of patients heavily pretreated for ALK-positive advanced NSCLC.
These real-life results are consistent with clinical data reported in
randomized trials.
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