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Introduction

About 2–7% of non-small cell lung cancer (NSCLC) 
is driven by the fusion protein between echinoderm 
microtubule-associated protein-like 4 (EML4) and 
anaplastic lymphoma kinase (ALK) (1). The first ALK-
inhibitor approved for the treatment of NSCLC was 
crizotinib with an objective response rate (ORR) up to 74%. 
Despite this, progression-free survival (PFS) on crizotinib 
is only 10.9 months, and the cancer invariably recurs with 
25–50% of recurrences in the CNS (1,2) (Table 1). Given 
the protracted natural history of metastatic ALK-rearranged 
NSCLC in the CNS, treatment options aside from those 
causing significant neurocognitive degeneration, such as 
whole brain radiotherapy, are limited (10).

The limited PFS and rates of progression in the CNS 
have led to the development of second-generation ALK-
inhibitors; results of their clinical trials are summarized 
in Table 1. One of these drugs, ceritinib, is FDA-approved 
for the treatment of ALK-rearranged NSCLC following 
treatment with crizotinib (4). This was based on evidence 
of superior second-line ceritinib to chemotherapy in 
crizotinib-resistant (CR) patients in ASCEND-5 (5.4 vs.  
1.6 months; P<0.001)(6). Alectinib is another FDA-
approved second generation ALK-inhibitor approved as 
first-line therapy in ALK-rearranged NSCLC. J-ALEX, a 
Phase III trial comparing first-line alectinib to crizotinib 
was terminated early from its clear benefit with a median 
PFS of over 20.1 months (8,9). However, resistance to 
these two drugs also invariably occurs. In CR patients, 
progression occurs even more rapidly with second-line 

ceritinib and alectinib than progression on first-line 
crizotinib; phase II trials of alectinib and Phase III trials 
of ceritinib in CR patients yielded PFS of only 8.1 and  
5.4 months, respectively (6,7). Thus, PFS beyond one year 
in CR patients remains elusive.

Activity and safety of brigatinib in ALK-
rearranged non-small-cell lung cancer and other 
malignancies: a single-arm, open-label, phase 
1/2 trial (2)

Gett inger  e t  a l .  present  Phase  I / I I  c l in ica l  data 
(NCT02094573) on the activity and safety of another novel, 
second generation, oral, investigational ALK-inhibitor, 
brigatinib (AP26113; ARIAD Pharmaceuticals, Cambridge, 
MA, USA) (2). Among varied dosing regimens, all eight 
ALK-inhibitor naïve patients with ALK-rearranged NSCLC 
achieved an objective response. CR trying to replace hyphen 
with space patients treated with brigatinib attained median 
PFS of 14.5 months (95% CI: 9.2 to not reached). The CNS 
ORR to brigatinib was similar to what has been reported 
in previous trials of ceritinib (45–58%) and alectinib (58%) 
(3,4,7,11-12). 53% of patients with measurable baseline 
intracranial metastatic disease responded, and 35% of 
patients with non-measurable baseline intracranial metastatic 
disease had a response to brigatinib (2).

Although brigatinib remains investigational, there is 
a reason to believe that it may have efficacy in patients 
resistant to crizotinib, ceritinib, and even alectinib. In 
particular, the G1202R mutant of the ALK kinase domain 
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accounts for approximately 75% of identifiable ceritinib 
and alectinib secondary mutations in the ALK domain that 
confer ALK-inhibitor resistance (12). One preclinical study 
demonstrated brigatinib’s efficacy in G1202R and L1196M-
mutants as well as EGFRTM-mutant ALK-rearranged 
NSCLC, suggesting broader activity than any currently 
approved ALK-inhibitor (13). In fact, brigatinib maintained 
activity against all 17 secondary ALK-mutants analyzed 
with a superior activity profile to crizotinib, ceritinib, and 
alectinib. Thus, the 14.5 months PFS reported by Gettinger 
et al., the longest PFS observed with any ALK-inhibitor in 
CR-patients, may soon be a reality. 

Toxicity will be another determining factor for potential 
role of brigatinib in ALK-rearranged NSCLC. Serious 
adverse events have been reported with other ALK-inhibitors, 
paradoxical for a targeted therapy. PROFILE 1,014 related 
significantly more diarrhea (61% vs. 13%), edema (49% vs. 
12%), vomiting (46% vs. 36%), and constipation (43% vs. 
30%) with crizotinib compared to chemotherapy (1). Rates 
of crizotinib discontinuation secondary to its adverse events 
have been as high as 20.2% and as many as 74% experience 
dose interruptions (9). Likewise, ASCEND-5 reported 
significant grade 3 or 4 nausea and vomiting associated with 
ceritinib compared to chemotherapy (7.8% vs. 1.8%) (6). 
Moreover, nearly 50% of patients treated with ceritinib 
experience a grade 3 or 4 adverse event. Alectinib, conversely, 
has proven more tolerable with only 29% experiencing dose 
interruptions and 8.7% completely discontinuing therapy (9).

Serious adverse events reported by the Phase I/II study 
of brigatinib were dyspnea (7%), pneumonia (7%), and 
hypoxia (5%) (2). The most common toxicity was nausea 
(53%), primarily Grade 1 or 2. Doses had to be reduced 
in 16% of the patients in the Phase II dose expansion 
phase. Overall, the daily 90 mg dose appeared to improve 
tolerability without sacrifice of efficacy, and the 180 mg 
dosing, following 90 mg 7-day lead in, appeared to minimize 
the aforementioned pulmonary events. Four patients (22%) 
who received the 90 mg daily dose and nine patients (28%) 
experienced dose interruptions lasting more than two days. 
Only thirteen (9%) of patients had discontinued brigatinib 
due to adverse events. Given this, brigatinib may have 
tolerability more similar to alectinib than crizotinib and 
ceritinib. Albeit promising, adequately powered trials with 
these two regimens demonstrating the toxicity profile and 
Phase III trials comparing brigatinib to crizotinib in ALK-
inhibitor-naïve patients with advanced ALK-rearranged 
NSCLC are still in progress (ALK in Lung Cancer Trial of 
AP26113; NCT02094573).

The future of ALK-inhibiting therapy in NSCLC

Despite recent proliferations of ALK-inhibitor drugs, 
each drug’s role and, in particular, the sequence in which 
they are administered to prolong life, remains uncertain. 
ASCEND-4 reported improved survival with first-
line ceritinib compared to crizotinib, but the sequential 

Table 1 Summary of Phase II & III trials of crizotinib, ceritinib, and alectinib

Study Phase N Prior treatment Control arm ORR (%) PFS (months)

Crizotinib

Profile-1014 (1) III 343 None CT 74% vs. 45% (P<0.001) 10.9 vs. 7.0 (P<0.001)

Ceritinib

ASCEND-2 (3) II 140 Crizotinib n/a 38% 5.7

ASCEND-3 (4) II 124 None n/a 63.7% 11.1

ASCEND-4 (5) III 376 None Crizotinib 72.5% vs. 26.7% (P<0.001) 16.6 vs. 8.1 (P<0.001)

ASCEND-5 (6) III 231 Crizotinib CT 39.1% vs. 6.9% (P<0.001) 5.4 vs. 1.8 (P<0.001)

Alectinib

Shaw (7) II 87 Crizotinib n/a 48% 8.1

Ou (8) II 138 Crizotinib n/a 50% 8.9

J-ALEX (9) III 207 None Crizotinib 85.4% vs. 70.2% (P<0.001) NR (20.3-NR) vs. 10.2 (P<0.001)

ORR, overall response rate; PFS, progression free survival; CT, chemotherapy; NR, not reached.
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prescription of a second generation ALK-inhibitor at 
the onset of progression with crizotinib may be superior 
(5,14). For example, PFS on crizotinib is 10.9 months in 
patients who have not been treated with chemotherapy, 
and, if these Gettinger et al. data are validated in larger 
trials, the addition of brigatinib after onset of crizotinib 
resistance has potential to extend PFS to over 2 years after 
initiation of ALK-inhibitor therapy. The sheer morbidity 
of CNS progression, however, may eventually give pause 
to crizotinib’s first-line use. Conversely, perhaps the 
increasingly rapid generation of resistance to second-
generation inhibitors in CR patients justifies further 
investigation of first-line use of more broadly-acting ALK-
inhibitors.

While these data presented by Gettinger et al. are 
impressive, brigatinib does not end the pressing need for 
innovative treatment of ALK-rearranged NSCLC. ALK-
inhibition therapy, as transiently effective as it may be 
inevitably culminates in resistance. Of the 137 patients  
in all cohorts, 67 discontinued brigatinib due to disease 
progression. The heterogeneity with which ALK-
rearranged NSCLC generates mutant genotypes resistance 
to these drugs accounts for this (14). To date, therapeutic 
research in ALK-rearranged NSCLC has focused on 
developing ALK-inhibiting agents with broader range of 
activity. A potentially more advantageous approach may 
be to evaluate ALK-inhibitors alongside other targeted 
therapies.

For example,  Mammalian Target of Rapamycin 
(mTOR) inhibition represents a potential synergistic 
target alongside EML4-ALK. Studies have demonstrated 
downstream signaling effects from the EML4-ALK 
fusion protein that increase mTOR expression (15). This, 
in turn, contributes to the cancer stem cell phenotype 
that perpetuates the inevitability of tumor resistance 
to ALK-inhibition. Therefore, simultaneous ALK and 
mTOR inhibition may synergistically diminish the cancer 
stem cell phenotype. Not only does mTOR represent a 
synergistic target with ALK-inhibition, but these same 
studies demonstrated potential reversal of CR in cell lines 
treated with mTOR inhibition (16).

EML-ALK driver mutations also appear to favor 
expression of programmed cell death ligand-1 (PD-L1),  
generating the evasion of immune surveillance. In 
one translational study of 532 resected pulmonary 
adenocarcinomas, higher levels of PD-L1 expression were 
associated with both shorter PFS with crizotinib (P=0.001) 
and OS after treatment of crizotinib (P=0.002) (16).  

Pembrolizumab, an anti-PD-1 therapy already approved 
by the FDA in NSCLC expressing over 50% PD-L1, may 
offer synergistic benefit alongside ALK-inhibition (17).  
Furthermore,  the same study suggests  that  both 
upregulation in signal transducer and activator of 
transcription 3 (STAT3) and hypoxia inducible factor (HIF)-
1α increase PD-L1 expression in ALK-rearranged NSCLC, 
identifying two more potentially synergistic targets with 
ALK-inhibition (16). One Phase I study (NCT02511184) is 
underway to evaluate crizotinib plus pembrolizumab in the 
treatment of ALK-positive NSCLC.

Conclusions

In summary, early clinical data reported from Gettinger 
et al. truly appear promising; brigatinib has proven both 
tolerable and potentially efficacious. However, resistance and 
progression will likely remain a challenge with brigatinib, 
despite its superior preclinical potency and broader range of 
activity. Thus, the future role of ALK-rearranged NSCLC 
may theoretically rely on combination, targeted therapy. 
Investigating these strategies, rather than marginally 
more effective designer ALK-inhibitors, may prove more 
beneficial in the treatment of NSCLC.
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