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Alectinib can replace crizotinib as standard first-line therapy for 
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In 2007, Soda and colleagues identified anaplastic 
lymphoma kinase (ALK) rearrangement in adenocarcinoma 
of the lung (1). Approximately 5% of non-small cell lung 
cancer (NSCLC) cases have ALK rearrangement and 
the incidence of ALK-positive NSCLC is similar across 
all regions of the world. For patients with ALK-positive 
NSCLC, crizotinib (Xalkori; Pfizer), which is an ALK-
targeted tyrosine kinase inhibitor (TKI), had been the 
standard first-line therapy that enabled patients to achieve 
prolonged progression-free survival (PFS) (2-5). However, 
treatment of ALK-positive NSCLC with crizotinib has 
some problems. First, most patients relapse within a year 
of treatment due to a variety of resistance mechanisms. 
Second, crizotinib is generally well tolerated; however, a 
number of significant toxicities, like gastrointestinal side 
effects, may occur sometimes and require dose modification 
or treatment discontinuation (4,5). Third, crizotinib has 
poor penetration to the central nervous system (CNS), 
which is a common site for metastasis in ALK-positive 
NSCLC patients (6-8). Therefore, there has been a need 
for new and improved alternative agents to crizotinib.

In the June 2017 issue of the New England Journal of 
Medicine, Peters and colleagues showed the superiority 
of alectinib to crizotinib in terms of efficacy and lower 
toxicity in a randomized, open-label, phase III trial for 
primary treatment of ALK-positive NSCLC (9). This study, 
namely the ALEX trial, compared as primary endpoint 
the investigator-assessed PFS rates between oral alectinib 

(Alecensa; Genentech) at a dose of 600 mg twice daily and 
oral crizotinib at a dose of 250 mg twice daily. Secondary 
endpoints were PFS assessed independently by a review 
committee, time to CNS progression, objective response 
rate (ORR), and overall survival (OS). Eligible patients 
had histologically or cytologically confirmed advanced 
NSCLC that was ALK-positive by VENTANA ALK (D5F3) 
immunohistochemical assay (Ventana Medical Systems, 
Inc., Tucson, AZ, USA). Patients who had no previous 
systemic treatment for advanced NSCLC were eligible in 
this study. The 12-month, event-free rate of investigator-
assessed PFS was significantly higher with alectinib [68.4%, 
95% confidence interval (CI): 61.0–75.9%] than with 
crizotinib (48.7%, 95% CI: 40.4–56.9%). The median PFS 
with alectinib was not reached [95% CI: 17.7 months–not 
estimable (NE)], compared with 11.1 months (95% CI: 
9.1–13.1) with crizotinib. Independent review committee-
assessed PFS was significantly longer with alectinib  
(25.7 months, 95% CI: 19.9–not estimable) than with 
crizotinib (10.4 months, 95% CI: 7.7–14.6) [hazard ratio 
(HR), 0.50; 95% CI: 0.36–0.70; P<0.001]. The ORR was 
higher with alectinib (82.9%; 95% CI: 76.0–88.5%) than 
with crizotinib (75.5%; 95% CI: 67.8–82.1%). The OS rates 
for both agents are currently immature. The time to CNS 
progression was significantly longer with alectinib than with 
crizotinib (cause-specific HR, 0.16; 95% CI: 0.10–0.28, 
P<0.001). The 12-month cumulative incidence rate of CNS 
progression was 9.4% (95% CI, 5.4–14.7%) versus 41.4% 
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(95% CI, 33.2–49.4%). The adverse events that were more 
common in crizotinib than alectinib included nausea (48% 
vs. 14%), diarrhea (45% vs. 12%), and vomiting (38% vs. 
7%). The adverse events that occurred at a higher incidence 
with alectinib than with crizotinib were anemia (20% vs. 
5%), myalgia (16% vs. 2%), increased blood bilirubin (15% 
vs. 1%), weight gain (10% vs. 0%), musculoskeletal pain 
(7% vs. 2%), and photosensitivity reaction (5% vs. 0%). 
Grade 3 to 5 adverse events occurred in 50% of the patients 
treated with crizotinib and in 41% of the patients treated 
with alectinib. The rate of adverse events leading to dose 
reduction, interruption, or discontinuation was lower with 
alectinib than with crizotinib. From these results, alectinib 
had longer PFS, lower CNS progression rate, and lower 
toxicity compared with crizotinib.

While the ALEX trial was successfully achieved, the 
J-ALEX trial, which is a similar randomized phase III trial 
on alectinib versus crizotinib for ALK inhibitor-naive 
Japanese patients with ALK-positive NSCLC, had already 
been reported in May 2017 (10). This trial compared as 
primary endpoint the PFS rates assessed by an independent 
review facility (IRF) between oral alectinib at a dose of 
300 mg twice daily and oral crizotinib at a dose of 250 mg 
twice daily. The secondary endpoints were investigator-
assessed PFS, ORR, OS, duration of response, time to 
response, time to CNS progression, health-related quality 
of life, safety, and pharmacokinetics. Although patients 
who had no previous systemic treatment were eligible in 
ALEX trial, those who were chemotherapy-naïve or had 
received one previous chemotherapy regimen were eligible 
in the J-ALEX trial. The diagnosis of ALK positivity was 
confirmed by immunohistochemistry and fluorescence 
in situ hybridization (FISH) or reverse transcription 
polymerase chain reaction (RT-PCR) using tissue or cell 
samples. This study, on its second preplanned interim 
analysis, met its primary endpoint of showing superiority of 
alectinib over crizotinib in IRF-assessed PFS. The median 
PFS significantly improved with alectinib (NE, 95% CI: 
20.3 months–NE) compared with that with crizotinib 
(10.2 months, 95% CI: 8.2–12.0; HR, 0.34; 99.7% CI: 
0.17–0.71). The ORR assessed by the IRF was greater 
with alectinib (92%, 95% CI: 85.6–97.5%) than with 
crizotinib (79%, 95% CI: 70.5–87.3%); the ORR assessed 
by the investigators also favored alectinib (85%, 95% CI: 
78.6–92.3%) over crizotinib (70%, 95% CI: 61.4–79.0%). 
The OS rates in both groups are still immature. The total 
number of patients with at least one grade 3 or 4 adverse 
event was higher in the crizotinib group (52%) than in the 

alectinib group (26%).
The differences in the study criteria, baseline patient 

characteristics, and results between the ALEX and J-ALEX 
trials are summarized in Tables 1 and 2. Only Japanese 
patients were enrolled in J-ALEX trial, whereas patients 
from various countries were enrolled in the ALEX trial, 
which was an international cohort study. Furthermore, the 
600 mg twice daily dose of alectinib was administered as 
the global standard in the ALEX trial, compared with the  
300 mg twice daily administration of alectinib in the J-ALEX 
trial. Despite some of these differences, the results of two 
studies had extreme resemblance. At this time, the results 
of the J-ALEX study were confirmed by the results of the 
ALEX study.

Following the ALEX trial, first-line administration of 
alectinib leads to better PFS than that of crizotinib. Our 
next question would be on the choice between crizotinib 
and alectinib as first-line agent to prolong OS. The order in 
which crizotinib and alectinib should be prescribed in order 
to achieve maximum benefit to patients is unclear. Consensus 
on this matter must be confirmed by the OS rates of the 
patients in the ALEX and J-ALEX trials, although there 
were some reports on sequential administration of crizotinib 
and alectinib. Sequential treatment with crizotinib followed 
by alectinib has been reported to produce a combined PFS 
of 18.2 months in a small study (11) and another report 
showed that alectinib administration after crizotinib failure 
tended to provide a better OS benefit than did therapy with 
alectinib alone in patients with ALK-positive NSCLC (12). 
In ALEX, the PFS of alectinib assessed by investigators 
has not been reached and that assessed by the independent 
review committee was 25.7 months. A simple comparison of 
these results showed that upfront administration of alectinib 
appeared to translate into greater efficacy than sequential 
treatment with crizotinib and alectinib. Following the PFS 
of the ALEX trial, it would be no overstatement to say that 
alectinib can replace crizotinib as standard first-line therapy 
for ALK-positive lung cancer.

The efficacy and feasibility of alectinib for patients 
with poor performance status (PS) are also unknown. 
In the ALEX trial, only patients classified as Eastern 
Cooperative Oncology Group (ECOG) PS 0–2 could be 
enrolled; therefore, the outcomes in patients with poor PS 
is uncertain. A small sample size-study has reported that 
the PFS of advanced ALK-positive NSCLC patients with 
PS of 2 to 4 who received alectinib orally at 300 mg twice 
daily was 16.2 months (13). In the ALEX study, the adverse 
events in the alectinib group were milder than those in the 
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Table 1 Baseline patient characteristics of ALEX and J-ALEX trial

Characteristic 
ALEX J-ALEX

Alectinib Crizotinib Alectinib Crizotinib

Dose (mg twice daily) 600 250 300 250

Study population 152 151 103 104

Race (%)

Asian 46 45 100 100

Non-Asian 54 55 0 0

ECOG performance status (%)

0–1 93 93 98 98

2 7 7 2 2

Smoking status (%)

Active smoker 8 3 2 3

Former smoker 32 32 44 38

Nonsmoker 60 65 54 59

Treatment line (%)

First 100 100 64 64

Second 0 0 36 36

Current stage of disease (%)

IIIB 3 4 3 3

IV 97 96 74 72

Postoperative recurrence 0 0 23 25

Histologic type (%)

Adenocarcinoma 90 94 97 99

Squamous-cell carcinoma 3 1 2 0

Other 7 5 1 1

CNS metastases (%)

Yes 42 38 14 28

No 58 62 86 72

ALK test method (%)

IHC 100 100 0 0

IHC and FISH 0 0 93 90

RT-PCR 0 0 7 10

ECOG, Eastern Cooperative Oncology Group; CNS, central nervous system; ALK, anaplastic lymphoma kinase; FISH, fluorescence in situ 
hybridization; RT-PCR, reverse transcription polymerase chain reaction.
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crizotinib group, suggesting that alectinib may be a more 
suitable treatment option than crizotinib in patients with 
poor PS. The efficacy and feasibility of alectinib treatment 
in patients with ALK rearrangement-positive NSCLC and 
a poor PS should be confirmed in a future trial with larger 
sample size.

For the treatment of ALK-positive lung cancer, the Food 
and Drug Administration (FDA) has now approved four 
ALK-TKI drugs, including crizotinib as first generation 
and alectinib, ceritinib (Zykadia; Novartis), and brigatinib 
(Alunbrig; Ariad/Takeda) as second generation. The drugs 
that are currently under investigation include: (I) entrectinib 
(RXDX-101) and ensartinib (X-396), which are TKIs that 
have multiple molecular targets, including ALK; and (II) 
lorlatinib, the next third generation agent.

At present, the superiority of alectinib over crizotinib as 
first-line treatment for ALK-positive NSCLC was proven 
by the ALEX trial; however, the choice among alectinib, 
ceritinib, brigatinib, and lorlatinib as first-line treatment 
is uncertain. First-line ceritinib showed a statistically 
significant and clinically meaningful improvement in PFS 
compared with chemotherapy in patients with advanced 
ALK-rearranged NSCLC (ASCEND-4) (14). Brigatinib 
versus crizotinib (ALTA-1L; NCT02737501), lorlatinib 
versus crizotinib (NCT03052608), and ensartinib versus 
crizotinib (eXalt3; NCT02767804) in advanced ALK-
rearranged NSCLC as a phase III study are now underway. 
If the superiority of these drugs over crizotinib as first-line 
treatment for ALK-positive NSCLC is proven, the ALK 
inhibitor that should be administered as first-line treatment 
must be confirmed by further head-to-head trial in the 

future.
Resistance to alectinib is another important problem 

that certainly appeared despite the extremely potent 
efficacy of alectinib. It is necessary to discover the method 
for conquering resistance to ALK inhibitors. The well-
known mechanisms of resistance to ALK-TKIs include: (I) 
ALK-dependent, “on-target” mechanisms, including ALK 
secondary resistance mutations or amplification, where 
the tumor cell dependency on ALK signaling persists; and 
(II) ALK-independent, “off-target” mechanisms, including 
activation of bypass signaling pathways, lineage changes, 
and drug efflux pump (15). Evaluation of patients who 
have relapsed on one next-generation ALK inhibitor and 
matching them to the next-best agent, based on secondary 
ALK-resistant status, will eventually resolve this outstanding 
problem. In a report on 17 ALK-positive patients who 
underwent repeat biopsies following progression on 
alectinib (16), ALK resistance mutations were found in 
9 (53%) specimens. In this report, same ALK resistance 
mutations following progression on crizotinib were seen in 
11/55 (20%). The most common ALK resistance mutation 
following progression on alectinib was G1202R (29%), 
which resulted in much higher degrees of resistance to 
all currently available first- and second-generation ALK 
inhibitors. The other ALK resistance mutations identified 
within the complete alectinib-resistant cohort included 
I1171N/S/T (12%), V1180L (6%), and L1196M (6%). 
Tailoring of ALK therapy after failure on alectinib must, 
likewise, be important in the small proportion of cases 
with uncommon and refractory mutations, such as ALK 
G1202R. The third-generation pan-inhibitory ALK-TKI 

Table 2 PFS and response in ALEX and J-ALEX

Variable
ALEX J-ALEX

Alectinib Crizotinib Alectinib Crizotinib

Investigator assessed PFS (months) Not reached 11.1

Independent review committee-assessed PFS (months) 25.7 10.4 Not reached 10.2

Response (investigator-assessed)

Response rate (%) 82.9 75.5 85 70

Complete response (%) 4 1 5 2

Partial response (%) 79 74 81 68

Stable disease (%) 16 16 13 18

Median duration of response (months) NE 11.1 NE 11.2

PFS, progression free survival; NE, not estimable.
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lorlatinib has been shown to effectively inhibit G1202R 
in cell lines and in patients (15,17) and that it could be an 
option for patients pretreated with alectinib. Combination 
approaches targeting other pathways that mediate ALK 
resistance may be needed to suppress the emergence of 
other important resistance mechanisms categorized in ALK-
independent, bypass signaling track, particularly, EGFR and 
HER2 activation and MET amplification. Repeat biopsies 
to identify ALK resistance mutations will play a larger role 
in guiding therapy decisions and further research in these 
cases after progression on alectinib. While the mechanism 
of resistance to ALK inhibitors in ALK-positive NSCLC 
is gradually clarified, the determinants of sensitivity to 
ALK inhibitors are also becoming clearer. Few studies have 
shown the therapeutic efficacy of crizotinib according to 
different variants in patients with ALK-positive NSCLC 
(18-20). Furthermore, the association between the ALK 
variant and the frequency of ALK resistance mutation status 
was also reported (21). Knowledge of the ALK variants may 
help predict the sensitivity and resistance mechanism to 
ALK-TKI, including alectinib.

In conclusion, the findings of the ALEX trial revealed 
that alectinib is more suitable than crizotinib as the standard 
first-line therapy for ALK-positive lung cancer in terms 
of efficacy, toxicity, and prevention of CNS metastases. 
However, some important problems remain to be addressed; 
these include the most suitable among the second and third 
generation ALK inhibitors for first-line therapy and the 
strategies to overcome resistance to alectinib. A continuous 
study about the best sequence of ALK-TKI treatment and 
overcoming resistance will solve these problems in the 
future.
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