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Treatment for advanced non-small cell lung cancer 
(NSCLC) depends on the molecular characteristics of the 
tumor. Mutations of the epidermal growth factor receptor 
(EGFR) gene are present in ~32% of Asians and ~7% of 
individuals of other ethnic groups with NSCLC (1), and 
rearrangements of the anaplastic lymphoma kinase (ALK) 
gene have been detected in ~3% to 5% of NSCLC tumors 
(2-4). The echinoderm microtubule-associated protein-like 4 
(EML4) gene is the most common fusion partner of ALK 
in NSCLC, and the fusion gene exists in several variants 
with different breakpoints within EML4. NSCLC tumors 
that harbor ALK fusion genes are oncogene addicted and 
therefore usually sensitive to treatment with ALK tyrosine 
kinase inhibitors (ALK-TKIs).

Crizotinib (PF02341066), which is actually a multitarget 
kinase inhibitor, was the first clinically available ALK-
TKI. Two pivotal phase III trials in patients with ALK 
translocation-positive NSCLC revealed that treatment 
with crizotinib conferred a significant improvement in 
progression-free survival (PFS) compared with cytotoxic 
chemotherapy in both the first- and second-line settings 
(5,6). Despite an initial rapid response to crizotinib 
treatment, however, most patients eventually develop 
resistance to this agent. One mechanism of such acquired 
resistance is a secondary mutation within the kinase domain 
of EML4-ALK, including a gatekeeper substitution 
(L1196M) similar to that (T790M) which confers resistance 
to EGFR-TKIs in tumors with activating mutations of 
EGFR (7). In addition, amplification of the ALK fusion 

gene as well as up-regulation of bypass signaling pathways 
such as those mediated by EGFR, human epidermal growth 
factor receptor 2 (HER2), c-KIT, or the insulin-like growth 
factor-1 receptor have been identified as mechanisms of 
crizotinib resistance (8-10).

Alectinib (CH5424802) and ceritinib (LDK378) are 
highly selective second-generation ALK-TKIs that have 
been developed for the treatment of patients with NSCLC 
positive for ALK rearrangement. Alectinib was found to 
possess potent antitumor activity against ALK fusion-
positive NSCLC cells that harbor the most common 
crizotinib resistance mutations (11). A phase 1–2 clinical 
trial of alectinib conducted with ALK rearrangement-
positive NSCLC patients in Japan (AF-001JP study) 
revealed a high objective response rate (ORR) of 93.5%, 
a 2-year PFS rate of 76%, and a 2-year overall survival 
(OS) rate of 79% (12) (Table 1). A second phase 1–2 trial of 
alectinib, this one performed in the United States, revealed 
an ORR of 55% for 44 patients who progressed on, or were 
intolerant of, crizotinib (13). Of note, the toxicity profile of 
alectinib was moderate, as shown not only by most adverse 
events being of grade 1 or 2 but also by nausea and diarrhea 
of all grades being reported for only 19 (22%) and 18 
(21%) patients, respectively (12) (Table 2). AF-001JP study 
also demonstrated that an elevation of aminotransferase 
levels of grade 3 or 4 was apparent in only 6% of patients, 
none of whom developed liver failure. On the basis of 
these promising results, alectinib was approved in Japan in 
2014 for the treatment of metastatic or recurrent NSCLC 
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positive for ALK translocation. In addition, the results 
of two phase 2 trials of alectinib for crizotinib-resistant 
patients with ALK translocation-positive NSCLC have 
recently become available. The first of these two trials, a 
global phase 2 study of alectinib at a dose of 600 mg twice 
daily, was performed with 138 enrolled crizotinib-resistant 
patients (15). The results revealed a high efficacy for 
alectinib in this group of patients, with an ORR of 50% and 
median PFS of 8.9 months.

The second phase 2 trial of alectinib (NP28761) was 
performed by Shaw et al. for patients with crizotinib-
resistant NSCLC positive for ALK translocation and was 
recently published in Lancet Oncology (14). In this study, 

87 patients (64 of whom had also received cytotoxic 
chemotherapy) were enrolled in the United States and 
Canada. Thirty-three of 69 patients with measurable disease 
at baseline had a confirmed partial response according to 
RECIST version 1.1 and as assessed by an independent 
review committee [ORR of 48%, with a 95% confidence 
interval (CI) of 36–60%]. Median PFS as estimated by 
Kaplan-Meier analysis was 8.1 months (95% CI, 6.2–
12.6 months), a value similar to that for the previous phase 
1 and 2 trials.

The toxicity profile of alectinib in the NP28761 trial 
was also similar to that observed in previous phase 1 and 
2 studies of this agent (Table 2), with adverse events of all 

Table 2 Adverse events of all grades for second-generation ALK-TKIs in patients with ALK translocation-positive NSCLC

Treatment-related 

adverse event

Alectinib, n (%) Ceritinib, n (%)

AF-001JP 

(12) (n=46)

AF-002JG 

(13) (n=47)

NP28761 

(14) (n=87)

NP28673 

(15) (n=138)

ASCEND-1 

(16,17) (n=246)

ASCEND-2 

(18) (n=140)

ASCEND-3 

(19) (n=124)

Interstitial lung 

disease

1 [2] 0 [0] 0 [0] 0 [0] 25 [10] – –

Nausea 6 [13] 7 [15] 19 [22] 16 [12] 205 [83] 114 [81] 92 [74]

Diarrhea 2 [4] [<15] 18 [21] 14 [10] 213 [86] 112 [80] 102 [82]

Vomiting 1 [2] [<15] 10 [11] 15 [11] 150 [61] 88 [63] 83 [67]

Reduced appetite 0 [0] 0 [0] 0 [0] 0 [0] 93 [38] 57 [41] 61 [49]

Fatigue 0 [0] 14 [30] 29 [33] 36 [26] 106 [43] 51 [36] 40 [32]

Weight loss 0 [0] 0 [0] 0 [0] 0 [0] 45 [19] 48 [34] 36 [29]

Abdominal pain 0 [0] 2 [4] 0 [0] 0 [0] 94 [38] 44 [31] 41 [33]

Dysgeusia 14 [30] 0 [0] 0 [0] 0 [0] 0 [0] – –

Constipation 11 [24] 5 [11] 31 [36] 45 [33] 75 [30] 40 [29] –

Increased blood 

bilirubin

14 [30] – 7 [8] 11 [8] – – –

Increased blood 

creatinine

12 [26] 7 [15] 19 [22] – 42 [17] – 26 [21]

Increased AST 13 [28] – 18 [21] 16 [12] 81 [33] 45 [32] 38 [31]

Increased ALT 10 [22] 6 [13] 16 [19] 14 [10] 109 [45] 62 [44] 50 [40]

Increased 
γ-glutamyl 

transpeptidase

– 2 [4] – – 14 [6] – 33 [27]

Increased blood 

ALP

6 [13] – 11 [13] – 44 [18] – 25 [20]

ALK-TKIs, anaplastic lymphoma kinase tyrosine kinase inhibitors; NSCLC, non-small cell lung cancer; AST, aspartate aminotransferase; 

ALT, alanine aminotransferase; ALP, alkaline phosphatase.
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grades including constipation (36%), fatigue (33%), myalgia 
(24%), and peripheral edema (23%). The most common 
adverse events of grade 3 or 4 included increases in blood 
creatine phosphokinase (8%), alanine aminotransferase 
(ALT) (6%), and aspartate aminotransferase (AST) (5%). 
No patients developed liver failure or interstitial lung 
disease, providing further evidence for the tolerability of 
alectinib. In contrast, trials of another second-generation 
ALK-TKI, ceritinib, have revealed gastrointestinal side 
effects, including nausea and diarrhea, in ~80% of patients 
as well as hepatotoxicity of grade 3 or 4 in >20% of patients 
(16-19) (Table 2). The toxicity profile of alectinib thus 
compares favorably with that of other ALK inhibitors.

The new study by Shaw et al. (14) also revealed 
promising efficacy of alectinib for individuals with central 
nervous system (CNS) metastases, consistent with previous 
findings for both alectinib and ceritinib (Table 1). Whereas 
CNS metastases are manifest in 16% to 20% of all NSCLC 
patients at diagnosis (20,21), brain metastases have been 
detected in ~25% of patients with ALK rearrangement-
positive NSCLC (22). The standard management for 
brain metastasis has been irradiation (including whole-
brain radiation therapy and stereotactic radiosurgery) 
and surgical resection, given that traditional cytotoxic 
agents usually do not penetrate the blood-brain barrier. 
However, the possibility of systemic ALK-TKI treatment 
for CNS metastasis in patients with ALK translocation-
positive NSCLC is receiving increasing attention. A pooled 
analysis of two clinical trials of crizotinib (PROFILE 1005 
and 1007) revealed an intracranial objective response and 
disease control in 18% and 56% of patients, respectively, at 
12 weeks, with a median time to progression of 7 months, in 
individuals with previously untreated brain metastases (23), 
indicative of a modest benefit of crizotinib for the treatment 
of such metastases. More recently, a retrospective analysis 
of crizotinib treatment in 59 NSCLC patients with ALK 
translocation, including 26 individuals with brain metastasis, 
revealed that the CNS was a common initial progression site 
and that the median PFS for patients with brain metastasis 
at baseline was significantly shorter than that for their 
counterparts without such metastasis (6.7 vs. 10.2 months, 
P=0.0347) (24). Crizotinib has thus shown moderate activity 
against intracranial disease, but the CNS has been found to 
be the primary site of disease progression in 50% to 70% of 
patients during treatment with crizotinib (5,6), suggesting 
that the incidence of CNS disease is increased in crizotinib-
resistant cases with ALK translocation.

Penetration of alectinib into the CNS was demonstrated by 

analysis of paired cerebrospinal fluid and plasma samples (13). 
In the new study by Shaw et al. (14), 52 (60%) patients 
had CNS metastases at the time of enrolment, with 16 
individuals—including 11 subjects previously treated 
with radiation therapy—having measurable CNS disease 
at baseline according to RECIST. Twelve of these 16 
patients (75%; 95% CI, 48–93%)—including four showing 
a complete response—achieved an intracranial objective 
response, with the median duration of the CNS response 
being 11.1 months (95% CI, 5.8–11.1 months). In addition, 
of the 52 patients with measurable or nonmeasurable CNS 
disease at baseline, 21 (40%; 95% CI, 27–55%) achieved 
an objective response, including 13 (25%) with a complete 
response. The median duration of the CNS response in the 
52 patients was also 11.1 months (95% CI, 10.8 months-not 
estimable), with disease control in the CNS being achieved 
in 46 individuals (89%; 95% CI, 77–96%).

Management of CNS metastasis in NSCLC positive for 
EGFR mutations may serve as a helpful reference for that of 
such metastasis in NSCLC positive for ALK rearrangement. 
A phase 2 study evaluated the first-generation EGFR-
TKI gefitinib without irradiation for the treatment of 
brain metastases in 41 patients with EGFR mutation-
positive NSCLC (25). The ORR for brain metastases, 
median PFS, and median OS were 87.8%, 14.5 months, and  
21.9 months, respectively, suggesting that EGFR-TKIs 
might delay the need for irradiation and the associated risk 
of neurocognitive decline in such patients. More recently, 
osimertinib, a third-generation EGFR-TKI that is effective 
against the T790M gatekeeper mutant form of EGFR, was 
found to have efficacy in a phase 1 trial for patients with 
CNS metastases who had been previously treated with first- 
or second-generation EGFR-TKIs (26). Eight of 21 patients 
with CNS metastases, including those with leptomeningeal 
metastases, achieved a confirmed or unconfirmed response. 
Of note, 5 of 10 patients with a neurological disorder 
due to CNS metastasis showed an improvement in their 
neurological function. Given the similarity in the effects of 
EGFR mutation and ALK translocation as oncogenic driver 
mutations, a clinical trial of alectinib for the treatment of 
ALK rearrangement-positive patients with symptomatic or 
asymptomatic CNS metastases is warranted.

Although clinical trials of alectinib for treatment of 
crizotinib-resistant patients have demonstrated a durable 
PFS, evidence for an OS benefit in such patients is currently 
limited. We have reported OS data for 11 patients with 
ALK rearrangement-positive NSCLC treated sequentially 
with crizotinib and alectinib (27). The median combined 
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PFS and OS for these patients were 18.2 and 51.1 months, 
respectively, suggesting that patients with ALK translocation 
treated with this regimen achieve durable survival. In 
addition, a retrospective analysis of survival in 73 ALK 
rearrangement-positive patients treated sequentially with 
crizotinib and ceritinib revealed a median combined 
PFS and OS of 17.4 and 49.4 months, respectively (28). 
Together, these previous studies suggest that sequential 
treatment with first- and second-generation ALK-TKIs 
yields a median OS of >40 months, consistent with a survival 
benefit of sequential therapy with crizotinib followed by 
a more potent ALK inhibitor after the development of 
crizotinib resistance in patients with NSCLC positive for 
ALK rearrangement.
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