
Abstract. Several second-generation inhibitors of anaplastic
lymphoma kinase (ALK) have demonstrated potent activity in
ALK rearrangement-positive non-small cell lung cancer
(NSCLC). Two of these agents, ceritinib, and alectinib, recently
received approval for the treatment of ALK-rearranged NSCLC
in Japan. The efficacy of treatment with a second-generation
ALK inhibitor after failure with a different second-generation
ALK inhibitor remains unclear. We present a series of eight
patients with ALK-rearranged NSCLC treated with alectinib
who experienced disease progression after ceritinib. Both
crizotinib and ceritinib were administered to six patients, with
four (29%) patients receiving crizotinib followed by ceritinib.
Among the eight study patients, two (25%) had partial
response, one (12%) stable disease, and five (63%) had
progressive disease. The median progression-free survival was
3.6 months (95% confidence interval=0-7.1 months). The
results of this study suggest that the second-generation ALK
inhibitor alectinib has limited efficacy after initial treatment
with the second-generation ALK inhibitor ceritinib.

Rearrangements of anaplastic lymphoma kinase (ALK) gene
are present in 3-5% of cases of non-small-cell lung cancer
(NSCLC). ALK tyrosine kinase inhibitors have demonstrated
promising clinical activity for the treatment of NSCLC cases
that harbor an ALK rearrangement. Crizotinib was the first
ALK inhibitor approved for such NSCLC cases, demonstrating
significant improvements in objective response rates and
progression-free survival compared with cytotoxic
chemotherapy in randomized phase III studies (PROFILE 1007

and 1014 trials) (1, 2). Recently, several second-generation
ALK inhibitors were demonstrated to have potent activity in
cases of ALK rearrangement-positive NSCLC (3-7). Two of
these agents, ceritinib and alectinib, recently received approval
for the treatment of ALK rearrangement-positive NSCLC in
Japan. However, despite the significant clinical responses to
these inhibitors, almost all patients treated with ALK inhibitors
developed resistance. The mechanism of acquired resistance
has been identified, and it includes ALK gene alterations, such
as ALK point mutations and copy-number gains (8, 9), as well
as the activation of bypass signaling via the activation of other
oncogenes (10, 11). There have been few reports on the
efficacy of second-generation ALK inhibitors after the failure
of a different second-generation ALK inhibitor in NSCLC
cases with an ALK rearrangement (12). Herein, we present a
series of eight patients with ALK rearrangement-positive
NSCLC treated with alectinib who experienced disease
progression after initial treatment with ceritinib.

Patients and Methods

Patients. Between January 2007 and October 2016, four patients
with advanced ALK rearrangement-positive NSCLC were treated
with ceritinib as the first ALK inhibitor, and eight patients with it
as second ALK inhibitor after crizotinib failure. Among these 12
patients, we retrospectively reviewed eight patients who were
treated with alectinib after ceritinib failure. All eight patients were
treated with ceritinib as part of a clinical trial. The ALK gene
rearrangement status was assessed by fluorescent in situ
hybridization (FISH), reverse transcription-polymerase chain
reaction (RT-PCR), or immunohistochemistry (IHC), as previously
reported(13). We considered that a tumor was ALK rearrangement-
positive when at least two of the tests (FISH, RT-PCR, or IHC)
yielded positive results. ALK inhibitor resistance-associated
mutations were assessed by direct sequencing of PCR products from
fresh samples. These eight patients were retrospectively evaluated
based on patient characteristics and clinical outcomes after alectinib
treatment. The disease progression date was based on routine
surveillance imaging. This study was approved by the Institutional
Review Board of the Aichi Cancer Center (2015-1-192).

6477

Correspondence to: Tatsuya Yoshida, MD, Ph.D., Department of
Thoracic Oncology, Aichi Cancer Center Hospital, 1-1 Kanokoden,
Chikusa-ku, Nagoya, Aichi 464-8681, Japan. Tel: +81 52762 6111,
Fax: +81 527642963, e-mail: t.yoshida@aichi-cc.jp

Key Words: Alectinib, non-small cell lung cancer, ALK-
rearrangement, ceritinib, anaplastic lymphoma.

ANTICANCER RESEARCH 37: 6477-6480 (2017)
doi:10.21873/anticanres.12103

Clinical Efficacy of Alectinib in Patients with ALK-Rearranged
Non-small Cell Lung Cancer After Ceritinib Failure

YUKO OYA1, TATSUYA YOSHIDA1, HIROAKI KURODA2, JUNICHI SHIMIZU1, 
YOSHITSUGU HORIO1, YUKINORI SAKAO2, TOYOAKI HIDA1 and YASUSHI YATABE3

Departments of 1Thoracic Oncology, 2Thoracic Surgery, and 3Pathology and Molecular Diagnostics,
Aichi Cancer Center Hospital, Nagoya, Japan



Evaluation of alectinib efficacy. Alectinib was initially
administered orally at a dose of 300 mg twice daily until
progressive disease (PD) or unacceptable toxicity. In cases of
toxicity, the patients underwent dose reduction or treatment
interruption. The objective tumor response was evaluated according
to a radiographic assessment using RECIST version 1.1(14). The
objective response rate (ORR) was calculated as the total
percentage of patients with a complete (CR) or partial (PR)
response. The disease control rate was calculated as the total
percentage of patients with CR, PR, and stable disease (SD).  The
objective response rate (ORR) was calculated as the total
percentage of patients with a complete (CR) or partial (PR)
response. The disease control rate was calculated as the total
percentage of patients with CR, PR, and stable disease (SD).

Statistical analysis. All statistical analyses were performed using the
statistical software package JMP for Windows version 9 (SAS
Institute, Cary, NC, USA). PFS was measured from the start of
alectinib treatment until the date of PD. We regularly monitored
brain metastases by routine follow-up imaging, but the frequency
and monitoring methods varied. The survival probabilities were
estimated using the Kaplan–Meier method. 

Results
Patient characteristics are listed in Table I. The median age
was 53 years (range=29-71 years), and six of the patients
(75%) were male. All patients had an Eastern Cooperative
Oncology Group performance status of 0 or 1. Histological
examination revealed adenocarcinoma in seven patients and
squamous cell carcinoma in one patient. Both crizotinib and
ceritinib were administered to six patients, with four (29%)
patients receiving crizotinib followed by ceritinib for

advanced or recurrent disease. Prior to treatment with
alectinib, three patients had primary or metastatic pulmonary
lesions, two patients had pleural effusion and dissemination,
one patient had liver metastasis, and one patient had bone
metastasis and central nervous system (CNS) parenchymal
lesion. Additionally, before switching the treatment regimen
to alectinib, four patients were receiving ceritinib, three were
receiving crizotinib, and one was receiving pemetrexed. The
clinical outcomes after alectinib treatment of patients after
ceritinib failure are shown in Table I. Among the eight study
patients, two (25%) had PR, one (12%) had SD, and five
(63%) had PD. The median PFS was 3.6 months (95%
confidence interval=0-7.1 months). 

Discussion

In the present study, we evaluated the clinical efficacy of
alectinib therapy after ceritinib failure; ORR and PFS were
25% and 3.6 months, respectively. The results of this study
might suggest that the second-generation ALK inhibitor
alectinib has limited efficacy after treatment with the second-
generation ALK inhibitor ceritinib, compared with the setting
of ALK inhibitor-naïve or crizotinib failure. 

Alectinib has been reported to have potent efficacy in
patients with ALK rearrangement-positive NSCLC, including
those harboring mutations that confer resistance to crizotinib.
In addition, two phase III studies (J-ALEX and ALEX),
which directly compared alectinib and crizotinib therapies in
patients with crizotinib-naïve, ALK rearrangement-positive
disease, showed that alectinib had significantly better
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Table I. Details of anaplastic lymphoma kinase (ALK) rearrangement-positive patients treated with alectinib after ceritinib failure.

Patient     Age     Gender   Stage    ALK inhibitor      PFS       Response     Duration      Treatment               Lesion               Response    Resistance 
no.          (years)                                   treatment         on Ce         to Ce         between          before               description                after         mutation 
                                                             sequence       (months)                       Ce and Al            Al                                                       Al             in ALK
                                                                                                                           (months)   

1.                68           M         IV                Ce                 22.4             PR                 0                   Ce              Pleural effusion,            PD                  -
                                                                                                                                                                       and dissemination
2.                55            F         IIIB           Cr→Ce             11.9             PR                 0                   Ce                  Pulmonary                  PD           Negative
3.                71           M         IV           Ce→Cri             9.4              PR                5.8                  Cr                  CNS, liver,                 PD                  -
                                                                                                                                                                        Pleural effusion, 
                                                                                                                                                                       and dissemination
4.                29           M         IV        Cr→Ce→Cr          3.0              SD                 0                   Ce           Mediastinal LN and         PD           G1269A
                                                                                                                                                                         pleural effusion
5.                37           M         IV            Cr→Ce              4.1              PR                 0                   Ce                       Liver                      PR                  -
6.                51           M        Rec           Ce→Cr              1.7              PD               21.2                 Cr                  CNS, Bone                 PR                  -
7.                39           M         IV        Cr→Ce→Cr          7.1              PR                 0                   Ce               Pulmonary and             PD                  -
                                                                                                                                                                         pleural effusion
8.                63           M         IV                Ce                  7.5              PR               11.9               Pem                 Pulmonary                  SD           Negative

M, Male; F, female; Ce, ceritinib; Cr, crizotinib; Al, alectinib; PFS, progression-free survival; PR, partial response; SD, stable disease; PD,
progressive disease; Rec, postoperative recurrence, Pem, pemetrexed; LN, lymph nodes; CNS, central nervous system.



efficacy than crizotinib (15, 16). Ceritinib also showed
efficacy in patients with ALK rearrangement-positive,
crizotinib-naïve, and crizotinib-refractory disease, although
no trials compared ceritinib and other ALK inhibitors (5, 7,
17-19). On the other hand, few reports have examined the
efficacy of second-generation ALK inhibitor use after initial
failure of second-generation ALK inhibitor (12). Gainor et
al. showed that alectinib was active in ALK rearrangement-
positive patients with leptomeningeal metastases despite
prior exposure to both crizotinib and ceritinib, suggesting
that alectinib has greater CNS activity (20). Treatment with
alectinib after crizotinib or ceritinib failure might be a
reasonable treatment strategy in cases of NSCLC with an
ALK rearrangement with CNS progression. However, to our
knowledge there are no data about the clinical activity of
alectinib against lesions outside the CNS after ceritinib
failure. Indeed, in the present study, one patient (patient 6)
with CNS progression responded to alectinib. In contrast,
only one patient out of seven with systemic progression after
ceritinib treatment experienced  response to alectinib. In
addition, in five patients treated with alectinib immediately
after ceritinib failure, four patients experienced PD.
Therefore, establishing a treatment strategy after systemic
progression in patients treated with ceritinib will be a
challenge for the future.

Recently, Gainor et al. published the largest study to date
that evaluated the mechanism of resistance to ALK inhibitors
in patients with ALK rearrangement-positive NSCLC (21).
Detection of a mutation conferring ALK resistance was more
common after treatment with second-generation ALK
inhibitors than after treatment with crizotinib. Although ALK
G1202R, which confers resistance to all second-generation
ALK inhibitors, is the most common resistance-associated
mutation in patients after either ceritinib or alectinib
treatment failure, the spectrum of other resistance-associated
mutations differs across second-generation ALK inhibitors.
Although ALK F1174L/C, which confers sensitivity to
alectinib, is the second-most common ALK inhibitor
resistance-associated mutation in patients after ceritinib
failure, ALK I1171T/N/S, which confers sensitivity to
ceritinib, is the second-most common in patients after
alectinib failure. In this study, biopsy specimens of three
patients provided an evaluation of ALK inhibitor resistance-
associated mutations after alectinib failure. Among these
patients, one patient, who experienced PD during alectinib
treatment, had ALK G1269A mutation (patient 4). The
G1269A mutation is reported to confer resistance to
crizotinib while conferring sensitivity to alectinib and
ceritinib; in this case, treatment with crizotinib before
ceritinib treatment might affect G1269A mutation
expression. The other two patients had no ALK inhibitor
resistance-associated mutations after alectinib failure. Thus,
resistance to second-generation ALK inhibitors is

complicated, but the results of this study might suggest that
the efficacy of alectinib treatment after ceritinib failure in
patients without information about ALK inhibitor resistance-
associated mutation could be limited compared with the
results of a clinical trial of alectinib in crizotinib-refractory
cases. Therefore, identifying ALK mutations associated with
inhibitor resistance to second-generation ALK inhibitors,
such as F1174L/C or I1171T, might be important for
selecting subsequent ALK inhibitors after second-generation
ALK inhibitor failure. 

The present study has several limitations. Firstly, this was
a retrospective study of a case series. In addition, the
treatment line and the intervals between ceritinib and
alectinib varied among patients. Secondly, the alectinib dose
used in Japan (300 mg twice daily) differs from the dose
used in the rest of the world (600 mg twice daily). These
factors might affect the clinical outcomes of the examined
treatment. Further prospective trials, including serial
resistance profiles to ALK inhibitors, will be important to
evaluate the efficacy and best treatment regimens of novel
ALK inhibitors, including the third-generation ALK
inhibitor lorlatinib. 
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