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Case Report
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Abstract: Anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitors are currently essential drugs in the treatment
of the subset of patients with non-small-cell lung cancer (NSCLC) showing ALK rearrangement. Notwithstanding,
even the response to ALK inhibitors is usually not sustained in these patients, because of the occurrence of secondary mutations in ALK, MET amplification, or other unknown alterations. Herein, we report the case of a 70-year-old
Japanese woman who was diagnosed as having advanced adenocarcinoma of the lung with ALK rearrangement.
Treatment with crizotinib as well as with pemetrexed yielded good responses initially, however, the disease eventually progressed. Then, treatment with alectinib, a second-generation ALK inhibitor, was initiated, which yielded a
dramatic response, which was sustained approximately for two months. When the disease progressed again, we
re-challenged the patient with pemetrexed again, which resulted in marked tumor shrinkage, however, the tumor
eventually recurred again. At autopsy, tumors were found in the lung, hilar lymph nodes, spleen, pleura and peritoneum, and examination of the lung tumor tissue obtained at autopsy by next-generation sequencing (NGS) revealed
G1202R substitution, a secondary ALK mutation. Our experience emphasizes the importance of repeated genomic
analyses of the tumor tissue at several time-points during the course of time, including after death, to explain intractable cancer progression under molecular-targeted therapy. An important lesson from this case is that the timing of
treatment with regimens including molecular-target agents and other conventional therapies must be chosen taking
into account the underlying molecular events in the tumors.
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Introduction
The EML4-ALK (echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase) fusion gene is one of the genetic abnormalities observed in non-small cell lung cancer
(NSCLC) [1]. Crizotinib, an ALK tyrosine kinase
inhibitor (TKI), and alectinib, a second-generation ALK TKI, have been shown to be effective
in most cases of ALK-positive NSCLC [2], however, some cases become resistant to these
TKIs over the course of time, and the mechanisms underlying such resistance have only
partially been elucidated. Recently, we used
the second-generation ALK inhibitor, alectinib,
in a patient who developed crizotinib resistance. The duration of the response to alectinib

was, however, limited, and the patient died due
to cancer progression. Autopsy was conducted,
and next-generation sequencing was applied to
a tumor specimen obtained at autopsy to determine the cause of the drug resistance, which
revealed the G1202R mutation of ALK.
Case report
The patient was a 70-year-old Japanese female
never-smoker who was diagnosed as having
Stage IV adenocarcinoma in April 2012 (Figure
1A). Magnetic resonance imaging of the brain
at that time revealed multiple blain metastases, therefore, whole-brain radiotherapy was
started (30 Gy in 10 fractions). Mutational analysis of the tumor revealed expression of the
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Figure 1. Tumor histology of transbronchial biopsy. A. Hematoxylin-eosin staining at 40x magnification shows features consistent with the lung adenocarcinoma. B. Immunohistochemistry for ALK shows a positive result.

wild type of epidermal growth receptor factor
(EGFR). Therefore, the patient was initially treated with four cycles of carboplatin/pemetrexed/
bevacizumab followed by four cycles of maintenance bevacizumab, according to the available
guideline at that time, from April 2012 to October 2012, however, disease progression was
detected in November 2012 (Figure 2A). At
around the same time, since the use of ALK
inhibitors in clinical practice had begun to be
covered by the national health insurance system in Japan [3], additional testing for ALK
rearrangement was performed, in the hope of
identifying another drug suitable for treating
our patient. Fluorescence in situ hybridization
assay of the tumor tissue for identifying ALK
rearrangement revealed indeterminate results,
however, immunohistochemical analysis revealed positive staining for ALK expression
(Figure 1B). Thus, treatment with crizotinib was
initiated, and the patient showed dramatic
response after the first 3 months of crizotinib
treatment, which lasted for an additional 5
months. However, since crizotinib needed to
be discontinued from April 2013 to July 2013
because the patient developed appetite loss
as an adverse effect of the drug, the primary
lesion in the left lower lobe (LLL) gradually grew.
Hence, we administered two cycles of docetaxel, however, the tumor grew rapidly, accompanied by the development of pleural effusion. We
resumed the crizotinib treatment in August
2013. The patient showed good response
again, and the pleural effusion diminished in
size. Thereafter, the tumor lesion remained sta-
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ble for nine months. Although the LLL lesion
gradually began to grow again from May 2014,
the crizotinib treatment was continued, because of the ongoing clinical benefit in that
the patient remained asymptomatic. Over the
next four months, the LLL lesions continued to
grow. Based on the diagnosis of crizotinib resistance, we considered using alectinib, which
had just become available in the market in
Japan. We initiated alectinib at the dose of 600
mg orally twice daily in September 2014. A
good response was obtained after two weeks
(Figure 2B). However, after two months of treatment, the disease began to progress rapidly
again. In December 2014, the patient was
administered pemetrexed again, and the tumor
shrank markedly (Figure 2B). However, pemetrexed was stopped after only one cycle because of the development of an anaphylactic
reaction. Thereafter, the performance status of
the patient worsened progressively, so that all
anti-cancer drugs were withdrawn and the
patient was provided with best supportive care.
She died in March 2015, and an autopsy was
done with the consent of the patient’s family.
Tumor tissues were obtained at autopsy and
kept frozen, and the specimens were submitted
along with the formalin-fixed, paraffin-embedded tissue specimens obtained at the time
of diagnosis to the Department of Cellular
Signaling, the University of Tokyo. Whole-exome
sequencing of the resected tumor as well as
the spleen (as a paired normal) with a next-generation sequencer (NGS) (HiSeq 2500, Illumina)
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Figure 2. Clinical course. A. Treatment course. B. Chest CT findings. I, II: Before and after alectinib. III, IV: Before and
after pemetrexed re-challenge. CBDCA: carboplatin, PEM: pemetrexed, BEV: bevacizumab, DOC: docetaxel.

revealed the presence of a somatic, non-synonymous mutation within ALK (G1202R) (Figure
3). We could not conduct NGS analysis of the
biopsy specimen obtained at the first diagnosis
because of an insufficient amount of tissue.
Since the G1202R substitution of ALK has
been reported to produce resistance to ALK
inhibitors such as alectinib, we considered that
the resistance to alectinib in this case was due
to the G1202R mutation.
Discussion
Herein, we report the case of an ALK-positive
NSCLC patient with the EML4-ALK (G1202R)
mutation in the tumor, which caused resistance
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to alectinib. Alectinib is one of the second-generation ALK inhibitors, and is a highly selective
inhibitor, with activity against the L1196M and
G1269A mutations. It yields a good tumor
response even after failure of crizotinib. Although ALK-positive lung cancer responds well
to alectinib, it is said that the disease often progresses because of acquired resistance [4, 5].
Several mechanisms of resistance to ALK inhibitors have been reported [4]. In one-third of the
resistant cases, the lung cancers acquire secondary mutations within the ALK tyrosine
kinase domain. Not only L1196M and G1269A,
but also G1202R, are recognized as acquired
mutations. Another mechanism of resistance
Int J Clin Exp Pathol 2016;9(6):6568-6573
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Figure 3. Sequence reads mapped to the ALK locus. Sequence reads obtained from the tumor (lower panel) or
paired normal tissue (upper panel) were aligned to the ALK locus (encoded by the minus strand) corresponding to
the glycine1202 of its protein product using the Integrative Genomics Viewer (https://www.broadinstitute.org/igv/).
Note that approximately 44% of the reads contain T (shown red) instead of the wild-type nucleotide C, thus changing
the codon for arginine from “GGA” to “AGA”.

involves amplification of the ALK fusion genes
and activation of alternative signaling pathways, such as the EGFR, KIT, MET and insulinlike growth factor 1 receptor pathways [5].
The G1202R mutation is located in the active
site of ALK, facing the drug binding pocket, and
corresponds to the BCR-ABL G321W mutation
[6]. G1202R has been demonstrated in vitro to
confer a high level of resistance to all other ALK
inhibitors in current clinical use [4]. To date,
several cases with secondary resistance associated with G1202R have been reported [4, 7,
8]. One patient was initiated on treatment with
alectinib, like in our case [7]. In another patient,
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the G1202R mutation occurred during treatment with ceritinib, another second-generation
ALK inhibitor [8]. In the clinical setting, G1202R
is so far recognized as a highly recalcitrant
mutation. Recently, PF-06463922, a potent
and selective ROS1/ALK inhibitor, was shown
to be effective against tumors with a number of
ALK-resistant mutations, including G1202R [9,
10]. This drug is now in the spotlight for overcoming acquired resistance, and a clinical trial
is under way (NCT01970865).
Interestingly, we observed a dramatic response
after pemetrexed re-challenge in our present
case. Re-challenge with pemetrexed has been
Int J Clin Exp Pathol 2016;9(6):6568-6573
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attempted in a patient with lung adenocarcinoma harboring an EGFR (L858R) mutation after
the patient developed resistance to erlotinib
[11]. In addition, as for ALK-positive NSCLC, some retrospective studies have suggested that
adding pemetrexed to crizotinib is beneficial in
terms of the progression-free survival and
objective response [12, 13]. Other prospective
studies have also demonstrated that ALK-positive patients treated with pemetrexed showed
better objective responses than those treated
with docetaxel [14]. ALK-positive NSCLC is intrinsically more sensitive to pemetrexed, because of the low RNA levels of thymidylate synthase usually present in ALK-positive NSCLC
[13, 15]. Thus, there is a relationship between
ALK positivity and the efficacy to pemetrexed,
and pemetrexed is another crucial drug in the
treatment of ALK-positive lung cancer. Moreover, after the disease gradually progressed in
our patient, we continued crizotinib administration, which may have contributed to prolonging
her survival. A recent retrospective investigation has demonstrated that continuing crizotinib treatment even beyond RECIST-defined
disease progression is beneficial in patients
with advanced ALK-positive NSCLC [16].
One of the limitations of the present analysis
was that re-biopsy was not performed after
the appearance of crizotinib resistance in our
patient, therefore, we could not determine
the exact chronology of the emergence of the
G1202R mutation. However, considering the
initial good response to alectinib, it is reasonable to assume that the G1202R mutation
occurred concurrently with the emergence of
alectinib resistance.
Further investigation is warranted to clarify and
develop a means to overcome the resistance to
alectinib. Genomic analyses of re-biopsy specimens at appropriate timings may be expected
to provide useful clues to our understanding of
tumor behaviors in clinical settings. Our experience in the utilization of both molecular-targeted agents and chemotherapeutic agents such
as alectinib and pemetrexed suggests that
attention to the timing of administration, bearing in mind the underlying molecular events in
the tumor cells, is of critical importance-especially among patients with ALK-positive NSCLC.
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