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SUMMARY
Anaplastic lymphoma kinase (ALK) rearranged non-small-
cell lung cancer (NSCLC) is highly responsive to
crizotinib, an oral ATP-competitive selective inhibitor of
ALK. However, crizotinib exhibits extremely poor blood–
brain barrier penetration; therefore, it is considered to
play a limited role in the treatment of brain metastases.
We present a case of a 50-year-old man with a
diagnosis of ALK-rearranged NSCLC with brain
metastasis and malignant pleural effusion. Despite the
several systemic chemotherapy regimens and whole brain
radiotherapy, brain metastasis was refractory; therefore,
crizotinib was initiated. A CT scan showed a slight
reduction in the brain metastasis and no change in
intrathoracic disease 17 weeks after initiating crizotinib.
Moreover, CT obtained 12 months after crizotinib
treatment revealed brain metastasis without progression.
To our knowledge, the present case is the second report
of crizotinib-responsive brain metastases due to
echinoderm microtubule-associated protein-like 4-ALK
(EML4-ALK)-rearranged NSCLC.

BACKGROUND
The echinoderm microtubule-associated protein-like
4–anaplastic lymphoma kinase (EML4-ALK) onco-
gene fusion is identified in 4% patients with
non-small-cell lung cancers (NSCLCs).1 2 ALK-
rearranged NSCLC is highly responsive to crizoti-
nib, an oral ATP-competitive selective inhibitor of
ALK.3 However, crizotinib exhibits extremely poor
blood–brain barrier (BBB) penetration; therefore, it
is considered to play a limited role in the treatment
of brain metastases.4 In this study, we present a case
of the brain metastasis due to lung adenocarcinoma
showing a long-lasting response to crizotinib.

CASE PRESENTATION
A 50-year-old man, with a history of smoking 300
pack-year, visited our hospital for dyspnoea on exer-
tion. A chest radiograph obtained on admission
revealed a massive left pleural effusion and right
mediastinal deviation (figure 1). CT revealed left
lung masses with pleural effusion and multiple brain
nodules (figure 2). Cytological examination of the
pleural effusion revealed neoplastic adenocarcinoma
cells. The epidermal growth factor receptor (EGFR)
mutation analysis was indicative of wild-type
tumour. He was diagnosed with NSCLC (clinical
stage IV, T3N2M1a) with brain metastasis and
malignant pleural effusion in May 2011.

OUTCOME AND FOLLOW-UP
Despite administration of four cycles of combin-
ation chemotherapy with pemetrexed and carbopla-
tin, the disease progressed and erlotinib was
administered as the second line of treatment.
Moreover, daily fractions of whole brain radiother-
apy to a total of 30 Gy were administered in
November 2011, but the brain metastasis was
refractory. Eventually, docetaxel was administered
as a third-line treatment to chemotherapy, even
though the brain metastasis was progressive.
Because the disease progressed despite multiple

chemotherapy regimens, we performed a trans-
bronchial tumour biopsy, which revealed a positive
EML4-ALK rearrangement (break-apart fluorescent
in situ hybridisation). Therefore, crizotinib (250 mg
twice daily) was initiated in August 2012 as the
fourth line of treatment. CT scan showed a slight
reduction in the brain metastasis and no change in
intrathoracic disease 17 weeks after initiating crizo-
tinib (figure 3). Moreover, CT obtained 12 months
after the crizotinib treatment revealed brain metas-
tasis without progression. The patient is currently
being followed up as an outpatient.

Figure 1 A chest radiograph obtained on admission
revealed a massive left pleural effusion and right
mediastinal deviation.
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DISCUSSION
Crizotinib has shown marked clinical response to ALK-
rearranged NSCLC, but it has been regarded as highly ineffect-
ive in brain metastasis because of its extremely poor BBB pene-
tration.3 4 Similar to crizotinib, gefitinib has poor BBB
penetration, and cerebrospinal fluid (CSF) drug levels that are

sufficient to inhibit tumour growth cannot be achieved by
standard-dose gefitinib administration.5 However, as many as
32% patients with brain metastasis due to NSCLC have been
reported to be responsive to gefitinib (overall response rate).6

It is suggested that this unexpected effectiveness of gefitinib is
partly due to disrupted BBB in most patients with macroscopic

Figure 2 CT revealed left lung nodules with pleural effusion, and multiple brain nodules (arrow).

Figure 3 (A) Contrast-enhanced brain CT before initiating crizotinib showing masses with ring enhancement in left frontal lobe and cerebellar
hemisphere, and multiple tiny nodules. (B) Contrast-enhanced brain CT obtained on 17 weeks after initiating crizotinib showing all metastatic lesions
decreasing in size.
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metastases.7 In contrast, the CSF-to-plasma ratio of crizotinib
concentration is reported to be only 0.0026, even in a patient
with brain metastasis,4 which is not similar to concentrations
that exert antitumour effects. Therefore, besides the theory of
BBB destruction due to cancer cells, the effectiveness of crizoti-
nib against brain metastasis may depend on other factors.

We suggest that administering ionising radiotherapy before
crizotinib treatment may play an important role in the effective-
ness of crizotinib because brain radiotherapy is known to
disrupt the BBB. Yuan et al8 reported that fractionated brain
irradiation increases BBB permeability in a murine model by
shortening tight junctions between adjacent endothelial cells
and increasing the number of vesicles in endothelial cells that
provide transport pathways across the BBB. Including our case,
only two cases of crizotinib-responsive brain metastases in
ALK-rearranged NSCLC have been reported in the literature.9

In both cases, ionising radiotherapy was performed before crizo-
tinib treatment. Therefore, we suggest that brain ionising radio-
therapy may affect CSF drug levels.

Interestingly, in the present case, crizotinib seemed to be
more effective in brain metastasis than the primary tumour. This
treatment effect could not be explained only by the increased
drug penetration of BBB, and was not observed in the first
report of crizotinib-responsive brain metastasis due to
ALK-rearranged NSCLC.9 Moreover, similar antitumour effect
was also observed among patients with brain metastasis due to

EGFR mutation-positive NSCLC.10 As a possible explanation, it
is suggested that exposure to multiple chemotherapeutic agents
or ionising radiotherapy may result in some cell lines becoming
more sensitive to EGFR inhibitors.11 12 The same mechanism
may also occur in ALK-rearranged NSCLC; therefore, cases
showing similar treatment effects are required to further clarify
these observations.
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Learning points

▸ Brain metastasis due to anaplastic lymphoma
kinase-rearranged non-small-cell lung cancer (NSCLC) is
usually resistant to crizotinib because of poor blood–brain
barrier penetration.

▸ To our knowledge, the present case is the second report that
brain metastasis due to NSCLC was responsive to crizotinib.

▸ We suggest that administering ionising radiotherapy before
crizotinib treatment may play an important role in the
effectiveness of crizotinib.
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