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INTRODUCTION

Abstract

We present the case of a 34-year-old Japanese man with anaplastic lymphoma kinase
(ALK)-positive non-small cell lung cancer and brain metastases. After central nervous
system (CNS) disease progression with alecintib and brigatinib, treatment with lorlati-
nib resulted in a good intracranial response. In this case, we investigated brain pene-
tration ratio of brigatinib using cerebrospinal fluid and paired serum samples, and the
ratio was 0.012. Further, we investigated resistance mechanisms via next-generation
sequencing (NGS) using lung biopsy at lung cancer diagnosis and brain biopsy sample
at progressive disease of brigatinib. No apparent resistance mechanism of known ALK
resistance, such as ALK mutations, amplifications, epithelial-mesenchymal transition
(EMT) and bypass pathway activation were detected. Taken together, we speculate
that the low CNS penetration rate of brigatinib confers CNS progression. Further
studies are warranted to reveal the resistance mechanism and propose a treatment
strategy for CNS progression in ALK-positive patients.
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outcomes; however, the underlying mechanisms have
been poorly investigated, especially in central nervous

Patients with advanced non-small cell lung cancer
(NSCLC) harboring an anaplastic lymphoma kinase
(ALK) rearrangement receive extended benefits from
ALK tyrosine kinase inhibitors (TKIs). However,
acquired resistance to ALK-TKIs inevitably develops and
is often mediated by the acquisition of secondary ALK
mutations or amplifications. Other resistance mecha-
nisms mediated by the activation of different bypass sig-
naling pathways, epithelial-to-mesenchymal transition
(EMT), histological transformation, and other epigenetic
alterations have also been reported. Resistance implies
the absence of ALK-TKI activity, leading to poor

system (CNS) lesions, owing to the difficulty in obtain-
ing CNS tissue samples.

Here, we report a case of alectinib- and brigatinib-
resistant EML4-ALK translocation-positive lung cancer
with brain metastasis. Notably, CNS resistance to alecti-
nib and brigatinib was overcome by the subsequent
administration of lorlatinib. In this case, we explored
clinical samples of patients (cerebrospinal fluid/serum
and lung/brain tissue). Through next-generation sequenc-
ing (NGS) analysis, we investigated the CNS penetration
rate of brigatinib and possible resistance mechanisms in
CNS lesions.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited.
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(b) Results of ALK
immunohistochemistry (x200).
(c) HE staining of brain biopsy
samples at resistance to
brigatinib (x200).
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FIGURE 2 Treatment course and brain MRI images. (a) Disease progression of brain metastases following platinum doublet therapy with angiogenesis
inhibitor. (b,c) Nodules with a slight contrast effect appeared and gradually progressed. A brain biopsy was performed from the right frontal lobe. (d) Brain
metastases worsened despite whole-brain radiation therapy. (e) After initiation of lorlatinib, the brain lesion improved. CDDP, cisplatin; Bev, bevacizumab;
DTX, docetaxel; MRI, magnetic resonance imaging; PEM, pemetrexed; RAM, ramucirumab.

CASE REPORT

A 34-year-old man with no significant medical or smoking
history was referred to our hospital with a history of a dry
cough. Bronchoscopy revealed lung adenocarcinoma
(cT1aN3Mla, cStage IVA, EML-ALK translocation-positive).
Lung biopsy specimens are shown in Figure 1a,b (hematoxy-
lin—eosin staining and ALK immunohistochemistry, antibody

D5F3). Alectinib 600 mg was initiated as the first-line treat-
ment, and progressive disease was confirmed 19 months later.
Subsequently, platinum plus an antiangiogenesis inhibitor
was initiated as a second-line treatment, but multiple brain
metastases were identified on brain magnetic resonance imag-
ing (MRI) after 3 months (Figure 2a). Brigatinib (starting
dose of 90 mg, increased to 180 mg after 7 days of exposure)
was introduced as a third-line treatment. Although brigatinib
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TABLE 1 Concentration of brigatinib and lorlatinib in CNS fluid and serum.
Compound Brigatinib Lorlatinib
Clinical trial Clinical trial Clinical trial Clinical trial Clinical trial
Patient This case no. 1 no. 2 no. 3 no. 4 no. 5
Total plasma concentration (ng/mL) 1039 12.7 384 457 311 165
CSF concentration (ng/mL) 13.23 2.64 125 101 81.8 38.1
CNS/plasma ratio (total) 0.012 0.208 0.326 0.221 0.263 0.231

Abbreviations: CNS, central nervous system; CSF, cerebrospinal fluid.

achieved a partial response (Figure 2b), MRI detected multi-
ple brain nodules 13 months after initiating brigatinib
(Figure 2¢). To distinguish brain metastasis from the adverse
effects of ALK inhibitors, a brain biopsy revealed adenocarci-
noma cells (Figure 1c). Therefore, the patient was diagnosed
with an exacerbation of brain metastasis. Whole-brain radia-
tion therapy was administered, and brigatinib was continued;
however, symptomatic epilepsy and CNS lesions worsened on
MRI (Figure 2d). Brigatinib was then switched to lorlatinib
(100 mg once daily). After 5 months, the metastatic lesions in
the brain had significantly improved (Figure 2e). Because of
the exacerbation of the extracranial lesions, the chemotherapy
regimen was switched to a cytotoxic agent.

We investigated the resistance mechanism of brigatinib
in the CNS using clinical samples, including cerebrospinal
fluid (CSF) and serum collected at progressive disease of bri-
gatinib and lung and brain biopsies at diagnosis/progressive
disease of brigatinib. Our analysis revealed that the concen-
tration of brigatinib in CSF was 13.23 ng/mL, whereas the
total plasma concentration collected at the trough was
1039 ng/mL, as determined by liquid chromatography with
tandem mass spectrometry (LC-MS/MS).! This resulted in a
CSF-to-serum concentration ratio of 0.012 (Table 1). Subse-
quently, we performed RNA and next-generation sequenc-
ing on the paired specimens (Oncomine Focus Assay and
ION Ampliseq Comprehensive Cancer Panel, Thermo
Fisher Scientific; detailed methods are shown in Supporting
Information data S1). Our analysis revealed the presence of
an ALK fusion array (variant 2) in exon20 in both samples,
as shown in Figure Sla. We also analyzed the known mecha-
nisms of resistance, such as secondary ALK-mutation
(Figure S1b), ALK-amplification, bypass pathways, and the
number of MET copies (Figure Slc); however, no apparent
resistance mechanism was detected.

DISCUSSION

In this report, we present a patient with ALK-positive
NSCLC who demonstrated an impressive CNS response to
lorlatinib following resistance to alectinib and brigatinib.
Lorlatinib, a third-generation ALK-TKI, has shown
improved efficacy against CNS metastases. However, its
effectiveness  following  resistance to second- or
third-generation ALK-TKIs is poorly documented despite
being a commonly encountered problem in clinical settings.

Generally, resistance mechanisms in CNS lesions are
difficult to analyze because of the scarcity of tissue speci-
mens. Our case report is unique in that we analyzed brain
tissue and CSF samples from the patient. To the best of
our knowledge, the CNS penetration rate of brigatinib has
not been previously reported. Notably, the CNS penetra-
tion rate of brigatinib was 0.012. We did not evaluate
CNS penetration rate of lorlatinib in this case as the
patient did not provide informed consent. However, it was
strikingly lower than that of lorlatinib (0.208-0.326)
reported in subanalysis of phase I/II clinical trials
(Table 1).> As for alectinib, a previous phase I/II study
demonstrated it to be approximately 0.7.” In addition, we
investigated the resistance mechanisms using NGS. Our
findings revealed no emergence of secondary mutations
(gatekeeper mutations), amplification of ALK fusion genes,
or activation of bypass pathways independent of ALK.*
These findings suggest that the resistance to brigatinib
observed in this patient may have been mediated by low
delivery to CNS lesions. Considering the importance of
drug delivery, switching to lorlatinib may be a promising
treatment option for patients with brain metastases who
experience symptom exacerbation during treatment with
other ALK-TKIs.

In conclusion, we present a case of successful treatment
with lorlatinib following the progression of brigatinib and
alectinib in a patient with ALK-positive NSCLC with brain
metastasis. The lower CNS penetration of ALK-TKIs may
have contributed to patient resistance, and lorlatinib may be
a viable treatment strategy for patients with brain metastases
after treatment with multiple ALK-TKIs.
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