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Case Report

Intracranial response to capmatinib after progression on crizotinib
in a patient with MET exon 14 skipping non-small cell lung
cancer—a case report
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Background: Capmatinib, a potent and selective MET tyrosine kinase inhibitor (TKI), holds promise as a
therapeutic agent due to its potentally elevated intracranial efficacy in metastatic non-small cell lung cancer
(NSCLC) patients harboring exon 14 skipping alterations in MET (MET Proto-Oncogene). This study
aims to evaluate a targeted therapeutic approach to an MET exon 14 skipping (METex14) advanced NSCLC
patient that progressed on Crizotinib and developed off target resistance alteration in PIK3CA.

Case Discription: We present a case of advanced METex14 NSCLC patient wherein central nervous
system (CNS) relapse occurred post complete surgical resection and remission of the lung tumor under first-
line crizotinib treatment. Subsequent disease monitoring demonstrated a profound intracranial response to
capmatinib in a crizotinib-resistant brain lesion. Molecular analysis unveiled the original METex14 D1028N
driver mutation and a newly arisen PIK3CA bypass mutation, potentially contributing to off-target resistance.
Conclusions: Before capmatinib was approved as a first line treatment option for metastatic NSCLC
harboring somatic METex14 mutations, crizotinib conferred a potential option for targeted treatment.
Switching to a selective MET-TKI like capmatinib with a better CNS penetration, it appears to be a
promising approach for CNS metastasized NSCLC patients with METex14 mutations that failed on
crizotinib. Further research is needed to more effectively understand and monitor resistance mechanisms
using advanced diagnostic techniques such as DNA-based hybrid-capture (HC) next generation sequencing
(NGS) to guide molecularly stratified therapy beyond the first line setting.
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Introduction

Capmatinib is a highly selective and potent MET tyrosine
kinase inhibitor (TKI) that has demonstrated remarkable
anti-tumor efficacy in patients with MET exon 14 skipping
(METex14) non-small cell lung cancer (NSCLC). Based on
these promising results, capmatinib has been approved for
the treatment of METex14-positive NSCLC (1,2). However,
the efficacy of capmatinib in patients with NSCLC who
have progressed on other MET TKIs is not well established.
To address this issue, an ongoing prospective study of
capmatinib is being conducted in patients with NSCLC
and MET alterations previously treated with MET TKI (3).
Brain metastases frequently occur in patients with NSCLC
and are associated with reduced survival rates (4,5). Patients
with brain metastases have limited treatment options, which
usually involve radiation therapy or stereotactic radiosurgery
(SRS), with the latter being considered a less toxic
alternative (5). More recently, there has been a shift towards
considering TKIs that can penetrate the central nervous
system (CNS) to regain control of brain disease in patients
with an actionable oncogenic driver (5). Capmatinib, a
selective MET inhibitor, has shown anti-tumor efficacy in

Highlight box

Key findings

* A non-small cell lung cancer (NSCLC) patient with isolated
central nervous system (CNS) metastasis and MET exon 14
skipping mutation D1028N underwent crizotinib treatment
(22+3 months), showing complete extracerebral response but later
developing multiple hemorrhagic CNS metastases.

* The change in therapy to capmatinib for a duration of six months
resulted in remission in one metastasis and radionecrosis in others.

* Retrospective DNA-based hybrid-capture-next generation
sequencing (NGS) identified a bypass PIK3CA mutation,
potentially contributing to treatment resistance.

What is known and what is new?

e Capmatinib is a highly selective and potent MET tyrosine
kinase inhibitor (TKI); however, addressing intracranial disease
progression is challenging due to resistance issues.

e We report a patient with a bypass PIK3CA resistance mutation
detected with subsequent, comprehensive and comparative
molecular analyses.

What is the implication, and what should change now?

® Thorough and subsequent NGS analyses are required to detect the
complex resistance to capmatinib.

¢ Clinical trials investigating the capmatinib in METex14 NSCLC
with CNS-only progression on another MET TKI are warranted.
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METex14 NSCLC and demonstrated intracranial activity
in a limited set of patients (2). There is evidence indicating
that capmatinib may elicit a leptomeningeal response in
a patient with METex14 NSCLC who had progressed on
crizotinib (6). Other reports have suggested intercranial
efficacy of capmatinib; however, more data are required
(7,8). Besides the pharmacokinetic obstacles mentioned,
addressing the challenges associated with targeted treatment
may be necessary throughout the course of treatment. Like
other TKIs (9,10), both crizotinib and capmatinib could
potentially encounter resistance mechanisms, encompassing
both driver-dependent (11,12) and driver-independent
pathways (13,14).

In this case report, we describe a patient with advanced
METex14 NSCLC who experienced CNS-relapse with
multiple progressing lesions after a complete surgical
resection and remission of the lung tumor with crizotinib
treatment. We report on the observed intracranial activity
of capmatinib on one of the crizotinib-resistant brain lesions
and discuss the potential implications of this finding for
the use of capmatinib in the treatment of brain metastases
in patients with METex14 NSCLC who have progressed
on other TKIs. We present this case in accordance with
the CARE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-769/rc).

Case presentation

The patient was a 77-year-old female who had never
smoked and presented with shortness of breath, pain
and vertigo, with unknown family history of cancer and
without significant co-morbidities. She was diagnosed with
metastatic Union for International Cancer Control (UICC)
stage IV lung carcinoma of the left lung. The patient’s
therapeutic timeline is summarized in Figure 1. At the time
of diagnosis, the patient had one isolated CNS metastasis.
Molecular testing using next generation sequencing (NGS)
revealed that the patient had METex14 [p.D1028N,
NM_001127500.3:¢c.3082G>A, NM_001127500.3:p.
Asp1028Asn; variant allelic frequency (VAF): 48%] with
concurrent amplifications of the cyclin-dependent kinase-4
(CDK4) and the mouse double minute 2 homolog (MDM2).
Additionally, the patient had a programmed death-ligand 1
tumor proportion score of 2%.

Following the diagnosis of METex14 lung
adenocarcinoma, the patient underwent resection of the
CNS metastasis, adjuvant irradiation of the tumor bed
to 40 Gy, and induction therapy with carboplatin area
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Figure 1 Timeline summary. PD-L1, programmed death-ligand 1; CNS, central nervous system; UICC st, staging system of the Union for

International Cancer Control; CR, complete tumor response; SD, stable disease; MR, magnetic resonance; non-PR, non-progressive; mets,

metastases; hemorrh, hemorrhage; SRS, stereotactic radiosurgery; PD, progressive disease; amp, amplification.

Initial diagnosis

After 8 weeks on crizotinib

Figure 2 CT scan at the time of diagnosis revealed advanced NSCLC with a T2bNOM1b tumor in the left lung (left). After 8 weeks of

treatment with crizotinib (right), there was morphologic evidence of tumor regression with at least 10% (grade ITA) vital tumor tissue. CT,

computed tomography; NSCLC, non-small cell lung cancer.

under curve 6 mg/d intravenous on day 1 and paclitaxel
200 mg/m’ on day 1, once every 3 weeks for 2 cycles. As a
result, the patient experienced complete remission in the
CNS, but there was no change observed in the thoracic lesion.

As crizotinib was the sole drug available in Germany at
that time for treating patients positive for METex14, the
patient was subsequently treated with crizotinib 250 mg
[carboplatin (CBDCA): area under the curve (AUC) 6.0]
twice daily for 39 days, which resulted in regression of
the lung tumor. The tumor was subsequently resected, as
described by Junker et al. (15) (Figure 2). Nevertheless, the
patient exhibited elevated liver enzyme levels during the
induction therapy.

© Translational Lung Cancer Research. All rights reserved.

After approximately 6 months of remission of the lung
tumor, the patient experienced a decrease in CNS edema
but subsequently relapsed in the CNS and developed
multiple hemorrhagic CNS metastases, with notable
involvement of the right cerebellar region and compression
of the fourth ventricle. Given the location of this specific
tumor, surgical intervention was likely to result in speech
impairment. Consequently, the patient refused to undergo
surgery, leading to the administration of SRS, which
resulted in the eradication of some of the CNS metastases.

The patient resumed treatment with crizotinib
approximately 22 months after the start of induction,
which resulted in a complete response outside the brain.
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Baseline after crizotinib
progression and SRS

1 month on capmatinib
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5 months on capmatinib 8 months on capmatinib

Figure 3 MRI of the brain before treatment with capmatinib and at different time points there-after. The left precentral brain lesion

responded to capmatinib (top panels). A new, right occipital brain lesion developed and progressed on capmatinib treatment (bottom panels).

SRS, stereotactic radiosurgery; MRI, magnetic resonance imaging.

Unfortunately, despite this response, there was a progression
of all CNS tumors with significant progression of the left
precentral metastasis during the first 3 months of resumed
treatment. Due to the lack of response to crizotinib, it was
decided to discontinue the treatment. Instead, capmatinib
at a dose of 400 mg (CBDCA: AUC 6.0) twice daily was
started. Initially, no side effects were observed.

The patient underwent magnetic resonance imaging
(MRI) scans 1 month after starting capmatinib treatment,
which showed stable disease of the left parieto-occipital
metastasis and improvement of the CNS edema. Continued
shrinkage of the left parietal metastasis and further
improvement of the CNS edema were observed after
2 months of treatment, with no progression of the remnants
of Aspergillus manifestations in the lung and no suspicion
of extracerebral progression (Figure 3).

After 5 months of capmatinib treatment, MRI scans
revealed remission of the left parietal metastasis and
radionecrosis for the other metastases (Figure 3).

However, the patient developed grade 2 peripheral
edema after 6 months of treatment, which led to a reduction
in capmatinib dose to 200 mg bid. Subsequent MRI
brain scans showed regression of the left parieto-occipital
metastasis, but disease progression was noted for the right
occipital metastasis (Figure 3).

Despite this, capmatinib therapy persisted, and following
a span of 10 months under capmatinib treatment, the
patient underwent surgical intervention for the right

© Translational Lung Cancer Research. All rights reserved.

occipital metastasis. Histological examination of paraffin-
embedded or cryopreserved tumor specimens was
executed to ascertain the existence of viable tumor cells. In
conjunction, NGS was conducted to ascertain conceivable
mutations that might have arisen as resistance mechanisms
against MET TKIs. Utilizing a conventional RNA-based
NGS panel to confirm the functional Exon 14 skipping
mutation, no discernible resistance-associated mutations
were detected within the MET gene or other genetic loci
(Archer FusionPlex panel, ArcherDX, Boulder, CO, USA).
The nucleic acid isolation protocol followed in this study
utilized the Maxwell 48 system (Promega Corp., Madison,
WI, USA) according to the manufacturer’s instructions.
Likewise, the manufacturer’s guidelines were observed for
the RNA-based analysis; we utilized 2 ng of RNA isolated
at a concentration of 12.5 ng/pL, with an average fragment
length of 125 nucleotides, followed by transcription
to generate 250 ng of cDNA. No quality issues were
observed during nucleic acid isolation, hybrid capture, and
sequencing processes.

However, a subsequent retrospective examination of
the identical formalin fixed, paraffin embedded (FFPE)
material employing an expanded, DNA-based hybrid
capture NGS panel [Supplementary file (Appendix 1),
Assay based on hybrid capture enrichment XT HS2
chemistry by Agilent Technologies, Santa Clara, CA, USA]
corroborated the initial MET driver mutation (VAF 10%),
detected alterations in copy numbers within the MDM?2
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and CDK4 genes, and unveiled an extra activating H1047R
mutation in the PIK3CA gene (NM_006218.4:¢.3140A>G;
NM_006218.4:p.His1047Arg, VAF 5%). For the DNA
hybrid capture analysis, 100 ng of fragmented DNA was
employed as input, with a hybridization amount of 1,000 ng.

The patient deceased 66 months after the initial diagnosis
in September 2022.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). The study was approved
by the Ethics Committee of University of Oldenburg (FP-
Project 2014-I). Written informed consent was obtained
from the patient for publication of this case report and
accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

Discussion

The present case report highlights the challenges in
therapy of intracranial disease progression in patients
with METex14 NSCLC treated with MET TKIs. In such
cases, limited CNS drug penetration could be a potential
cause of disease progression, which can be addressed by
switching to another MET TKI with higher penetration,
such as capmatinib that previously had shown intercranial
response (7,8).

Our case report showed that capmatinib demonstrated
intracranial activity on a lesion resistant to crizotinib
and not responding to SRS. However, a new CNS lesion
developed and progressed on capmatinib, suggesting
the need for better understanding of the mechanism of
resistance to different TKIs. Subsequent and thorough
genetic testing of different CNS lesions or liquid biopsies
may be informative in this regard (3).

Another challenge pertains to the identification of
genetic alterations occurring during CNS progression
on crizotinib therapy. Similar to the scenario in NSCLC
with epidermal growth factor receptor (EGFR) mutations
treated with osimertinib (9,10), a diverse range of
potential resistance mechanisms to crizotinib have been
reported in the scientific literature, which could arise from
alterations linked to both driver-dependent (11,12) and
driver-independent, bypass resistance pathways, including
activation of EGFR, KIT and the MAPK pathway (13,14).
Previously, co-occurring activating mutations of PIK3CA

and MET-TKI triggered PI3K pathway activation have
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been recurrently documented as contributing factors in the
development of resistance against MET-TKI treatment
(16-18). Furthermore, preclinical investigations have
indicated that a therapeutic opportunity may exist by
combining MET-TKI agents and inhibitors targeting
PIK3CA (19). Nevertheless, bypass alterations frequently
lack direct and approved actionability, thus often omitting
their inclusion within the fundamental routine analysis
protocol. This omission is exemplified by the contrast
between the results obtained from the RNA-based NGS
and the detected additional PIK3CA4 mutation in the DNA-
based panel [Supplementary file (Appendix 1)]. Our results
show that meticulously devised, comprehensive DNA-
based HC-NGS possesses the capacity to discern primary
driver mutations (MET D1028N), foundational alterations
(MDM2 and CDK4 amplifications), as well as subsequent
acquired resistance modifications (PIK3C4 H1047R). The
PIK3CA mutation most probably emerged as a resistance
mechanism to capmatinib, evident in the metastasis which
progressed despite capmatinib treatment and subsequently
required resection.

There is a need for clinical trials investigating the
efficacy of capmatinib in METex14 NSCLC with CNS-only
progression on another MET TKI. This will help establish
the optimal sequencing of MET TKIs in the treatment of
intracranial disease progression and identify biomarkers
that can predict response to therapy (3). Furthermore, it is
important to explore the combination of MET TKIs with
other treatment modalities, such as next generation MET-
TKIs or immunotherapy, to improve outcomes in patients
with advanced METex14 NSCLC.

Conclusions

This current case report imparts significant insights
regarding the complexities associated with addressing
intracranial disease progression within individuals afflicted
by METex14 NSCLC. Transitioning to a different MET-
TKI characterized by enhanced CNS permeability,
exemplified by capmatinib, emerges as a potentially viable
avenue in these circumstances. Nonetheless, additional
investigation is imperative to unravel the intricacies
of resistance mechanisms through the utilization of
sophisticated diagnostic assays such as DNA-based HC-
NGS across diverse TKIs. Moreover, the pursuit of optimal
therapeutic strategies for this specific patient cohort
necessitates further inquiry and exploration.
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