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Abstract 
The prognosis of patients with glioblastoma (GBM) remains poor despite current treatments. Targeted therapy in GBM has been the subject 
of intense investigation but has not been successful in clinical trials. The reasons for the failure of targeted therapy in GBM are multifold and 
include a lack of patient selection in trials, the failure to identify driver mutations, and poor blood-brain barrier penetration of investigational 
drugs. Here, we describe a case of a durable complete response in a newly diagnosed patient with GBM with leptomeningeal dissemination and 
PTPRZ1-MET fusion who was treated with tepotinib, a brain-penetrant MET inhibitor. This case of successful targeted therapy in a patient with 
GBM demonstrates that early molecular testing, identification of driver molecular alterations, and treatment with brain-penetrant small molecule 
inhibitors have the potential to change the outcome in select patients with GBM.
Key words: glioblastoma; targeted therapy; tepotinib; molecular alteration; outcomes.

Implications for practice
The authors report a unique case of a complete and prolonged response to tepotinib, brain penetrant MET inhibitor, in a patient with 
glioblastoma with MET amplification. Upon the addition of tepotinib, the response was immediate and persisted for 35 months, furthering 
the potential of this monotherapy’s ability to change the outcome in select glioblastoma patients.

Introduction
Mesenchymal-epithelial transition (MET) oncogene encodes 
for hepatocyte growth factor, a receptor-tyrosine kinase, and 
regulates cell development and growth. Pathologic fusion, 
copy number amplification, and point mutations of MET 
are well-characterized oncologic drivers in many solid tumor 
types.1 The incidence of MET alterations in glioblastoma 
(GBM) is between 2% and 5%, and MET activation is asso-
ciated with a poorer prognosis in gliomas, specifically with 
shorter progression-free survival, overall survival, and higher 
WHO grade.2-4

In many cancers, including glioblastoma, reconstruction 
of genes through fusion can lead to the amplification of 
oncogenes.5 Fusion of protein tyrosine phosphatase receptor 

type zeta 1 (PTPRZ1) and MET, which was first described 
in 2014,6 results from translocation events between the 
introns of PTPRZ, which is normally highly expressed in 
central nervous system tissue, and the MET proto-oncogene.7 
PTPRZ1-MET fusion leads to ligand-independent activation 
of the MET kinase, enabled by the coiled-coil structural pro-
tein modification.8 PTPRZ1-MET fusion induces increased 
expression and phosphorylation of the MET oncoprotein, 
leading to higher expression of MET-PIK3CA-AKT1 regu-
lators, STAT3 pathway.7,9 Preclinical evidence suggests that 
aberrant MET fusion is a driver for MET activation, lead-
ing to tumor cells with hepatocyte growth factor indepen-
dent self-activation.10,11 PTPRZ1-MET fusion was reported 
in 15% of high-grade astrocytomas arising from lower-grade 

Received: 19 December 2023; Accepted: 17 April 2024.
© The Author(s) 2024. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. 
For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our 
RightsLink service via the Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/advance-article/doi/10.1093/oncolo/oyae100/7685435 by guest on 04 June 2024

https://orcid.org/0009-0003-4392-0990
https://orcid.org/0000-0001-6451-544X
mailto:nkmajd@mdanderson.org?subject=
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


2 The Oncologist, 2024, Vol. XX, No. XX

tumors in one study and was associated with significantly 
worse survival (median OS in patients with fusion was 127 
days vs 248 days in those without).6 Preclinical evidence also 
demonstrate sensitivity to MET-tyrosine kinase inhibitors 
(TKI) in tumors with MET fusions, suggesting that PTPRZ1-
MET fusion is a potential target in the treatment of gliomas 
harboring this alteration.6,10,11

The first-generation MET inhibitor, cabozantinib, has 
had limited efficacy in recurrent GBM.12,13 This is possibly 
due to poor blood-brain barrier penetration, lack of kinase 
selectivity, and importantly lack of patient selection with 
confirmed MET alterations prior to treatment.12-15 More 
recently, the phase Ib GEINO 1402 trial looking at crizo-
tinib in addition to standard radiation and temozolomide, 
followed by maintenance crizotinib showed that the regimen 
was safely tolerated and warrants further investigation.15 
Tepotinib hydrochloride hydrate, an oral MET tyrosine 
kinase inhibitor, selectively binds to MET and inhibits its 
phosphorylation. In 2021, the FDA granted accelerated 
approval of tepotinib for the treatment of metastatic non-
small cell lung cancer harboring MET exon 14-skipping 
alterations on the basis of improved overall response rates 
in a  non-randomized, open-label study.16 There are several 
ongoing studies to determine the efficacy of tepotinib in 
advanced solid tumors, including gliomas.17 However, its use 
in GBM has not been established.

Here, we describe a case in which adjuvant tepotinib 
monotherapy was effective in disseminated GBM, IDH wild 
type with PTPRZ1-MET fusion, resulting in a complete and 
durable response for 35 months. The success of tepotinib 
monotherapy makes it a valuable alternative treatment to tra-
ditional alkylating therapy in patients with GBM with MET 
alterations.

Case Study
In April 2020, a male in his late 20s presented with episodes 
of mild lightheadedness and an intermittent burning odor 
sensation for 3 years, and new-onset headaches. A brain 
MRI revealed a right lateral ventricle mass with parenchymal 
invasion and cerebellar contrast-enhancing nodules (Figure 
1a). In May 2020, he underwent subtotal resection, with 
 post-operative imaging showing residual nodular enhance-
ment in the mid-posterior body of the right lateral ventricle 
and unchanged nodular-enhancing foci in the cerebellum 
(Figure 1b). An outside hospital pathologic examination 
revealed GBM, WHO grade 4, IDH wild-type, MGMT-
unmethylated. A next-generation sequencing panel was per-
formed and was positive for PTPRZ1-MET fusion and MET 
amplification at 7q31.2. The next-generation sequencing 
panel included somatic mutations in the coding sequence of 
134 genes and selected copy number variations (amplifica-
tions) in 47 genes (overlap: 146 genes total).

Because of the intraventricular tumor location, an MRI of 
the spine was obtained that showed multifocal enhancement 
in the cervicothoracic spinal cord and cauda equina that was 
concerning for leptomeningeal spread (Figure 2a). His initial 
examination was significant for a left homonymous hemian-
opsia and left hemisensory loss; the Karnofsky Performance 
Score was 90.

A repeat MRI of the neuro-axis was obtained 4 weeks later 
for radiation treatment planning and showed rapid tumor 
progression, with multiple new contrast-enhancing nodules in 

the ventricles and extraventricular cerebrospinal fluid spaces 
(Figure 1c). He underwent proton craniospinal irradiation at 
3600 cGy, followed by a tumor volume boost with IMRT at 
2400 cGy. He did not receive concurrent temozolomide (TMZ) 
because of the large radiation field and concern for neurotox-
icity. He experienced craniospinal irradiation–induced grade 
2 neutropenia and grade 3 lymphopenia during concurrent 
chemoradiation therapy but did not require intervention. 
Postcraniospinal irradiation imaging revealed continuing dis-
ease progression; thus, adjuvant TMZ was initiated 4 weeks 
following concurrent chemoradiation therapy. The clinical 
team’s intention was to add tepotinib to adjuvant TMZ, 
pending its approval as a single-patient  compassionate-use 
investigational new drug. However, upon completion of 2 
cycles of adjuvant TMZ, he developed prolonged grade 2 
neutropenia and was not cleared to begin cycle 3 of adjuvant 
TMZ. Instead, he began 1000 mg of tepotinib hydrochloride 
hydrate monotherapy daily as a  compassionate-use investiga-
tional new drug.

Following 1 cycle of tepotinib monotherapy, a brain and 
spine MRI showed complete resolution of  contrast-enhancing 
lesions (Figures 1d and 2b). After 2 cycles of 1000 mg of tepo-
tinib, the dose was reduced to 500 mg daily because of grade 
1 creatinine elevation and grade 1 abdominal discomfort. 
After 9 cycles, he was transitioned from the compassionate 
use formulation to the commercially available drug at the 
equivalent dose of 450 mg of tepotinib-free base. Thirty-five 
months after the initiation of tepotinib, he presented with 
progressive headaches and was found to have disease pro-
gression in the cerebellum.

Discussion
Trials of targeted therapies in molecularly unselected patients 
with GBM have been largely unsuccessful, likely because of 
lack of patient selection, the failure to identify driver muta-
tions, and poor blood-brain barrier penetration of investiga-
tional drugs.18 Patient selection is more nuanced now than 
in previous years because of routine use of next generation 
sequencing for most patients with glioblastoma treated at 
major cancer centers. This expansion of molecular testing 
panels and their widespread use in glioma has resulted in a 
renewed interest in targeted therapy trials in select patient 
with GBM populations.15 PTPRZ1-MET fusion and MET 
amplification were the sole molecular alterations in our 
patient’s next-generation sequencing panel; therefore, we sus-
pected that it was the driver alteration in his tumor. PTPRZ1-
MET fusion has been described as a driver of glioma 
progression and an indicator of MET-inhibition sensitivity.19 
Finally, beyond patient selection and targeting relevant driver 
mutations, the ability of therapeutic drugs to penetrate the 
blood-brain barrier is imperative to their success in clinical 
trials in the central nervous system. In the case of tepotinib, 
a dramatic intracranial response was observed in a patient 
with non-small cell lung cancer with brain metastasis; this 
promising result encouraged us to use tepotinib in our patient 
with GBM.20

Our case demonstrates the promise of using tepotinib 
to target MET in GBM. We observed both immediate and 
durable responses in controlling GBM growth in our patient. 
Early targeted therapy in the adjuvant setting (after radiation 
therapy) in select patient populations, in lieu of or in addition 
to TMZ, can be an effective therapeutic strategy in GBM. As 
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patients with GBM with MET alternations tend to have a 
poorer prognosis, an alternative to standard of care is imper-
ative. Future clinical trials will further clarify the role of tepo-
tinib in molecularly selected brain tumor patients.
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Figure 1. (A) Pre-operative T1-weighted post-contrast MRI sequence of the brain demonstrates contrast-enhancing lesions in the cerebellum and right 
lateral ventricle. (B) Post-operative T1-weighted post-contrast MRI of the brain demonstrates subtotal resection of the right lateral ventricle lesion and 
persistent enhancing nodules in the cerebellum. (C) Initial MRI of the brain 4 weeks after initial resection demonstrates disease progression, with new 
right frontal lesion (not pictured) and increased contrast enhancement in cerebellar lesions, an intraventricular lesion, and the surrounding resection 
cavity. (D) MRI of the brain with and without contrast, following cycle 1 of tepotinib showing near complete resolution of contrast-enhancing disease 
throughout the brain parenchyma, ventricle, and leptomeningeal space. This response has persisted for 35 months at last follow-up.
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