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Abstract

Glioblastoma multiforme (GBM) is one of the most frequent and aggressive primary tumors in
the central nervous system, representing more than 60% of all brain tumors in adults. Primary
GBM remains incurable with a poor prognosis both for limited therapeutic alternatives and
for a high risk of progression or recurrence. In fact, at recurrence, the few treatment options
available, and often characterized by limited effectiveness, have always been an Achilles’ heel.
The recent approval of second line of regorafenib, a multikinase inhibitor, has given hope after
several years of darkness for new therapies in the treatment of GBM. Indeed, in the REGOMA
trial, a phase 2 study, regorafenib was the first drug to show a statistically significant improve-
ment in median overall survival compared with lomustine group, usually used in the second-
line treatment after temozolomide failure. We report a case of a 43-year-old patient affected
by GBM in treatment with regorafenib in third line of therapy with good disease control and
long PFS.
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Introduction

Glioblastoma multiforme (GBM) is the most common primary brain malignancy in adults,
representing about 14.5% of all tumors [1]. In over 90% of cases, GBM occurs de novo, called
primary GBM, without evidence of a less malignant precursor; usually grows more rapidly
and has a worse prognosis than secondary GBM, which develops from lower grade astrocytoma
or oligodendroglioma.

In newly diagnosed cases, the standard of care is maximally safe resection, concomitant
chemoradiotherapy with temozolomide, and subsequent adjuvant temozolomide alone for 6
cycles [2]. This multimodal approach is associated with a median overall survival (mOS) of
about 15 months, with a range of around 10-16 months and a 5-year survival rate of 10%.

Atrecurrence, treatment remains less defined: some patients may be offered re-irradiation,
salvage surgery, rechallenge with temozolomide if a long interval has passed, nitrosoureas
(e.g., CCNU), or antiangiogenic drugs such as bevacizumab [3]. Currently, there is no uniform
consensus on standard treatment at progression. Lomustine, an alkylating agent, is usually
used in the second line after temozolomide failure, with mOS range of 8.6-9.8 months, and
median progression-free survival (mPFES) of 1.5-2.7 months [3]. Rationale for bevacizumab,
an anti-VEGF IgG1 antibody, only approved in the USA based on two phase 2 trials, stands
on the highly angiogenic nature of GBM but its limited efficacy is restricted to PFS [3, 4].
Consequently, there is a critical need for new therapies that can improve the prognosis for
patients with GBM.

Regorafenibis an orally available tyrosine kinase inhibitor, targeting numerous pathways
(angiogenesis, oncogenesis, tumor microenvironment, and immunity) and is approved for
treatment in several tumor types. Following a 2018 phase 2 trial by Lombardi et al. [5], rego-
rafenib has now been approved by Italian Medicines Agency (AIFA) for its use in recurrent GBM
as of October 2019. Here, we report the results of treatment with regorafenib in one of our
patients treated at the Oncology Department of the University L. Vanvitelli with a secondary
glioblastoma, previously treated with unsatisfying results.

Regorafenib in the Central Nervous System Overview

At the time of this publication, regorafenib has been approved as anticancer drug by AIFA in
the hepatocarcinoma, nonresectable or metastatic GIST, metastatic colorectal cancer, besides
relapsing GBM. REGOMA (NCT02926222) was a multicentric, open-labeled, randomized,
controlled, phase 2 trial in which 119 patients were randomized to receive either regorafenib, at
160 mg/day orally once a day for the first 3 weeks of a 4-week cycle or lomustine at 110 mg/sqm
(up to 200 mg) orally on day 1 of every 6-week cycle. At the median follow-up of 15.4 months,
0S, primary endpoint of the study, was greatly improved in the regorafenib group (7.4 vs. 5.6)
[5]. One of the main limitations of the REGOMA trial, besides needing confirmation from a
phase 3 trial, is the discrepancy of lomustine results compared to other trials: for example,
lomustine mOS in EORTC 26101 trial [6] was around 9 months versus 5.6 months in the
REGOMA study. According to aforementioned findings and despite requiring further inves-
tigation, AIFA proceeded to approve regorafenib in GBM as second line of treatment on 19
December 2019.

Regorafenib is first-choice treatment for recurrent GBM according to Italian Association
of Medical Oncology guidelines, while bevacizumab, although approved by FDA4, is not recom-
mended by AIFA and EMA. The National Comprehensive Cancer Network guidelines also
consider regorafenib as a valid option in recurrent GBM; nevertheless, the strongest
suggestion is clinical trial enrollment. Regorafenib is conspicuously absent from the 2020
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European Association of Neuro-Oncology guidelines, in which only nitrosoureas, temozolomide
rechallenge, and bevacizumab emerge as therapeutic options. Regorafenib is not yet
approved by EMA for use in relapsing GBM, although it has been granted in 2019 orphan
drug designation.

Case Presentation

In 2007, a 28-year-old patient presented with a history of multiple seizures in the last few
months. Accordingly, he practiced brain magnetic resonance imaging (MRI) with contrast
agent which showed a mass in the left frontal lobe. He then underwent excision with histo-
pathological examination compatible with grade 2 fibrillary astrocytoma. Subsequently, the
patient has been treated with adjuvant radiotherapy (RT) (60 Gy) plus concomitant temo-
zolomide and subsequent adjuvant therapy for six cycles. After more than 10 years, recurrence
was highlighted in September 2018, with the appearance of a mass of 26 x 18 mm in the
left frontal lobe. At the same time, the patient complained of headache, fatigue, and
nervousness. In October 2018, a second surgical exeresis was deemed necessary. Histological
examination was compatible with high-grade glial lesion, IDH wild-type, 1p19q non-code-
leted, 0-6-Methylguanine-DNA Methyltransferase (MGMT) methylated. Postsurgery gado-
linilum-enhanced brain MRI showed residual disease in surgical bed; therefore, the patient
practiced a second course of RT (51 Gy) until January 2019 followed by concomitant temo-
zolomide rechallenge.

Unfortunately, firstbrain MRI at 40 days after RT completion showed disease progression
and progressive clinical deterioration: the patientreported intense headache, cognitive changes,
and vomiting for about 3 episodes per day, despite intravenous therapy with antiemetics and
steroids. Because of this, the patient started an off-label treatment with bevacizumab plus
irinotecan for 12 cycles, overall well-tolerated. Best response was stable disease according to
Response Assessment in Neuro-Oncology criteria. After a 12-month PFS, in May 2020, MRI
showed cerebral progression with worsening of headache, personality change, motor deficits,
and memoryloss, therefore, afteramannitol course and steroid therapy, the patientunderwent
palliative RT (15 Gy in 3 fractions) and then, after a new MRI (Fig. 1, 2), an off-label third-line
treatment with regorafenib 160 mg/day from day 1 to 21 every 28 days, for just over 8 months,
from July 2020 to March 2021. Blood count and chemistry panel were obtained every 2 weeks
for the first three cycles, neurological assessment and examination every 4 weeks. Best radio-
logical response was stability according to Response Assessment in Neuro-Oncology criteria,

Fig. 1. July 2020 MRI sagittal 3DFLAIR, before starting rego-
rafenib treatment.
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Fig. 2. July 2020, MRI coronal T2 FSE, before starting rego-
rafenib treatment.

Fig. 3. August 2021, MRI coronal T2 FSE, progression disease.

with a PFS of 8 months. Overall, treatment was well-tolerated, except for grade 1 increase in
alanine and aspartate aminotransferases and grade 1 hypertension, both described in REGOMA
with an incidence <10%. Treatment was then reduced to 120 mg/day from the sixth cycle,
and therapy with antioxidant supplement was prescribed.

The patient was monitored monthly and remained in good clinical conditions, with a
Karnofsky performance status of 80% and improvement in headache and motor symptoms,
until the last month of treatment, where ataxia and aphasia increased, affecting his daily
activities, needing an increase in steroids use, the use of which was low during treatment
with regorafenib. Following radiological disease progression and worsening of neurological
symptoms (Fig. 3), the patient started fourth-line chemotherapy regimen with intravenous
fotemustine

Discussion, Real-Life Data, and Future Perspectives
Following REGOMA, case series and retrospective studies were published, evaluating
regorafenib in real-life settings. A retrospective bicentric analysis of a 24 patients’ cohort

[7] showed a mPFS superimposable to REGOMA'’s, with worse OS (4.1 months vs. 7.4
months), while another retrospective study [8] evaluating a total of 6 patients showed a
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disease control rate of 0%, OS around 6 months, and with all but 1 patient reporting a grade
3 adverse event.

These results, significantly different from the landmark REGOMA trial, may be due to
distinct patient characteristics: both included noteworthy heterogenous populations both in
prior recurrences (ranging from first to seventh) and in diagnosis including astrocytomas,
oligodendrogliomas, and diffuse midline gliomas. A 2021 retrospective study [9], enrolling 54
patients treated with regorafenib showed similar mPFS (2.3 months) and OS (10.2 months)
to the ones in the REGOMA trial.

In the clinical case described, we used regorafenib in a third-line setting for a secondary
GBM, with outstanding results. Considering the long survival, in comparison to other patients,
DNA sequencing on tumor tissue from 2018 surgery was performed, with mutations reported
in CDKN2A/B and PIK3CA and no IDH mutation. For a long time, IDH mutations were
considered an important prognostic factor typical of secondary GBM, associated with longer
survival [10]. Nevertheless, only 2 patients in the REGOMA trial presented IDH mutation, and,
according to the 2021 WHO classification, IDH mutant gliomas are now defined as astrocy-
tomas, not amenable to regorafenib treatment.

A 2018 retrospective single-institution trial on third-line treatment reported mPFS of 2.9
monthsand mOS of 6.6 months, consistent with our experience [11]. Our patient’s PFSreached
9 months, a result greatly exceeding mPFS from REGOMA, 2.0 months. Results from the 2021
retrospective analysis by Lombardi et al. [4] showed an mPFS of 2.3 months and a 6 m-PFS of
18%, indeed comparable to REGOMA. Both trials investigated exclusively the second-line
setting. Unfortunately, predictive biomarkers of response to regorafenib are not yet available,
although several studies highlighted potential biomarkers.

Based on preclinical studies showing activation of AMPK pathway during antiangiogenic
treatment, phosphorylated acetyl-CoA carboxylase was identified as a valuable predictive
factor regarding OS [12]. Elevated expression of HIF1a and CDKN1A mRNA and reduced
expression of miR-93-5p, miR-3607-3p, and miR301a-3p can help distinguish a favorable
subgroup of patients [13]. These findings, given the relatively small population and the study
design, must be validated in larger and in prospective trials.

In IDH wild-type MGMT methylated high-grade gliomas, mOS is about 2 years, with mOS
at 2 years of 49%. As aresult, our patient survival has exceeded the literature median survival
time, even in the absence of prognostic factors, reporting an excellent clinical response and
radiological benefit, especially when compared with known response rates from clinical trials;
in addition, treatment, on the whole well-tolerated, did not worsen the patient’s clinical condition,
allowing him to start a fourth-line chemotherapy treatment. Indeed, our clinical case could be
considered as a starting point to evaluate the use of regorafenib also for later lines beyond
the second one, also in settings different from REGOMA'’s, as regorafenib was used in this
patient in secondary glioblastoma.
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