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Abstract

Background: Patients suffering from postoperative recurrent glioblastoma have an extremely
unfavorable outcome because there are no proven therapeutic options. The median overall
survival for those with relapsed glioblastoma after surgery is only 7.5 months.

Case presentation: Between March 2015 and October 2019, a 44-year-old female patient with
recurrent glioblastoma was treated by our medical team. After several failed rounds of therapy, the
patient was subsequently treated with the anti-programmed death (PD)-1 antibody nivolumab, anti-
vascular endothelial growth factor (VEGF) antibody bevacizumab, and cytotoxic agent temozolomide.
Results: The patient showed a sustainable complete response to the regimen. To date, there
have been no serious toxic side effects. As of October 2019 (the last follow-up), the patient has
been in complete remission for 17 months since recurrence.

Conclusion: The experience of this complicated case indicates the possible application of immune
checkpoint inhibitors, anti-angiogenesis agents, and cytotoxic reagents for recurrent glioblastoma.
The administration of this three-agent regimen appears safe and effective. However, further clinical
trials are warranted.
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treated with nivolumab combined with
bevacizumab and temozolomide.

2. This patient’s outcome is encouraging,
and the regimen appears safe and
effective.

3. Clinical trials involving more patients with
recurrent glioblastoma are warranted.

Introduction

Glioblastoma is the most common primary
malignant tumor in the central nervous
system. It originates from glial cells and
accounts for more than 14.6% of all brain
tumors.' Glioblastoma is highly invasive,
metastatic, and difficult to surgically
resect. The median overall survival of
patients with recurrence is reported to be
only between 7.5 and 9 months.>* The stan-
dard treatment regimen for glioblastoma is
surgery combined with radiotherapy and
adjuvant temozolomide chemotherapy,*
but there are no widely-accepted treatment
regimens for patients with recurrent glio-
blastoma. Angiogenesis plays an important
role in the initiation and progression of
tumors. Patients with malignant tumors
often have an increased level of vascular
endothelial  growth  factor (VEGF).
Bevacizumab is a monoclonal antibody
against human VEGF-A. Several recent
clinical studies have indicated that bevaci-
zumab administration increases the objec-
tive remission rate of patients with
recurrent malignant glioma, but the
median survival time remains less than 1
year.”’  Additionally, anti-programmed
cell death receptor-1 (PD-1) antibodies
have shown remarkable efficacy in the
treatment of non-small cell lung cancer,
colorectal cancer, melanoma, and other
tumors® by enhancing cytotoxic T cell func-
tions. Studies have shown that PD-1 and its
ligand programmed cell death-ligand 1
(PD-L1) are overexpressed in a subset
of patients with glioblastoma,’ but the
application of PD-1 antibodies in glioma

remains controversial.'® '? Here, we report
the case of glioblastoma patient treated
with nivolumab (anti-PD-1 antibody) com-
bined with bevacizumab (anti-VEGF anti-
body) and temozolomide. The survival
outcome of our patient was encouraging,
and the regimen showed acceptable safety.

Patient

Patient and public involvement

A patient with recurrent glioblastoma after
surgery was described in this report.
Currently, there is no available therapeutic
option for this patient.

Clinical presentation

A 44-year-old woman was admitted to
Southwest Hospital at the end of March
2015 with a history of dizziness and head-
aches. Brain magnetic resonance imaging
(MRI) scans indicated a space-occupying
lesion in the right insular lobe. In May
2015, right frontotemporal craniotomy
tumor resection was performed at Beijing
Tiantan Hospital affiliated with Capital
Medical University. Postoperative pathology
and  genetic  examinations  indicated
glioblastoma with oligodendroglioma com-
ponents involving the subarachnoid space
[World Health Organization (WHO)
stage I1V] without 1p/19q co-deletion.
Postoperative adjuvant radiotherapy [radia-
tion dose: 6 mv-x gross tumor target
volume (GTV) 63 Gy, clinical target volume
(CTV) 59.4 Gy for 33 cycles] and 6-cycle
temozolomide ~chemotherapy [200 mg/m?,
days 1-5, every 28 days (q28d)] were given
in Southwest Hospital starting on 7 August
2015. On 25 March 2018, a follow-up cranio-
cerebral MRI showed the existence of abnor-
mal enhancement shadows in the right
frontal lobe and corpus callosum knee and
body, suggesting tumor recurrence. The
anti-PD-1 antibody nivolumab (OPDIVO®,
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manufactured by Bristol Myers Squibb
Company, NY, USA) combined with bevaci-
zumab  (Avastin®,  manufactured by
Genentech, CA, USA) and temozolomide
(Temodal®, manufactured by Schering-
Plough Corporation, NJ, USA) was immedi-
ately given. The regimen was as follows:
nivolumab 3mg/kg, every 2 weeks (q2w);
bevacizumab 7.5 mg/kg, q2w; and temozolo-
mide 200 mg/m?, days 1 to 5, q28d, for a total
of 10 cycles. Subsequently, bevacizumab and
temozolomide were discontinued, but nivolu-
mab continued to be administered. On 22
November 2018, we examined the expression
of O°methylguanine-DNA methyltransfer-
ase (MGMT) by polymerase chain reaction
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(PCR) amplicon Bisulfite genomic sequenc-
ing following a published protocol.'* The
expression of PD-1 and PD-L1 was measured
by immunochemistry in surgically resected
samples according to a published method.'*

Results

The treatment response was measured
according to Response Evaluation Criteria
in Solid Tumors version 1.1 every 2 months.
The MRI images of the patient are shown
in Figure 1. The right insular lobe space-
occupying lesion was found on 2 May
2015 (Figure 1a), which led to the diagnosis
of primary glioblastoma. After surgery and
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Figure |. Representative images of the important clinical events in a 44-year-old female patient with
recurrent glioblastoma. (a) Magnetic resonance imaging (MRI) scan at the initial diagnosis (2 May 2015). (b)
MRI scan after surgery and adjuvant therapy (23 September 2015). (c) MRI scan at recurrence (25 March
2018). (d) MRI scan 2 months after triple-agent therapy with nivolumab, bevacizumab, and temozolomide
(31 May 2018). (e) Immunohistochemistry staining indicated negative programmed death-ligand I (PD-LI)
expression in the primary tumor (200x). (f) MRI scan at the most recent visit (30 October 2019).
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adjuvant radiochemotherapy, the tumor
completely disappeared (Figure 1b). On 25
March 2018, tumor recurrence (Figure Ic,
arrowhead) was detected on an MRI scan.
Two months (31 May 2018) after treatment
with nivolumab, bevacizumab, and temozo-
lomide, the tumor was in complete remis-
sion (Figure 1d). The results of PCR
amplicon Bisulfite genomic sequencing indi-
cated a positive methylation status of the
MGMT promoter. The expression of PD-1
or PD-L1 was negative (Figure le). On 24
August 2018, the patient was re-evaluated,
and the cancer was still in complete remis-
sion (Figure 1f). The patient was last exam-
ined in the clinic on 17 October 2019 with
no clinical evidence of relapse. The patient
was then lost to follow-up. From the diag-
nosis of recurrence (March 2018), the over-
all survival was 19 months, whereas the
period of complete remission was 17
months. No severe toxic effects were
observed. Liver and kidney functions
remained in the normal ranges. The
muscle strength of the upper and lower
limbs on the left was 5-, and that of the
right limbs was normal. The secondary
tumor was in complete remission for 17
months, and the patient responded well to
the three-agent regimen.

Discussion

According to the WHO classification,
Grade III and IV gliomas are categorized
as malignant, which are more aggressive
than Grade I and II tumors.'>'® Patients
with malignant glioma have a poor progno-
sis with a recurrence rate of up to 100%.
Although primary glioblastoma can be
treated with surgery and adjuvant chemo-
radiotherapy, there is no standard care for
recurrent glioblastoma. Current therapeutic
methods for recurrent glioblastoma mainly
include reoperation, radiotherapy, chemo-
therapy, and other palliative treatment
methods. As research progresses, the

molecular subtyping of glioma has been
applied clinically. A previous study
showed that glioblastoma patients with
IDHI-mutated tumors exhibit a better
prognosis.'” In patients with anaplastic gli-
omas, those with ATRX loss and IDH
mutations have a better prognosis.'®
Among glioblastoma  patients  with
MGMT promoter methylation, it has been
reported that temozolomide prolongs their
overall survival.'” In addition, patients with
1p/19q codeletions show longer survival
after radiochemotherapy.”® Those with
postoperative recurrence of malignant
glioma do not benefit from surgical treat-
ment and radiotherapy, leaving chemother-
apy as a more feasible option. However, no
widely-accepted chemotherapy regimen has
been introduced for patients with recurrent
glioblastoma after adjuvant therapy.?"*
Immune checkpoint inhibitors, such as
anti-PD-1 antibodies, enhance the functions
of cytotoxic T cells to execute tumor-killing
effects.”® Anti-PD-1 strategies have been
used in the treatment of many tumors, but
their efficacy in recurrent glioblastoma
patients  remains  controversial.  For
instance, in a phase 1 study'? of 40 patients
with recurrent glioblastoma treated with
nivolumab or nivolumab and ipilimumab,
11 individuals experienced a partial
response or stable disease longer than 12
weeks, indicating that nivolumab-based
regimens might be effective in a subset of
patients with recurrent glioblastoma. In a
single-institute retrospective study, patients
with recurrent glioblastoma who had failed
bevacizumab treatment were administered
nivolumab.>* No patient demonstrated a
therapeutic response to nivolumab, and no
survival benefit was observed.>® Another
retrospective'! study also indicated that
nivolumab or pembrolizumab (anti-PD-L1
antibodies) did not show any survival ben-
efit in patients with recurrent high-grade
glioma, even when the patients were
concurrently treated with bevacizumab.
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Although these studies failed to show a sur-
vival benefit in patients treated with anti-
PD-L1/PD-1 and anti-angiogenic agents, it
is worth noting the above three studies'''**
were uncontrolled studies with relatively
small cohorts. Therefore, well-designed clin-
ical trials with larger cohorts are warranted
to test the efficacy of nivolumab in patients
with recurrent glioblastoma.

Anti-VEGF molecular targeted therapy
provides a new direction for different
types of malignant tumors that cannot be
surgically resected. In 2009, the US Federal
Drug Administration (FDA) approved bev-
acizumab for the treatment of recurrent
glioblastoma based on the increased
response rates observed in two phase 2
studies (06-C-0064E trial>> and AVF3708
trial®). Several researchers®® have suggested
that anti-angiogenic drugs can normalize
tortuous and disorganized tumor vessels,
thereby theoretically enhancing the func-
tion of anti-PD-1 antibodies. Presently,
the combination of anti-angiogenic drugs
and anti-PD-1 antibodies has been tested
in clinical trials for many solid tumors,
and promising results have been obtained.
The combination of nivolumab and bevaci-
zumab has been evaluated in patients with
recurrent ovarian cancer.”’ In this small-
scale phase 2 trial,”’ the objective response
rate to nivolumab and bevacizumab was
28.9% in the entire cohort (40.0% in
platinum-sensitive patients and 16.7% in
platinum-resistant individuals), indicating
that a fraction of patients might achieve a
long-term benefit from the combination.

In the present case, after the failure of
adjuvant chemoradiotherapy, we adminis-
tered salvage chemotherapy with temozolo-
mide combined with the immune
checkpoint inhibitor nivolumab and anti-
angiogenic bevacizumab. The recurrent
patient responded to the regimen with com-
plete remission for 17 months, which was
longer than the median overall survival of
9.3 months from recurrence reported by a

previous meta-analysis.®® In the clinical
course, we did not find any positive markers
for a good response to anti-PD-1 antibod-
ies. However, the fact that the patient sur-
vived longer than previous reports suggests
other biomarkers might be more practical
to predict therapeutic responses. To the
best of our knowledge, this is the first
report of a recurrent glioblastoma patient
treated with temozolomide, nivolumab,
and bevacizumab. The survival of this
patient appears to be most encouraging,
suggesting that this regimen might be effec-
tive in a larger population, although clinical
trials are warranted.

Targeted therapy for recurrent glioblasto-
ma based on the understanding of molecular
biology has gained significant attention from
researchers.”” In addition to immune check-
point inhibitors and anti-angiogenics, other
strategies should also be considered, espe-
cially combinations with cytotoxic agents.

In conclusion, anti-PD1 antibodies com-
bined with bevacizumab and chemotherapy
can potentially be used in patients with recur-
rent glioblastoma. The combination of anti-
angiogenic treatment and immunotherapy
enhances the anti-tumor effects of anti-PD1
antibodies. Further clinical trials are required
for the clinical application of this regimen in
patients with recurrent glioblastoma.
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