Nivolumab with radiation therapy in a glioblastoma
patient with Lynch syndrome
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SUMMARY

Lynch syndrome is an autosomal dominant disorder
leading to cancer predisposition caused by mutations
in mismatch repair genes. There is minimal published
experience treating glioblastoma in patients with Lynch
syndrome. We report a patient with Lynch syndrome
who was initially diagnosed with a left occipital
isocitrate dehydrogenase (IDH) wild-type glioblastoma.
After resection, she was treated with chemoradiation,
followed by tumour treating fields. Three years after
diagnosis, recurrence was resected. After refusing
cytotoxic chemotherapy, decision was made to treat
with off-label nivolumab concurrently with radiation.
She has been maintained on nivolumab without
recurrence of her glioblastoma now over 5 years out
from her initial diagnosis. This case provides the first
report of glioblastoma in a patient with Lynch syndrome
responding to nivolumab and concurrent radiation.

In patients with Lynch syndrome and glioblastoma,
immunotherapy in the form of nivolumab may be an
alternative option to standard cytotoxic chemotherapy.

BACKGROUND

Despite advances, glioblastoma remains a chal-
lenging malignancy with a poor prognosis. Even
with aggressive resection and chemoradiation, glio-
blastoma is a fatal disease with average survival only
15 months and 5-year survival rate less than 10%."
There is an immediate need for novel therapies in
glioblastoma.

While programmed cell death protein 1 (PD-1)
inhibitors have shown great success with malig-
nancies, including melanoma and non-small cell
lung adenocarcinoma, the results in glioblas-
toma have been disappointing. Nivolumab is a
human monoclonal immunoglobulin G4 antibody
that inhibits PD-1 expressed on activated T cells,
thereby promoting T cell proliferation and cytokine
production. Checkmate 143 is a phase III clinical
trial, which investigated nivolumab compared with
bevacizumab in patients with glioblastoma at first
recurrence. Median overall survival (mOS) was
comparable between both treatment arms, resulting
in the study not meeting the primary end point of
improved OS with nivolumab versus bevacizumab.”

Lynch syndrome is an autosomal dominant
disorder caused by mutations in mismatch repair
(MMR) genes. MMR genes maintain genomic
integrity, and when mutated lead to microsatellite
instability and carcinogenesis. Patients with Lynch
syndrome have a 30%-60%risk of colorectal
carcinoma (greatest for males), 25%-50%risk of
endometrial carcinoma (greatest risk for MSH6),

890-20%risk of ovarian cancer, 2%-11%risk of
gastric cancer, 1%-5%risk of small bowel cancer
and pancreatic cancer, 1%-12%risk of urothelial
cancer (greatest for MSH2) and 1%-6%risk of
brain cancer (MSH2 at greatest risk).’

Pembrolizumab, a monoclonal antibody to the
PD-1 receptor, is FDA approved for the treatment
of unresectable or metastatic microsatellite insta-
bility high (MSI-H) or deficient MMR (d-MMR)
solid tumours. The phase II Keynote-158 trial
enrolled 233 patients representing 27 different
tumour types. Of those 233 patients, 4 had brain
metastases and 13 had primary brain tumours.
Objective response rate (ORR) for the entire study
was 34.3% and mOS was 23.5 months. For the
primary brain tumours, ORR was 0.0 with an mOS
of 5.6 months.*

The FDA granted accelerated approval of
nivolumab for the treatment of metastatic colorectal
carcinoma in tumours harbouring MSI-H or
d-MMR after progressive on conventional chemo-
therapy based on the results of CheckMate 142. In
this single arm phase II trial, 74 patients with meta-
static colorectal carcinoma with tumours demon-
strating d-MMR or MSI-H received nivolumab. At a
median follow-up of 12 months, 31.1% of patients
(23 patients of 74 patients) achieved an objective
response and 69% (51 patients) demonstrated
control of disease for at least 12 weeks.” Here, we
present the case of a Lynch syndrome patient with
recurrent isocitrate dehydrogenase (IDH) wild-type
glioblastoma with MSI-H who has had a response
to nivolumab.

CASE PRESENTATION

A 57-year-old woman presented with progressive
headache and memory loss over several weeks.
Patient had a history of a resected colon cancer 10
years prior and known Lynch syndrome. MRI of
the brain demonstrated a large enhancing mass in
the left occipital lobe with surrounding vasogenic
oedema and mass effect (Figure 1A,B). She under-
went a left occipital craniotomy (figure 1C,D) with
pathology consistent with IDH wild-type glioblas-
toma, O6-methylguanine-DNA methyltransferase
(MGMT) unmethylated.

TREATMENT

Patient went on to receive 6000 cGy of radiation
therapy with concomitant temozolomide. Temo-
zolomide was held for the last 3 weeks of radiation
due to grade 4 thrombocytopenia. After platelet
recovery, cycle 1 of adjuvant temozolomide was
attempted at a 50% dose reduction. Patient was
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Case report

Figure 1  (A) Preoperative axial T1 post-contrast MRI demonstrating
ring enhancing mass with central necrosis. (B) Preoperative axial T2 flair
MRI demonstrating mass effect and cerebral oedema. (C) Postoperative
axial T1 post-contrast MRI. (D) Postoperative axial T2 flair MRI.

unable to receive further temozolomide due to prolonged pancy-
topenia. Patient was subsequently started on monotherapy with
tumour treating fields. After 14 months of therapy with tumour
treating fields without tumour recurrence, patient elected to
discontinue tumour treating fields due to quality of life.

MRI performed 18 months after stopping tumour treating
fields, over 3years since her initial glioblastoma diagnosis,
showed non-enhancing tumour recurrence in the right frontal
lobe (figure 2A). She underwent a second craniotomy, this time
for resection of the frontal lobe recurrence (figure 2B) with
pathology consistent with IDH wild-type high-grade glioma,
not classifiable as glioblastoma though concern that tumour was
transitioning to glioblastoma, MGMT unmethylated. Genomic
sequencing with germline comparison revealed the tumour to be
microsatellite unstable with a high tumour mutational burden.

She refused any further cytotoxic chemotherapy. She was
started on off label nivolumab 240mg intravenously every
2weeks. She received nivolumab, while she underwent radiation
to the right frontal lobe, receiving 4500 cGy in 25 fractions. She
continued on nivolumab after completion of radiation therapy.
Nivolumab had to be periodically delayed a week due to grade

Figure 2 (A) Preoperative axial T2 flair MRI showing non-enhancing
disease recurrence in right frontal lobe. (B) Postoperative axial T2 flair
MRI showing interval resection.

2 neutropenia, but, however, she tolerated treatment very well
without other adverse effect.

OUTCOME AND FOLLOW-UP

Neurologically, she continued to perform well with mild short-
term memory deficit. As of Syears out from her initial diag-
nosis of IDH wild-type glioblastoma, she is without evidence
of further intracranial or systemic recurrence of neoplasm and
remains on nivolumab monotherapy.

DISCUSSION

While the association is known between Lynch syndrome and
glioma, there is very little known in regards to the clinical
course and outcome of a glioblastoma in a patient with Lynch
syndrome. Universally, glioblastoma is incurable with a prognosis
of 15 months on average. Depending on which MMR mutation
is harboured by a patient with Lynch syndrome, studies site a
1%-690 lifetime risk to those aged 70 years of brain neoplasm in
patients with Lynch syndrome.

The role of MMR genes is to maintain genomic integrity.
Mutated MMR genes lead to highly mutated repetitive DNA
sequences. These in turn lead to microsatellite instability and
ultimately formation of neoplasms. The neopeptides and neoan-
tigens resulting from the microsatellite instability are immuno-
genic.® These can be recognised by CD8* lymphocytes, a process
which is enhanced by immune checkpoint blockade. And while
the results to date have been disappointing in regards to the effi-
cacy of immune checkpoint inhibitors in recurrent glioblastoma,
whether a glioblastoma might respond in a patient with Lynch
syndrome to immune checkpoint blockade has not been exten-
sively studied.

Immune checkpoint inhibition during radiation was initially of
concern, with hypotheses that it could potentially amplify toxicity
and oedema from concurrent brain irradiation. However, studies
have since shown that not only is it safe to give concurrently, but
there is rationale for an increased benefit when doing so. A retro-
spective study of patients with metastatic melanoma to the brain
treated with concurrent pembrolizumab and radiation therapy
demonstrated both safety and efficacy of the combined treat-
ment.” Aside from the direct cytotoxicity of radiation therapy
to tumour cells, radiation therapy provokes a systemic immune
response, a phenomenon known as the abscopal effect involving
the ‘trafficking of lymphocytes into the tumour microenviron-
ment, enhanced tumour recognition and killing via up-regula-
tion of tumour antigens and antigen presenting machinery and
induction of positive immunomodulatory pathways’.® Glio-
blastoma induces a systemic immunosuppressive state through
multiple mechanisms, including hypoxia in the tumour microen-
vironment, cytokine dysregulation and lymphocyte dysfunction:
‘the ability to cause severe, systemic T-cell deficits is one of the
most prominent and earliest reported immune-related effects
of HGGs [high grade gliomas]’.” The combination of immune
checkpoint inhibition and radiation therapy may have a syner-
gistic modulatory effect both locally and systemically attempting
to overcome glioblastoma-induced immunosuppression and take
advantage of the radiation-induced antigen production.

This patient had known Lynch syndrome at the time of
her initial diagnosis of glioblastoma. Genomic sequencing of
her tumour revealed MSI-H with a high tumour mutational
burden, both findings associated with a response to checkpoint
inhibition in other solid tumours. She has exhibited a durable
response to nivolumab administered concurrently with radiation
and continued as monotherapy afterwards, without evidence
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of disease progression after over 20 months of treatment with
nivolumab. Importantly, not only is there stability at the frontal
site of recurrence, but also there has not been recurrence at the
original site of disease at 5years. While there are rare glioblas-
toma patients with extended survival, in this patient, the fact
that she developed a second glioma as well as the abnormalities
harboured, which are associated with a response to nivolumab,
indicate a potential therapeutic effect of nivolumab in her case.
While previous work in glioblastoma did not find a significant
response in patients treated with nivolumab, most glioblas-
tomas do not harbour microsatellite instability, d-MMR or high
tumour mutational burden, which are associated with response
to immune checkpoint inhibition in other solid tumours. This
prior study did not select patients based off of these indications.
This report suggests tumour mutational burden and micro-
satellite instability should be evaluated at the time of diagnosis
of glioblastoma and might lead one to consider the possibility
of immune checkpoint inhibition, particularly in the setting
of Lynch syndrome where this treatment has demonstrated
success in other hypermutated malignancies associated with the
syndrome. This is the first case report of a patient with Lynch
syndrome and glioblastoma treated with radiation therapy with
concurrent checkpoint inhibition. This warrants further study.

Learning points

» There may be a role for inmunotherapy in tumours
associated with Lynch syndrome.

» In glioblastoma, mismatch repair deficiency and microsatellite
instability should be evaluated to determine if there is a role
for immunotherapy.

» There is a rationale for synergism between radiation therapy
and immunotherapy.
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