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for Isocitrate Dehydrogenase Mutant Brainstem Glioma
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Brainstem gliomas are not common in adults, and the treatment strategies and their outcomes are lim-
ited. Immunotherapy is emerging as a promising new modality for the treatment of these gliomas.
Here, we report the first case of brainstem glioma treated with a combination of radiotherapy and au-
tologous formalin-fixed tumor vaccine (AFTV). A 32-year-old man presented with left facial numbness
and right hemiparesis, and was referred to our department. MRI and open biopsy indicated brainstem
glioma, and he was specifically diagnosed with isocitrate dehydrogenase 1-mutant diffuse astrocytoma
of WHO grade Il. He was treated with stereotactic radiotherapy followed by AFTV three months later.
MRI conducted at 42 months after the combination therapy showed a 91% decrease in tumor volume,
and the regression was maintained for 5 years. Thus, combination treatment with radiotherapy and im-
munotherapy may prove to be a promising alternative for the treatment of brainstem glioma.
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INTRODUCTION

Brainstem gliomas form a heterogeneous group of tumors
that includes diffuse instrinsic pontine glioma, glioblastoma,
diffuse astrocytoma, oligodendroglioma, and pilocytic astro-
cytoma (PA), which are located in the midbrain, pons, and
medulla. Brainstem gliomas are not commonly encountered
in adults, and they constitute less than 2% of adult gliomas [1].
Based on DNA methylation microarray, Chen et al. [2] pro-
posed four major methylation clusters of brainstem gliomas,
namely; histone 3 (H3)-pons, H3-medulla, isocitrate dehydro-
genase (IDH), and PA-like, each of which are associated with
unique genomic and clinical profiles. Methylation cluster H3-
pons and H3-medulla are enriched for H3K27M and G34R/V
mutations. H3-pons is consisted of grade III-IV gliomas and
represents the most aggressive clinical course in these groups.
Methylation cluster IDH occurs in adults and is mainly com-
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prised of WHO grade II gliomas. Methylation cluster IDH dose
not represent a more malignant clinical course than H3-pons
or H3-medulla.

Typically, patients diagnosed with brainstem gliomas are
treated with radiotherapy at 50-55 Gy, using fractions of 1.8—
2.0 Gy [1]. Chemotherapy is mainly used as adjuvant treatment,
and the most frequent regimen is the Stupp regimen, which in-
volves administration of both concurrent and adjuvant temo-
zolomide [3,4]. However, the survival rates are still dismal. For
example, the average survival in pediatric diftuse intrinsic pon-
tine glioma is uniform across studies at 10-12 months, with sur-
vival beyond 3 years being rare; further, adult studies on infil-
trating, brainstem gliomas indicate an average survival of 3040
months, but survival decreases with age [3].

As an alternative treatment strategy, immunotherapy is con-
sidered to be potentially beneficial for treatment against un-
treatable gliomas, and several clinical trials on immunother-
apy against glioblastoma have recently been reported [5-7].
An emerging immunotherapy option is autologous formalin-
fixed tumor vaccine (AFTV), which uses autologous formalin-
fixed tumor tissue fragments and adjuvants to induce tumor
specific immune reactions [8]. Specifically, AFTV involves the
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induction of activated CD8+ cytotoxic T lymphocytes. In pa-
tients with the tumor, tumor associated antigens are present-
ed by antigen presenting cells, but the immune system is sup-
pressed in the tumor-bearing state [9]. However, the tumor
tissue and adjuvant delivered by AFTV therapy result in the
recovery and activation of cellular immune function [10,11].
So far, the efficacy of AFTV for glioblastoma [12] and hepato-
cellular carcinoma [8] has been evaluated, but its efficacy for
brainstem gliomas has not yet been reported.

Here, the authors report the case of a patient with brainstem
glioma in whom partial remission was achieved with a com-
bination of radiotherapy and AFT'V.

CASE REPORT

A 32-year-old man with no past medical history was referred
to our department for left facial numbness and right hemipa-
resis. MRI of the head showed hyperintense signals in the pons,
midbrain, and left middle cerebellar peduncle on T2 and FLAIR
(Fig. 1A-C) images, and the tumor volume was determined
to be 23.9 cm’. MRI also demonstrated faint enhancement of
the same lesion on T1 images (Fig. 1D). These findings were
indicative of brainstem glioma as well as demyelinating diseas-
es, such as acute disseminated encephalomyelitis and multiple
sclerosis, which were considered in the differential diagnosis.
We performed an open biopsy in order to obtain a definitive
diagnosis. Microscopic evaluation of the biopsy sample re-
vealed an infiltrative, diffuse growth pattern of glioma cells (Fig.

Fig. 1. Scans from MRI of the head conducted on admission. A-C: T2-weighted images showed hyperintense lesions in the pons, midbrain,
and left middle cerebellar peduncle. D: Contrast-enhanced MRI demonstrated mild enhancement of the lesion.

Fig. 2. Histopathological and immunohistochemistry findings for the first open biopsy sample. A: Histopathological examination of the tumor

with hematoxylin and eosin staining revealed an infiltrative, diffuse growth pattern of glioma cells. B and C: Immunohistochemistry staining
for mutant IDH1 (B) and p53 (C) showed positive results. D: The Ki-67/MIB-1 index was 2%—3%. E: The staining results for H3K27M were

negative.
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2A), and the immunohistochemistry (IHC) findings for GFAP,
p53, and IDH1R132H were positive (Fig. 2B and C). The IHC
findings for H3K27M were negative (Fig. 2E), and the Ki-67/
MIB-1 index was 2%-3% (Fig. 2D). Eventually, he was diag-
nosed with “diffuse astrocytoma, IDH mutant”

The patient received a total dose of 50 Gy of stereotactic ra-
diotherapy that was delivered in 25 fractions of 2 Gy each, and
his neurologic deficits resolved. Three months after radiother-
apy, the patient expressed interest in undergoing AFTV at an-
other clinic. Therefore, we introduced him to a clinic for immu-
notherapy with AFT'V. The AFT'V treatment usually comprises
three courses of vaccination performed at 2-week intervals, but,
in this case, only one course of vaccination was administered
because very little tumor tissue was removed. The treatment
consisted of five local intradermal injections of 0.2 mL AFTV
per site in the upper arm. MRI performed 6 months after the
open biopsy showed regression of the tumor. Further, MRI per-
formed 42 months after AFTV demonstrated significant tumor
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reduction: The tumor volume was 2.2 cm’, and it exhibited a
91% reduction compared with the initial MRI. The symptoms
of the patient resolved after AFTV. This was considered as a
partial response based on immunotherapy Response Assess-
ment in Neuro-Oncology criteria [13]. Further, the radiograph-
ic responses indicated clinical improvement (Fig. 3). Regres-
sion of the tumor was maintained for 60 months.

MRI performed 66 months after the open biopsy showed
progression disease and the symptoms worsened, so temo-
zolomide was administered. However, the tumor regrowth
was not inhibited, and a second open biopsy was performed.
The biopsy results were, again, indicative of diftuse astrocy-
toma, IDH mutant. IHC analysis of CD3, CD4, and CD8 (Fig.
4) demonstrated poor infiltration of immune cells. The neuro-
logic findings were unchanged. Based on these findings, three
additional courses of AFTV treatment were administered at
2-week intervals. Despite the additional AFTV administration,
MRI demonstrated regrowth of the tumor, and the facial palsy

Volume 23.9 cm? 24.3 cm?

Symptom

12.1 cm3 2.2 cm?

Month 0 1 3
Biopsy SRT AFTV
50 Gy/25 Fr

83 months
Dead

Fig. 3. Clinical course and the corresponding MRI scans. Open biopsy was first performed, and based on the findings, SRT and one course
AFTV were performed. Six months after open biopsy, MRI showed regression of the tumor. MRI conducted at 42 months demonstrated sig-
nificant regression of the tumor. The radiographic response indicated clinical improvement. AFTV, autologous formalin-fixed tumor vaccine;
SRT, stereotacic radiotherapy.

Fig. 4. Histopathological examination of the second open biopsy sample. Poor infiltration of immune cells was observed. The results of im-
munohistochemistry staining for CD3 (A), CD4 (B), and CD8 (C) were negative.
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and hemiparesis got worse. And, 83 months after the first open
biopsy, the patient died because of disease progression.

DISCUSSION

In the patient case report, we describe a case of brainstem
glioma that was diagnosed and classified as “diffuse astrocyto-
ma, IDH mutant (WHO grade II);” based on the detection of
an IDH mutation and wild-type H3.

Treatment strategies against brainstem gliomas are limited,
because surgery is often not possible and even biopsies are chal-
lenging and associated with a higher risk of complications. For
adults with brainstem glioma, the standard therapy is involved-
field radiotherapy with a total dose of 54 Gy delivered in 1.8
to 2.0 Gy [14]. Furthermore, Schulz-Ertner et al. [15] report-
ed the efficacy of fractionated stereotactic radiotherapy (54
Gy delivered in 1.8 Gy fractions) against brainstem gliomas,
but the median overall survival was 40 months. This clinical
trial included 41 patients with brainstem gliomas; histology
revealed low grade gliomas in 30 patients and tumors have not
been classified in 10 patients. Chemotherapy is also possibly
another potential treatment, but the available literature is lim-
ited. Reyes-Botero et al. [16] demonstrated that patients with
recurrent low grade diftuse brainstem glioma were treated with
temozolomide after radiotherapy. Median OS was 14.4 months.
Mellinghoft et al. [17] reported the potential use of IDHI in-
hibitors against the IDH mutant gliomas. In this clinical trial,
ivosidenib was associated with a favorable safety profile, pro-
longed disease control, and reduced growth of nonenhancing
tumor.

Given the less-than-satisfactory outcomes of the current ra-
diotherapy regimens, immunotherapy could be a promising
alternative for brainstem glioma in adults. In fact, AFTV, an
emerging immunotherapy modality, has shown efficacy for
the treatment of glioblastomas [12] and hepatocellular carci-
noma [8]. Further, Ishikawa et al. [12] reported a phase I/1la
trial of fractionated radiotherapy, temozolomide, and AFTV
for newly diagnosed glioblastoma, in which the combination
treatment was found to be well tolerated and resulted in fa-
vorable progression-free survival and overall survival. Simi-
larly, in the present case, the brainstem glioma responded well
to a combination of stereotactic radiotherapy delivered in doses
of 2.0 Gy (total dose=50 Gy) and AFTV. In this case, the ab-
scopal effect of the immune-mediated anti-tumor mechanism
of radiotherapy might have triggered the regression of meta-
static tumors that were distant from the irradiated field [18].
As AFTV was administered after radiotherapy, the immune
system had possibly acquired the ability to respond specifically
to the tumor antigen and similar abscopal mechanisms might
have occurred in the residual tumor lesion. At 42 months af-
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ter the combination therapy, a 91% decrease in tumor volume
was observed, and tumor regression was maintained for 60
months after combined therapy. These findings indicate that
the combination of radiotherapy and AFTV was successful in
achieving partial regression in this case of brainstem glioma
and may be a promising therapeutic option for similar cases
in the future.

There are several limitations of the findings in this case re-
port. First, we could not demonstrate whether immune cells
had infiltrated the tumor when regression of the tumor oc-
curred. If the presence of infiltrating immune cells can be prov-
en, it would shed light on the abscopal mechanisms of com-
bination treatment with radiotherapy and immunotherapy
against brainstem glioma and its possible benefits.

In conclusion, combination treatment of radiotherapy and
AFTV might be a promising treatment for brainstem glioma
in adults.
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