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Adult isocitrate dehydrogenase-mutant brainstem glioma: illustrative case
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BACKGROUND Adultbrainstem gliomas are rare entities that demonstrate heterogeneous biology and appear to be distinct from both their pediatric
counterparts and adult supratentorial gliomas. Although the role of histone 3 mutations is being increasingly understood in this disease, the effect of
isocitrate dehydrogenase (IDH) mutations remains unclear, largely because of limited data.

OBSERVATIONS The authors present the case of a 29-year-old male with an IDH1-mutant, World Health Organization grade Ill anaplastic
astrocytoma in the dorsal medulla, and they provide a review of the available literature on adult IDH-mutant brainstem glioma. The authors have
amassed a cohort of 15 such patients, 7 of whom have survival data available. Median survival is 56 months in this small cohort, which is similar to that

for IDH wild-type adult brainstem gliomas.

LESSONS The authors’ work reenforces previous literature suggesting that the role of IDH mutation in glioma differs between brainstem and
supratentorial lesions. Therefore, the authors advocate that adult brainstem gliomas be studied in terms of major molecular subgroups (including IDH
mutant) because these gliomas may exhibit fundamental differences from each other, from pediatric brainstem gliomas, and from adult supratentorial

gliomas.

https://thejns.org/doi/abs/10.3171/CASE2078
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Although brainstem gliomas have received considerable attention
inthe pediatric population, they represent only 1%-2% of gliomas in the
adult population' and thus remain poorly understood. It is also be-
coming increasingly clear that the biological landscape of gliomas
depends largely on patient age group (pediatric versus adolescent
versus adult),2 and thus each must be studied independently. Notably,
brainstem gliomas portend a better prognosis (median survival 30—
40 months) in the adult population than that of their supratentorial
counterparts, but outcomes are highly variable and depend on the
World Health Organization (WHO) grade.3#

Histone 3 mutations (most commonly H3K27M) are found in up to
80% of pediatric diffuse intrinsic pontine glioma (DIPG) cases and
herald a universally poor prognosis in these patients.*® Despite these
mutations initially being considered specific to the pediatric population,
recent studies have demonstrated their presence in up to 30%-50% of
adult brainstem gliomas, wherein they are also associated with a

significantly worse prognosis.®7 Interestingly, on the one hand,
outcomes in H3K27M-mutant midline gliomas have been reported
as similar in pediatric and adult populations,® suggesting over-
lapping biology in this subtype of tumor. Isocitrate dehydrogenase
(IDH) mutations, on the other hand, are uncommon in brainstem
gliomas and are more common in (but not exclusive to) the adult
population.®0

Mutations in IDH, a rate-limiting enzyme in the Krebs cycle, are
known to be associated with gliomagenesis."" A survey of The Cancer
Genome Atlas cancer database reveals that 80% of adult nonbrainstem
WHO grade I/l gliomas harbor this mutation,* and in glioblastoma, itis
associated with younger age, better prognosis, and secondary (rather
than de novo) high-grade pathology.'>'® Recent evidence also sug-
gests that IDH1-mutant low-grade gliomas may differ in their stem cell
of origin compared with IDH1 wild-type counterparts,'* suggesting key
differences in tumorigenesis.

ABBREVIATIONS DIPG = diffuse intrinsic pontine glioma; IDH = isocitrate dehydrogenase; MRI = magnetic resonance imaging; SD = standard deviation; WHO = World

Health Organization.
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FIG. 1. Preoperative MRI. A: Axial cuts of dorsal medullary lesion. Top row is a T1-weighted sequence with
gadolinium, demonstrating faint central contrast enhancement. Bottom row is a T2-weighted sequence.
B: Sagittal (top) and coronal (bottom) T1-weighted sequence with contrast.

We present a case of an adult patient with IDH1-mutant brainstem
anaplastic astrocytoma and provide a comprehensive review of the
current literature on this poorly understood disease.

lllustrative Case

We present the case of a previously healthy 29-year-old male who
developed hoarseness of voice in October 2019. He was subsequently
diagnosed with vocal cord hemiparesis by an otolaryngology service at
an outside institution, around which time he began to experience
headaches, nausea, and vomiting. On neurological examination, he
exhibited palatal and uvular deviation to the right, indicative of cranial
nerve IX/X palsy, but he had no other cranial nerve or long-tract
findings. Magnetic resonance imaging (MRI) revealed a mass with low
T1 signal intensity and high T2 signal intensity centered within the left
aspect of the dorsal medulla (Fig. 1). The lesion measured 21 mm
anteroposterior x 24 mm transverse x 32 mm craniocaudal. There was
faint central enhancement, no diffusion restriction, and no susceptibility
artifact. The mass obstructed the left foramen of Luschka and foramen
of Magendie and partially effaced the fourth ventricle.

The patient underwent a midline suboccipital craniotomy for biopsy
of the lesion. After the dura overlying the medulla was opened, an area
of clear discoloration with a lack of surface vascularity was identi-
fied that corresponded to the lesion according to the intraopera-
tive neuronavigation (Fig. 2). The procedure was performed with
neuromonitoring of cranial nerves IX-XIl, including somatosensory
evoked potentials and motor evoked potentials. Intraoperative
brainstem stimulation and mapping were performed using a monopolar
stimulation probe. No positive mapping was elicited within, above, or
below the area of discoloration. A biopsy was performed from the
area of interest, targeting the area of enhancement. There was
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intraoperative confirmation of positive pathological tissue, consistent
with a high-grade glioma. Postoperative MRI confirmed accurate
sampling of the enhanced region of the tumor.

Histopathological analysis revealed a WHO grade IIl anaplastic
astrocytoma. Interestingly, molecular studies revealed an IDH1 mu-
tation (R132H via immunohistochemistry [IHC]; Fig. 3) and ATRX loss.
Additionally, TP53 was mutated, and there were no BRAF V600E or
H3K27M mutations. After review at the multidisciplinary tumor board,

FIG. 2. Intraoperative view. Midline suboccipital craniotomy with view
of the pial surface of the lesion (*) under the operating microscope.
| = inferior; S = superior; T = tonsils.



FIG. 3. Histopathology. A: Hematoxylin and eosin stain of lesional
tissue. B: IHC staining of IDH1R132H. Original magnifications x1000.

adjuvant chemoradiotherapy with 54 Gy in 30 fractions and temozo-
lomide was recommended.

Literature Review

To generate a list of individual patients with IDH-mutant brainstem
gliomas, we searched PubMed for all articles containing the terms
“brainstem/brain stem,” “glioma/gliomas,” and “IDH/IDH1/isocitrate” in
the title or abstract. The search yielded 39 studies, all of which were

assessed for inclusion. Nine studies totaling 15 patients that included
patient-level data for adult IDH-mutant brainstem gliomas were in-
cluded in the review; 7 patients had survival data available (Table 1).
Among the available patient-level data, we found a mean (standard
deviation [SD]) age of 39.8 (12.9) years and a male-to-female ratio of
9:3. Histopathology revealed low-grade lesions (WHO grade Il) in 9 of
15 cases (oligoastrocytomain 3 cases, diffuse astrocytoma in 5 cases,
astrocytoma not otherwise specified in 1 case) and high-grade lesions
(WHO grades llI/1V)in 6 of 15 cases (anaplastic astrocytomain 3 cases,
WHO grade Il glioma not otherwise specified in 1 case, and glio-
blastoma in 2 cases). Of the 7 patients with survival data available, 3
had low-grade lesions, and 4 had high-grade lesions; median overall
survival was 56 months (range 12-73.2 months).

Discussion

Observations

The effect of IDH mutation on both tumorigenesis and prognosis is
unclear in brainstem gliomas. In the present review of the literature, we
found a median overall survival of 56 months in 7 patients harboring
IDH-mutant brainstem gliomas (WHO grades II-IV) with considerable
histopathological and clinical heterogeneity. Although the overall

TABLE 1. Compendium of patients with IDH-mutant brainstem glioma

Ki67/
Case  Age WHO Contrast IDH MIB-1 0S

Authors & Yr No. (yrs) Sex Histology Grade Location  Enhanced? Tx Mutation (%) p53  (mos)
Reyes-Botero et al., 1 312 NR OA I M No RT R132C 1 Neg 56
201419 B - B B B B B B -
Reyes-Botero et al., 2 408 NR GBM v P Yes RT R132G 40 Neg 7038
201419
Reyes-Boteroeta, 3 494 NR OA I PM  No  RT  R132H 1  Pos 732
201419
Picca et al., 201817 4 4 F  AA i NR No RT/C NR 10 NR 44
Piccaeta,2018" 5 6 M G Ml N N  RT N 5 NR 29
Theeler et al., 2015°and 6 40 M DA I M Yes C R132H NR NR >14*
Ellezam et al., 2012
Ellezam et al., 20122¢ 7 24 M DA I M NR NR R132H NR NR NR
Theeleretal,2015*and 8 5 M AA 0l P  No  RT RI32H NR NR 12
Ellezam et al., 2012
Javadi et al., 201816 9 2 F A I PIM No Debulk/C/  R132H 3 NR >4

RT

Wagar et al., 2014% 10 34 F DA I P Yes RT/C  R132H NR NR 61
Uekawa et al., 2015% 1 46 M DA I M No RTIC  R132H 23  Neg >6
Nejo et al., 201827 2t 3 M DA I P No RTIC  R132C <3 Pos >18*
Bomnetetal,2016% 13 30 M OA I NR  NR  NR  R132S NR NR >36*
Theeleretal,2015* 14 57 M GBM IV P  Yes  RTC R132H NR NR >
Present study 15 29 M A Il M Faint  RTC RI132H? NR Neg NA

A = astrocytoma not otherwise specified; AA = anaplastic astrocytoma; C = chemotherapy; DA = diffuse astrocytoma; G = glioma not otherwise specified; GBM = glioblastoma
multiforme; M = medulla oblongata; N/A = not applicable; Neg = negative; NR = not recorded; OA = oligoastrocytoma; OS = overall survival; P = pons; Pos = positive; RT =
radiotherapy; Tx = treatment.

Case 15 is from our own case study. All IDH mutations are in IDH1, except in case 13 (IDH2 R132S mutation).

* Patient still alive at the time of data reporting.

t This patient was diagnosed with Maffucci syndrome and presented with IDH1 R132C-mutant pituitary adenoma and clival chondrosarcoma in addition to his brainstem
tumor.

1 This patient also had a diagnosis of Maffucci syndrome.
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survival is slightly longer than previously reported in adult brainstem
gliomas (3040 months),* it is similar to that in a recent study reporting
an overall survival of 54.9 months for IDH1-mutant brainstem glioma.®
The aforementioned study did not demonstrate a statistically significant
difference in overall survival between IDH1-mutant (54.9 months) and
wild-type (38.4 months) brainstem gliomas. This is markedly different
from supratentorial gliomas, in which the IDH mutation is associated
with low-grade pathology, secondary glioblastoma multiforme, and
improved prognostic value.'?> However, the size of the adult brainstem
cohort in the literature is too small to permit safe conclusions and to
allow solid comparisons between IDH-mutant and IDH wild-type
counterparts.

The mechanism through which the IDH mutation drives tumori-
genesis remains unclear. The favorable prognosis in supratentorial
IDH-mutant gliomas is not reproduced in the setting of other cancers,
including acute myelogenous leukemia, melanoma, and chol-
angiocarcinoma. lts role in diffuse brainstem glioma remains par-
ticularly elusive. Previous cohorts have reported the rate of IDH
mutation in brainstem gliomas to be between 15% and 25%.%1617
Another study shows that 30% of brainstem and diencephalic gliomas
harbor IDH mutations, significantly lower than supratentorial gliomas.'®
IDH-mutant brainstem gliomas have also been associated with larger
tumors, O8-methylguanine-DNA methyltransferase promoter methyl-
ation, TP53 mutations, and overall survival similar to that of IDH1/
H3F3A co-wild-type brainstem gliomas.® It is important to note that
several IDH mutations have been identified and that the most common
(R132H) is typically identified with IHC. Interestingly, one study found
uncommon variants (R132G and R132C) to be more common than
R132H in a small cohort of brainstem gliomas, suggesting that current
practice may miss a significant proportion of these mutations.
Nevertheless, even where IDH sequencing is available, cost and
yield remain limitations.?°

Although IDH mutations in brainstem gliomas are rare, histone 3
mutations are much more common, occurring in up to 54% of cases.*
They are also associated with poor prognosis. Although there re-
mains a need for larger cohorts, one study of 28 adult brainstem
gliomas (19 WHO grade II, 9 WHO grade II/IV) found an overall median
survival of 16.6 months (SD 12.2 months) with an H3 mutant hazard
ratio of 4.42 (1.08-18.11 95% confidence interval).” Another study of
25 patients with adult brainstem gliomas (7 with H3 mutation; 13 WHO
grade I/ll, 12 WHO grade llI/IV) found a median overall survival of
9 months and >180 months in H3-mutant and wild-type tumors, re-
spectively.® The prognostic implications of H3 mutations in the context
of WHO grade remain unclear.

The identification of major molecular subtypes in adult brainstem
glioma may have importantimplications for therapeutics. Ithas become
clear in the wake of several failed trials that a one-size-fits-all approach
is not sufficient and that subgroup-specific targets will be needed to
achieve success. For example, it has been shown that inhibition of
H3K27 demethylase in mouse xenograft models of H3K27M-mutant
pediatric DIPG is associated with reduced cell proliferation and via-
bility.2* One case report documented complete radiological resolution
using temozolomide, radiation, and the tyrosine kinase inhibitor
apatinib in an adult with anaplastic IDH/H3 wild-type brainstem as-
trocytoma.?? The addition of chemotherapy with radiotherapy appears
to be more fruitful in adult brainstem glioma than in pediatric cases, with
the benefits of this combined approach appearing to be most significant
in IDH-mutant tumors.* Modest improvements in outcomes have also
been achieved with the vascular endothelial growth factor inhibitor
bevacizumab, though the effect is less than in supratentorial glioma.*
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Clearly, there remains a need for the identification of novel, subgroup-
specific molecular treatments for this disease.

Current scientific understanding allows us to postulate that brainstem
gliomas are not a single biological entity and that brainstem lesions with
IDH mutations may arise from or may be related to the cell of origin in
supratentorial gliomas. However, there are no reports of concomitant
brainstem and supratentorial gliomas, and the differential effect of the IDH
mutation in these two diseases suggests fundamental differences in bi-
ology. Importantly, the epigenetic signatures in brainstem gliomas differ
drastically between histone 3-mutated lesions and IDH-mutant lesions 223
It will be important to study adult brainstem gliomas in terms of these
major molecular subtypes because they may represent unrelated enti-
ties with unique biological properties and effective therapies, but chal-
lenges remain, given the rarity of this disease. Advances in knowledge and
therapies may thus rely in part on breakthroughs in more common and
related diseases, such as pediatric brainstem gliomas and supratentorial
gliomas.

Lessons

Adult IDH-mutant brainstem gliomas are rare and remain poorly
understood. Our case is the 15th case reported to date. We suggest, in
accordance with previous work, that IDH mutation does not have the
same prognostic implications in the brainstem as it does for adult su-
pratentorial gliomas. Given the degree of heterogeneity observed in these
lesions, we advocate the need for larger molecular and clinical studies in
the future in order to identify biologically homogeneous subgroups that may
exhibit unique clinical features and/or treatment sensitivities.
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