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a b s t r a c t 

Diffuse midline gliomas are a rare relatively new classification of primary central nervous 

system tumors which include astrocytomas, oligodendrogliomas, and glioblastomas. The 

T2-FLAIR mismatch sign is regarded as a highly specific imaging feature of IDH-mutant, 

1p/19q non-codeleted astrocytomas. The case presented herein demonstrates this sign, 

however, in a non-IDH mutated diffuse midline glioma with a H3K27M mutation, a World 

Health Organization Grade IV neoplasm. Although preoperative diagnosis can provide im- 

portant treatment and prognostic information, it is often quite difficult particularly in pri- 

mary central nervous system tumors. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Diffuse midline gliomas (DMG) are a rare new classification
of primary CNS tumors, according to the 2016 World Health
Organization (WHO). Adult brainstem gliomas are a subtype
of DMGs which previously were grouped with their pediatric
counterparts despite differences in behavior. A specific sub-
type of adult brainstem gliomas is characterized by the K27M
mutation which are designated as WHO grade IV, regardless of
histological characteristics. 

DMGs are often classified on the presence of an IDH muta-
tion which include oligodendrogliomas and IDH-mutant as-
trocytomas whereas lack of an IDH mutation is classically
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seen in glioblastomas. Oligodendrogliomas contain a 1p/19q
co-deletion, whereas IDH-mutant astrocytomas do not. The
T2-FLAIR mismatch sign has been reported to have near-
perfect specificity for the IDH-mutant, 1p/19q non-codeleted
astrocytoma. The case reported herein demonstrates this T2-
FLAIR mismatch sign, however in a non-IDH mutated DMG
with a H3K27M mutation. 

Case report 

A 38-year-old man with no prior medical history presented
to an outside institution with two weeks of mild right-sided
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Fig. 1 – Axial CT of the head without contrast at the level of 
the lateral ventricles demonstrates a large heterogenous 
mass (red arrows) originating from the left thalamus and 

extending superiorly into the lateral ventricle. There is also 

rightward mass effect on the third ventricle with resultant 
moderate obstructive hydrocephalus. (Color figures are 
available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hearing loss and a one-week history of progressive bilateral
headache without sensitivity to light or sound. The physical
examination was unremarkable without any focal neurologi-
cal deficit. 

The patient underwent a head CT without contrast ( Fig. 1 )
at an outside hospital demonstrating a large heterogeneously
attenuating mass measuring 6.1 × 3.3 × 4.7 cm centered
within the left thalamus with superior extension into the body
of the left lateral ventricle. There is mass effect on the third
ventricle with resultant moderate obstructive hydrocephalus.
No periventricular hypodensity to suggest transependymal

flow was noted.  

Fig. 2 – (A-B) Axial T2WI of the brain at the level of the lateral ven
mass (red arrows) extending from the region of the left thalamus
hypointense signal peripherally (blue arrows). Axial FLAIR seque
previously noted mass (red arrows). The previously described pe
signal on FLAIR sequencing. (Color figures are available online.) 
A next day MRI demonstrated a predominantly T1 hy-
pointense mass with surrounding subtle hyperintense sig-
nal. T2-weighted imaging demonstrated the same mass with
predominantly T2 hyperintense signal and surrounding sub-
tle hypointense signal ( Fig. 2 A). On FLAIR sequencing, the
T2 hyperintense regions demonstrated suppression ( Fig. 2 B).
There is incomplete peripherally based restricted diffusion
(images not shown). No blooming artifact was noted on the
SWAN sequence (images not shown). Postcontrast sequences
demonstrated minimal contrast enhancement ( Figs. 3 A-F). A
stereotactic biopsy was then performed by the neurosurgical
team. 

The initial pathology demonstrated a cellular neoplasm
forming sheets of cells with oval nuclei ( Fig. 4 ), dense chro-
matin pattern, mild variation of nuclear size ( Fig. 5 ), and a
low mitotic index. There are also delicate blood vessels that
intervene within the neoplasm. Subsequent staining anal-
ysis demonstrated negative EMA but positive GFAP, OLIG2,
and synaptophysin with a small percentage of ATRX stain-
ing. Staining for KI-67 revealed approximately 15% positiv-
ity ( Fig. 6 ). Thus, most consistent with a WHO grade II oligo-
dendroglioma. Additional outside laboratory testing demon-
strated no IDH mutation and a 19q deletion with polysomy of
chromosome 19, without codeletion of 1p. 

Additional staining demonstrated CD99 negative, NeuN
negative, and S100 positive. The case was then sent out for
external review with an ultimate diagnosis of diffuse midline
glioma, H3K27M mutant (WHO grade IV). 

Discussion 

DMG are a new entity according to the 2016 WHO Classifica-
tion of CNS tumors. The previous 2007 WHO Classification cat-
egorized all tumors with an astrocytic phenotype separately
from those with an oligodendroglial phenotype, despite the
tricles (A) demonstrates a predominantly T2 hyperintense 
 into the left ventricle. There is subtle associated T2 
nce at the same level (B) demonstrates suppression of the 
ripheral T2 hypointense signal reverts to a hyperintense 
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Fig. 3 – A-F: Axial (A), coronal (C), and sagittal (E) T1-weighted precontrast images demonstrate a predominantly T1 
hypointense mass (red arrows) with subtle peripheral T1 hyperintense signal (blue arrows) originating from the left 
thalamus and extending superiorly into the left lateral ventricle. Axial (B), coronal (D), and sagittal (F) T1-weighted 

postcontrast images demonstrate minimal contrast enhancement. (Color figures are available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

clinical characteristics [1] . Now, the 2016 WHO classification
categorizes all diffuse infiltrating gliomas (whether astrocytic
or oligodendroglial) based on behavior as well-as shared ge-
netic driver mutations in the IDH1 and IDH2 genes. In this new
classification, DMGs include WHO grade II/III astrocytic tu-
mors, grade II/III oligodendrogliomas, grade IV glioblastomas,
and the diffuse gliomas of childhood [2] . 
The T2-FLAIR mismatch sign is defined by the presence
of near complete or homogenous hyperintense signal on T2
weighted imaging and relatively hypointense signal on FLAIR
sequences, with the exception of a hyperintense rim [3] . This
imaging pattern has been found to be a highly specific feature
of IDH-mutant, 1p/19q non-codeleted astrocytomas. Given
that the initial imaging featured this T2-FLAIR mismatch sign,
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Fig. 4 – Low power photomicrograph demonstrates sheets of cells with oval nuclei. 

Fig. 5 – High power photomicrograph demonstrates a dense chromatin pattern with varying nuclear size. 

Fig. 6 – Photomicrograph demonstrates approximately 15% Ki-67 staining. 



2934 R a d i o l o g y  C a s e  R e p o r t s  1 7  ( 2 0 2 2 )  2 9 3 0 – 2 9 3 5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

it was suspected that the pathology would be concordant with
an IDH-mutant, 1p/19q non-codeleted astrocytoma. However,
the special testing subsequently confirmed an H3K27M al-
tered tumor. Since the first publication of the T2-FLAIR mis-
match sign, additional studies have been published substan-
tiating this phenomenon and the corresponding IDH mutant
pathology [4–6] . However, there have been reports of false pos-
itive cases with varying pathologies including the H3K27M-
mutant midline glioma, similar to our case [ 7 ,8 ]. Further stud-
ies have been performed reviewing the validity of this sign
noting the possible differences of various imaging acquisition
parameters and strictness of the inclusion criteria [9] . 

Adult brainstem gliomas are a subtype of diffuse midline
gliomas arising from midline structures of the brainstem such
as midbrain, pons, medulla, cerebellar peduncles, and cere-
bellopontine angle. Previously, pediatric diffuse gliomas were
grouped with their adult counterparts despite differences in
behavior yet similar histological patterns. A specific subgroup
of these tumors is characterized by K27M mutations in the hi-
stone H3 gene H3F3A that demonstrate a diffuse growth pat-
tern and a midline location [2] . This subgroup is termed DMG,
H3K27M mutants which correspond to WHO grade IV, regard-
less of histological characteristics. H3K27M-mutant gliomas
represent approximately 3% of adult infiltrating gliomas [10] .
It is now known that H3K27M-mutant brainstem gliomas oc-
cur in all age groups, although are less well understood in
adults [11] . 

When present in the adult population, the mean age of di-
agnosis is often the 4-5th decade. These tumors are currently
not completely characterized clinically, but often demon-
strate an overall aggressive clinical course. Of note, studies
have shown that brainstem gliomas are generally less aggres-
sive in adults than in children. However, it is still unknown
whether H3K27M-mutant adult tumors exhibit similar behav-
ior to their pediatric counterparts [11] . 

The pathologic spectrum of H3K27M-mutant gliomas in-
cludes both low-grade and high-grade tumors at various
anatomic locations. Specifically, tumors arising from the tha-
lamus have been shown to follow a less aggressive phenotype
and are associated with a better prognosis for H3-mutant tha-
lamic gliomas compared to H3-mutant brainstem gliomas at
other anatomic sites [ 11 ,12 ]. 

Specific imaging characteristics of the adult H3K27M-
mutant are emerging. Interestingly, studies have shown het-
erogeneity of both anatomic sites and imaging features in
these tumors. Most tumors demonstrate an expansile T2-
FLAIR hyperintense mass with variable contrast enhance-
ment. Of note, tumors arising from the thalamus can show
partial or no enhancement [11] . Rarely, leptomeningeal and
subependymal spread can be seen [12] . Studies have shown
no correlation between the presence of contrast enhancement
and tumor grade [11] . Furthermore, a survival advantage for
the nonenhancing tumors compared to those that enhanced
has not been demonstrated [11] . 

Prognosis remains poor with a reported median overall
survive ranging from 7 to 19.6 months [13] . Targeted thera-
pies against H3K2M tumors are continually emerging, includ-
ing chemotherapy agents such as panobinostat and JMJD3 in-
hibitors [11] . 
Conclusion 

Identification of the T2-FLAIR mismatch sign on preoperative
glioma imaging has been shown to be clinically useful in pre-
dicting IDH status with high specificity in determining IDH-
mutant tumors. We present an interesting case in which the
imaging demonstrates an example of the T2-FLAIR mismatch
sign; although, the pathological diagnosis was confirmed to
be an H3K27M-mutant tumor. We hope to bring awareness of
the possibility of other pathological entities that can have a
similar imaging appearance. 
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