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Aim: H3G34 diffuse hemispheric glioma is a CNS tumor that is difficult to diagnose and treat and
accompanied with poor prognosis. It is becoming clear that extra CNS metastasis may present in a subset
of patients with H3G34 gliomas, further complicating diagnosis and treatment. Materials & methods:
We present a case of a 19-year-old female with a H3G34 mutant diffuse hemispheric glioma with
osseous metastases. We then provide a literature review of the most recent understanding of H3G34
mutant malignancies. Conclusion: Given the stress that patients with H3G34 can experience and the poor
prognosis, it is imperative to expand our knowledge and ascertain accurate diagnostic methodologies and
targeted therapeutic approaches.
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Case presentation
A 19-year-old female with no significant past medical history initially presented at an outside facility with invol-
untary jerking symptoms in her right knee/lower leg which progressed to right foot rhythmic episodic movements
(<1 min duration) after approximately 1 year later. The patient had been prescribed levetiracetam (Keppra) but
was not taking the medication when she presented at our institution 2 months later. Upon arrival to our center,
the patient reported right lower extremity ‘jerking movements’. These focal seizures were accompanied with her
right leg feeling ‘heavier’ and reports that Keppra was not alleviating the symptoms. X-ray followed by contrast
enhanced MRI showed an ill-defined right distal femur expansile osteolytic lesion with central fluid signal, thick
rim enhancement, endosteal scalloping, cortical invasion and smooth enhancing periosteal reaction/soft tissue
extension associated with surrounding enhancing marrow signal abnormality worrisome for lesion extension (Fig-
ure 1). Differential considerations included primarily Brodie’s abscess, or neoplastic lesion such as Langerhans’ cell
histiocytosis. In general, the differential considerations for a lytic bone lesion in the distal femur is summed up in
the famous radiographic pneumonic ‘FEGNOMASHIC’ which includes fibrous dysplasia or fibrous cortical defect,
enchondroma, eosinophilic granuloma, giant cell tumor (GCT) or geode, non ossifying fibroma (NOF), osteoblas-
toma, metastasis(es)/myeloma, aneurysmal bone cyst, simple (unicameral) bone cyst, hyperparathyroidism (brown
tumor), infection (osteomyelitis) or infarction (bone infarction), chondroblastoma or chondromyxoid fibroma. We
excluded fibrous dysplasia due to the lack of ground glass matrix and presence of periosteal reaction (PR), fibrous
cortical defect due to the involvement of the underlying medullary cavity and presence of PR, enchondroma due
to the absence of the ‘rings and arcs’ characteristic of a chondroid matrix, GCT due to the lack of extension to the
subchondral bone, geode due to absence of degenerative changes, non ossifying fibroma due to the presence of PR,
OB due to the absence of rim of reactive sclerosis, myeloma is unusual at this age, aneurysmal bone cyst due to the
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Figure 1. X-ray of distal right femur and coronal postcontrast fat suppressed images. X-ray of distal right femur in
lateral (A) and AP (B) views showing an ill-defined expansile lytic lesion in the right distal femoral shaft with
endosteal scalloping and posterior cortical sclerotic reaction and thickening (arrow and arrowhead in (A),
respectively). Coronal postcontrast fat suppressed sagittal (C) and axial (F) T1 WI and axial T1 (D) and fat suppressed
T2 images of the right distal femur showing a rim enhancing lesion with central fluid signal. There is cortical
thickening and invasion evidenced by loss of the normal low signal in the cortical bone (arrow in (E & F)), associated
with endosteal scalloping and smooth periosteal/soft tissue extension (arrow heads in (C–F)). Note the surrounding
enhancing marrow signal abnormality worrisome for lesion extension more than red marrow islands (asterisks in (C)).

lack of characteristic fluid-fluid levels ls on MR, simple bone cyst due to the shape of the lesion and PR, brown
tumor due to lack of clinical suspicion and imaging features associated with hyperparathyroidism, infarction due to
lack of serpiginous peripheral low signal, chondroblastoma which are usually epiphyseal or apophyseal in location
and finally chondromyxoid fibroma due to the presence of PR. Therefore, the main differential considerations were
infection (Brodie’s abscess), a neoplastic lesion such as eosinophilic granuloma (Langerhans’ cell histiocytosis) or
metastasis.

The patient’s ‘spells’ were captured with continuous EEG with intermittent 3 Hz amplitude polymorphic delta
waves in the left centroparietal region. For seizure workup, contrast enhanced MRI of the brain exhibited multiple
frontal and partial lobe T2 FLAIR hyperintense lesions with the largest lesion demonstrating contrast enhancement,
internal foci of restricted diffusion and a focus of intratumoral hemorrhage (Figure 2) differential consideration
was a low-grade glioma versus a demyelinating process. MRI of the full spine and CT chest, abdomen and pelvis
were negative for malignancy. Basic CSF studies were not suggestive of infection or autoimmune etiology such as
meningoencephalitis and oligoclonal bands were negative. Biopsy of the right femur lesion was nondiagnostic. A
whole-body PET/CT showed intensely FDG-avid lytic lesion in the right distal femur, with FDG activity along
the biopsy tract. Hypermetabolic lytic metastases to the right femoral head and mid-sacral body extending to S3
were also observed, along with suspected metastatic adenopathy in the right popliteal region, right groin, right
external and common iliac chains and mesentery (Figure 3A, B, C & D).

About 2 months later, the patient underwent a craniotomy with biopsy which showed histological features of
malignant small round blue cell neoplasm. Intraoperatively, the lesion was noted to include prominent calvarial
and subperiosteal components, raising the further possibility of a neoplasm arising in bone. The initial histological
features were primarily of a malignant small round blue cell neoplasm (Figure 4A & B) with CD99 staining, leading
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Figure 2. MRI images of brain lesion. MRI shows a well circumscribed cortical based 2.1 × 1.6 cm mass in the left
peri-Rolandic region demonstrating hyperintense T2/FLAIR SI (A & B), hypointense T1-WI (C) and thick subtle
incomplete ring enhancement on the postcontrast fat suppressed T1 WI (arrows) (D). DWI and ADC maps show
internal foci of restricted diffusion (arrows) (E & F) and T2*-SWI images shows a punctate focus of intratumoral
hemorrhage (arrow) (G). Axial FLAIR images and different axial levels showing similar but nonenhancing
cortical/subcortical lesions in the left frontal and parietal lobes (arrows) (H & I).
DWI: Diffusion weighted imaging.

Figure 3. Images showing multiple extra
CNS lesions. Intensely FDG-avid lytic lesion of
the right distal femur (A) as well as lytic
metastases involving the right popliteal
region, right groin, right external and
common iliac chains. Improvement in sacrum
and right femoral FDG uptake after
treatment (B). Note, physiological brown fat
activation in the neck. Coronal contrast
enhanced fat suppressed T1 WI showing
corresponding punctate enhancing
metastatic nodules in the right iliac bone (C)
and left S1 level (D).
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Figure 4. H&E histology images, and
ATRX and GFAP images. H&E 400X
histology image from brain tissue
showing small blue cell neoplasms
composed of sheets of ribbons of cells
with scant cytoplasm, hyperchromatic
nuclei, and high nucleus/cytoplasm
ratio (200× magnification in (A),
400× magnification in (B)). H&E
image from bone biopsy showing
small blue cell neoplasm involving
bone, mitosis present (200×
magnification in (C), 400×
magnification in (D)). ATRX 200×
image from brain tissue showing
ATRX loss (200× magnification, (E)).
GFAP 400X image from brain tissue
showing GFAP positivity (400×
magnification, (F)).

to a preliminary impression of Ewing Sarcoma. Following the patient’s diagnosis, a bone biopsy of the distal right
femur and a sacral bone lesion biopsy were conducted (Figure 4). The biopsy from the distal right femur found
abundant granulation tissue with bone remodeling changes and fibrosis. The sacral bone biopsy reported malignant
small blue cell neoplasm (Figure 4C & D), consistent with involvement by the patient’s known cranial neoplasm. A
contrast enhanced pelvic MRI was performed around the same time of the biopsy results indicated sacral metastatic
lesions extending to the margins of the S1–S3 neural foramina, punctate enhancing metastatic nodules throughout
the pelvis and femur and enlarged bilateral external iliac and inguinal lymph nodes (Figure 3C & D).

Based on these pathology findings, the patient was started on the PEDS AEWS1031 regimen for sarcoma.
The first cycle included vincristine, cyclophosphamide, doxorubicin and mesna. The second cycle consisted of
ifosfamide, etoposide and mesna. Concurrent chemoradiation with temozolomide (TMZ) chemotherapy was
then started. During this time and following the absence of EWSR gene rearrangements by FISH, tissue was
submitted for evaluation by UCSF500 next generation sequencing which resulted in the finding of ATRX, p53
and H3F3A gene alterations, suggesting the diagnosis of H3G34-mutant diffuse hemispheric glioma. Subsequent
evaluation by methylation profiling at the NIH supported classification as H3G34-mutant diffuse hemispheric
glioma, WHO grade 4 with a high confidence score. Retrospectively, the biopsy tissues were further evaluated
by immunohistochemistry, showing typical findings including ATRX loss, GFAP positivity (Figure 4E & F)
and staining for the H3G34-R/V (data not shown) specific antibody. Of note that there have been proposed
updates to H3 gene and protein nomenclature according to sequence alterations provided by the human genome
variation society [1]. In this report, we chose to continue using previously known classification for this entity. With
chemoradiotherapy, the patient was seizure-free for more than 20 days. It was determined that the patient would
continue with adjuvant TMZ therapy after radiation, continue systemic staging and re-evaluate at tumor board if
she had progression.

Following the sixth cycle of TMZ, MRI brain imaging was stable. Apart from holocephalic headaches, the
patient had no significant side effects to the medication and was seizure free. A second whole-body PET scan
showed improvement and interval decrease in FDG uptake of the sacrum and right femoral head (Figure 4).
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Discussion
High grade gliomas are malignant brain tumors that exhibit poor prognosis [2–4]. Mutations in the gene H3F3A,
which encodes the replication independent histone 3 variant H3.3, are particularly prevalent in pediatric gliomas
including diffuse intrinsic pontine glioma, non brainstem high grade glioma, as well as in giant cell tumor of
bone (GCTB) [5–7]. H3.3 has been found to be vulnerable to somatic missense mutations primarily at three amino
acids on the N-terminus tail, including lysine-27 (K27), glycine-34 (G34) and lysine-36 (K36) [5]. While there is
growing literature about the mechanism of H3K27M tumors, knowledge about H3G34 mutations remains in its
infancy. To date, mutations in H3G34 to arginine or valine (H3G34R/V) have largely been associated with brain
tumors [8–10] and mutations in H3G34 to tyrosine or lysine (H3G34W/L) have been linked to GCTB [8,11,12].
However, it is notable that there are cases in which missense mutations such as H3G34V are implicated in both
gliomas and GCTB [12,13]. Recent studies posit that G34R/V/D mutations result in steric change that block
H3K36 demethylation and trimethylation in cis by impairing enzymes including SETD2, an H3K36-specific
methyltransferase and MutSα, a mismatch repair protein, thereby dually promoting genetic instability and tumor
growth [14]. In 2020, Jain et al. added to the literature demonstrating that in H3G34W mutations in vivo, the
reduction of SETD2-dependent H3K36 methylation leads to a gain of aberrant polycomb repressive complex
2-mediated H3K27 di-/tri-methylation that promotes tumor development [15].

Co-occurring alterations have been observed in MGMT promotor methylation and mutations in ATRX, TP53,
mucin genes (MUC), EGFR and platelet derived growth factor receptor alpha (PDGFRA) [16–18]. It has been pro-
posed via in vivo murine models that H3G34R/V mutations arise from GSX2+-expressing interneuron progenitor
cells and that the mutations delay neuronal differentiation and increase PDGFRA overexpression, ultimately linking
PDGFRA aberration to gliomagenesis [19]. While some studies indicate that the presence of mutations in PDGRA
or EGFR may confer prognosis better than others [16,17], further investigation is required.

Histologically, H3G34 diffuse hemispheric gliomas can display characteristics similar to glioblastoma with in-
creased mitotic activity, microvascular proliferation, and palisading necrosis or resemble primitive neuroectodermal-
like (PNET-like) small blue cell tumor morphology cytology of small cells with hyperchromatic nuclei and little
cytoplasm [20]. Studies have shown H3G34R mutations in both glioblastoma and PNET-like tumor, as well as
anaplastic astrocytoma, other non specified high-grade gliomas and more [21]. This heterogeneity can complicate
diagnosis and treatment for patients [22].

Neuroimaging studies have confronted similar challenges. Among pediatric patients, H3G34 mutations have been
most evident in the supratentorial regions of the brain [21], and a case report by Onishi et al. showed hyperintensity
on diffusion weighted imaging, edema on T2WI/FLAIR and slight partial gadolinium enhancement [23]. The
presence of restricted diffusion is unusual in classic glial tumors, and we postulate that it could be due to the
high tumor cellularity which may point to the diagnosis in this patient population. While Kurokawa et al. noted
significant differences in survival prognosis of patients with DHGs-G34m with ill-defined margins and those with
well-delineated margins [21], the data remains sparse and inconsistent [24,25].

Kay et al. reported the utility of FDG PET/CT to illuminate extracranial metastases in the midthoracic spine
and right shoulder after detecting vertebral masses on MRI, suggesting that this modality may assist metastatic
detection [26]. Despite these tools, neuroimaging can be difficult to reconcile with clinical presentation. Jethanandani
et al. reported a case of H3F3A G34R mutation glioma wherein the initial contrast and non contrast MRI
demonstrated a faintly peripherally enhanced lesion in the right paramedian cortex but was thought to be unrelated
to the patient’s presenting symptoms [10]. The patient was first diagnosed with Guillain–Barré Syndrome and the
lesion progressed soon after and additional imaging including FDG PET/CT showed additional lesions in the
ipsilateral iliac. Though the diagnosis of H3F3A G34R mutation with extraneural metastases ultimately surfaced,
this report continues to demonstrate the difficulties underlying diagnosis [10].

As mentioned earlier, the heterogeneity of H3G34 mutations can make diagnosis and treatment complex. Most
cases are treated with surgical resection or biopsy depending on the tumor location, radiation and chemother-
apy [21,27–29].

Diffuse extraneural metastases of H3G34 mutated high-grade gliomas are rare and just beginning to be described
in the literature [28,30,31]. In reports, patients have varying initial presentation, but experience multimodal treatment
and overall, have poor outcome.
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Conclusion
High grade gliomas are complex malignancies and recent literature is beginning to expose how histone mutations in
high grade gliomas can also present as extra-CNS malignancies. These findings reiterate how challenging diagnosis
can be and emphasize the necessity of accurate and timely diagnostic techniques. Additionally, H3G34 mutated
tumors lean toward poor prognosis, but our case report indicates that H3G34 mutants may have a more variable
outcome than what has been reported in the literature thus far.

Summary points

• H3G34 diffuse hemispheric glioma is a CNS tumor that may present with extra CNS metastasis.
• Our study underscores the need for both careful diagnostic screening and special treatment protocol for this

subset of patients.
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