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A 29-year-old woman was initially diagnosed with anaplastic
oligodendroglioma. She underwent surgical resection followed
by a radiation therapy and chemotherapy with temozolomide.
Following the initial treatment, she underwent 3 more sur
geries for local recurrences. Approximately 7 years after the
first diagnosis, she presented with pain in the left hip joint.
A bone marrow sample was collected from her left iliac
bone, which showed tumor components pathologically and
immunohistochemically identical to the anaplastic oligo-
dendroglioma of the brain. IDH2 mutation, 1p/19q codeletion,
and homozygous deletion of CDKN2A and CDKN2B were de-
tected in both primary and metastatic bone marrow tumors.

We present a case of multiple metastases to the bone and
bone marrow from a 1p/19qg-codeleted and isocitrate dehydro-
genase (/DH)2-mutant anaplastic oligodendroglioma. If better
intracranial local tumor control could be achieved, distant me-
tastases might become a bigger clinical issue and be observed
more frequently in later stages of these diseases.

Oligodendroglioma is an infrequent neoplasm that accounts
for 2% to 5% of all primary brain tumors, defined under the
2016 World Health Organization classification of tumors of
the central nervous system as a diffusely infiltrating, slow-
growing glioma with isocitrate dehydrogenase (IDH)1 or
IDH2 mutation and a concomitant codeletion of chromosomal
arms 1p and 19q." It is categorized into 2 grades based on its
pathological features: grade Il (low grade) or grade Ill (high
grade). Oligodendroglioma is known to have a more favor-
able prognosis than astrocytic glial tumors, including diffuse
astrocytoma, anaplastic astrocytoma, and glioblastoma, with
a high sensitivity to chemoradiotherapy. Local recurrence is a
common biological characteristic of these tumors.

In general, metastases of primary brain tumors are rare
events, especially outside of the central nervous system
(CNS). In a report of 8000 cases of primary CNS tumors,
only 35 cases (0.44%) developed extraneural metastases.
Furthermore, Liwnicz et al.? reported on 116 cases of extracra-
nial metastasis of CNS tumors, of which 41.4% were glioblast-
omas, 26.7% medulloblastomas, 16.4% ependymomas, 10.3%

astrocytomas, and 5.25% oligodendrogliomas. Glioblastoma
is the most common metastatic brain tumor and is the type
of brain tumor from which extraneural metastasis was first re-
ported by Davis et al.® Over a hundred cases have been fur-
ther reported since then.The literature review by Piccrilli et al.*
demonstrated increased incidence of extra CNS metastases
from the 21 cases reported from 1928 to 1967 to 107 cases
from 1968 to 2006, showing a fivefold increase. Owing to im-
provements in diagnosis, better imaging techniques, and ad-
vanced treatment of gliomas, the number of these metastatic
cases has increased.*® Extra CNS metastases are regarded
as a sign of advanced disease, which frequently occur be-
tween 8 and 24 months from the initial diagnosis of a primary
brain tumor.® Nevertheless, extracranial metastases from
oligodendrogliomas are much rarer than those from other
gliomas.

We report a case of 1p/19g-codeleted and IDH2-mutant
anaplastic oligodendroglioma with multiple extracranial me-
tastases, including metastases to the bone and bone marrow,
89 months after the first brain tumor diagnosis.

Case Presentation

In May 2012, a 29-year-old right-handed woman presented
with convulsive attacks and was transferred to the emer
gency room of a nearby hospital. She underwent magnetic
resonance imaging (MRI) of the brain, which revealed a het-
erogeneous gadolinium-enhancing lesion in the right frontal
lobe, with a maximum diameter of approximately 40 mm
(Figure 1). She underwent her first tumor resection at this hos-
pital. Histological examination of the tumor cells revealed a
diagnosis of anaplastic oligodendroglioma. Following this sur-
gery, she was treated with 60 Gy in 30 fractions of radiation
therapy with concurrent temozolomide (TMZ) chemotherapy.
Moreover, a maintenance regimen of TMZ 200 mg/m? days 1-5
every 4 weeks was continued.
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Figure 1.

Preoperative axial (A), sagittal (B), and coronal (C) T1-weighted MRI with gadolinium enhancement showing a heterogeneous enhancing

mass in the right frontal lobe. Axial (D) T1-weighted MRI with gadolinium enhancement performed 2 years after the first surgery showing no residual or
recurrenttumors. Axial (E) T1-weighted MRI with gadolinium enhancement performed 6 years after the initial presentation showing the firstrecurrence.

After the first local recurrence in June 2017, the patient
was referred to our neurosurgery department to undergo
a second tumor resection, which resulted in a gross-total
mass resection. The pathological diagnosis was again
anaplastic oligodendroglioma, consistent with the initial
diagnosis, and Ki-67 expression was observed in 20% of
the tumor cells.The tumor was found to harbor IDH2R172K
and TERT C228T mutations by Sanger sequencing, as well
as a 1p/19g codeletion by multiplex ligation-dependent
probe amplification (MLPA).® Moreover, homozygous dele-
tion of CDKN2A and CDKNZ2B, which is an adverse prog-
nostic factor in malignant /IDH-mutant gliomas,’ were
detected by MLPA. In April 2018, a third surgical resection
was performed for local recurrence of the tumor, which also
achieved a gross-total mass resection. After the third sur-
gical resection, maintenance TMZ chemotherapy was ad-
ministered concurrently with bevacizumab every 2 weeks.
One year later, however, the tumor again recurred, and the
patient underwent a fourth surgical resection with gross-
total mass removal. Pathology at this time also showed
anaplastic oligodendroglioma (Figure 2A-C). Throughout
all recurrences, there were no obvious changes in the Ki-67
expression or morphological features. IDH2/TERT muta-
tions and 1p/19q codeletion were confirmed to be the same
as those in the tumor specimen obtained in the second sur-
gical resection. To detect the presence of mismatch repair
defects, we used standard fluorescence-based polymerase
chain reaction with the Microsatellite Instability (MSI) Test
Kit (FALCO) (FALCO biosystems, Kyoto, Japan), including
5 mononucleotide microsatellite markers (BAT25, BAT26,
NR21, NR24, and MONO27) as well as 2 pentanucleotide
repeat markers (Penta C and Penta D). The testing result

showed no MSI-high. A month after the fourth surgery, we
decided to perform a second round of radiation therapy
using 40 Gy in 20 fractions to the local area around
the tumor cavity in order to prevent additional tumor
recurrence.

In October 2019, the patient presented with pain in the
left hip joint, at which time no significant findings were ob-
served on a neurological examination. A computed tomog-
raphy (CT) scan revealed multiple osteoblastic lesions in her
pelvis, bilateral femurs, sacrum, and left scapula (Figure 3A).
An '8Fluorodeoxyglucose (FDG) positron emission tomog-
raphy (PET)-CT scan and whole-body bone scintigraphy
with (99m) technetium-hydroxymethylene diphosphonate
(99mTc-HMDP) both demonstrated high uptake in the same
lesions identified on the CT scan (Figure 3B-D). Curiously,
however, no recurrent intracranial lesions were detected
on the brain MRI. Because the patient presented with pan-
cytopenia, a bone marrow sample was collected from her
left iliac bone, which showed tumor components pathologi-
cally and immunohistochemically identical to the anaplastic
oligodendroglioma of the brain (Figure 2D-F). Furthermore,
IDH2 mutation and 1p/19q codeletion were confirmed in this
bone marrow tumor by sanger sequencing and MLPA, re-
spectively. Homozygous deletion of CDKN2A and CDKN2B
were also detected by MLPA.

Following the diagnosis of extracranial oligodendro-
glioma metastasis, a maintenance chemotherapy regimen
of TMZ and bevacizumab was continued in the absence
of therapeutic alternatives. Additionally, palliative radio-
therapy for pain relief was also performed. Unfortunately,
we could not control the tumor progression and the
patient's pain due to the progressive worsening of her
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Figure 2. Photomicrographs (magnification x200) of oligodendroglial cells in the brain tumor (A—C) and the metastatic bone marrow tumor (D—F).
Hematoxylin-eosin staining showed proliferation of tumor cells with relatively round nuclei and a loose, myxoid-like background (A, D). Normal he-
matopoietic tissue replaced by a malignant tumor (D). Immunochistochemical staining showed positive results for CD56 (B, E) and 0lig2 (C, F). Scale

bars: 100 pm.

bone metastases. The patient decided to leave the hos-
pital to receive palliative care at home, and she died about
7 months being diagnosed with bone metastases.

Discussion

Metastases from primary CNS tumors to extraneural sites
are extremely rare. Several hypotheses have been pro-
posed for the rare occurrence of extraneural metastasis
relating to the anatomical CNS properties, including the
absence of a lymphatic system, the presence of the blood-
brain barrier, and the environment of the CNS, which is not
sufficiently hostile to select out metastatic clones. Another
theory states that it could also be explained by a patient’s
clinical course, in which death occurred before extraneural
metastases could spread. Nonetheless, the exact reasons
for the rare occurrence of extraneural metastasis in pri-
mary CNS tumors are still unclear.

Of the CNS tumors, oligodendroglioma seems to have
the lowest risk of extraneural metastasis.? Li et al.® re-
viewed 61 cases of extraneural oligodendroglioma me-
tastases. This study demonstrated that the most frequent
metastatic areas outside the CNS were the bone and bone
marrow (42.7%), followed by lymph nodes (20.0%), liver
(6.4%), scalp (5.5%), and lung (5.5%). Pleura, chest wall,
iliopsoas muscle, soft tissue, and parotid gland were other
possible areas of metastasis.® One study suggested that a
high incidence of metastasis to the bone and bone marrow
could be explained based on the neural cell adhesion mol-
ecule (NCAM). NCAM, also known as CD56, is largely ex-
pressed by both gliomas and osteoblasts and is considered
to construct NCAM-NCAM binding, thus facilitating the

implantation of oligodendroglioma cells in the bone and
bone marrow. Although there are frequent reports of a
single metastasis to the bone from oligodendrogliomas,
there are very few cases of disseminated bone metas-
tases, such as in the present case.®'3 Supplementary Table
1 shows the characteristics of the cases of oligodendro-
glioma with disseminated bone metastases. In 2 of the 5
cases, extraneural metastasis occurred after 4 resection
surgeries. Moreover, in 3 of the 5 cases, the metastasis
occurred more than 12 months after diagnosis. However,
there seems to be no fixed pattern for disseminated bone
metastases in oligodendroglioma patients. Furthermore,
most studies on the distant extraneural metastasis from
anaplastic oligodendroglioma antedate the IDH1/2 era.

On the other hand, there have been a few reports of bone
marrow metastases from IDH-mutant astrocytic tumors, in-
cluding glioblastoma. A study reported that 2 of 4 patients
with IDH1-mutated glioblastoma developed leptomeningeal
metastases.' One patient with /DH7-mutated secondary
glioblastoma had prolonged survival for 11 years, and au-
topsy showed encasement of the entire bilateral ventricular
system through subventricular spread. However, no bone
marrow spread was detected despite multiple bone marrow
sections examined in the autopsy. Another secondary glio-
blastoma patient with /IDH7 mutation survived for 10 years
but developed thrombocytopenia and bone marrow metas-
tases. Therefore, this study revealed that no conclusions can
be drawn regarding the association between IDH1/2 muta-
tion and bone marrow metastases.

Primary CNS tumors are considered to metastasize
through local invasion, cerebrospinal fluid, or hematoge-
nous or lymphogenous pathways. Factors associated with
extraneural metastasis have been described, such as mul-
tiple craniotomies, shunt surgery, and long-term survival. In
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Figure 3.
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CT scan of the pelvis (A) showing an osteoblastic lesion in the left sacral wing (arrowhead). PET-CT scan (B, C) and bone scintigraphy (D)

showed multiple high-uptake bony lesions throughout the axial and proximal appendicular skeleton (B, C: white arrows; D: black arrows).

particular, repeat craniotomies seem to be a strong factor
for distant metastasis. Hoffman et al. reported 282 cases of
CNS tumors with extraneural metastases, including only
24 (8.5%) cases without a previous craniotomy. Similarly,
Huang et al.’”® reviewed 247 cases of glioblastoma with
extraneural metastases. According to this study, sponta-
neous extraneural metastasis without previous craniotomy
or shunt surgery occurred in only 10 cases. Therefore, sur-
gical interventions could increase the risk of both hema-
togenous and lymphogenous metastasis by disrupting
the blood-brain barrier or by giving tumor cells access to
the dura mater or scalp. In the current case, the preceding
4 craniotomies could explain the metastatic spread of the
tumor. In addition, the relatively long-term survival in this
case following chemoradiotherapy could have allowed for
metastasis outside of the CNS. Furthermore, the early mul-
timodal treatment could alter the tumor biology to be more
aggressive, and prolonged survival time could allow for the
selection of clones that favored distant metastasis. The clin-
ical history of this case supports this hypothesis because the
first recurrence happened approximately 5 years after the

initial treatment, whereas the second and third recurrences
and bone metastasis occurred within a much shorter period.

Conclusions

We present a case of 1p/19g-codeleted and /IDH2-mutant
anaplastic oligodendroglioma with multiple metastases
to the bone and bone marrow. Although extraneural me-
tastases from oligodendrogliomas are extremely rare, we
should bear in mind this rare possibility, especially in pa-
tients with prolonged survival time and/or those under-
going more aggressive treatment for the primary tumor.
Owing to advancements in the treatment methods for
gliomas, longer survivors, particularly patients with /DH-
mutant gliomas, may possess risk factors for distant me-
tastasis. That is to say, if better intracranial local tumor
control could be achieved, distant metastases might be-
come a bigger clinical issue and be observed more fre-
quently in later stages of these diseases.
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