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Combined temozolomide, immunotherapy
and radiotherapy in a patient with anaplastic
oligodendroglioma and multiple extracranial
metastases

A rare case report
Liang-Ke Tang, MM?, Yi Sun, PhD?#, Ming-Hui Zhang, MD?, Heng Jiang, MD?, Zhi-Ke Li, PhDP, Guo-Bo Du, PhD®*

Abstract

Rationale: Extracranial metastases of primary brain tumors are rare, and there is no effective treatment. Here, we rep(h
patient with anaplastic oligodendroglioma (AO, WHO grade Ill) who effectively delayed survival time after receiving temozolomide
(TMZ), immunotherapy, and radiotherapy.

Patient concerns: A 42-year-old man underwent surgery and chemoradiotherapy for AO, 41 months ago.

Diagnosis: The patient developed lower back pain, and Positron emission tomography/computed tomography (PET/CT) did
not detect any lesions other than the skeleton. Sacral aspirate smear showed atypic cell nests, and immunohistochemistry and
fluorescence in situ hybridization testing supported the diagnosis of WHO grade Ill AO and IDH mutations.

Interventions: The patient was treated with TMZ, immunotherapy, and local palliative radiotherapy and was stable for 6
months, but the medication was discontinued due to severe myelosuppression.

Outcomes: After drug withdrawal, the disease progressed further, with intracranial recurrence and metastasis to the liver,
supraclavicular and axillary lymph nodes. The time from the diagnosis of extracranial metastasis to death was 10 months.
Lessons: This case show that immunotherapy, oral low-dose TMZ and local palliative radiotherapy may be effective ways to
prolong the survival of patients with extracranial metastasis and severe bone marrow suppression.

Abbreviations: AO = anaplastic oligodendroglioma, ODs = oligodendrogliomas, PD-1 = programmed death 1, PFS =
progression-free survival, TMZ = temozolomide.

Keywords: 1p/199 chromosome deletions, anaplastic oligodendroglioma, and radiotherapy, immunotherapy, multiple extracranial
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1. Introduction response, longer progression-free survival (PFS), and overall
survival (OS).B! ODs is least likely to develop extracranial
metastases compared with other types of gliomas, about
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thought to be significantly associated with chemotherapy regain their cytotoxic potential and eliminate tumor cells.!®

Oligodendrogliomas (ODs) is a malignant tumor of central
neuroepithelial origin, accounting for approximately 4.2%
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The efficacy of immunotherapy is not only associated with
PD-L1 expression levels, tumor mutational burden, and
tumor-infiltrating lymphocytes, but is also closely linked
to patient nutritional status!”! and the timing of immuno-
therapy intervention.!®! We report a case of anaplastic oli-
godendroglioma (AO, WHO grade III) containing 1p/19q
codeletion and IDH-1 mutant, which spread to the bones
and bone marrow 3 years after surgery, and disease progres-
sion after chemotherapy, immunotherapy, and radiotherapy,
eventually metastasizing to the neck, scalp, and liver.

2. Case presentation

A 42-year-old male presented with paroxysmal headache in
September 2018, and an magnetic resonance imaging scan
revealed a 6.1 cm x 3.5c¢m cystic solid mass in the left fron-
tal lobe (Fig. 1A). The mass was removed intactly by craniot-
omy. Postoperative immunohistochemistry and Fluorescence in
situ hybridization (FISH) confirmed the diagnosis of AO and
1p/19q codeletion, (Fig. 2A and B). Gamma Knife radiosurgery
and temozolomide (TMZ) chemotherapy were administered.
Periodic reviews showed no signs of intracranial tumor recur-
rence (Fig. 1B).

Unfortunately, in January 2022, the patient developed with
back pain and a bone scan suggested extensive metastatic bone
disease involving of the skull, bilateral scapulae, sternum, and
multiple branches of ribs (Fig. 3A and D). Positron emission
tomography/computed tomography (PET/CT) did not detect
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any lesions other than those in the bones (Fig. 3B and E). And
a sacral puncture smear revealed nests of heterotypic cells.
Immunohistochemistry showed IDH-1 (+), S-100 (+), GFAP
(+, weakly positive), ATRX (+), P53 (=), olig2 (+), Ki-67 (+,
20%) and FISH showed 1p/19q codeletion. All results sup-
ported the diagnosis of AO, IDH mutant type, WHO grade
III (Fig. 2C-G). He was treated with TMZ (250 mg days 1-5)
for one cycle on January 28, 2022. But the patient could not
tolerate the previous TMZ treatment regimen and developed
severe myelosuppression (hemoglobin was 70 g/L, platelet was
20 x 10°/L). Then a small oral dose of TMZ (100 mg, days
1-21, repeated every 28 days) and instillation of Toripalimab
(peptide inhibitors targeting human programmed death 1
(PD-1) receptor, 240 mg every 21 days) were started with the
patient’s consent on March 16, 2022 after the level of plate-
let counts returned to 50 x 10%/L. Simultaneously, the patient
received palliative radiotherapy for pelvic, lumbar, and tho-
racic metastases (P-CTV:30GY/10Fx). After 2 cycles of ther-
apy, severe myelosuppression occurred (platelet was 6 x 10°/L,
white blood cell was 0.71 x 10°/L, and hemoglobin was 44 g/L)
On May 16,2022, TMZ was discontinued while immunother-
apy continued.

In July 2022, bone scans showed fewer lesions in the thoracic
spine than before, but a few new lesions in the lumbar spine and
ribs (Fig. 3C and F). And, the CT showed enlargement of lymph
nodes in the right neck, left supraclavicular, with the largest one
measuring 3.0 cm x 1.9cm (Fig. 4A). Biopsy of supraclavicular
lymph nodes was diagnosed as metastatic AO (Fig. 2H and 1),

Figure 1. The transverse position T2 images (MRI) of the intracranial primary tumors: (A) Preoperative intracranial lesions on September 2, 2018; (B) No intra-
cranial recurrence was observed on December 13, 2021; (C and D) Metastases were found in meninges, skull, and brain tissues on November 2, 2022. MRI

= magnetic resonance imaging.
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Figure 2. Results of hematoxylin—eosin (HE) staining and immunohistochemistry of the intracranial primary tumors: (A) HE staining, 100x; (B) olig2 (+), 100x. HE
staining and immunohistochemistry of the bone marrow aspiration tissue: (C) HE staining, x100; (D) ATRX (+), x100; (E) IDH-1 (+), x100; (F) olig2 (+), x100; (G)
S-100 (+), x100. HE staining and immunohistochemistry of the supraclavicular lymph nodes aspiration tissue (H) HE staining, x100; (I) IDH-1, x100.

and immunotherapy was discontinued. Radiotherapy (the first
stage: P-GTVnd:33.6GY/14Fx, P-CTV:26.6Gy/14Fx, the sec-
ond stage: P-GTVnd:32.5GY/13Fx, P-CTV:26Gy/13Fx) was
recommended for positive lymph nodes and lymph node area
in the neck and the patient’s neck mass was significantly smaller
after the radiotherapy (Fig. 4B). Oral TMZ was again initiated
(100 mg) on August 25, 2022, but the patient’s platelets rapidly
declined from 50 x 10°/L to 32 x 10°/L after 4 days and then
TMZ was discontinued.

In November 2022, magnetic resonance imaging showed
multiple patchy and nodular abnormal signal shadows in the
skull and the meninges were thickened with nodular and mass-
like changes, and the left anterior horn of the lateral ventricle
was compressed (Fig. 1C and D). Multiple nodular abnormal
signal shadows were seen in the liver, with a size of about 2.0cm
and poorly defined borders (Fig. 4C and D). Best supportive
care was administered until the patient’s death on November
20, 2022. The patient was diagnosed with bone metastases and
was treated with TMZ, immunotherapy, and radiotherapy to

stabilize the disease for 6 months. Then the disease progressed
rapidly and died 4 months later.

3. Discussion

Extracranial metastases from primary brain tumors are rare,
accounting for only 0.96%."! Glioblastoma and medulloblasto-
mas are the most common brain tumors known to metastasize
to distant sites, while ODs occur less frequently. Both high-grade
and low-grade ODs have the potential to metastasize to other
sites, the most common sites being the bone and bone marrow
(97%), followed by lymph nodes, lungs, and pleura.!'” Primary
tumors in the brain may spread through local invasion, seeding
through the cerebrospinal fluid route, or remote dissemination
through lymphatic and vascular channels. In this patient, the
metastasis occurred potentially through the hematologic and
lymphatic systems due to the sequential metastases in the liver
and lymph nodes. Surgical treatment or extracranial shunts may
disrupt the dura mater and increase the risk of hematologic and
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Figure 3. (A and D) Bone scan suggested the involvement of the skull, bilateral scapulae, sternum, and multiple branches of ribs on January 21, 2022. (B and
E) PET/CT did not detect any lesions other than those in the bones. (C and F) Bone scans showed fewer lesions in the thoracic spine than before, but a few

new lesions in the lumbar spine and ribs on July 27, 2022.

lymphatic metastases, extracranial metastases without surgery
are rare."!! This may be an illusion caused by the small number
of unoperated patients.!'>!3 Some scholars believe that advances
in treatment had prolonged the survival of patients and led to an
increased occurrence of extracranial metastases. However, the
epidemiological studies didn’t support it.!**!

The diagnosis of oligodendroglioma primarily relies on
pathological biopsy. it is genetically characterized by the
presence of an IDH-1 or IDH-2 mutation combined with co-
deletion of 1p/19q codeletion. Histologically, these tumors typ-
ically exhibit sheets of uniform round nuclei surrounded by
clear cytoplasm, resulting in the classic “fried egg” appearance.
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Figure 4. (A) Cervical lymph nodes before radiotherapy on July 27, 2022; (B) Cervical lymph nodes after stage | radiotherapy on August 18, 2022; (C, D) The
transverse position T1 images (MRI) of liver and ribs metastases. MRI = magnetic resonance imaging.

AQO are associated with a poorer prognosis due to the pres-
ence of anaplastic features, including nuclear atypia, necrosis,
microvascular proliferation, high cellular density, and increased
mitotic activity. Heterozygous chromosome 1p/19q codeletion
was associated with significantly longer PFS in patients with
AO, with a median PFS of 49.8 months and only 6.2 months in
PFS without 1p/19q.">! Longer survival may be associated with
mutations in the far upstream (FUSE) element-binding protein 1
(FUBP1), located on chromosome 1p. FUBP1 is a DNA-binding
and transcriptional regulatory protein, and mutations in FUBP1
are observed in approximately 15 to 30% of tumors with
1p/19q codeletion.!') FUBP1 can promote MYC expression by
binding to the FUSE region of the proto-oncogene MYC.!'718l
The extended survival associated with 1p/19q codeletion may
be closely related to extracranial metastasis."®?"! In this case,
the patient’s PFS was 41 months and both intracranial primary
lesions and extracranial metastases had 1p/19q codeletion.
There is still the need for further studies to determine whether
longer survival and the 1p/19q codeletion are associated with
extracranial metastases.

There is no standard treatment option for extracranial meta-
static oligodendroglioma. Procarbazine, lomustine, and vincris-
tine (PCV) or TMZ therapy remains effective.?!! Patients with
bone marrow metastases and severe myelosuppression have
short survival, which may be due to the lack of further treat-
ment option.’??! However, A report shows that extracranial
metastatic oligodendroglioma with BRAF-V600e gene muta-
tion can be treated with targeted therapy, effectively prolonging
the survival of patients with no significant adverse effects.”’!
In the present case, no gene target was found, and the patient
did not receive any drugs that caused myelosuppression before
the metastasis was diagnosed. A small dose of TMZ was given
in combination with immunotherapy, which was effective in
controlling the disease. Extracranial metastases are not limited
by the blood-brain barrier, which allows immunotherapy to
enhance the diversity of immune cell populations. Future direc-
tions in oligodendroglioma immunotherapy will likely focus
on overcoming immunosuppressive mechanisms within the
tumor microenvironment (TME), as well as developing novel

immunotherapies that target tumor-specific mutant molecules
with anti-tumor potential. A promising strategy involves com-
bining IDH-1 neoantigen vaccines with PD-1/PD-L1 checkpoint
inhibitors to counteract TME-mediated immunosuppression.*!
However, the patient could no longer tolerate the toxic side
effects of TMZ and thus discontinued the treatment. The dis-
ease then progressed rapidly, metastasizing to the scalp and liver,
eventually leading to death. The limitation of this study is that
no autoantibody testing and bone marrow aspirate/biopsy are
performed when patients develop bone marrow suppression
to further determine whether platelet and hemoglobin reduc-
tions are related to immunotherapy. In addition, comprehensive
genomic sequencing was not conducted for this patient, thus
preventing further investigation into whether the extracranial
metastases were related to specific genetic alterations.

4. Conclusion

In conclusion, this case is a rare extracranial metastasis of AO
that successively invaded bone, bone marrow, liver, and scalp.
The present case suggests that TMZ therapy is effective in the
treatment of extracranial oligodendroglioma and that low-dose
TMZ, radiotherapy and immunotherapy are effective in delay-
ing disease progression in cases of severe thrombocytopenia due
to bone marrow invasion.
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