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Abstract:

Introduction: Spinal malignant peripheral nerve sheath tumors (MPNSTs) are extremely rare. Because of vital surround-
ings, en bloc resection can be difficult in MPNSTs of the cervical spine. Herein, we report three cases of MPNST followed
by radiotherapy or carbon ion radiotherapy (CIRT) after surgery.

Technical Note: In case 1, the patient underwent subtotal resection from both a posterior and anterior approach following
by adjuvant X-ray radiotherapy. The patient died 13 years after surgery due to liver cancer unrelated to MPNST. In case 2,
recurrence spread to the spinal canal in 10 months after primary CIRT. The patient underwent resection of the spinal canal
lesion with the residual lesion treated by additional CIRT. Recurrence could be controlled for at least 1 year. In case 3, the
patient underwent partial resection for the spinal canal lesion with the residual lesion treated by CIRT. Intradural and ex-
tradural recurrences from outside of the CIRT field were observed at 3 years after surgery.

Conclusions: Complete resection and adjuvant X-ray radiotherapy would be an effective treatment for MPNST of the
cervical spine, even if en bloc resection with a wide margin is impossible. CIRT for the residual tumor after incomplete re-

section may have the potential to be an additional treatment option; however, further investigation is warranted.
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Introduction

Malignant peripheral nerve sheath tumors (MPNSTs) are
rare sarcomas, accounting for 3-10% of all soft tissue sarco-
mas with an incidence of 0.0001% in general population
and 3-5% in patients with neurofibromatosis type 1 (NF1)"”.
Spinal MPNSTs are extremely rare, accounting for 2-3% of
all MPNSTs”. Although resection followed by radiation
therapy is the standard treatment strategy for MPNSTs of
the extremities and the achievement of en bloc resection
with wide margins is a prognostic factor, en bloc resection
of spinal MPNSTs, especially MPNSTs of the cervical
spine, can be difficult due to the surrounding vital struc-
tures, including critical nerves and blood vessels*”. Herein,

we report three cases of MPNST of the cervical spine.

Technical Note

Three patients with MPNST of the cervical spine were
treated with adjuvant or salvage therapy, including surgical
resection and conventional radiotherapy or carbon ion radio-
therapy (CIRT). The ethics committee of Gunma University
Graduate School of Medicine approved this study.

Case 1

A 68-year-old woman presented with a palpable mass in
the neck. She had no medical history of NF1. She under-
went resection for a dumbbell tumor at the C6/7 level. A
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Figure 1.

A 78-year-old woman (case 1, Eden type III dumbbell tumor). At 10

years after primary surgery, T2-weighted sagittal MRI of the cervical spine (A)

showed local recurrence of a dumbbell tumor at the C6/7 level (arrow). T1-weighted
axial MRI of the C6/7 level (B) showed that the tumor extended from foramen to the
paravertebral area. At 8 years after surgery, follow-up T2-weighted sagittal (C) and

axial (D) MRI of the cervical spine showed no signs of recurrence or distal metasta-

sis.

pathological examination of the resected tumor revealed
schwannoma. At 10 years after surgery, she noticed a mass
lesion in her neck, and right-side upper extremity pain and
weakness occurred. Magnetic resonance imaging (MRI) re-
vealed local recurrence of the dumbbell tumor (Eden type
IIT) at the C6/7 level (Fig. 1A, B). She underwent subtotal
resection for the extradural and foraminal tumor via a poste-
rior approach. The pathological findings of the tumor were
consistent with benign schwannoma. She also underwent
gross total resection of the residual tumor via an anterior ap-
proach, and a pathological examination revealed MPNST.
After these surgeries, she received X-ray radiotherapy (50
Gy in 25 fractions) as adjuvant therapy. Follow-up examina-
tions revealed no recurrence or distal metastasis (Fig. 1C,
D). She died of liver cancer (osteoclast-like giant cell-rich
sarcoma) unrelated to MPNST 13 years after the second sur-

gery.
Case 2

A 35-year-old man presented with left-side cervical pain.
He had a medical history of resection for NF1-associated
benign tumors, including cervical spinal cord tumors. At 12
years after surgery for the cervical spinal cord tumors, left-
side cervical pain occurred. MRI of the cervical spine
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showed a huge C6 nerve root tumor on the left side (Fig. 2
A, B). The diagnosis, based on a CT-guided biopsy, was
MPNST. He received CIRT (70.4 Gy [relative biological ef-
fectiveness, RBE] in 16 fractions) as a definitive treatment.
Although we selected CIRT for the MPNST, the tumor re-
curred at the marginal site on the spinal canal side of the ra-
diation field and spread to the spinal canal, resulting in an
Eden type III dumbbell tumor after 10 months, and the
symptom of myelopathy worsened (Fig. 2C, D). He under-
went resection for the spinal canal lesion, and then he re-
ceived additional CIRT (57.6 Gy [RBE] in 12 fractions) for
the residual tumor (Fig. 2E, F). His symptoms improved af-
ter those treatments, and no apparent recurrence or distal
metastasis was detected for at least 12 months after surgery.

Case 3

A 56-year-old woman presented with left-side upper ex-
tremity weakness and numbness. She had no medical history
of NF1. MRI showed an Eden type II dumbbell tumor at the
C5/6 level (Fig. 3A, B). She underwent partial resection for
the intradural and extradural components of tumor. The
pathological findings of the resected tumor were consistent
with MPNST. She received 64.0 Gy (RBE) in 16 fractions
with CIRT for the residual disease. Although follow-up MRI
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Figure 2. A 35-year-old man (case 2, Eden type III dumbbell tumor). T2-weight-
ed coronal (A) and axial (B) MRI of the cervical spine showed a huge C6 nerve root

tumor on the left side (arrow). At 10 months after primary CIRT, T2-weighted coro-
nal (C) and Gd-enhanced axial (D) MRI showed that the tumor extended to the spi-
nal canal (arrow) and resulted in an Eden type III dumbbell tumor. At 1 year after

combined treatment with resection and CIRT, T2-weighted coronal (E) and axial (F)

MRI of the C5/6 level showed that the spinal canal lesion was removed with no

signs of recurrence.

showed intradural and extradural recurrence from outside the
CIRT field at 3 years after surgery, she declined additional
therapy, and her neurological symptoms gradually worsened
(Fig. 3C, D).

Discussion

Spinal MPNSTs are extremely rare pathologies and have
also been reported to have a poorer outcome in comparison

to non-spinal MPNSTs"*®, Although en bloc resection with
a wide margin is the optimal surgical procedure for the
treatment of non-spinal MPNSTs, it is often difficult to per-
form for spinal MPNSTs-especially MPNSTs of the cervical
spine-due to vital structure invasion. Thus, adjuvant radio-
therapy is critical in the management of spinal MPNSTs". In
this report of three cases, a patient treated with two-stage
gross total resection without a wide margin and conventional
fractionated X-ray radiotherapy achieved long-term survival
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Figure 3. A 56-year-old woman (case 3, Eden type II dumbbell tumor).
T2-weighted sagittal (A) and axial (B) MRI showed an intradural and extradural tu-
mor in the spinal canal extending to the paravertebral body at the C5/6 level. Fol-
low-up T1-weighted Gd-enhanced sagittal (C) and axial (D) MRI 3 years after sur-
gery showed intraspinal recurrence (arrow).

for more than 10 years. This may imply that gross total re-
section followed by radiotherapy can provide long-term con-
trol or a cure of MPNSTs of the cervical spine, even if en
bloc resection with a wide margin is impossible.

X-ray radiotherapy for the spinal cord is associated with
several possible complications, including radiation-induced
myelopathy. These complications appear to be associated
with the radiation dose schedule, including the dose per
fraction, the total dose, and the inter-fraction interval”. Spi-
nal MPNSTs are located close to the spinal cord, and irra-
diation of spinal MPNSTS is a risk associated with a risk of
serious radiation myelopathy. Thus, it is difficult to adminis-
ter X-ray radiotherapy at a radiation dose that is sufficient to
control the gross tumor. Recently, high precision radiother-
apy, such as stereotactic body radiotherapy and intensity-
modulated radiotherapy, has been used to deliver high doses
of radiation for spinal MPNSTs*”. Furthermore, CIRT has
been used to treat MPNSTs because CIRT has higher dose
localization and a superior cell-killing effect against radiore-
sistant tumor cells compared to X-ray radiotherapy'*'’. In
this report, a case with recurrent MPNST after CIRT could
be controlled for at least 1 year after combined surgical re-
section and additional CIRT. However, marginal recurrence
on the side of the spinal cord after CIRT was observed in
the case. Another case with gross residual disease after the
resection of the intradural and extradural components also
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developed recurrence following additional CIRT after sur-
gery. Although CIRT is an attractive treatment option for
spinal MPNSTs in terms of increased efficacy, as shown in
other radioresistant tumors, there is little information regard-
ing the management of spinal MPNSTs using CIRT. Addi-
tionally, it is difficult to determine the radiation dose frac-
tionation schedule and to obtain a margin on the side of the
spinal cord because the spinal cord is an adjacent radiosen-
sitive organ and because the risk of recurrence on the side
of the spinal cord is considered to be high. In contrast, the
tumor on the non-spinal cord side was controlled by CIRT.
Thus, if a margin between the tumor and spinal cord can be
obtained by surgery before CIRT, and a sufficient radiation
dose can be delivered, then the recurrence risk will be re-
duced. In cases of spinal MPNST that cannot be completely
resected, such as cases 2 and 3, combined treatment of sur-
gery for the tumor on the side of the spinal cord followed
by CIRT for the residual tumor would improve the treatment
outcome. However, there is no consolidated report of CIRT
for spinal MPNSTs. Further investigations are warranted to
elucidate the efficacy of CIRT in the treatment of MPNSTs
of the cervical spine.

Conclusion

We performed surgical resection followed by X-ray radio-
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therapy or CIRT for MPNSTs of the cervical spine. Com-
plete resection and adjuvant X-ray radiotherapy would be an
effective treatment for MPNSTs of the cervical spine, even
if en bloc resection with a wide margin is impossible. Addi-
tionally, CIRT may be a potential treatment for the residual
tumor after incomplete resection.
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