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Introduction

Malignant peripheral nerve sheath tumors (MPNSTS) are rare, highly aggressive soft tissue
sarcomas that develop from peripheral nerve cells including Schwann cells.! The estimated
incidence of MPNSTS in the general population is 0.001% with a greatly increased
incidence in individuals with neurofibromatosis type 1 (NF-1).2 The estimated incidence of
MPNST in the NF-1 population is between 2 and 29%, with MPNSTSs as the most common
cause of death in NF-1 patients.3# Despite the overall rarity of MPNSTS, they represent 5—
10% of all soft tissue sarcomas diagnosed.®> The median age at diagnosis for sporadic
MPNST is between 3060 years and between 20-40 years for NF-1 associated MPNST.®
These tumors present clinically as a rapidly enlarging mass that can be painful. Frequently,
there are associated neurological symptoms such as weakness and paresthesias. Tumors
most commonly arise from nerve roots and bundles in the extremities and pelvis, particularly
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the sciatic nerve. At the time of presentation, most tumors are greater than 5 cm in size and
up to 50% of patients have metastatic disease, most commonly involving the lungs.’

The mainstay of localized MPNST management is complete surgical resection. Ducatman et
al. showed significantly improved overall survival in patients who had a gross total resection
compared to subtotal resection. This same study also found that patients with tumors >5 cm
and patients with associated NF-1 had lower survival rates.8 Adjuvant radiation therapy has
been recommended in tumors >5 cm or in patients with marginal excision. Although
adjuvant radiation has shown improved local control rates, a survival benefit has not been
shown.? Chemotherapy has been explored as a treatment option for MPNST. A prospective
randomized phase Il trial of ifosfamide, doxorubicin, and etoposide in MPNST showed a
response rate in 44% of sporadic MPNST and 18% in NF-1 associated MPNST.10

In the setting of refractory or metastatic disease, a phase Il clinical trial for MPNST with
Erlotinib and various other phase Il clinical trials for sarcomas with agents including
Sorafenib, Imatinib, Dasatinib, and Alisertib have all failed to demonstrate efficacy.
However, they did show the overall poor prognosis of unresectable MPNST with a median
progression-free survival less than 2 months and overall survival less than 5 months.11-16

The case study patient presented at the age of 40 with one month of cough refractory to
antibiotics and steroids. A computed tomography (CT) scan of the chest revealed a 7.2 cm
mass in the right upper lobe that extended to the right hilum. A positron emission
tomography (PET) scan at that time revealed no other disease. Thoracotomy with right upper
lobectomy and hilar lymph node sampling revealed a 7.3 cm high grade sarcoma with
negative margins and 0/3 hilar lymph nodes involved. Histological sections showed a
somewhat biphasic malignant neoplasm with hypercellular areas composed of fascicles of
elongated, spindle cells with ovoid nuclei and eosinophilic to vacuolated cytoplasm. These
areas abruptly transitioned to less cellular areas of epithelioid to spindled cells with
moderate amounts of eosinophilic cytoplasm. The pathologist noted that in these areas of
less cellularity some of the cells had neural features. Immunohistochemical staining was
positive for S-100, CD99, bcl-2 and negative for GIST, CD34, SOX10 and smooth muscle
actin. The Ki-67 was noted to be 40-50%. Pathology review in tumor board judged that the
histology was MPNST vs fibrosarcoma. FoundationOne testing revealed that the tumor cells
had LMNA-NTRK1 fusion, CDKN2A/B deletion and NCOR splice site 5360-
10_5370del21 with a low tumor mutation burden. The patient received adjuvant
doxorubicin, ifosfamide and mesna, however, he only completed 2 cycles as he opted to stop
on the second day of cycle 3.

Six months later the patient underwent urgent chest radiation to treat a large right hilar mass
compressing the right pulmonary artery. Treatment was with 60 Gy over 15 fractions (Fx) of
volumetric-modulated arc therapy (VMAT). Less than one month following completion of
this radiation therapy to the mediastinum, the patient presented with low back pain.
Magnetic resonance imaging (MRI) of the lumbar spine with contrast revealed a
heterogeneous avidly enhancing mass in the right posterior paraspinal (erector spinae)
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musculature at the L4-L5 vertebral level measuring 4.1 x 3.9 x 6 cm. PET/CT scan
displayed an intensely fluorodeoxyglucose (FDG) avid hilar mass that was treated with
radiation previously (Fig 1), no further FDG avidity of the original resected right upper lobe
lesion, a new intensely FDG avid lesion on the right posterior scalp near the vertex and an
intensely FDG avid mass in the right spinalis muscle (Fig 2). A punch biopsy of the scalp
lesion showed malignant proliferation into the dermis and subcutaneous tissue (Fig 3). The
pathologist confirmed that the findings were consistent with MPNST. The right paraspinal
lesion was treated with stereotactic body radiation therapy (SBRT) to 40 Gy over 5 Fx and
his scalp lesion was treated with electrons to 35 Gy in 5 Fx. One-week later doxorubicin and
olaratumab were started but he only completed one cycle due to severe toxicities.

Two months after completion of this radiation to the paraspinal and scalp vertex lesion, the
patient noted a new enlarging lesion at a different location of his scalp along the right
frontoparietal region. A brain MRI confirmed a new metastasis to the calvarium and an
incidentally noted new T2 and FLAIR hyperintense, T1 post-contrast enhancing lesion
within the left high parietal lobe measuring 1.2 cm, consistent with brain metastasis (Fig 4,
Fig 5). This intraparenchymal lesion received LINAC-based stereotactic radiosurgery (SRS)
therapy to 27 Gy in 1 Fx.

Due to the rapid progression of his metastatic disease, within two weeks of SRS therapy he
was enrolled onto a clinical trial targeting the NTRK1 fusion found in his tumor.

One month following SRS, a brain MRI showed the left high parietal brain lesion was
decreased in size from 1.2 cm previously to 0.8 cm. No new suspicious enhancing foci were
appreciated. Two months after SRS he received another brain MRI which showed further
reduction in the lesion size to 0.6 cm. During cycle 6 of treatment, 5 months after SRS, he
received a follow up brain MRI which showed complete resolution of his scalp and brain
lesions.

It has been 24 months since initial diagnosis and lung resection, 11 months since brain SRS
therapy and 10 months since enrollment in the clinical trial and appears to have stable
intrathoracic and paraspinal disease on systemic therapy, with complete resolution of the
brain metastases following radiotherapy and his target lesions on systemic treatment.

This case report includes a retrospective review of a single patient’s medical record and is
de-identified, which appropriately protects the privacy rights of human subjects and has been
carried out in accordance with the Code of Ethics of the World Medical Association.

Discussion

Brain metastasis from MPNSTSs is an exceedingly rare occurrence. A single institution case
report found that of 179 patients with MPNSTSs treated, only one patient had MPNST
metastasis to the brain, resulting in an incidence of 0.5% of MPNSTSs diagnosed.1’” A
literature review by Shweikeh et al. in 2014 found only 21 documented cases of MPNST
brain metastases.18-37 Since that time, one additional report of MPNST brain metastasis has
been published.1” Of the 22 previously reported cases, nine lesions received no treatment,
six were managed with surgical resection, one patient was treated with whole brain radiation
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therapy, one case did not report a treatment modality, and the remainder received
multimodality therapy. Two of the patients who received multimodality therapy received
gamma knife radiosurgery (GKRS) as part of their treatment.

The first documented case of MPNST brain metastasis treated with GKRS was an 83year-
old man with a left frontal lobe lesion which was initially removed with microsurgical
resection (Table 1).36 Seven months following resection the tumor recurred to a volume of
15.2 cm3. This was treated with GKRS of 20 Gy to the 50% isodose line. Nine months
following treatment a 97% reduction in volume was noted, but three new metastases were
seen. One 3.1 cm?3 left occipital, one 0.07 cm?3 left temporal, and one 0.25 cm3 right
cerebellopontine angle tumor. These three tumors were also treated with GKRS of 20 Gy to
the 45% isodose line. Three months following treatment the left occipital tumor decreased to
0.25 cm?3 and the other two metastases were no longer visualized. The patient had a
Karnofsky Performance Status (KPS) of 70 and survived for 14 months after initial GKRS.

The second case treated with GKRS was from a study evaluating GKRS treatment of 21
patients with sarcoma metastasis to the brain. One patient in the study had MPNST
metastasis (Table 1). The patient was a 34-year-old female with neurofibromatosis type 2
(NF-2) who developed brain metastasis 3 years after MPNST diagnosis.?* She initially
underwent two resections of her brain lesion as well as whole brain radiotherapy. These
treatment methods failed and GKRS was administered. The study did not specify the dose or
isodose line for this patient’s tumor specifically, but the median dose in the study was 16 Gy
and the most common isodose line treated was 50%. She had a KPS of 70 at the time of
treatment and survived for nine months following administration of GKRS.

The following key differences exist between these prior two reports and our current case: 1)
our patient was treated with SRS from a linear accelerator (LINAC), 2) did not have surgical
resection and, 3) was administered systemic therapy following SRS.

1) Although both GKRS and LINAC-based SRS deliver high dose radiation to tumors, there
are differences in dose planning and distribution. In the reported cases of GKRS for MPNST
brain metastasis, a dose of 20 Gy to either the 45 or 50% isodose line was used. This
radiation plan results in 40 to 44.4 Gy reaching the center of the tumor volume. This is
significantly higher than our LINAC plan which used 27 Gy to the 86% isodose line with
resultant 31.4 Gy to the lesion’s center. Prior to our case, concern may have existed about
the efficacy and durability of this lower central dose. It appears that this LINAC based
planned was effective despite dose and modality differences.

2) Although surgical resection has been thought of as initial treatment for MPNST brain
metastasis, there are situations where surgery is not possible or advisable. Such situations
include patients who are not healthy enough for surgery due to comorbid conditions or when
the tumor is located too close to eloquent areas of the brain. Furthermore, the establishment
of surgery as initial therapy for MPNST brain tumor has largely occurred in the absence of
data regarding SRS for these lesions. Interestingly, the patient in the report by van Eck and
Horstmann had tumor recurrence seven months following initial surgical resection. However,
once GKRS was instituted as salvage therapy there appeared to be a durable, near complete
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response of the target tumor, during his remaining 14 months of life. He did have three
additional metastases develop which were also treated and well controlled with GKRS.36 As
with our study, upfront treatment with SRS and no surgical resection may prove to be a
noninvasive viable option for durable local control.

3) Our patient began systemic therapy with a targeted agent two weeks following SRS to his
brain metastasis. There was initial concern that this could confound the results of his
complete tumor response as it would be difficult to delineate what was the result of radiation
therapy vs what was occurring in response to systemic therapy.

As mentioned previously, the median progression free survival of unresectable brain
MPNST is two months and overall survival only five months.18-23 Qur patient with
unresected brain MPNST continues to survive 11 months after SRS with no evidence of
intracranial recurrence or progression. This suggests that there may be improved progression
free survival or an overall survival benefit to be discovered with future studies.

Limitations of this study include its retrospective nature, sample size of one, and origination
from a single institution.

Conclusion

Although further research is needed, LINAC-based SRS for MPNST brain metastasis
appears to be a safe, viable option for therapy even in the absence of primary surgical
resection. To our knowledge there is no other documented case of MPNST brain metastasis
treated with LINAC-based stereotactic radiosurgery.
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Figure 1:
An axial PET scan showing an intensely FDG avid mass in the right hilum. This mass had

previously undergone radiation therapy of 60 Gy over 15 Fx less than one month prior.
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Figure 2:
An axial PET scan showing an intensely FDG avid right posterior paraspinal mass at the L4-

L5 vertebral level measuring 4.1 x 3.9 x 6 cm.
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Figure 3.
Punch biopsy of scalp lesion. a) Spindled cells arranged in sheets and fascicles within a

myxoid stroma with focal invasion into the dermal fat (H&E, 10X magnification). b) Tumor
cells have pale eosinophilic cytoplasm and wavy, tapered nuclei with nuclear atypia
(arrowhead) and mitoses (arrow) (H&E, 40X magnification).
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Figure 4:
An axial T1 post-contrast brain MRI showing a 1.2 cm contrast-enhancing lesion in the left

parietal lobe.
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Figure 5:
An axial T2 FLAIR brain MRI showing a 1.2 cm T2 and FLAIR hyperintense metastasis in

the left parietal lobe.
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