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Abstract

heart.

years after the extended forequarter amputation.

thrombus that extends to the great vessels.
Keywords: MPNST, Tumor thrombus, Venous invasion

Background: Malignant peripheral nerve sheath tumor (MPNST) is a rare soft tissue sarcoma mainly treated via surgi-
cal resection. Herein, we report a case of MPNST wherein a massive tumor thrombus extended to the major veins and

Case presentation: A 39-year-old female with a history of neurofibromatosis type 1 developed MPNST from the
right radial nerve. In addition to adjuvant chemotherapy, she underwent wide tumor resection and concomitant
radial nerve resection, followed by postoperative radiotherapy. Histological evaluation revealed marked venous
invasion. The 2-year follow-up CT revealed an asymptomatic recurrent tumor thrombus extending from the right
subclavian vein to the heart. An urgent life-saving operation was performed to ligate the base of the right subclavian
vein and remove the entire intravenous thrombus that extended to the right ventricle. The remaining tumor in the
right subclavian vein increased in size 3 months after thrombectomy. After confirming the absence of any metastatic
lesions, the patient underwent extended forequarter amputation to achieve surgical remission. One year later, a new
metastasis to the right diaphragm was safely resected. The patient remains alive without any evidence of disease 2

Conclusions: In cases of a previous history of microscopic venous invasion, recurrence can occur as a massive tumor

Background

Malignant peripheral nerve sheath tumors (MPNSTSs)
are rare, accounting for approximately 5% of all soft tis-
sue sarcomas [1]. Previous studies have reported that
20-50% of patients with MPNST also have neurofi-
bromatosis type 1 (NF1) [2, 3], which is an autosomal
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dominant condition with a birth incidence of approxi-
mately 1 in 2500 [4]. Patients with NF1 typically mani-
fest café-au-lait macules in the first decade of life and
cutaneous neurofibromas during adolescence [5], and
they carry an increased risk of developing malignancies.
MPNSTs occur in patients with NF1, with a cumulative
lifetime risk of up to 10% [6]. Patients with NF1-MPNST
reportedly have lower survival rates [7-9] and gener-
ally worse prognoses [7, 10] than those with sporadic
MPNST. In the absence of metastases, the 5-year overall
survival rates are 63% for sporadic MPNST and 33% for
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NF1-MPNST [10]. Furthermore, MPNSTs are tradition-
ally chemotherapy insensitive. Radiotherapy provides
local control and may delay recurrence onset but has
little effect on long-term survival [1]. Since the clinical
benefits of adjuvant therapy such as radiation or chemo-
therapy are limited in patients with MPNST [11], surgical
resection is the usual treatment strategy.

Here, we present a unique case of a 39-year-old female
with a previous history of MPNST from NF1, who devel-
oped an intravenous tumor thrombus that extended to
the right ventricle. Urgent surgery for the intracardiac
tumor thrombus, followed by subsequent second-stage
extended forequarter amputation with partial chest wall
resection, was successfully performed.

Case presentation

This study was approved by the ethics committee of the
Keio University School of Medicine. The patient provided
signed informed consent for an Institutional Review
Board-approved protocol for research use of medical
records, pathologic specimens obtained as part of routine
clinical care, and publication.
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The patient was a 39-year-old female with a history of
NF1 who presented with an enlarging mass in the right
arm with worsening radial nerve palsy. Her medical his-
tory included cervical kyphosis due to NF1. Magnetic res-
onance imaging (MRI) revealed a spindle-shaped tumor
measuring 15 cm that almost completely occupied the
posterior compartment of the upper arm (Fig. 1A-C). The
tumor had homogeneous hypointensity on T1-weighted
images, heterogeneous hyperintensity on T2-weighted
images, and marked gadolinium enhancement on MRI
(Fig. 1A-C). The patient underwent positron emission
tomography (PET)/CT, which demonstrated high activ-
ity in the tumor and no metastatic disease. Two tail-like
accumulations were observed on the proximal side, sug-
gesting tumor extension along the nerve bundle (Fig. 1D).
A biopsy confirmed high-grade MPNST with a MIB-1
index of 70% (Fig. 1E and F). Collectively, the patient was
diagnosed with stage IIIA (T2NOMO, AJCC 8th edition)
high-grade MPNST arising from the right radial nerve.
She then received neoadjuvant chemotherapy (three
courses of 60 mg/m? doxorubicin plus 10 g/m? ifosfa-
mide) with excellent partial response and underwent
wide resection with radial nerve sacrifice (Fig. 2A and B).

"8 l‘ 1\.21' .‘sf

R0
-3‘523 \‘s.‘:\ X

Fig. 1 Imaging findings at presentation. A-C Axial MRI findings of the right upper extremity. The lesion had homogeneous low intensity

on T1-weighted images (A), heterogeneous high intensity on T2-weighted images (B), and heterogeneous enhancement after gadolinium
administration (C). D PET/CT demonstrates FDG uptake (SUVmax: 11.3) in a spindle-shaped tumor in her right arm. Two tail-like accumulations
(black arrows) were found on the central side. E, F Pathological findings. A dense array of spindle-shaped tumor cells proliferated without forming
an obvious structure (hematoxylin and eosin (E), x40; staining with MIB-1 (F), x40)
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Fig.2 A, B Intraoperative findings. Wide resection of the tumor was performed. The tumor involved the radial nerve, whereas the ulnar nerve was
preserved (A). The tumor was resected with radial nerve sacrifice (B). C, D Pathological findings. The tumor microscopically infiltrated the vessels
(hematoxylin and eosin (C), x40; staining with Elastica van Gieson (D), x40)

The pathological examination revealed a negative surgical
margin, a MIB-1 index of 10%, and marked microscopic
vascular invasion (Fig. 2C and D). Thick neurofibromas
were observed in both proximal and distal ends, and 90%
of tumor necrosis had probably been due to the effects
of the anti-cancer drugs. She then received postoperative
radiotherapy and adjuvant chemotherapy (two courses of
60 mg/m? doxorubicin plus 10 g/m? ifosfamide).

Two years after the initial surgery, a follow-up CT scan
revealed an asymptomatic thrombus extending from
the right subclavian vein to the right ventricle (Fig. 3A).
Echocardiography verified the presence of a thrombus in
the right atrium and right ventricle (Videos 1, 2), and a
needle biopsy of the thrombus revealed MPNST recur-
rence. A diagnosis of localized MPNST recurrence was
made because there was no obvious distant metastasis.

scan (A); surgical specimen of the intracardiac tumor thrombus (B)

Fig.3 A, B Findings during the 2-year follow-up. A large thrombus extending to the right ventricle through the subclavian vein was detected on CT
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Given the life-threatening nature of the tumor throm-
bus extending into a great vessel, urgent resection of
the thrombus was performed. Under extracorporeal
circulation, the tumor thrombus extending to the heart
was removed from the right subclavian vein in a step-
wise manner through three incisions in the right atrium,
superior vena cava, and right subclavian vein, followed
by ligation of the subclavian vein (Fig. 3B). However, the
remaining distal part of the right subclavian vein was
filled with a recurrent tumor. The patient was then care-
fully monitored through imaging studies to determine
whether the local residual tumor would increase in size
or if any metastatic lesions would appear. Three months
after the thrombectomy, the remaining tumor in the right
subclavian vein gradually increased in size (Fig. 4A) with-
out any metastatic lesions. Because the enlarging recur-
rent MPNST was adjacent to the brachial plexus and the
subclavian artery (Fig. 4B-F), we performed forequarter
amputation combined with partial chest wall resection
to achieve adequate surgical margins (Fig. 4G-J). Patho-
logically, the resected specimen exhibited histologi-
cal findings similar to the needle biopsy specimen, with
the proliferation of short spindle-shaped atypical cells
with densely stained and enlarged nuclei, accompanied
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by hemorrhage and necrosis. Negative surgical margins
were confirmed by pathological examination. Although
the patient underwent surgery again for a newly found
metastatic lesion on the right diaphragm 1 year later,
the patient has been disease-free for 1 year since the last
surgery.

Discussion and conclusions

The clinical course of our case was highly unique in that
the tumor recurred as an asymptomatic thrombus in the
subclavian vein and had invaded the heart. Microscopic
venous invasion during the initial surgery most likely led
to an intravenous recurrence. Microscopic venous inva-
sion is associated with a higher risk of recurrence and
worse prognosis in cases such as pediatric adrenal cor-
tical tumors, hepatocellular carcinomas, pancreatic can-
cers, and pancreatic neuroendocrine tumors [12-15].
A clinicopathological study of 24 patients with MPNST
demonstrated vascular invasion as a poor prognostic fac-
tor [16]. However, few reports are available on recurrent
MPNSTs with intravascular invasion. To the best of our
knowledge, the present study is the first to report details
on the presentation, diagnosis, and treatment of a case of
MPNST with microscopic venous invasion extending to

resection

Fig.4 A-F Imaging findings 3 months after thrombectomy. Physical examination shows swelling in the right subclavicular lesion (A), and PET/CT
of the chest demonstrates FDG uptake (SUVmax: 7.3) in the tumor (B). MRI shows a significant increase in the size of the remaining recurrent tumor
in the subclavicular vein (T1-weighted axial (C), T2-weighted axial (D), fat-suppressed contrast-enhanced T1-weighted axial (E), and coronal (F)
sections). G-J Postoperative pictures (G and H) and radiographs (I and J) of the performed forequarter amputation combined with partial chest wall
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the heart. If histology suggests venous invasion, as it did
in our case, there is a potential risk of intravenous recur-
rence and distant metastasis that can progress to a mas-
sive tumor thrombus extending to the heart, regardless of
the tumor subtype.

Progression of malignant tumors to large vessels has
been reported in renal and liver cancers, with a frequency
of 3-20% [17-20]. Sarcomas with vascular tissue ori-
gins, such as intimal sarcoma [21] and angiosarcoma [22,
23], reportedly extend into large vessels. However, there
are a few reports on sarcoma from non-vascular tissues
extending into large vessels, including cases of low-grade
endometrial stromal sarcoma [24], clear cell sarcoma of
the kidney [25], osteosarcoma [26], and renal Ewing’s
sarcoma [27]. MPNSTs extending to the great vessels are
extremely rare, with only one other case reported in the
literature [28]. This previous case presented a diagnostic
challenge, and the final diagnosis was made only during
the post-mortem examination.

Patients with cancer often have coagulation abnor-
malities and hence develop thromboses [29]. Although
tumor thrombus is rare [30, 31], it is important to dif-
ferentiate between a bland and a tumor thrombus among
patients with cancer. Imaging evaluations such as CT,
MRI, fluorodeoxyglucose on PET, and angiography [31]
are useful; however, a biopsy is needed to definitively
diagnose tumor thrombus in certain cases. Anticoagulant
therapy such as heparin is usually ineffective, and surgi-
cal resection, chemotherapy, or radiation are, therefore,
more common for tumor thromboses [30, 31]. In cases
of renal cell carcinoma, complete surgical resection of a
tumor thrombus has been reported to result in a 5-year
survival rate > 50%, whereas incomplete tumor resection
results in a 10% survival rate [31]. Technically, in areas
where the proximal part of the involved vessels can be
clamped or ligated, tumor thrombus removal includes
procedures that prevent tumor cells from disseminating
to the proximal side. In cases wherein a tumor thrombus
involves the heart and where proximal blood flow cannot
be disconnected, cardiopulmonary bypass is necessary.
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In our case, successfully removing the intracardiac
tumor thrombus eventually enabled us to proceed with
subsequent radical forequarter amputation for surgical
remission.

MPNSTs derived from NF1 often occur in the major
nerves, and radical wide resection of the affected nerves
results in severe neurological deficits that lead to con-
siderable physical impairment. If large MPNSTs occur
in nerves adjacent to major arteries, such as the bra-
chial plexus or femoral nerve, they require amputation
at a higher level for radical resection. The frequency of
amputation is reported to be 32% in deep and high-grade
MPNSTs [32]. In patients with sarcoma, the frequency
is reported to be 5% for primary disease and approxi-
mately 10% for recurrence [33]. Amputation is more
frequent in MPNSTs than in other sarcomas because
MPNSTs often occur in the major nerves, and amputa-
tion is recommended as a curative surgery to prevent
recurrence [32]. If the tumor arises from the brachial
plexus, forequarter amputation can be indicated [33-35].
Forequarter amputation involves removal of the arm and
shoulder, including the scapula and part of the clavicle. If
the tumor involves the chest wall, an extended procedure
is performed, including resectioning a part of the chest
wall, sometimes in combination with mastectomy or
pneumonectomy. Seventy percent of the cases indicated
for forequarter amputation are sarcomas, such as undif-
ferentiated pleomorphic sarcoma, osteosarcoma, and
synovial sarcoma, while the others are breast cancers and
melanomas [35]. According to recent reports, the over-
all 5-year survival rate after forequarter amputation for
malignant tumors of the shoulder girdle is approximately
20-40% [34—39] (Table 1). Complications after forequar-
ter amputation include massive blood loss, wound necro-
sis, dissection, pneumonia, and atelectasis [34, 35, 38]. In
addition, forequarter amputation has a massive impact
on the psychological and functional integrity of patients
[38]. We aim for the best clinical outcome for patients
with NF1 and high-grade MPNST, and accordingly man-
aged, in this case, to perform a wide (R0O) resection of

Table 1 Review of past reports with at least 20 patients who have undergone forequarter amputation

Reference Year N Histology Survival

Fanous et al. [36] 1976 21 15 sarcoma, 6 carcinoma 5 year OS 25% (C)

Bahgia et al. [34] 1997 20 18 sarcoma, 2 carcinoma 5 year OS: 21%, 30% (C)

Rickelt et al. [35] 2009 40 28 sarcoma, 10 carcinoma, 2 ulcer 5 year OS: 38% for all,
41% for sarcoma

Puhaindran et al. [37] 2012 26 Sarcoma & carcinoma 1yearOS42 %

Elsner et al. [38] 2016 30 26 sarcoma, 4 carcinoma 5 year OS 39% (C)

Tsuda et al. [39] 2020 40 Bone sarcomas 5 year OS 30%

C: Curative procedure
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the primary tumor with radial nerve sacrifice and inten-
sive adjuvant chemoradiotherapy. Three months after
urgent removal of the life-threatening intracardiac tumor
thrombus, the residual lesions in the remaining subcla-
vian space increased in size. Given the absence of meta-

static disease at the time and the extremely high risk of

re-recurrence, we discussed the advantages of radical
extended forequarter amputation over the less invasive
chemoradiotherapy together with the patient, and she
opted for the former. Although the patient underwent
another surgery for a solitary metastasis and needed to
be closely monitored, she is currently disease-free 2 years
after the extended forequarter amputation, which was
successfully managed by a multidisciplinary approach.

Abbreviations
MPNST: Malignant peripheral nerve sheath tumor; NF1: Neurofibromatosis
type 1; FDG: Fluorodeoxyglucose; PET: Positron emission tomography.
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