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ABSTRACT

Background: Benign or malignant peripheral nerve sheath tumors originate from Schwann cells and the connective tissue
that surrounds the nerve bundles. Malignant peripheral nerve sheath tumors are highly recurrent, despite its relative low
metastatic potential. Although frequently diagnosed in the subcutaneous tissue, those tumours are rarely reported within
nerve roots (somatic and autonomous), cranial or spinal nerves and its extensions but are considered the main neoplasms
from the peripheral nervous system. Clinical signs observed will vary according to the neurolocation and degree of tumour
compression and the presumptive diagnosis can be based on the clinical characteristics and complementary tests such as
radiography, myelography, computed tomography and especially magnetic resonance imaging for the excellent resolution
of soft tissues. Tumor location at the brachial and lumbosacral plexus poses challenges in the diagnostic and therapeutic
approach, mainly due to the impossibility of complete resection, which results in a poor prognosis, also considering the
chemoresistance and radioresistance intrinsic to this histopathological type. There is limited evidence for chemotherapy at
maximum tolerated dose or metronomic. Among new therapeutic strategies in veterinary oncology, immunotherapy stands
out due to its relevant influence on the tumor microenvironment, being one of the innovative therapy modalities that have
been developed in recent decades to treat cancer.

Case: This study aimed to report the challenges faced in the diagnostic and therapeutic approach of a 12-year-old French
Bulldog with a malignant peripheral nerve sheath tumor in the lumbosacral region, treated with decompressive surgery,
adjuvant chemotherapy at maximum tolerated dose, metronomic chemotherapy and the biological response modifier- inor-
ganic phosphate compound 1V (MRB-CFI-1V / VetFeron®) nano-immunotherapy. Disease progression occurred 5 months
after surgery and the dog developed lung metastasis despite the efforts for its diagnosis, staging and treatment.
Discussion: Peripheral malignant nerve sheath tumors can arise from spinal nerves, primarily in the brachial and lumbo-
sacral plexus and their roots, but also from cranial nerves. In the patient’s CT scan, the presence of soft density extradural
neoformation was detected occupying more than half of the vertebral canal and compromising the cauda equina at the
lumbosacral junction, thus corroborating the information found in the literature. The tumour was deemed unresectable,
but surgery was performed for alleviating compression of the nerve roots and diagnosis. The definitive diagnosis can be
reached by the histopathological examination performed in the presented case, after decompressive surgery. For further
characterization of the neoplasm, an immunohistochemical panel was performed, which confirmed the mesenchymal and
neural origin, thus confirming neurofibrosarcoma. The prognosis was poor due to the involvement of nerve roots, psoas
muscle and extradural canal. Complete resection was impossible, resulting in permanence of macroscopic disease and also
increasing the chances of local progression, which occurred 5 months after surgery despite multimodal treatment. Pallia-
tive care was performed as an attempt to assure quality of life and prolong life expectation including anti-inflammatory,
analgesics, metronomic chemotherapy and immunotherapy with VetFeron®.
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INTRODUCTION

Peripheral nerve sheath tumors (PNST) include
both benign (BPNST) and malignant (MPNST) forms
which originate from Schwann cells and connective
tissue that surrounds the nerve bundles [3,12]. They
are known to be chemoresistant and radioresistant and
once they are capable of infiltrating in deep fascia, it
may be hard to remove it with clean margins and other
therapeutic options are scarce [3].

New strategies to control advanced neoplasms
must be developed [2,11]. One of these strategies is ba-
sed on immunotherapy using innate immunity modula-
tors, such as toll-like receptor (TLR) agonists [2]. In this
scenario, researchers at the UNICAMP (Universidade
Estadual de Campinas, Brazil), developed a synthetic
nano-immunotherapy with antitumor abilities, the so-
-called biological response modifier- inorganic phos-
phate compound 1 (MRB-CFI-1), originally denomina-
ted OncoTherad® and designated for use in humans and
veterinary patients. In order to attend specific needs of
such populations, this formulation was adapted for hu-
man (MRB-CFI-1H), denominated OncoTherad®, and
for veterinary patients (MRB-CFI-1V), denominated
VetFeron®. The MRB-CFI-1 is a nano-compound that
associates phosphate and metal salts with a hydrolytic
protein (size close to 420-530 nm) that has patents
filled in Brazil (Number: BR102017012768), USA
(Number: US20200156951A1; US20210238044-A1,
US.20210238045-A1 and US 20210238046-A1) and
Europe (Number: EP3626746) [6]. The MRB-CFI-1
leads to distinct stimulation of the innate immune sys-
tem via TRL2 and 4 through the phosphorylation of
hydroxylated amino acids (tyrosine, threonine and se-
rine), by the phosphate salt compound, resulting in the
activation of stimulator of interferon genes (STING),
with a consequent increase in the production of alpha
and gamma interferon. [7].

This study aims to report the challenges
faced in the diagnostic and therapeutic approach of
MPNST in the lumbosacral region of a French Bull-
dog treated with surgery, chemotherapy at the maxi-
mum tolerated and metronomic dose and VetFeron®
nano-immunotherapy.

CASE

A 12-year-old female spayed French Bull-
dog was attended due to progressive lameness on
the right pelvic limb, observed for approximately

2 months. Vital parameters were within the normal
range. It was also identified atrophy of the muscles
on the right pelvic limb with slight reduction in its
proprioception. Differential diagnosis included lum-
bosacral spinal cord compression or cruciate cranial
ligament rupture, but the Cranial Drawer and Tibial
Compression Tests were both negative. Hindlimb and
lumbosacral radiographs, complete blood count and
renal / hepatic biochemistry were unremarkable. CT
revealed the presence of an extradural neoformation
between L7-S1, with soft tissue density, amorphous,
without significant contrast uptake and with partially
delimited limits occupying about 70% of the interior
of the medullary canal and located in a bilateral
ventral position in relation to the nerve roots (cauda
equina), although most content was within the right
ventrolateral portion (Figure 1). The right ventrola-
teral portion invaded the interior of the intervertebral
foramen and progressed to the psoas muscle and
sciatic nerve/lumbosacral plexus topography. The
interior of the medullary canal at the height of L7-S1
presented an increase in diameter, irregular contours
and small associated lytic areas. Ultrasound and chest
radiographs were also unremarkable.

The tumor was deemed unresectable but
surgery was performed for alleviating compression
of the nerve roots and diagnosis. For surgery, dorsal
laminectomy was performed at L7 to S2, allowing
exposure of the tumor whose lesion was adhered to
the nerve root sheath on the right side. Rhizotomy and
resection of the accessible region of the tumor were
performed. Histopathological analysis was diagnostic
for grade Il MPNST on hematoxylin-eosin (Figure 2)
and Fontana Masson. The microscopic examination
allowed identification of axon bundles large neurons
and a neoplastic proliferation of mesenchymal cells,
poorly delimited, non-encapsulated, infiltrative,
supported by a moderate amount of fibrovascular
stroma, forming bundles in various directions, with
some solid areas. Neoplastic cells were elongated
to oval, with poorly delimited cytoplasmic limits,
wide cytoplasm, weakly eosinophilic and finely va-
cuolated. The nuclei were predominantly oval, with
some slightly elongated, with loose chromatin and
single, central and prominent nucleolus. There was
moderate cellular and nuclear pleomorphism and 1
mitotic figure in 10 high-power fields (2,37 mm?).
Interspersed with the neoplasm there was intense
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Figure 1. A & B- Computed tomography, lumbosacral column, of a 12-year-old spayed French Bulldog. Extradural neoformation between L7-S1, with
soft tissue density, amorphous, without significant contrast uptake and with partially delimited limits occupying about 70% of the interior of the medul-
lary canal and located in a bilateral ventral position in relation to the nerve roots (cauda equina) [yellow arrows], although most content was within the

right ventrolateral portion.

multifocal necrosis, totaling approximately 60% of the
neoplastic composition. Immunohistochemistry was
performed for vimentin [Vimentin® M0715, 1:100],
S-100 [S-100 polyclonal', 1:100] and Ki-67 [Ki-67
monoclonal antibody! MIB-1, 1:50] (Figure 2). The
tumor showed positive cytoplasmic immunolabeling
for vimentin and S-100, and 76% of neoplastic cells
presented nuclear immunolabeling for Ki-67. A tumor
sample was used as negative control, with suppression
of primary antibody and, a sample of another canine
MPNST, known to express vimentin, S-100 and Ki-
67, was used as positive control.

The dog recovered well and the propriocep-
tion and mobility were similar to the preoperative.
Chemotherapy was initiated one week after surgery
with intravenous doxorubicin [Doxorubicin HCI®? -
1 mg/kg, every 21 days] and oral cyclophosphamide
[Genuxal®? - 150 mg/m? divided in the days 4, 5 and 6
of each chemotherapy cycle, every 21 days], comple-
ting 3 cycles. Metronomic chemotherapy was started
after the last cycle with cyclophosphamide [Genuxal®
- 15 mg/m? every 24 h], along with firocoxib [Previ-
cox®™ - 5 mg/kg, every 24 h].

VetFeron® immunotherapy was also included
in the protocol and this was approved by the Ethics
Committee on Animal Use (CEUA/UFMG 48/2022)
and the pet’s responsible signed an informed con-
sent form agreeing with the terms of such research.
VetFeron® [16 mg/mL] was started at the same day
of surgery with 2 mL within the vertebral canal and

foramen, after decompressive surgery. It was admi-
nistered intramuscularly twice a week with this same
concentration for 1 month and then at 22 mg/mL for
2 months (induction) and then with weekly adminis-
tration (maintenance). Progression-free survival was
5 months. After 5 months, the patient showed signs of
tumor progression with worsening of proprioception
in the right hindlimb. Abdominal ultrasound revealed a
mass within the dorsal abdominal musculature, ventral
to the lumbosacral vertebrae. Fine needle aspirates
for cytological analysis revealed moderate to inten-
se presence of oval to elongated cells with marked
cellular pleomorphism, anisocytosis, anisocariosis,
high nuclei:cytoplasmic ratio, suggestive of soft tis-
sue sarcoma (STS). Concentration of VetFeron® was
increased to 25 mg/mL twice a week but the disease
progressed, and the dog became unable to urinate
and defecate 8.5 months after surgery. Bladder and
colon massage allowed reasonable quality of life
and VetFeron® concentration was increased to 40
mg/mL, but the mobility decreased, and treatment
was suspended. A wheelchair was adapted for the
dog and firocoxib was replaced for prednisolone
[Prednisolone® - 0.5 mg/kg], along with gabapentin
[Gabapentina®’], tramadol [Tramadon®] and dipyrone
[Dipirona gotas®] for 2,5 months when pulmonary
metastases were identified on chest radiographs. The
bitch became anemic and with poor quality of life
and euthanasia was elected. Overall survival was 11
months. Post mortem study was not authorized.
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Figure 2. Malignant peripheral nerve sheath tumor in the vertebral canal of a of a 12-year-old spayed French Bulldog. A- Hematoxylin-eosin [40x].
B- Cytoplasmic immunolabeling for vimentin [Harris Hematoxylin; 40x]. C- Cytoplasmic immunolabeling for S-100 [Harris Hematoxylin; 60x].
D- Nuclear immunolabeling for Ki-67 at approximately 76% of neoplastic cells [Harris Hematoxylin; 40x].

DISCUSSION

MPNST can arise from spinal nerves, prima-
rily in the brachial and lumbosacral plexus and their
roots but also from cranial nerves [4,8]. In the patient
in this report, the neoplastic lesion reached the roots
of the cauda equina and lumbosacral plexus, an in-
frequent site for tumor occurrence. In the presence of
myelopathy secondary to compression or invasion of
the mass, neurological deficits progress with altered
proprioception and myotatic reflexes, reflecting the
affected spinal segment, as occurred in the present re-
port [4,8]. Eventually, these neoplasms can also expand
to large body cavities and interfere with other somatic
or autonomous spinal nerves [10]. In the present case,
tumor progression resulted in invasion to the patient’s
abdominal cavity compromising the function of the
colon and bladder.

Imaging tests are critical for presumptive
diagnosis, tumor staging, and surgical planning. In the
patient’s CT scan, the presence of soft density extra-
dural neoformation was detected occupying more than
half of the vertebral canal and compromising the cauda
equina at the lumbosacral junction, thus corroborating
the information found in the literature that states that
a neoplastic lesion located in the paraspinal region, in
an extradural location arising from nerve roots and/
or spinal nerves, may expand toward the neuraxis and
cause spinal cord or cauda equina compression [4].
The clinical change observed in the patient was in the
right pelvic limb, which is consistent with the abnor-
mality demonstrated in the neuroimaging, in which
most of the mass was located in the right ventrolateral
portion, affecting the ipsilateral psoas muscle and
sciatic nerve. This scenario reflects the information
found in the literature that neurological deficits can
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occur asymmetrically due to a more pronounced late-
ralization of the tumor, reflecting the affected spinal
segment. Lung metastasis was detected on thoracic
radiographs 11 months after the palliative surgical pro-
cedure associated with adjuvant therapies. Metastases
are rarely seen in STSs but MPNST from nerve roots
can behave differently with a higher risk of dissemi-
nation [3]. Despite the histopathological examination,
an immunohistochemical panel was necessary to cha-
racterize the neoplasm, including vimentin and S-100,
which confirmed the mesenchymal and neural origin,
respectively, thus confirming neurofibrosarcoma[12].
An immunolabeling for Ki-67 was also performed to
estimate tumor growth fraction and aggressiveness.
The expression of Ki-67 in 76% of neoplastic cells
was considered extremely high, which corroborates
to the tumor aggressiveness, also justifying adjuvant
chemotherapy at maximum tolerated dose.

Surgery is the most recommended treatment for
PNST, although complete resection is often not pos-
sible depending on the tumor location and size [3] as
in the reported case. General principles of oncological
surgery suggest margins of 3-5 cm laterally and 2-3
deep fascial planes for curative-intent surgery of STS,
which was not possible due to tumor location. Adjuvant
treatment is widely recommended after incomplete
resection of STS and MPNST with the intention of
delaying the time of tumor recurrence and providing a
longer survival time [3,4]. Adjuvant therapies such as
stereotactic or hyperfractionated radiotherapy can be
used, despite the intrinsic radioresistance of STSs and
the risks to the healthy spinal cord [8]. In the patient
in this report, due to the unavailability of radiotherapy,
the combination of chemotherapy and immunotherapy
was chosen. The use of high-dose chemotherapy as
an adjuvant therapy for STS and MPNST to delay the
occurrence of metastasis is little used and reported
in Veterinary Medicine. In dogs, studies are scarce
and no benefit was demonstrated in a study with
high-grade STS [3]. However, chemotherapy with
maximum tolerated dose of doxorubicin (3 sessions)
was recommended for the patient in the presented
case report, considering the high Ki-67 immunola-
beling and impossibility of complete tumor removal.
Subsequently, metronomic chemotherapy was started.
The administration of low and continuous doses of
cyclophosphamide [10 mg/m?, VO, SID], associated
with piroxicam [3 mg/kg, VO, SID] was investigated

in 85 dogs with STSs, including incompletely resected
PNSTs, resulting in late disease relapse, probably
due to the anti-angiogenic and immunomodulatory
mechanisms of metronomic chemotherapy [5]. Metro-
nomic cyclophosphamide resulted in increased serum
concentrations of interferon and decreased number of
Treg cells after combined therapy with toceranib in
dogs with cancer [9].

Nanostructured particles can be used as an
adjuvant therapy by directing the immune system
to identify and fight cancer, in addition to favoring
the action of chemotherapeutics [2]. In this context,
researchers developed a nanometric compound of
phosphate and metallic salts associated with a gly-
cosidic protein, called MRB-CFI-1. It acts with the
phosphorylation of hydroxylated amino acids such as
serine, threonine and tyrosine as a TLR agonist result-
ing in the activation of dendritic cells within the tumor
microenvironment [2]. VetFeron® was introduced in
the treatment protocol of this patient from the day of
surgery, with the aim of restoring antitumor immunity
and possibly interfering with tumor development and
progression, as it also plays an important role in the
RANK system (activator of the nuclear receptor factor
kappa-beta) expressed by neoplastic cells and RANKL
(activating ligand of the kappa-beta nuclear factor
receptor) present in the tumor microenvironment. In
addition to decreasing RANK signaling, it may reduce
the expression of PD-L1 (Programmed death-ligand
1) in tumor cells, allowing the immune system to act
on the tumor. In a study with 6 dogs with invasive
urothelial carcinoma, the MRB-CFI-1V demonstrated
a satisfactory response to a protocol based on 24 in-
travesical applications at a dose of 25 mg dissolved in
2.0 mL of 0.9% physiological saline, with an initial
interval of 1 dose every 7 days, totaling 6 consecutive
weeks in an induction phase. For maintenance, the
dose was given every 15 days for 6 months, followed
by a monthly dose for another 6 months. All patients
showed partial remission, reaching a time free of
disease progression of 402 days [1]. Neverthless, in
the present report, disease progression was observed
despite multimodal therapy and increased concentra-
tion of VetFeron®.

A study showed variable survival times after
surgical approach and adjuvant radiotherapy in 3 dogs
with PNST in the brachial plexus [8]. One of these
animals remained with quality of life but had metastasis
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in less than 2 months after surgery. Another dog that
received metronomic therapy after 3 months of starting
combined local therapy, had metastasis only 10 months
after surgery. The last patient had complete removal of
the tumor and was still alive at the end of the study. In
the patient of this report, metastasis was detected 11
months after initiation of multimodal therapy, although
radiotherapy was not available and treatment involved
surgery, chemotherapy (maximum tolerated dose and
metronomic) and immunotherapy. MPNST of lumbosa-
cral plexus are highly challenging due to its anatomical
location and invasiveness which prevent its complete
resection, resulting in permanence of macroscopic
disease and also increasing the chances of local progres-
sion, which occurred 5 months after surgery. Treatment
was carried on with metronomic chemotherapy with
cyclophosphamide, immunotherapy with VetFeron®,
anti-inflammatory drugs and analgesics, aiming to
provide palliative care, maintaining the quality of life
and, at the same time, prolonging life expectancy.

Diagnosis of MPNST is challenging and based
on advanced imaging and histopathological analysis.
When complete tumor excision is not posible, there is
no current effective treatment for MPNST of lumbosa-
cral plexus in dogs, surgical decompression and tumor
excision must be followed by adjunctive therapies for
prolonging progression-free survival.
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