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1  | INTRODUC TION

Primitive neuroectodermal tumours (PNET) are rare neuroendocrine 
tumours that arise from primitive cells of the embryonic neural tube. 
Three categories have been established based on location: central 
primitive neuroectodermal tumour, neuroblastoma and peripheral 
primitive neuroectodermal tumour (pPNET) (Meuten, 2008; Sturm 
et al., 2016). In humans, pPNETs are usually characterized as solid 
masses arising from the abdominal cavity or the retroperitoneal 
space, usually occurring in children and young adults with a slight 
male predominance (Dehner, 1986; Mobley et al., 2006). These tu-
mours have a very high rate of metastasis and a poor outcome with 
a progression- free survival time of 5 years when surgery and ad-
junctive therapy are used (Mobley et al., 2006). pPNETs are defined 
as embryonal undifferentiated tumours of neural crest origin aris-
ing in the peripheral nervous system. From an immunoreactivity's 

standpoint, depending on the degree of differentiation the tumours 
cells may be positive for glial and neural markers such as neuron- 
specific enolase (NSE), neurofilament, synaptophysin, S100 protein 
and glial fibrillary acid protein (Junginger et al., 2013; Koestner & 
Higgins, 2002; Maxie & Youssef, 2007). Most of the described prim-
itive neuroectodermal tumours in veterinary medicine are central 
primitive neuroectodermal tumours. To the author's knowledge, 
only three cases of confirmed pPNET have been reported in the vet-
erinary literature and only one of them was evaluated with MRI (De 
Cock et al., 2004; Hosokawa et al., 1998; Junginger et al., 2013).

An 8- month- old, female entire, Scottish deerhound was referred 
to the emergency service for paraplegia and suspected pulmonary 
mass. Three days before the presentation, the patient was brought 
to the referring veterinarian for an acute onset of hindlimb paralysis. 
At the time the dog received non- steroidal anti- inflammatory med-
ication (Metacam, 0.05 mg/lb, Boehringer Ingelheim). Following this 
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Abstract
Peripheral primitive neuroectodermal tumours are rare tumours in juveniles. The 
current patient was a paraplegic 8- month- old Scottish deerhound with a suspected 
pulmonary mass. Radiographically, there was a large extrapleural mass within the 
mid- left hemithorax. On MRI, the mass was mainly hyperintense on T2- weighted im-
ages, isointense on T1- weighted images and was heterogeneously strongly contrast 
enhancing with a multilobulated appearance, spinal cord compression, paraspinal 
musculature invasion and intrathoracic extension. Those changes were confirmed on 
post- mortem, and the mass diagnosed based on immunohistochemistry.
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treatment, the patient's clinical signs improved mildly; however, sub-
sequent signs of neck pain developed. Twenty- four hours after the 
initial presentation, the patient's status deteriorated and thoracic 
radiographs were acquired by the primary care veterinarian. A pul-
monary mass was identified, and the dog was referred for additional 
diagnostics and treatment.

On referral presentation, the dog was bright, alert and respon-
sive. All the vital parameters were within normal limits. The neuro-
logical examination was consistent with a T3- L3 myelopathy with 
knuckling on both hind limbs. The remainder of the spinal cord and 
cranial nerve assessment was normal.

Over the 72 hr of hospitalization, blood samples were taken twice 
for complete blood cell count as well as biochemistry. The only con-
sistent abnormality noted was the mildly elevated creatinine kinase 
[±1,000; 53– 337] which was most consistent with mild muscle trauma. 
Urinalysis was performed and was within normal limits. Virology and 
serology were negative for canine distemper virus, Ehrlichiosis canis, 
Rocky Mountain spotted fever, neospora and toxoplasma.

On thoracic radiographs, a well- defined soft tissue mass 
(88 × 44 × 60 mm) was present within the left hemithorax extend-
ing from the fifth to the seventh intercostal spaces. On the lateral 
projections, the mass was in the dorsal third of the thorax, dorsal 
to the carina and ventral to the vertebral bodies of T6– T8. On the 
ventrodorsal projection, the mass was superimposed on the caudal 
subsegment of the left cranial lung lobe. There were no radiograph-
ically evident osseous changes, pulmonary metastasis or intratho-
racic lymphadenomegaly. The remainder of the thoracic structures 
were also considered to be within normal limits (Figure 1a).

Subsequently, MRI was performed with the patient in dorsal 
recumbency using a 1.5 Tesla magnet and a spine array coil (1.5T 
Philips Infinion, Philips Healthcare).

The thoracolumbar spine (from T3 to L3) was imaged using the 
following sequences: T2- weighted turbo spin echo (TSE) sagittal 
(TR 4236 ms; TE 114.1 ms; 3 mm contiguous), STIR TSE sagittal (TR 
4362 ms; TE 16.3 ms; 3 mm contiguous), Half- Fourier Acquistion 
Single- Shot Turbo Spine Echo pulse sequence (HASTE) sagittal 
(TR 60,000 ms; TE 613.8 ms; 3 mm contiguous), T2- weighted TSE 
transverse from T6 to T10 (TR 4991 ms TE 118.3 ms; 5 mm sp), T1- 
weighted SE transverse (TR 828 ms; TE 9.8 ms; 5 mm contiguous), 
T1- weighted SE transverse post- contrast (TR 828 ms; TE 9.8 ms; 
5 mm contiguous) and T1- weighted SE dorsal post- contrast (TR 
926 ms; TE 9.8 ms; 6 mm contiguous) (0.25 ml/kg of gadolinium- 
based contrast agent b intravenously (IV) (Prohance, gadoteridol, 
Bracco).

On T2- weighted images, there was a large extradural mass mea-
suring 80 × 50 × 50 mm (length, width, height) extending from T6 
to T8 (Figure 1b). At this level, it occupied between 66% and 75% of 
the lumen of the vertebral canal and was lateralized to the left side, 
thus causing severe spinal cord compression (Figure 2a). The mass 
was heterogeneously hyperintense compared with the surrounding 
musculature and extended through the left intervertebral foram-
ina towards the dorsal aspect of the thoracic cavity where it was 
multilobulated. The left intervertebral foramen at T7– T8 appeared 
enlarged due to the presence of the expansile mass. The mass also 
extended along the right ventral side of the vertebral bodies of T6– 
T7 into the right dorsal thorax.

F I G U R E  1   Comparative appearance of the mass on radiographs (a), on MRI (b, c) and on post- mortem examination (d, e). A, Right lateral 
(a) and ventrodorsal (a’) projection of the thorax showing a large well- defined soft tissue mass within the left hemithorax. The mass is 
located within the dorsal third of the thorax, just above the carina and ventral to the vertebral bodies of T6– T8. There is no appreciable bony 
involvement. (b) Sagittal T2- weighted image on midline. A heterogeneous extradural mass, hyperintense compared with the surrounding 
musculature is seen. The mass extended from the dorsal thoracic cavity towards the vertebral bodies of T6– T8. (c) Sagittal STIR image 
on the right of midline, there is at the level of T7– T8 invasion of the dorsal paraspinal musculature by some markedly hyperintense tissue 
extending from the spinal column. This was not appreciated on any of the previous sequences. On the right ventral side of the vertebral 
bodies of T6– T7, there is a 59 × 17 × 18 mm (length, width, height) mildly hyperintense well- defined mass compared with the surrounding 
musculature. (d) Necropsy examination of the left thoracic cavity reveals an 80 × 70 × 40 mm multilobular mass exiting the left sixth and 
seventh intervertebral space that compresses the left caudal lung lobe. (e) Within the spinal canal, there is a 20 mm in diameter, lobulated, 
haemorrhagic and necrotic mass involving the left seventh thoracic spinal nerve roots and spinal nerve (arrow) apparently continuous with 
the thoracic mass outside the foramen (not depicted on the picture above)
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On T1- weighted images, the mass was similar in shape as pre-
viously described but was overall isointense to the surrounding 
musculature.

At the level of T7– T8 on the STIR sequences, there was invasion 
of the dorsal paraspinal musculature by some markedly hyperintense 
tissue (Figure 1c). This was not appreciated on any of the previous 
sequences and was extending from the previously described mass.

On the HASTE images, there was complete disruption of the 
hyperintense signal associated with the epidural fat and CSF at the 
level of T7– T8.

After gadolinium administration, there was heterogeneous con-
trast enhancement of the mass (Figure 2b,c). The dorsal aspect of 
the mass, including the area contiguous to the spinal cord and the 
area invading the paraspinal musculature, was strongly contrast en-
hancing. The ventral aspect of the mass and the portion of the mass 
on the contralateral side showed only mild heterogeneous enhance-
ment. The visualized lymph nodes were considered to be within nor-
mal limits for size and appearance on MRI.

Based on the MR images, the most likely diagnosis was a neo-
plastic mass arising from the spinal cord extending into the thoracic 
cavity and paraspinal musculature. Primary consideration at the time 
was given to a nerve sheath tumour. Less likely differentials included 
nephroblastoma or neuroepithelioma.

Due to the extent of the mass, and its complex surgical approach, 
the owner elected for euthanasia of the dog. A full necropsy was 
performed in the following hour.

On gross examination, there was a large multilobulated mass in 
the dorsal aspect of the mid- thoracic cavity with the following main 
areas.

In the left thoracic cavity, there was an 80 × 70 × 40 mm (length, 
width, height) multilobular mass that compressed the left caudal 
lung lobe (Figure 1d). This mass was tightly adhered to the parietal 
pleura, covering the ventral aspect of the seventh and eighth tho-
racic vertebrae and the aortic adventitia. The mass was mottled red 
to purple, multilobular, haemorrhagic and necrotic. Multifocally, the 
mass contained firm, tan to creamy- white, approximately 5– 15 mm 
in diameter nodules and infiltrated the seventh intervertebral space 

and foramen and the muscle surrounding the transverse processes 
of the seventh and eighth thoracic vertebrae.

In the right thoracic cavity, there was a 35 × 20 × 20 mm (length, 
width, height) multilobular mass, which was also tightly adhered to 
the ventral aspect of the sixth and seventh thoracic vertebrae.

Within the spinal canal, there was a 20 mm in diameter, lobulated, 
haemorrhagic and necrotic mass continuous with the thoracic mass 
outside the foramen noted above (Figure 1d). The mass involved the 
left seventh thoracic spinal nerve roots and spinal nerve abutting 
and mildly compressing the adjacent spinal cord at T7– T8 (Figure 1e). 
The mass was in very close contact but did not invade the adventitia 
of the descending aorta.

Histologically, the neoplastic cells comprising the thoracic 
masses were round with anisokaryotic, round to oval to carrot- 
shaped or indented basophilic hyperchromatic nuclei and scant 
amounts of amphophilic cytoplasm. The tumour cells were sup-
ported by a lightly eosinophilic fibrillar stroma. The cells tended to 
nest or occasionally formed neuronal- type rosettes or pseudoro-
settes. Immunohistochemically, the tumour cells were strongly 
positive for vimentin and S- 100 and variably positive for NSE and 
synaptophysin, were negative for CD3, CD79a, MUM1, CD20, CD18 
and cytokeratin and did not stain with toluidine blue. Mitotic activity 
was very high (>9– 10 mitotic figures/hpf). In sections of the adja-
cent spinal cord, there was moderate oedema and multifocal axonal 
degeneration. Neoplastic cells were identified within mediastinal 
lymph nodes. The histopathological changes were similar to those 
described in a case of pPNET in a dromedary (Weiss & Walz, 2009). 
The final diagnosis based on location, histomorphological and im-
munohistochemical characteristics was a peripheral PNET such as 
neuroblastoma or Askin's tumour (peripheral neuroepithelioma of 
the thoraco- pulmonary region) with associated mediastinal lymph 
node metastasis.

Primitive neuroectodermal tumours are rare tumours that 
arise from primitive cells of the embryonic neural tube. As PNETs 
exhibit great diversity in both their clinical and histopathologic 
appearances, this has made the classifying challenging and con-
troversial (Batsakis et al., 1996). Tumours classified as PNET are 

F I G U R E  2   Transverse T2- weighted pre-  (a) and T1- weighted pre- contrast (b), T1- weighted post- contrast (c) administration at the level of 
T7, and T1 post- contrast administration in the dorsal plane (d): The mass is heterogeneously hyperintense on the T2- weighted pre- contrast 
sequences with invasion of the spinal canal, surrounding musculature and dorsal aspect of the thoracic cavity on the right side (a). The 
mass was isointense to the musculature on the T1 pre- contrast sequences (b). On the post- contrast T1 images (c, d), there is heterogeneous 
contrast enhancement of the mass which is stronger dorsally. On the dorsal plane, the two aspects of the mass can be seen on both sides of 
the vertebrae
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composed of small, round and undifferentiated cells that have a 
histologic appearance similar to the germinal or matrix cells of the 
embryonic neural tube (Kim et al., 2006). They are derived from a 
germinal neuroepithelial cell that has the potential to differentiate 
(Meuten, 2008) and their subclassification is based on the tissue 
of origin: if the tumour arises from either the brain or spinal cord 
it is considered as being a central primitive neuroectodermal tu-
mour; if the tumour arises from the autonomic nervous system, it 
is classified as neuroblastoma; and if the tumour arises from any 
other tissue (i.e. soft tissue, bone), it is classified as pPNET (Sturm 
et al., 2016). In humans, three major types of pPNET exist: intraos-
seous (Ewing's sarcoma), extraosseous and the thoraco- pulmonary 
Askin's tumour (Facemire et al., 2012; Kim et al., 2006; Rizzo 
et al., 2008; Weiss & Walz, 2009). pPNETs in human medicine are 
usually characterized as a solid mass arising from in the abdom-
inal cavity or retroperitoneal space in children and young adults 
with a slight male predominance (Dehner, 1986; Kim et al., 2006; 
Mobley et al., 2006). These tumours are associated with a high 
rate of metastasis and a rather poor outcome (Kim et al., 2006; 
Mobley et al., 2006).

In veterinary medicine, most cases of PNET reported are com-
prised of central primitive neuroectodermal tumours arising from 
the brain parenchyma (Gains et al., 2011; Headley et al., 2009; 
Mobley et al., 2006; Snyder et al., 2008). Based on a relatively re-
cent review article, primitive neuroectodermal tumours represent 
2.8% of all the dogs diagnosed with primary intracranial neopla-
sia (Snyder et al., 2008). The most common description for central 
primitive neuroectodermal tumours is an ill- defined intra- axial mass 
hypo to isointense on T1- weighted sequences, and hyperintense 
on T2 weighted with heterogeneous contrast enhancement (Gains 
et al., 2011; Snyder et al., 2008) when compared with normal sur-
rounding musculature.

Peripheral primitive neuroectodermal tumours have been 
reported uncommonly in the dog, (Abedi et al., 2013; De Cock 
et al., 2004; Hosokawa et al., 1998; Junginger et al., 2013) twice 
in bovines (Argenta et al., 2018; Berrocal et al., 2005) with a single 
case reported in equine,( Facemire et al., 2012) camelid (Weiss & 
Walz, 2009) and in a formosan serow (Hsieh et al., 2019).

Neuroblastomas also called neuroepitheliomas (Forrest 
et al., 1997; Kelly, 1975; Matsushima et al., 1998) are more com-
mon and have been described as commonly occurring at the level 
of the thoraco- lumbar spine of young large breed dogs (Tamke & 
Foley, 1987). Despite a relatively slow rate of growth of these tu-
mours, most patients are presented for acute onset of hindlimbs pa-
resis or paralysis (Tamke & Foley, 1987).

To the author's knowledge, the only cases classified as a PNET 
for which an MRI description is available is an olfactory neuro-
blastoma in a dog (Kitagawa et al., 2006) and a pPNET at the level 
of the 11th thoracic to 3rd lumbar vertebrae in a dog (Junginger 
et al., 2013). The central PNET extended from the nasal cavity to 
the olfactory bulb was isointense on both T1-  and T2- weighted 
images and enhanced after contrast administration when com-
pared with the surrounding musculature. The limited information 

regarding the pPNET’s MRI appearance was that the tumour was 
heterogeneous on T2, FLAIR and T1 with slight non- homogeneous 
contrast enhancement.

To the authors' knowledge, this is the first MRI description in the 
veterinary literature of a dog with a pPNET seemingly arising from 
the spinal canal, which was strongly contrast enhancing, extended 
through a vertebral foramen into the thoracic cavity, hence mimick-
ing other tumour types.

The MRI characteristics of the described mass were as follows 
when compared with the surrounding musculature: heterogeneously 
hyperintense on T2- weighted sequences, isointense on T1- weighted 
sequences and enhancing heterogeneously on the post- contrast 
sequences. The mass was characterized further as being multilob-
ulated, extradural, pedunculated, with invasion of the surrounding 
musculature and extending to and abutting the pulmonary pleura. 
Unfortunately, the pPNETs’ appearance does not have any specific 
MRI characteristic which would allow them to be easily differenti-
ated (Mai, 2018). In cases where the mass would match the above 
description, the list of differentials include extradural tumour such 
as paraspinal paraganglioma, fibrosarcoma, rhabdomyosarcoma, as 
well as some of the intradural– extramedullary tumours such as pe-
ripheral nerve sheath tumour. A similar lesion localized between T9 
and L3 (Mai, 2018) or between T10 and L2 (Withrow, 2007) could 
also represent a nephroblastoma.

Differential diagnosis of the mass in this case included periph-
eral nerve sheath tumour, nephroblastoma and neuroepithelioma/
neuroblastoma.

Because of the apparent involvement of the nerve roots at T7– 
T8, a peripheral nerve sheath tumour was considered plausible as 
these tumours are usually hyperintense to the surrounding muscula-
ture on T2- weighted images (Kraft et al., 2007).

A nephroblastoma, tumour arising from ectopic renal tissue, 
was another possible differential diagnosis based on the location 
of the tumour, age of the patient and breed. However, nephroblas-
tomas tend to occur more caudally, usually from T10 to L2, (Fraser 
McConnell et al., 2003; Meuten, 2008; Sale et al., 2004) are either 
intramedullary or intradural/extramedullary, (Fraser McConnell 
et al., 2003) and tend to be solitary (Fraser McConnell et al., 2003) 
and non- infiltrative in nature. Furthermore, on MRI they have 
been described, when compared with the musculature and/or nor-
mal spinal cord, as isointense on T1- weighted sequences (Fraser 
McConnell et al., 2003; Sale et al., 2004) heterogeneous in inten-
sity on T2- weighted sequences (Fraser McConnell et al., 2003; Sale 
et al., 2004) and they may contain small haemorrhagic cysts (Fraser 
McConnell et al., 2003). None of those cases had an extension of 
the masses into the abdominal or thoracic cavity (Fraser McConnell 
et al., 2003; Sale et al., 2004).

In this case, euthanasia of the dog was elected by the owner due 
to the extent of the mass and its complex surgical implications. In 
human medicine, treatment includes surgical removal/debulking of 
the mass and radiotherapy/chemotherapy, which results in an aver-
age of 5 years progression- free survival for 50%– 66% of the patients 
with localized pPNET (Mobley et al., 2006).
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In conclusion, a diagnosis of pPNET should be considered in 
young patients exhibiting signs of hindlimbs neurological dysfunc-
tion in which an extrapleural thoracic mass is seen. The extradural 
spinal mass in our patient extended locally into the thoracic cavity via 
the intervertebral foramina resulting in one large contiguous mass 
and a smaller distinct one on the other side. On MRI, the tumour was 
characterized as an extradural lesion occupying the majority of the 
vertebral canal, heterogeneously hyperintensity on T2 and STIR and 
isointensity on T1 with heterogeneous contrast- enhancement post- 
gadolinium administration.
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