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Case description
A 10-year-old male neutered domestic shorthair cat 
was presented with a 5-month history of ambulatory 
paraparesis that progressed to non-ambulatory para-
paresis 2 weeks prior to referral. Vertebral column radio-
graphs performed by the referring veterinarian revealed 
an expansile osteolytic lesion of the L2–L3 articular facet 
joint (Figure 1a). The cat was treated with meloxicam 
(0.05 mg/kg q24h PO [Loxicom; Norbrook]) and frune-
vetmab (1 mg/kg SC q28 days [Solensia; Zoetis]) for 
suspected spinal arthritis, and the cat’s activity level 
increased initially.

General examination at our referral centre was  
unremarkable. On neurological examination, the patient 

had normal mentation and cranial nerve examination. 
The cat was non-ambulatory paraparetic with delayed 
postural reactions, normal withdrawal and hyperactive 
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Abstract
Case summary  A 10-year-old male neutered domestic shorthair cat was presented with a 5-month history of 
progressive non-ambulatory paraparesis. Initial vertebral column radiographs revealed an L2–L3 expansile 
osteolytic lesion. Spinal MRI showed a well-demarcated, compressive expansile extradural mass lesion affecting 
the caudal lamina, caudal articular processes and right pedicle of the second lumbar vertebra. The mass was 
hypointense/isointense on T2-weighted images, isointense on T1-weighted images and had mild homogeneous 
contrast enhancement after gadolinium administration. MRI of the remaining neuroaxis and CT of the neck, thorax 
and abdomen with ioversol contrast revealed no additional neoplastic foci. The lesion was removed by en bloc 
resection via a dorsal L2–L3 laminectomy, including the articular process joints and pedicles. Vertebral stabilisation 
was performed with titanium screws placed within L1, L2, L3 and L4 pedicles with polymethylmethacrylate cement 
embedding. Histopathology revealed an osteoproductive neoplasm composed of spindle and multinucleated giant 
cells without detectable cellular atypia or mitotic activity. On immunohistochemical evaluation, osterix, ionised 
calcium-binding adaptor molecule 1 and vimentin labelling were observed. Based on the clinical and histological 
features, a giant cell tumour of bone was considered most likely. Follow-up at 3 and 24 weeks postoperatively 
demonstrated significant neurological improvement. Postoperative full-body CT at 6 months showed instability of 
the stabilisation construct but absence of local recurrence or metastasis.
Relevance and novel information  This is the first reported case of a giant cell tumour of bone in the vertebra of a 
cat. We present the imaging findings, surgical treatment, histopathology, immunohistochemistry and outcome of 
this rare neoplasm.
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patellar reflexes on both pelvic limbs. Lumbar hyper
aesthesia was detected. Neurological findings were 
consistent with a T3–L3 myelopathy. Based on the radio
graphic findings, a vertebral neoplasm (primary or 
metastatic) was considered the most likely differential.

Haematological parameters were unremarkable. 
Serum biochemistry revealed only slight hypergly
caemia (9.66 mmol/l; reference interval [RI] 3.95–8.84). 
Advanced imaging was indicated. MRI of the thora-
columbar spine was performed under general anaes-
thesia using a 1.5 Tesla MRI unit (Siemens Symphony 
Tim system). There was a single, well-defined, expansile 
extradural mass lesion (1.2 height × 1.4 length × 1 cm 

(b)

(d)

(c)

(e)

(a)

Figure 1  (a) Radiograph, (b,c) MRI and (d,e) CT of the lumbar spine of a cat. (a) Right lateral radiograph of the lumbar 
vertebral column obtained 5 months prior to referral. There is an expansile, geometrically osteolytic lesion with preserved cortex 
at the L2–L3 articular facet joint resulting in a ‘soap bubble’ appearance (arrow). (b) Mid-sagittal T1-weighted imaging after 
gadolinium administration (T1WI + Gd) and (c) transverse T1WI + Gd at the level of the L2 vertebra. There is a large, well-
defined extradural mass lesion with mild homogeneous contrast enhancement associated with the L2 lamina, caudal articular 
processes and right pedicle (solid arrow). The mass invades the vertebral canal, leading to severe right dorsolateral spinal 
cord compression (dotted arrow). (d,e) Mid-sagittal and transverse bone window CT after ioversol contrast at the level of the L2 
vertebra showing the corresponding L2 mass of soft-tissue attenuation with moderate heterogeneous contrast uptake (arrow)

width) affecting the caudal half of the L2 lamina, cau-
dal articular processes and right pedicle, which was 
expanded abaxially. The mass extended into the ver-
tebral canal leading to severe right dorsolateral spi-
nal cord compression. There was a focal, ill-defined 
intramedullary T2-weighted hyperintensity at this level. 
The mass had a heterogeneous appearance and was 
hypointense/isointense in T2-weighted images and 
isointense on T1-weighted sequences, with mild homo-
geneous contrast enhancement after gadolinium injec-
tion (0.1 mmol/kg [Dotarem; Guerbet Laboratories]) 
(Figure 1b,c). Images of the remaining neuroaxis 
revealed no further abnormalities.
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CT (160-slice Aquilion Prime; Toshiba) with ioversol 
contrast (2 ml/kg [Optiray 300; Guerbet Laboratories]) 
of the neck, thorax and abdomen was performed for the 
purpose of staging. In agreement with the MRI findings, 
CT identified an aggressive osteolytic lesion at L2  
with strong ioversol contrast uptake (Figure 1d,e). Slight 
spondylosis deformans was present in between the L1 
and L2 vertebrae. Other CT findings considered not clin-
ically relevant included multifocal anaesthesia-related 
atelectasis, splenic parenchyma changes consistent with 
a benign process and bilateral elbow osteoarthrosis. 
There were no additional neoplastic foci.

Differential diagnosis of vertebral neoplasms included 
osteosarcoma (OSA), fibrosarcoma, chondrosarcoma, 
haemangiosarcoma, plasma cell tumours (multiple 
myeloma, plasmacytoma), histiocytic sarcoma and 
lymphoma. A benign bone tumour such as solitary or 
aneurysmal bone cysts could not be entirely excluded. 
The owner elected to pursue surgical management.

Preoperative surgical planning was performed by 
determining screw orientation and insertion within the 
bone corridors using a three-dimensional slicer software 
(Surgical Planning Lab, Harvard Medical School, 
Harvard University; www.slicer.org). A midline dorsal 
approach to the L1–L4 vertebrae was performed. The 
mass was removed by en bloc resection. A dorsal 
laminectomy was performed from the caudal portion 
of the L2 spinous process to caudal to the L3 spinous 
process, extending ventrolateral to the L2–L3 articular 
facet joints.1 Vertebral stabilisation was performed using 
1.5 mm titanium screws, which were placed bilaterally 
on the pedicles of L1, L2, L3 and L4 and embedded 
in polymethylmethacrylate (PMMA) cement. Implant 
entry points were estimated by visual approximation 
from the preoperative surgical planning video recording 
of the three-dimensional reconstruction, and drilling 
direction was guided by premeasured numeric values of 
inclination angles and osteotomy wedge gauges.

Haemostasis was controlled using Surgicel SNoW 
(Original Absorbable Hemostat; Ethicon). The exposed 
spinal cord was protected with  local haemostatic agent 
(Lyostypt; Braun) and routine closure was performed.

Postoperative CT demonstrated correct placement of 
the implants and macroscopic resection of the tumour 
(Figure 2). The cat was discharged 5 days postopera-
tively, and, on discharge, was ambulatory paraparetic 
with moderate proprioceptive ataxia.

Histopathological examination of the mass demon-
strated a densely cellular neoplasm expanding the 
vertebral bone. There was a thin cap of reactive woven 
bone around the periphery, and the neoplasm appeared 
contained within this. The neoplasm was formed of two 
cell populations: spindle cells and multinucleated giant 
cells (Figure 3a,b). Spindle cells predominated, and 
were arranged in a tightly interwoven storiform pattern 
surrounding small vessels and multifocally associated 
with islands and thin trabeculae of woven mineralised 
bone (Figure 3c). The spindle cells showed only mild 
pleomorphism without significant nuclear atypia. 
The multinucleated giant cells were sparse or densely 
scattered, and contained numerous (up to 50) nuclei 
that lacked significant atypia. Less than one mitosis was 
detected in 2.37 mm2 (equivalent to 10 high-power fields) 
in both populations. Vascular invasion was not detected.

Immunohistochemistry with a histiocytic marker 
(ionised calcium binding adaptor molecule 1 [Iba1]; 
monoclonal AIF19mouse anti-Iba1 [Merck Millipore]), a 
general mesenchymal marker (vimentin [monoclonal 
mouse anti-vimentin, Clone V9; Dako]) and an osteo-
blast-specific transcription factor marker (osterix [poly-
clonal rabbit anti-Sp7/osterix; Abcam]) was performed.2–7 
The multinucleated giant cells exhibited weak cyto-
plasmic labelling with Iba1 (Figure 3d), suggestive of a 
monocyte/macrophage lineage. Most of the spindle cells 
showed nuclear labelling with osterix and both cell pop-
ulations showed cytoplasmic labelling with vimentin 
(Figure 3e,f).

Based on the combined histological and immunohis-
tochemical findings, the differential diagnosis included 
giant cell tumour of bone (GCTB) and giant cell-rich 
OSA. In consideration of the bland morphology of 
the cells, the absence of detectable mitotic activity and 
the apparent expansile rather than infiltrative growth 
pattern, a GCTB was favoured.

Figure 2  Postoperative mid-sagittal three-dimensional CT image of (a) the lumbar spine, (b) mid-sagittal bone window CT and 
(c) transverse bone window CT at the level of the L2 vertebra. En bloc excision of the tumour was performed, including part of 
the L2 and L3 spinous processes, L2–L3 articular facet joints and the majority of the pedicles. Titanium screws were placed 
bilaterally on the pedicles of L1, L2, L3 and L4, and embedded in polymethylmethacrylate cement
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On re-examination 3 weeks postoperatively, the cat 
was ambulatory paraparetic with pelvic limb ataxia. 
Six months postoperatively, the cat returned to outdoor 
activity and had a good quality of life, although with a 
reduced ability to jump. The patient was ambulatory 
with subtle paraparesis. A postoperative full-body CT 
suggested instability of the L1–L4 spinal stabilisation 
construct demonstrated by multifocal PMMA frac-
turing and L2 implant loosening. Moderate periosteal 
reaction was present along the ventral/ventrolateral 

margins of L2–L3. There was no evidence of disease 
recurrence or metastasis.

Discussion
We report a GCTB in the vertebra of a cat. Unlike other 
primary bone tumours, GCTBs usually originate in the 
epiphyseal region of long bones.8 In humans, GCTB is 
responsible for approximately 5% of all primary bone 
tumours and is typically located in the femur, tibia and 
radius.9–13 Pelvic, sacral and spinal GCTBs are rare.10,12,13

(a) (b)

(c) (d)

(e) (f)

Figure 3  Histopathology of the bone lesion. (a) A thin cap of bone surrounds the tumour (arrow). There is bone production 
(dotted arrow; haematoxylin and eosin [H&E], × 10); (b) osteoclast-like multinucleated giant cells (arrows) appear distributed 
among a population of spindle-shaped mononuclear stromal cells (H&E, × 100); (c) the spindle cells surround small 
islands of woven mineralised bone (arrows). The spindle cells do not exhibit nuclear atypia or mitotic activity (H&E, × 400); 
(d) multinucleated giant cells show weak cytoplasmic labelling with ionised calcium-binding adaptor molecule 1, 
supportive of monocyte/macrophage lineage (3,3′-diaminobenzidine [DAB] chromogen [brown signal] with haematoxylin 
counterstain, × 400). (e) The majority of the spindle cells show nuclear labelling with osterix, supportive of osteoblast lineage 
(DAB chromogen [brown signal] with haematoxylin counterstain, × 400). (f) Both cell populations show cytoplasmic labelling 
with vimentin, a general mesenchymal marker (DAB chromogen [brown] with haematoxylin counterstain, × 400)
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According to the World Health Organization classifi-
cation of soft tissue and bone tumours in 2020, GCTB 
was changed from a benign to an intermediate malig-
nant tumour with locally aggressive behaviour and a 
high recurrence rate in humans.14 Histologically benign 
pulmonary metastases occasionally occur in humans 
(1–9%).13,15,16 Rarely, GCTB may undergo malignant 
transformation.11,17

GCTBs occur infrequently in animals.18 GCTBs in cats 
have been reported in the mid diaphysis of the radius 
and tibia,4,19 distal ulna and femur,20–22 rib,23 tibia24 and 
digits.25 Metastatic lesions occurred in the lungs, kidneys 
and subcutaneous flank.4,21 All the cats were skeletally 
mature and duration of clinical signs varied from 2 to 
20 weeks. Our findings agree with these features.

Canine GCTBs have been diagnosed as originating 
from the humerus,26 accessory carpal bone,27 scapula28 
and proximal tibia.29 Metastases have been reported in 
regional lymph nodes, lungs, liver and other bones.28,30 
GCTBs have also been described in horses, laboratory 
rodents and avian species.31–35

Radiographically, GCTBs are characterised by expan-
sile, osteolytic lesions with a geographical bone destruc-
tion pattern, usually surrounded by a thin bone shell. 
Sclerosis and periosteal new bone formation are typi-
cally not detected. Pathological fracture may occur.18,36

GCTBs have been classified in different stages 
based on clinical, histological and radiological features 
in human medicine. These are stage I (latent), stage II 
(active) and stage III (aggressive; Table 1).37,38 Following 
this classification system, a stage II GCTB would have 
been attributed in this case.

Histologically, GCTBs have three main components: 
ovoid-to-spindle-shaped mononuclear stromal cells with 
a monotonous appearance; osteoclast-like multinucle-
ated giant cells; and mononuclear cells of the monocyte/
macrophage lineage.11,14,39 The mononuclear stromal 
cells are believed to be derived from the osteoblast lineage 
and are the neoplastic component of the tumour.18,40,41 

The giant cells in this tumour are labelled with Iba1. 
Other than Iba1 expression of tartrate-resistant acid 
phosphatase (TRAP)-positive osteoclast-like multinu-
cleated giant cells in a feline uterine carcinosarcoma,7 
Iba1 labelling of osteoclasts is not widely reported. 
Unfortunately, TRAP was not available in this case. The 
histopathological analysis in our case is comparable to 
previous reports of feline GCTB.4,19,20,22,23 The main dif-
ferential was a giant cell-rich OSA, a histological subtype 
of osteosarcoma that also contains proliferations of giant 
cells.18 The presence of a microscopic infiltrative pattern 
into adjacent bony trabecula, prominent lace-like oste-
oid deposition surrounded by osteoblasts, atypical pleo-
morphic spindloid cells with numerous mitotic figures 
and extra tumoral lymphovascular permeation would 
make a diagnosis of giant cell-rich OSA more likely.18,42,43 
The lack of periosteal reaction and absence of malig-
nancy features supported the diagnosis of a GCTB.

The immunohistochemical findings helped to charac-
terise the cells, although were not specific for GCTB. A 
GCTB-specific immunohistochemistry marker has been 
found in humans, but is not yet available in veterinary 
medicine.39,44

Differentiation between GCTB and OSA is important 
since most GCTBs have a favourable prognosis. 
Conversely, OSA is a malignant neoplasm that accounts 
for approximately 70% of all feline primary bone tumours. 
Although the clinical course of feline OSA is slower and 
metastases are less frequent than in its canine counter-
part, prognosis varies depending on the location.18,20,45,46 
Median survival time for cats with axial OSA is lower 
(5.5–6.7 months) than for appendicular or extraskeletal 
OSA (49 months).18,47 In our case, a rapid deterioration 
would have been expected with an OSA.

Surgery is the treatment of choice for spinal GCTBs in 
humans. Intralesional excision is indicated in stage II 
lesions, whereas piecemeal total spondylectomy or total 
en bloc spondylectomy is indicated in stage III lesions. 
Local recurrence is 6–17%.13,48,49

Table 1  Stages of giant cell tumours of bone in humans, according to the Enneking staging system37

Clinical features Radiographic appearance Histology

Stage I: 
latent

– � Static, confined totally by bone; 
usually asymptomatic

– � Well-defined margin and 
intact cortex

– � Surrounded by a capsule

– � Histologically benign: 
benign cytology, clearly 
differentiated, low-to-
moderate cell-to-matrix ratio

Stage II: 
active

– � Progressing, expands bone or 
fascia

– � Symptomatic, often with 
pathological fracture

– � Relatively well-defined 
margin, cortex thinned and 
moderately expanded

– � Histologically benign

– � Evidence of bone and soft-
tissue reactions

Stage III: 
aggressive

– � Rapidly growing mass; invasive, 
breaches bone or fascia; may 
metastasise; symptomatic

– � Indistinct borders and 
cortical destruction with soft 
tissue mass

– � Histologically benign
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In small animals, only treatment for appendicular 
GCTBs has been reported and includes amputation or 
resection of the lesion. The 12-month follow-up revealed 
no recurrence or metastasis in three of these cases.20,22,25,27 
In a case report with a dog with a stage III tibial GCTB, 
local recurrence occurred 5 months after surgery.29

Following the human classification, this cat had a 
stage II GCTB and therefore our treatment approach 
should be considered appropriate.

Conclusions
The vertebra is an unusual site for GCTBs and it has 
not previously been reported in cats. This case report 
highlights GCTB as a relevant differential diagnosis in 
an elderly cat presenting with an expansile, lytic vertebral 
mass without metastasis. En bloc excision with vertebral 
stabilisation provided a satisfactory functional outcome 
and absence of local recurrence. Histopathological 
differentiation from a giant cell-rich OSA is challenging, 
but essential, since the prognosis varies significantly 
between these two neoplasms.
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