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Abstract

Purpose The Oxford Spinal Sarcoma Service is a designated primary spinal tumour referral centre in the United Kingdom
serving over ten million residents. We report the outcomes of this centralised approach to primary spinal tumour care.
Methods This is a retrospective review of surgically treated primary spinal tumour patients during 2008-2022. Patients
were classified based on tumour resection margins - Enneking Appropriate (EA) or Enneking Inappropriate (EI). Outcomes
studied include local recurrence and overall survival.

Results 119 patients were included. 86/119(72%) cases involved the mobile spine; 33/119(28%), the sacrum. 96/119(81%)
patients were virgin cases. EA margins were achieved in 68%(81/119) of cases. There were 38/119(32%) EI patients;
23/38(61%) were non-virgin cases which precluded EA resection. EA resection was achieved 90%(81/90) of the time when
attempted. In EA patients with mobile spine tumours, local recurrence rate was 2%(1/51), vs. 18%(5/28) in EA patients
with sacral tumours, 20%(7/35) in EI patients with mobile spine tumours, and 80%(4/5) in EI patients with sacral tumours.
Mean local recurrence-free survival was 5.2(range 1-13.5) years; local recurrence rate, 18.5%(22/119). Mortality rate was
21.0%(25/119); mean overall survival was 5.63(range 1-13.5) years post-surgery. On multivariate analysis, EI margins and
post-operative systemic treatment were significant predictors for local recurrence; presence of metastases and pre-operative
systemic therapy, significant predictors for mortality.

Conclusion Centralisation of primary spinal tumour care has led to excellent oncological results comparable to most large
spinal tumour centres. In mobile spine primary tumours where EA margins were achieved, our local recurrence rate (2.0%)
is one of the lowest reported in literature.

Keywords Primary spinal tumours - Spinal sarcomas - Oncology - Spinal surgery - Outcomes - Recurrence - Survival -
Multidisciplinary care - Quarternary referral centre

Introduction

Primary spinal sarcomas are a heterogencous group of
tumours that constitute 5% of all skeletal sarcomas diag-
nosed in the United Kingdom annually [1]. Surgery remains
the cornerstone of the management of primary spinal sar-
comas, and adequate resection is a significant predictor of
long-term outcomes. As such, in 2009, the Spine Oncology
Study Group recommended that en-bloc resection with mar-
ginal or wide margins should be performed for malignant
primary spinal tumours [2].

Extended author information available on the last page of the article
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The Enneking classification system [3] is commonly used
to stage spinal sarcomas and describe the appropriateness of
surgical margins. Tumours are staged based on histological
grade, local extent and presence of metastases, with each
stage having a specific recommended margin of resection.

Enneking appropriate (EA) resection of primary spinal
tumours is significantly associated with decreased local
recurrence [4, 5, 6, 7] and improved survival [7]. How-
ever, the complex anatomy of the spine and its surround-
ing critical structures renders surgical treatment challenging
and increases the risk of potential complications. Even in
high-volume tertiary centres, planned resection margins
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may only be achieved 75% of the time [8]. Primary spi-
nal tumours should be managed in quaternary centres [2]
as inappropriate diagnostic procedures [9] and treatment in
non-high volume centres are associated with poorer patient
outcomes and survival [10].

The Oxford Spinal Sarcoma Service serves approxi-
mately ten million residents and is part of a network of
four designated primary spinal tumour referral centres in
the United Kingdom. Prior to its inception in 2008, there
was a wide variation in regional practice, with EA resection
being performed only for tumours of the sacrum and pelvis,
but not for tumours of the mobile spine. An outreach pro-
gramme was established to educate spinal surgeons of the
need to avoid unnecessary diagnostic or surgical procedures
in patients with suspected primary spinal tumours. Treating
specialists were allowed to directly refer suspected cases to
the Sarcoma Multidisciplinary Team Meeting. This centrali-
sation of primary spinal tumour care with formalised refer-
ral of all primary spinal tumours to a designated quaternary
referral centre remains uncommon internationally.

This study aims to review the outcomes of centralised
treatment of patients with primary spinal tumours at a qua-
ternary referral centre. Primary outcomes studied were the
incidence of local recurrence and patient survival.

Methods

This is a retrospective study of consecutive patients who
underwent surgical treatment for primary spinal sarcomas
during the period of 2008-2022 at Oxford University Hos-
pitals (OUH). This study was conducted in accordance with
the principles of the Helsinki Declaration; ethics approval
was granted by the OUH National Health Service (NHS)
Foundation Trust.

Patients were identified via histopathological records of
the Oxford Bone and Soft Tissue Tumour Service. Patients
were excluded if they underwent treatment for spinal metas-
tases, were diagnosed with a primary spinal cord tumour, or
had distant metastases at the time of treatment. A minimum
of one year of postoperative follow-up was a prerequisite
for inclusion. All patients were followed up on a regular
basis until demise.

Diagnosis and treatment were based on the consensus
opinion of the regional multidisciplinary sarcoma team
meeting. Histological diagnosis was obtained via computed
tomography (CT)-guided trocar biopsies, performed by an
interventional radiologist under the direction of the attend-
ing surgeon. No excision of skin and biopsy tract was done.
Surgery was performed by the senior author with the assis-
tance of allied surgical subspecialists on an as-needed basis.

Clinical data that were collected include - patient demo-
graphics, preoperative symptoms, presence of pathologic
vertebral fractures, premorbid Eastern Cooperative Oncol-
ogy Group (ECOGQG) status, American Spinal Injury Asso-
ciation (ASIA) score, pre-operative treatment details, and
tumour characteristics (e.g. histology, Enneking stage, spi-
nal levels of involvement and dimensions).

Pre- and postoperative treatment characteristics were
recorded. Patients who had undergone prior open biopsy or
intra-lesional surgical procedures at other institutions were
classified as non-virgin cases; patients who had not were
classified as virgin cases. Surgical data, including surgical
approach, nerve root sacrifice, type of resection, amount of
blood loss, need for allogenic/autogenic transfusion, preop-
erative surgical plan, intraoperative impression of surgical
margins and final pathologist’s impression were collected.

Margins were defined as Enneking appropriate when
the final pathological margins matched the Enneking-
recommended surgical margins. Margins were considered
Enneking inappropriate (EI) if the recommended surgical
margins were not achieved intraoperatively [7, 11, 12], or
if previous intralesional procedures had been performed
(i.e. in non-virgin cases). The use of adjuvant therapy and
patient outcomes, such as local recurrence, metastases,
overall survival and the presence of postoperative compli-
cations, were recorded. A complication was an event that
adversely affected patient recovery, requiring medical/sur-
gical treatment.

Statistical analysis

Kaplan-Meier analysis was performed to determine over-
all and local recurrence-free survivals; Cox regression, to
determine risk predictors for survival time. Death was clas-
sified as a competing event for time to local tumour recur-
rence. Significant univariate variables were identified for
further multivariate analysis; multicollinear variables were
excluded from multivariate analysis. Hazard ratios (HR)
with 95% confidence intervals (CI) were presented.

Stata (Version 17.0, StataCorp, USA) was used for analy-
sis. Significance was set at p<0.05.

Results

There were 119 patients included in this study. 63% (75/119)
of patients were male. Three patients who died in the periop-
erative period are discussed separately below. Mean age at
the time of surgery was 46(range 8—86) years. Most patients
were ECOG 0 (66/119, 55%) and ASIA E (94/119, 79%)
preoperatively. Patient demographics and clinical character-
istics are shown in Table 1.
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Table 1 Patient demographics and clinical characteristics (n=119)

Table 2 Tumour characteristics (n=119)

Characteristic n(%) Characteristic n (%)

Mean age at surgery (years) (range) 46 (8-86) Tumour histology

Sex Chordoma 30 (25.2)

Male 75 (63.0) Chondrosarcoma 13 (10.9)
Female 44 (37.0) Schwannoma 11 (9.2)

Duration of symptoms Giant cell tumour 10 (8.4)
0-3mo 20 (16.8) Osteosarcoma 9(7.6)
3-6mo 19 (16.0) Malignant peripheral nerve sheath tumour 8(6.7)
>6mo 72 (60.5) Osteoblastoma 7(5.9)
Asymptomatic 8(6.7) Other sarcomas 6(5.0)

Clinical presentation Aneurysmal bone cyst 54.2)
Myelopathy 20 (16.8) Others 20 (16.8)
Radiculopathy 44 (37.0) Enneking classification
Bladder dysfunction 5(4.2) Benign (Stage 2 or 3) 48 (40.3)

Bowel dysfunction 7(5.9) Malignant (IA, IB, IIA, I1IB) 71 (59.7)

Sexual dysfunction 10 (8.4) Spinal levels of involvement

Pathological fracture 14 (11.8) Mobile spine 86 (72.3)
Premorbid ECOG status Cervical 25(21.0)

0 66 (55.5) Thoracic 34 (28.6)

1 34 (28.6) Lumbar 27 (22.7)

2 12 (10.1) Sacral 33 (27.7)

3 5(4.2) Tumour dimensions (cm) (mean (range))

4 2(1.7) Anteroposterior 4.91 (0.80-16.20)

ASIA score Mediolateral 5.25(1.50-15.00)
A 0(0) Craniocaudal 5.27 (1.07-18.50)
B 0 (0)

C 6(5.0) complications (16%, 19/119) and dural tears (11%, 13/119)
D 19 (16.0) were the most common postoperative complications.
E 94 (79.0)

The most common histological types were chordomas
(30/119, 25%), chondrosarcomas (13/119, 11%), schwan-
nomas (11/119, 9%), giant cell tumours (10/119, 8%) and
osteosarcomas (9/119, 8%). Most tumours involved the
mobile spine (86/119, 72%); 28%(33/119) of cases were
sacral tumours. Based on the Enneking classification,
40%(48/119) of cases were benign and 60%(71/119), malig-
nant (Table 2).

81% (96/119) of patients were virgin cases. EA margins
were achieved in 68%(81/119) of patients. Margins were EI
in 32%(38/119) of cases, of which 61%(23/38) were non-
virgin cases which precluded EA resection; 18%(7/38)were
noted to have a breach intraoperatively; EA resection was
deemed not possible or desirable in 11%(4/38) of cases;
EI margins were detected by a pathologist in the remain-
ing 11%(4/38) of cases. EA margins were attempted for 90
patients (virgin cases with tumours deemed surgically treat-
able with EA margins), and were achieved in 90%(81/90)
of these patients. Thirty-five (29%) patients received post-
operative radiotherapy and 20(17%) received postoperative
systemic therapy. Surgical site infections (25%, 30/119),
implant-related complications (15%, 18/119), neurological

@ Springer

Mean local recurrence-free survival was 5.2(range
1-13.5) years. Local recurrence rate was 18.5%(22/119).
Mortality rate was 21.0%(25/119) with a mean overall sur-
vival of 5.63(range 1-13.5) years post-surgery. There were
25/119(21.0%) cases with distant metastases; mean duration
of metastases-free survival was 5.32(range 1-13.5) years

(Table 3).
On multivariate analysis, EI margins
(sHR=5.51,95%CI=1.32-22.96,p=0.019) and postop-

erative systemic treatment (sHR=4.54,95%CI=1.62—
12.73,p=0.004) were significant predictive factors for
tumour recurrence (Table 4). Notably, in EA patients
with mobile spine tumours, local recurrence rate was
2.0%(1/51), versus 17.9%(5/28) in EA patients with sacral
tumours, 20%(7/35) in EI patients with mobile spine
tumours, and 80%(4/5) in EI patients with sacral tumours
(Fig. 1). On multivariate analysis, only presence of metas-
tases (HR=3.17,95%CI=1.28-7.84,p=0.012) and use of
preoperative systemic therapy (HR=4.07,95%CI=1.19—
13.93 p=0.025) were significantly associated with
decreased survival (Table 5).
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Table 3 Treatment characteristics and outcomes (n=119) Table4 Significant univariates and multivariate analysis of risk factors
Characteristic n (%) for local recurrence (death competing)
Preoperative radiotherapy Univariate Multivariate
Yes 16 (13.4) Variable No.of  Hazardratio p Hazard ratio p
No 103 (86.6) events  (95%CI) (95%CI)
Preoperative systemic therapy Age - 1.04 0.036 - 0.102
Yes 24 (20.2) , (1.01-1.07)
No 95 (79.8) Enneking
. . margins
Previous surgical treatment EI 1638 10.37 0.002 5.51 0.019
Non-virgin 23 (19.3) (42.1%) (2.32-46.30) (1.32-22.96)
Virgin 96 (80.7) EA 5/81 Reference Reference
Surgical plan (6.2%)
En bloc 94 (79.0) Postop.
Intralesional 25(21.0) systemic
Final surgical margins treatment
Enneking appropriate 81(68.1) Yes 9/20 6.45 0.002 4.54 0.004
Enneking inappropriate 38 (31.9) (45.0%) (2.01-20.74) (1.62-12.73)
Nerve sacrifice No 12/99 Reference
Yes 64 (53.8) (12.1%)
No 55(46.2)

Intraoperative blood loss (ml) (mean (range)) 3073 (80-18000) Case examples

Blood transfusion

Intraoperative cell salvage 65 (54.6) Selected examples, with illustrations, of cases treated at our
Allogenic 37(31.1) centre are shown in Appendix 1.
Postoperative radiotherapy
Yes 35(29.4)
No 84.(70.6) Discussion
Postoperative systemic therapy
Yes 20 (16.8)

It is of paramount importance that patients with primary
spinal sarcomas receive multidisciplinary treatment at a
high-volume quaternary centre. Stroud et al. [11] found that

No 99 (83.2)
Local recurrence

Duration of recurrence-free survival (years) 5.2 (1-13.5) R .. .
(mean (range)) patients treated at non-specialised centres were more likely
Yes 22 (18.5) to receive non-optimal treatment, increasing patient mortal-
No 97 (81.5) ity. Lazarides et al. [10] also reported that patients treated

Metastases at high-volume facilities had significantly higher five-year
Duration of metastases-free survival (years) 5.32 (1-13.5) survival rates (71%, versus 58% at low-volume centres).
(mean (range)) Boriani et al. [13] reported a series of patients who had
Yes 25 (21.0)

undergone en-bloc resection of primary spinal tumours or

N(_) 94(79.0) isolated spinal metastases, of which 77.8%(168) were vir-
sug;::tlion (years) (mean (range)) 5.63 (1-13.5) gin cases and 22.2%(48) were non-virgin cases. In .their
Dead 25 (21.0) cohort, overall local recurrence rellte was .15..28%, with a
Alive 94 (79.0) local recurrence rate of 29.17% in non-virgin cases and
Complications 11.31% in virgin cases; mortality rate was 23.21% for virgin
Yes 70 (58.8) cases and 43.75% for non-virgin cases. Direct comparison
Surgical site infection 30 (25.2) with our results is difficult due to the admixture of spinal
Implant-related complications 18 (15.1) metastases cases in their patient cohort. Accounting for sur-
Neurological complications 19 (16.0) gical technique, the local recurrence rate in our series was
Dural tear 13 (10.9) 13.8%(13/94) for patients who underwent en-bloc resec-
Wound complications 10(8.4) tion - with recurrence rates of 45.5%(5/11) and 9.6%(8/83)
Non-surgical site infection 9(7.6) for non-virgin and virgin cases respectively. Mortality rates
I]?Izep venous thrombosis/pulmonary embolism ig(izl) 2 were 54.5%(6/11)for non-virgin cases and 16.9%(14/83) for

virgin cases respectively. Our local recurrence and mortality
rates thus compare favourably with the study above.
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Fig. 1 Local recurrence rates of
EI/EA patients with tumours of
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A multicentre study by Fisher et al. [14] reported a
series of 147 patients —70 patients in the EA group and 77
patients in the EI group. An overall local recurrence rate
of 48.2%(71/147) was reported —20%(14/70) for the EA
group and 40%(57/77) for the EI group. We had a lower
local recurrence rate of 7.4%(6/81) for the EA group and
42.1%(16/38) for EI patients. Achieving EA margins is the
cornerstone of surgical treatment of primary spinal tumours.
In chordomas of the mobile spine [4] and sacrum [5], osteo-
sarcomas [7] and giant cell tumours [15], there was a signifi-
cant association between EI margins and local recurrence.
Local recurrence was associated with increased mortality
in spinal chordomas [9], chondrosarcomas [6], giant cell
tumours [15] and osteoblastomas [16].

Centralisation of primary spinal tumour care has also
reduced inappropriate diagnostic and surgical procedures.
Only 19.3% of our patients were non-virgin cases, whereas
a multinational study of 300 patients by Dandurand et al. [8]
found that 27.5% of patients were non-virgin cases. Previ-
ous open procedures preclude an EA procedure as they cause
tumour seeding throughout the surgical field and wound.
Luzzati et al. [17] found that even the presence of appropri-
ate margins post salvage surgery did not reduce the rate of
local recurrence or improve survival, which they attributed
to the effect of previous inappropriate procedures. We were
able to ensure that CT-guided percutaneous biopsies were
performed. Barrientos-Ruiz I et al. [18] found that 32% of
open biopsies had seeding of the biopsy tract as compared
to 0.8% in percutaneous biopsies. We do not practice rou-
tine excision of the biopsy tract, as it is often distant from
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the planned incision, rendering excision of the biopsy tract
non-viable. Despite this, we did not encounter any episodes
of biopsy tract recurrence.

Achieving EA margins is challenging. Dandurand et al.
[8] reported that preoperative planned surgical margins were
only achieved 74.7% of the time. We managed to achieve EA
margins in 90%(81/90) of the cases for which we planned
EA resections. We had one local recurrence patient with
primary tumours of the mobile spine who underwent EA
surgery. To our knowledge, this is one of the best reported
outcomes in the literature. In contrast, patients with sacral
tumours had a local recurrence rate of 27.3%(9/33). Tumour
resection with EA margins in the sacrum is challenging, due
to the anatomic complexity of the region. Even when suc-
cessful en-bloc surgery is performed, there may be micro-
scopic satellite spread outside the field of resection [19].
We speculate that in cases of local recurrence in EA cases,
there may have been unrecognised microscopic spread or
breaches.

To achieve EA margins, we emphasise the importance
of a team-based and multidisciplinary approach, utilising
the expertise of different oncological surgeons. Examples
where this would be necessary include tumours with extra-
osseous extension, or situations in which surrounding
critical structures need to be mobilised. A sample decision-
making process is shown in Table 6. However, there is no
one-size-fits-all approach - each patient should be evaluated
and treated on a case-by-case basis with the emphasis on the
development of extended perioperative teams.
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Table5 Significant univariates and multivariate analysis of risk factors

Table 6 Surgical planning based on tumour location and extent

for overall survival Tumour location Surgical Involvement of allied
Univariate Multivariate approach oncological surgeon
Variable No. of Hazard ratio p Hazard p Cervical spine
events  (95%CI) ratio Posterior arch only ~ Posterior No
V)
©5%CD Vertebral body
Prejop Confined to body  Posterior+ante- No
radiotherapy rior
Yes 10/ 160 4.99 <0.001 0.875 Higher cervical or  Posterior+ante- Yes (head and neck
(62.5%) (2.23-11.34) extra-osseous extension rior surgeon)
No 15/ 1003 Reference + Plastic surgeon if flap
) (14.6%) coverage/ vascularised
Pre-op systemic bone graft required
treatment Thoracic spine
Yes 9/24 o 2.27 0.049  4.07 0.025 Posterior arch only ~ Posterior No
(37.5%) (1.01-5.14) 2131993; Vertebral body
No 16/95  Reference ) Confined to body  Posterior No
(16.8%) Extra-osseous Posterior+ante-  Yes (thoracic/cardiac
Previous surgical ' extension rior surgeon)
treatment £ + Plastic surgeon if flap
Non-virgin 1023 3.79 0.001 0.449 coverage/ vascularised
(43.5%) (1.69-8.46) bone graft required
Virgin 15/96  Reference Lumbar “prie .
(15.6%) Posterior arch only ~ Posterior No
Enneking Vertebral body
classification Confined to body  Posterior+ante- No
Malignant 20/71  19.03 (2.57- 0.004 0.119 ror
(IA/IB/IIA/IIB)  (28.2%) 140.76) Extra-osseous Posterior+ante-  Yes (vascular/general
Benign 5/48 Reference _ extension rior surgeon)
(Stage 2 or 3) (10.4%) + Plastic surgeon if flap
Metastases coverage/ vascularised
Yes 1525 829 <0.001 3.17 0012 bone graft required
(60.0%) (3.59-19.14) (1.28- Sacrum
7.84) Be_low S2/S3
No 10/94 Junction
(10.6%) Confined to body  Posterior No
Enneking Extra-osseous Posterior+ante-  Yes (vascular/colorec-
margins extension rior tal surgeon)
EI 16/38 347 0.002 0.677 Above S2/S3 Posterior+ante-  Yes (vascular/colorec-
(42.1%) (1.56-7.73) Junction rior tal surgeon)
EA 5/91 Reference + Plastic surgeon if flap
(5.5%) coverage/ vascularised
Local recurrence bone graft required
Yes 11/21 4.20 <0.001 0.309
52.4%) (1.90-9.29 . . . .
No (1 4/98 0 ;e ference ) Postoperative systemic therapy was associated with
(14.3%) a significantly increased risk of local recurrence in our
Post-op cohort. In these patients, 8/9 patients had EI margins, and
radiotherapy 5/9 patients were non-virgin cases undergoing revision sur-
Yes 1335 3.15 0.005 0.695 gery; all cases occurred in patients with malignant tumours.
(7.1%) (1.42-6.98) Systemic chemotherapy may have been given as salvage
No (11248;% Reference therapy and local recurrence may have occurred in spite of
. 0 .
Post-op systemic systemic treatment.
treatment Other adjuncts to surgical treatment have been described
Yes 1220  5.61 <0.001 0.422 [20, 21, 22, 23]. Proton therapy allows delivery of higher
(60.0%) (2.53-12.41) doses of radiation while limiting collateral damage to sur-
No (1]33/ 919% Reference rounding tissues. It has thus been recommended as a method
. 0

of reducing the risk of tumour seeding in spinal chordomas
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Table 7 Clinical details of perioperative mortalities

Patient profile

Surgical treatment ~ Cause of death

Cause analysis

Change in practice

62/Male
Sacral chordoma

24/Male
Iliosacral
chondrosarcoma

80/Male
T8-T10
chondrosarcoma

Complete sacrec-  Intraop.
tomy via posterior haemorrhage
approach

External hemipel-  Postop.

vectomy +vascular- haemorrhage
ised autograft

Two stage en-bloc
resection of T8-T10
tumour

Postop. sepsis

Inability to visualise and control
bleeding from neuroforaminal tribu-
taries of the internal iliac vein

Patient anticoagulated due to pulmo-
nary embolism

On-call team unable to identify and
control source of bleeding
Contemporaneous surgery lead-

ing to major surgical site infection
with similar microbiological profile

High and total sacrectomies were
performed via an anterior and posterior
approach to ensure adequate visualisa-
tion [26] and haemostasis

For patients undergoing complex recon-
structions, member of surgical team
present at initial operation should be
present at any further returns to theatre
Investigation by infection control team
and review of infection control practices
Closure of operating theatre for deep

performed in the same theatre

cleaning

and sarcomas [20, 21, 22]. We reserve proton therapy for
patients with high-risk tumour types, EI surgery and cases
where we suspect that tumour seeding might have occurred
despite clear pathological margins. Denosumab can also
play a significant role in reducing the size of giant cell
tumours prior to resection [24].

Overall mortality in our patients was 21.0%(25/119) and
significantly associated with the presence of metastases and
preoperative systemic treatment. Bandiera et al. [25], in a
series of 298 patients, similarly found that local recurrence,
metastases and preoperative treatment (with radiotherapy or
chemotherapy) were significantly associated with increased
mortality. The need for preoperative treatment and presence
of metastases are suggestive of more aggressive disease and
may thus explain the increased mortality rates.

There is a significant risk of mortality in attempting EA
resection of primary spinal tumours. In our cohort there
were three perioperative deaths - an overall periopera-
tive mortality rate of 2.46%(3/122); two due to periopera-
tive haemorrhage, another due to sepsis. All three patients
had large malignant tumours requiring a total sacrectomy,
external hemi-pelvectomy and multi-level vertebrectomy.
Table 7 shows the patient profiles, causes of death and the
changes in clinical practice that were adopted after these
complications. In high-risk patients, it may be prudent to
opt for non-surgical adjuvant treatment or less aggressive
surgical treatment despite the possibility of less ideal onco-
logical outcomes.

Study limitations

Limitations include the heterogeneous nature of the patient
population with relatively small numbers of each tumour
type, limiting the generalisability of our results. There is a
limitation in the duration of follow-up as spinal sarcomas
are known to recur even after 5—10 years.
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Conclusion

Our practice of centralising the diagnosis and care of patients
with primary spinal tumours has allowed us to achieve
excellent oncological results, comparable to other large pri-
mary spinal tumour centres. In tumours of the mobile spine,
we achieved a local recurrence rate of 2%, one of the low-
est reported in the literature. Better education and increased
ease of access have reduced inappropriate diagnostic and
surgical procedures. We believe that our experience will be
of benefit to other centres hoping to establish or improve
their spinal sarcoma service.
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