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Abstract Choosing the right operation for metastatic
spinal tumours is often difficult, and depends on many
factors, including life expectancy and the balance of the
risk of surgery against the likelihood of improving quality
of life. Several prognostic scores have been devised to help
the clinician decide the most appropriate course of action,
but there still remains controversy over how to choose the
best option; more often the decision is influenced by habit,
belief and subjective experience. The purpose of this article
is to review the present systems available for classifying
spinal metastases, how these classifications can be used to
help surgical planning, discuss surgical outcomes, and
make suggestions for future research. It is important for
spinal surgeons to reach a consensus regarding the classi-
fication of spinal metastases and surgical strategies. The
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Introduction

The spine is the commonest site for bone metastases, and
the incidence of spinal metastases is increasing [1] and this
is not surprising, with increasingly older populations,
longer life expectancy, and improvements in medical
treatment [2]. As many as 70% of cancer patients have
spinal metastases, and up to 10% of cancer patients
develop metastatic cord compression [3]. The commonest
tumours that involve the spine are breast, lung, renal,
prostate, thyroid, melanoma, myeloma, lymphoma and
colorectal cancer [3, 4]. With improvements in chemo-
therapy, radiotherapy and hormonal therapies, survival
times have increased over the years [S] and perhaps
patients’ expectations also. Surgical techniques have also
improved, which, together with advances in technology,
now allow the surgeon to treat spinal metastases more
effectively than before [6, 7].

The role of surgery for metastatic spinal tumours is
again under the spot light: surgery can improve mechanical
stability, cord compression, and pain, but what role does
surgery play in extending life expectancy [4, 7-10]? Older
techniques of decompression without stabilisation have
resulted in a worse outcome, and this has misled many in
the past to believe that radiotherapy is the preferred option
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to surgery [11-14]. More recent evidence has shown that
modern surgery (including anterior and posterolateral
approaches with stabilisation) does in fact result in a better
outcome than radiotherapy alone, and that quality of life
after surgery is often improved [4, 12, 15-17]. However,
when deciding to operate, we must remember that most
patients with metastatic spinal tumours have a life expec-
tancy which is governed by the tumour type and staging,
and is usually <1-2 years. Therefore, surgery must not
detract from the remaining quality of life. The complica-
tion rate for surgery can be as high as 20-30%, and this
must be weighed against the intended benefits [18-20].
This applies especially to the more extensive en bloc
resections which are associated with increased complexity
and morbidity when compared with simpler palliative
debulking procedures [6, 7, 10, 21]. Although it is now
accepted that surgery is commonly the preferred treatment
for spinal metastases, more evidence is needed to define the
role and indications of the various surgical techniques and
new treatments available.

Generally, it is accepted that surgery might be consi-
dered when a patient has a life expectancy of more than
3 months [22]. This estimation is often made typically by
oncologists, but it is the surgeon who more fully appreci-
ates the potential risks and benefits of surgical options and,
therefore, it is important for surgeons to understand how
prognostic factors influence quality and duration of life.
The purpose of this article is to review the present systems
available for classifying spinal metastases, how these
classifications can be used to help surgical planning, dis-
cuss surgical outcomes, and make suggestions for future
research. It is important for spinal surgeons to use the same
classification systems for the techniques of surgery, staging
of tumours, and outcome, to reach meaningful comparisons
between published series. The authors of this article con-
stitute the Global Spine Tumour Study Group (GSTSG): an
international group of spinal surgeons who are dedicated to
studying the outcomes of surgery for spinal tumours [21].
The group is collecting data to answer specific questions
which are further discussed below.

Classification of metastatic spinal tumours

Staging is mandatory and is often performed by oncologists
unless surgery is urgent, for example, in patients with
rapidly deteriorating neurological function. However,
several surgeons have described methods of defining the
extent of spinal involvement specifically to aid surgical
planning and management. Some of these systems are
based on the overall tumour load and functional status of
the patient, whilst others focus on the anatomical extent of
tumour involvement.
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Scoring and classification systems

Surgeons need to be aware of the patient’s overall tumour
load, life expectancy, quality of life, and other treatment
options available, before deciding how ‘aggressive’ one
should be with surgery. There will always be an element of
risk when choosing to operate: if a complication occurs,
this can quickly negate any intended benefit for a patient’s
quality of life.

Several classification systems for surgical staging have
been described in an attempt to inform surgical strategies
[7, 10, 23]. Tomita et al. studied the numerous major and
minor prognostic factors for spinal tumours to describe a
system based on three factors: the rate of growth of the
primary tumour, number of bone metastases and visceral
metastases [7] (Table 1).

The scores of these three components were added
together to produce a total score in the range 2—-10 (from
good to poor prognosis, respectively). This system was
constructed from retrospective data of 67 patients
between 1987 and 1991, and the prognostic factors were
given weighted scores after assessment of their statistical
hazard ratios. The histology of the primary tumour cor-
relates well with survival in both surgical patients [7, 10,
24, 25] and medical cohorts [25-28], with longer sur-
vival times seen in patients with myeloma, breast,
prostate and thyroid cancers. The primary tumour type
was, therefore, given more weight in the scoring system
of Tomita et al. [7].

However, Tokuhashi et al. described a scoring system
based on six parameters, which they later revised to take
account of the stronger influence of primary tumour type
on survival [10, 23]. The system comprised individual
scores for the primary site of cancer, presence or absence
of paralysis, Karnofsky’s performance status, number of
extraspinal bone metastases, vertebral body metastases and
visceral metastases, producing a total score in the range
0-15 (from poor to good prognosis). Because the most
important factor governing prognosis is the primary tumour
type, the score gave more weight to the less aggressive
tumours: five points for thyroid, breast prostate and carci-
noid tumours; through to O points for lung, osteosarcoma,
stomach, bladder, oesophageal and pancreatic tumours

Table 1 Tomita prognostic score [7]

Score 1 Score 2 Score 4

Slow growth Moderate growth Rapid growth
Treatable Untreatable
Multiple

Primary tumour
Visceral metastases

Bone metastases Solitary

For each category (primary tumour, visceral and bone metastases) a
score of 1, 2 or 4 is allocated according to the table above; these
scores are added to provide a total score up to a maximum of 10
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Table 2 Revised Tokuhashi prognostic score [10]

Score 0 Score 1 Score 2 Score 3 Score 4 Score 5
Karnofsky’s performance (%) 10-40 50-70 80-100
Extraspinal bone metastases 3 or more 1-2 0
Vertebral metastases 3 or more 2 1
Visceral metastases Unremovable Removable None
Primary site (e.g.) Lung Liver Other Kidney Rectum Breast
Palsy Frankel A, B Frankel C, D Frankel E

Scores for the six individual criteria above are added to provide a total score up to a maximum of 15

(Table 2). In the original paper of Tokuhashi et al. [23], it
was interesting to note that there was no significant dif-
ference between survival times of different prognostic
factors when analysed individually, whereas when grouped
together to produce the score a significant difference
became apparent. This suggests that for each prognostic
factor the variation in survival is so large that one should
not make judgements based on a single factor alone, for
example, the primary tumour type, without taking into
account the status of the whole patient. In their later paper
[10], increasing the number of patients (and therefore the
ability to detect smaller differences between groups) pro-
duced some statistically significant differences within
individual categories, but of the six criteria evaluated no
single group was able to demonstrate a consistent differ-
ence in survival.

It is interesting to note that Tokuhashi et al. found that
paralysis was a prognostic factor in metastatic disease,
whereas other studies of metastatic spinal cord compres-
sion and neurological symptoms did not show a direct
correlation between neurological deficit and survival [29,
30]. It is, therefore, possible that paralysis is associated
with an increased tumour load or rapid tumour growth,
rather than being directly or independently related to poor
survival. The significant influence of primary tumour type,
neurological status and number of vertebral metastases was
corroborated by other groups [29, 31, 32]. However,
Enkaoua et al. found that patients with metastases from an
unknown primary tumour had a worse prognosis than those
with the identifiable tumours, unlike Tokuhashi’s original
description, which was later revised [10, 23, 29]. Zou et al.
found that the Tokuhashi score was better for predicting
short-term survival, whereas the Tomita score was more

whereas poor prognostic groups have received palliative
treatment, and, therefore, it is difficult to say to what extent
survival is influenced by the prognostic score or the surgery
itself. By collecting a large amount of prospective data, the
GSTSG intend to analyse survival times in different
prognostic groups, matched by operation, to eliminate bias
and rigorously validate these scoring systems.

Other classification systems have been described by
North et al. and Harrington [9, 34]. North et al. retro-
spectively, studied 61 patients and found that risk factors
for the ability to walk include non-breast metastases, the
inability to walk before surgery, and operations other than
corpectomy [9]. They also found that risk factors for
decreased survival include non-breast metastases, recur-
rence after primary radiotherapy, multilevel surgery, and
cervical location of tumour. Harrington used a simpler
5-point classification system which was based on the
degree of spinal instability and neurological compromise
[34] (Table 3). He felt that surgery was indicated only in
the presence of spinal instability or mechanical pain, and
perhaps over-emphasised the advantages of radiotherapy
over surgery, which has been clarified by more recent
evidence of the benefits of surgical intervention [15]. The
Harrington classification is perhaps an over-simplification,
resulting in quite broad categories of patients who may
have very different prognoses. For example, a patient with
nerve root pain, but good function may be allocated into
the same group as a patient with complete paralysis from a
large tumour.

Table 3 Harrington classification of spinal metastases [34]

useful for predictions of long-term survival [33]. 1 No neurological involvement

The GSTSG recommend the use of the Tomita and 2 Bone involvement without collapse or instability
Tokuhashi staging systems, which are relatively straight- 3 Significant neurological impairment without bone involvement
forward to use and interpret. However, assessing the 4 Vertebral collapse with pain or instability, but no neurological
validity of these scores has previously been confounded by impairment
the choice of operation; for example, patients with good 3 Virr:;zir;‘rln zgilapse with pain or instability and neurological

prognostic scores have received en bloc resections,
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Fig. 1 Schematic diagram of
the surgical classification of
spinal tumours, from Tomita

Intra-
Compartmental

Extra-

Compartmental Multiple

et al. [7] (with permission of
Lippincott Williams and
Wilkin)

Type 1 4(
@)

ety (@ E:%

Type 2 Type 5
pedicle paravertebral |
extension ext. A\ \
J -:___J’ i\ R
Type 3 Type 6 )
body-lamina ext. § Jﬁ 2-3 vertebrae : %\ ]
A

Type 4

epidural ext.

Anatomical classifications

Anatomical classification systems can be useful for surgi-
cal planning, but are perhaps more suitable for the
assessment of primary tumours rather than metastases. In
general, to decide which type of operation to perform it is
necessary to have more information than the anatomical
context of the tumour alone. Tomita et al. devised a clas-
sification which comprises seven categories, depending on
whether the metastasis is contained within the spinal bones
(intracompartmental), out with the bones (extracompart-
mental), or multiple vertebral involvement (Fig. 1) [7].
This is a simple classification which is easy to remember
and apply, and represents the natural stages of tumour
progression from involvement of the vertebral body, to the
pedicles and posterior elements, extradural and paravertebral
spread, adjacent vertebrae and then multiple vertebrae. In
practice, these stages do not necessarily occur in strict
sequence, and usually types 4—7 are the levels of involvement
which present to spinal surgeons.

Alternatively, McLain and Weinstein originally descri-
bed the vertebral anatomy in terms of four zones and three
concentric levels (Table 4) [35]. This scheme is very
simple to use, but has the disadvantage that most spinal
metastases would fall into the categories 3 and 4, resulting
in a classification system that is not very discriminatory.

Enneking developed a classification system for primary
long-bone tumours which has been adapted for use with
spinal tumours. He described three stages of involvement
of benign tumours, four stages for localised malignant
tumours, and two further stages for metastatic high-grade
tumours (Fig. 2) [36]. This system requires prior know-
ledge of the histology and degree of spread of the tumour
throughout the body, which is not always available at the
time of presentation. It may be applied to spinal tumours,
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Table 4 McLain and Weinstein classification [35]

Zone 1 The spinous process to the pars and inferior facet
Zone 2 The superior facet, transverse process and pedicle
Zone 3 Anterior three-fourth of the vertebral body

Zone 4 Posterior one-fourth of the vertebral body

Level A Intraosseous

Level B Extraosseous

Level C Distant tumour spread

but is not the most useful classification system, because it
does not specifically document extradural spinal involve-
ment and possible cord compression, and does not neces-
sarily relate to prognosis.

The shortcomings of the classification systems of
McLain and Weinstein [35], and Enneking [36], were
partly addressed by Boriani et al. who developed a new
staging system for primary bone tumours [37] (Fig. 3).
They designed a system for the anatomical staging of pri-
mary bone tumours of the spine to overcome the drawbacks
of these other systems. Although originally intended for
use with primary tumours, the system of Boriani et al. has
sometimes been applied to spinal metastases also [37]. This
system was designed to aid surgical planning, because en
bloc resection usually involves the removal of wedges or
sections of the vertebra from around the spinal cord, which
must not be violated. However, it is not as useful for
planning of metastatic tumour surgery, since en bloc
resection is not the goal in the majority of such cases.

Although this and other anatomical classifications are
useful, there is not much data to suggest a correlation
between the use of these systems and clinical outcome,
unlike the surgical staging systems of Tomita et al. [7] and
Tokuhashi et al. [10]. The WBB system, for example, is
very accurate in describing the axial tumour involvement,
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Fig. 2 The Enneking
classification of primary tumour
staging. Benign tumours are
classified as stages I, II and III,
depending on the tumour
growth and aggressiveness

(I tumour capsule, 2 adjacent
tissue reaction). Malignant
tumours are classified as IA, IB,
IIA and IIB depending on
degree of spread (/ tumour
capsule, 2 tissue reaction,

3 island of tumour within
adjacent tissue reaction, 4 skip
metastasis) [36] (with
permission of Lippincott
Williams and Wilkin)
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Fig. 3 Weinstein, Boriani, Biagini (WBB) classification describes
the vertebral involvement as sections of a clock face (“zones”
centred on the spinal cord, from zone 1 (left spinous process and
lamina) through zone 6 (left anterior wedge of vertebral body) and
back round to zone 12 (right spinous process and lamina). In addition,
the prefixes A—E are used to denote radial levels (“layers”) of
vertebral involvement, from extraosseous paraspinal tissues (layer A)
through to extradural (layer D) and intradural (layer E) [37] (with
permission of Lippincott Williams and Wilkin)

but the predictive relationship between WBB score and
outcome is perhaps influenced more by the different types
of surgery performed rather than the classification system
itself.

Prognostic classification and surgical planning

Tomita et al. recommended that patients with very good
prognostic scores (2-3) should undergo wide excision,
whereas patients with intermediate scores should undergo
marginal or intralesional excision (scores 4-5), and palli-
ative surgery (scores 6—7), whilst non-surgical supportive
care should be performed for the worst prognostic group
(scores 8—10) [7]. Evaluation of this scoring system was
performed prospectively in 61 patients from 1993 to 1996,
in whom the score was used to determine the type of
operation to be performed, and length of survival was
documented. The mean survival was 38.2 months in those
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patients with a good prognostic score who underwent en
bloc resection, 21.5 months in those patients with inter-
mediate score who underwent intralesional debulking
procedures, and 10.1 months in those patients who under-
went palliative decompression and stabilisation only. These
results suggest that their recommendations are reasonable
and practical.

Tokuhashi et al. recommended excisional surgery for
patients with a good prognosis (Tokuhashi score of 12—15),
palliative surgery for most patients with an intermediate
prognosis (score of 9-11), and conservative management
for patients with a score of 8 or less [10]. They prospec-
tively applied their scoring system to 118 patients to help
determine the surgical strategy and found a good correla-
tion between the prognostic score and the actual survival
(r = 0.57, significant P < 0.0001), with a consistency rate
between predicted and actual survival of 86.4%. This
suggests that the scoring system of Tokuhashi et al. is also
a useful tool for the assessment of prognosis in patients for
whom surgery is being considered.

Recommendations of the GSTSG

Complications may occur in up to 25% of patients who
undergo surgery for spinal metastases, the most common
being wound infection [13, 17, 38]. Life expectancy is
usually determined by the overall extent of the metastatic
disease and, therefore, to be of benefit, surgery must
improve quality of life. However, the incidence of com-
plications increases with the complexity and extent of an
operation, and, therefore, at some point there must be a
trade-off between the benefits and risks of surgery [17].
Because surgery is palliative for the majority of patients
with spinal metastases the assessment of overall quality of
life is perhaps more relevant than physical scores and
neurological outcome measures, and the GSTSG, therefore,
advocates the use of quality of life measures for all patients
undergoing surgery. Several studies have shown improve-
ments in quality of life after surgery for metastases [4, 13,
39], with up to 80% of patients satisfied or very satisfied
with the decision to operate [13, 39]. The greatest
improvements are in the domains of pain, but also non-
specific symptoms, such as tiredness, nausea, anxiety and
appetite may improve after surgery [16]. The GSTSG uses
the Euroquol EQSD assessment tool for all patients with
metastatic disease. This is a simple S5-point validated
questionnaire that is simple for patients to complete and
investigators to interpret [40].

Owing to the heterogeneity of patients who are referred
to spinal surgeons, the outcome of surgery for spinal
metastases is variable and it is, therefore, difficult to come
to generalised conclusions regarding the ideal management
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[3]. The strong beliefs that surgeons often hold regarding
the ideal management create difficulties in performing a
randomised study of surgical techniques. The best alter-
native is to prospectively collect a large amount of data
from which the effect of confounding variables can be
removed by patient matching [41]. It is necessary to
acquire this data over a relatively short time span of a few
years, to avoid time bias which might result from changes
in technique or instrumentation. The GSTSG aims to
acquire such data from multiple centres in a timely fashion,
to compare the outcomes of different treatment groups and
assess statistically significant differences in management,
by collecting data on a secure internet database (Fig. 4).

One specific example is to compare the outcome of total
en bloc spondylectomy (TES) with simpler debulking
procedures, which are probably associated with fewer
complications [42]. It has been suggested that TES should
be reserved for patients with solitary spinal metastasis with
otherwise good prognosis to justify taking this extra risk
[6, 22, 43]. However, the true difference in outcome
between TES and debulking surgery in a specific group of
patients is not known, but this may be determined by
analysing our database to control for confounding variables
and obtain a more accurate estimation of the usefulness of
these procedures, and whether the extra risk is justified by
improved survival and quality of life.

To collect data, it is important to be clear about how we
define an operation, and to avoid using ambiguous terms
which would invalidate the dataset. Boriani et al. stressed
the importance of distinguishing between, and correctly
using, the terms “radical, complete, extralesional and
intralesional excision” [37]. The GSTSG has adopted a
simple classification of surgical strategies, illustrated in
Fig. 5, in which the excision of the involved vertebra is
shown diagrammatically. The overall tactic of surgery may
be for palliative decompression, tumour debulking, or total
vertebrectomy (row 1, Fig. 5). The tactic chosen for a
patient may then be achieved by piecemeal excision of
tumour, or total vertebrectomy either by an en bloc or
piecemeal method (row 2, Fig. 5). This method of excision
will influence the tumour resection margins that may be
intralesional, or wide/extralesional (row 3, Fig. 5). It is
important for surgeons to be accurate and systematic in
their description of surgical strategies and techniques,
using a common surgical language, to allow meaningful
comparisons of outcome. We present the first clear defi-
nitions for surgical methodology and strategy that may be
applied to metastatic spinal tumours.

Other uses of the database include comparing the out-
comes of different primary tumours, auditing complication
rates, comparing surgical series to those of radiotherapy
databases, and assessing quality of life. Presently, no
published prognostic scoring system incorporates measures
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Fig. 5 Classification of surgical strategies, as determined by the
Global Spine Tumour Study Group

of quality of life beyond the Karnofsky’s score, and it
may be important to incorporate these measures in future
scores [44].

It is often difficult to acquire reliable evidence for the
validity of surgical treatments. Unlike clinical drug trials, it
is impossible or unethical to blind the surgeon and patient
in a study of surgical treatments. Follow-up can also be
more difficult when patients live long distances away, and
loss to follow-up may be more common. However, as far
as possible, it is still important to ensure that clinical
practice of surgeons is influenced by a strong evidence
base. Hosono et al. studied a large retrospective series of
patients with spinal metastasis, and concluded “a large
prospectively designed study of consecutive patients is
essential to screen the possible prognostic factors in
patients with spinal metastases” [25]: a viewpoint which
we strongly advocate.
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