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Surgery for spinal metastatic tumors:
Prognostication systems in clinical practice (Review)
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Abstract. The management of spinal metastatic tumors is a
matter of increasing clinical importance, as 20-40% of cancer
patients have evidence of vertebral metastatic disease at the
time of their passing and up to 20% develop neurological symp-
toms due to epidural spinal cord compression. The treatment of
patients with spinal metastases is challenging, albeit palliative,
and it requires a multidisciplinary approach. Accurate predic-
tion of life expectancy of patients with cancer is of paramount
importance for therapeutic strategy. Prognostication scoring
systems were developed to aid clinicians to follow a more
objective, safe and evidence-based approach with therapy
selection and surgical intervention indications. In this context,
the aim of the present review was to briefly discuss the evolu-
tion of scoring systems since their introduction in the early 90s
until today, their advantages and shortcomings, and the future
requirements for personalized scoring in the era of modern
oncology.
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1. Introduction

The management of spinal metastatic tumors is a matter of
increasing clinical importance, as 20-40% of cancer patients
have evidence of vertebral metastatic disease at the time of
their passing and up to 20% develop neurological symptoms
due to epidural spinal cord compression. The extent of the
problem is estimated to further increase, since the overall
survival of nearly all malignant tumors has notably improved
due to advances in chemotherapy, radiotherapy and targeted
therapies and, recently, immunotherapy. The early detection
of the disease, due to the availability of modern diagnostic
imaging techniques, such as magnetic resonance (MR) and
fluorodeoxyglucose positron emission tomography, also plays
a significant role (1). The treatment of patients with spinal
metastases is challenging, albeit palliative, and requires a
multidisciplinary approach. Treatment, which ideally should
be individually tailored, aims to preserve or restore neurolog-
ical function and spinal stability and to improve the patients'
pain and quality of life in a setting of a long-term local tumor
control (1,2).

Patients with metastatic spinal lesions are frequently
referred to a spinal surgeon. The main reasons for referral
include pain, neurological impairment and progressive defor-
mity, all directly affecting the patient's quality of life, resulting
in a markedly increased healthcare burden, particularly in case
of paralysis. However, the referral pattern is often inconsis-
tent, subject to local facilities (availability of specialists and
treatment modalities), while the indications for surgery may
be unjustified or even intuitive (3). Currently, the indications
for surgical management of spinal metastases are summarized
as follows: Neural compression secondary to retropulsed
bone or spinal deformity, radioresistant tumors (e.g., renal
cancer), radiation failure (progression of deficit during
treatment or dose reaching spinal cord tolerance), spinal
instability and intractable pain unresponsive to non-operative
management (4).

Surgery for metastatic spinal disease is high-risk, with
often unpredictable and adverse outcomes. Careful patient
selection is necessary to ensure optimal outcome (2,3).
Aggressive decompression of the spinal canal through the
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posterior or ventral approaches, followed by stabilization
using metal implants, has achieved better outcomes in terms
of pain control and neurological restoration compared with
simple laminectomy, with or without postoperative adjacent
irradiation (3,5). However, the success of extensive radical
interventions is restricted by increased perioperative mortality
and complication rates (3,6). Therefore, prognostication
instruments were introduced to predict survival and clearly
determine the indications for surgical intervention (3).

In this context, we herein briefly review the literature on
scoring systems for vertebral metastases and discuss their
impact in current clinical practice. The present study is a
descriptive, non-systematic review on the potential value of
vertebral metastases scoring systems in clinical practice. A
meticulous search through the PubMed and Cochrane Library
databases was performed, and English, peer-reviewed articles
were evaluated.

2. Prognostication systems

When managing patients with metastatic spinal disease,
surgeons often exaggerate the effectiveness of surgical inter-
vention and misjudge the patient's life expectancy, leading to
inappropriate treatment. Accurate assessment of prognosis,
prior to intervention, is of utmost importance for surgical
treatment selection (7). Frequently, surgery is recommended
for patients at high risk of intraoperative mortality, for those
with a low likelihood of restoring neurological function,
or for those whose life expectancy may be shorter than the
anticipated recovery time (7-9). Therefore, selecting the type
of treatment is complex, difficult and frequently debatable.
The complexity of treatment also results from the multitude
of available options, the heterogeneity of the patient popula-
tion with respect to the biology of the primary tumor, the
location and symptoms caused by the spinal lesions, as well
as the patient's wishes, aspirations and functional status (7).
Prognostication systems have been developed to assist
oncologists and spinal surgeons in evaluating treatment
options, their benefits (likelihood of improving neurological
function, decreasing pain and restoring spine stability)
and their disadvantages (surgical morbidity, mortality and
recovery time) (7,10). Ideally, a prognostication system
would compare different management options, evaluate the
outcome of surgical intervention based on survival, toxicity
and cost-effectiveness, and propose a more rational, objective,
safe and reproducible management (3,7,10).

The Tokuhashi scoring system was introduced in 1989
as a ‘scoring system for the preoperative evaluation of a
patient's prognosis with a metastatic spinal tumor’ (11) and it
was revised in 2005 (7). Tomita et al, introduced an alterna-
tive scoring system in 2001 (12). Both Tokuhashi and Tomita
scores take into consideration the type of primary tumor, the
burden of bone secondary lesions and the presence of visceral
metastases as critical prognostic factors. The Tokuhashi system
acknowledges the significance of functional parameters, such
as the ability to ambulate, while the Tomita score completely
overlooks paralysis as factor for poor prognosis (7). Over the
following years, a plethora of prognostication scoring systems
were introduced, including the Bauer, modified Bauer, Van der
Linden, Rades and Katagiri scores (7). Over several years, the
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reported scores practically attempted to evaluate the surgical
indications and the radicality of the operation, taking survival
as a prerequisite (2,3). Their predictive value and clinical
relevance have been assessed by several studies, but the results
have been inconsistent (3,8,9). Additionally, although they
may be of some clinical value, the improvement in overall
cancer-related survival and the lack of incorporation of major
technological and systemic cancer treatments have limited
their reliability and rendered them non-relevant in the current
era of metastatic spinal tumor treatment (1).

3. New treatment options

Currently, new treatment modalities have improved the
management of vertebral metastases. Targeted therapies,
biologics and checkpoint inhibitors have markedly improved
the overall and progression-free survival for the majority of
solid tumors and hematological malignancies (1). Surgical
advances, including modern spinal implants and minimally
invasive techniques, such as separation surgery, pedicle screw
fixation (open or percutaneous), radiofrequency ablation and
cement augmentation procedures with polymethylmethacry-
late (vertebroplasty and percutaneous balloon kyphoplasty),
result in lower surgery-related morbidity and rapid continu-
ation of systemic therapies (1). Furthermore, the evolution
and integration of spinal stereotactic radiosurgery, which
delivers high-dose conformal radiation in ablative doses, has
also notably improved local control rates, regardless of tumor
histology, size and radiosensitivity (13).

4. NOMS algorithm

The NOMS decision algorithm, which was introduced by the
interdisciplinary spine team at Memorial Sloan-Kettering
Cancer Center in order to provide a decision-making tool
for the management of metastatic spinal tumor, is based on
four essential pillars: Neurological and oncological status,
mechanical instability and systemic disease assessment (1,14).
Based on the evaluation of these four parameters, the inter-
disciplinary team may design the optimal treatment involving
radiotherapy, surgery, systemic therapy or a combination of
those. Unlike traditional scoring systems, the NOMS algorithm
accommodates the new developments in oncology as they
become available, and aims to optimize local tumor control,
pain relief and neurological function, while minimizing the
risk of morbidity and mortality (1,13,14).

Briefly, in NOMS, the neurological and oncological
assessment are jointly considered. The neurological indica-
tions are based on the clinical presence of myelopathy or
functional radiculopathy and the degree of epidural spinal
canal compromise. Epidural spinal cord compression is calcu-
lated by a validated six-point scoring system using MR axial
T2-weighed images at the site of most critical compression.
This scoring system is used to distinguish nil or minimal
compression (0-1c) from high-grade epidural spinal compres-
sion (2-3) (1,13,14). The oncological assessment evaluates the
predicted local tumor response to radiation, chemotherapy,
targeted therapy, immunotherapy or hormonal therapy, and
it practically reflects the radiosensitivity of the tumors to
conventional radiation (1,14).
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In contrast to previously reported scores, in NOMS, frame-
work mechanical instability, as defined by Spinal Instability
Neoplastic Score (SINS), is an independent indication for
surgical stabilization or percutaneous cement augmentation,
regardless of the grade of the epidural spinal cord compres-
sion and the radiosensitivity of the tumor (1). Low SINS (0-6)
generally suggests a stable lesion, while high-SINS (13-18)
tumors are considered unstable, requiring surgical stabi-
lization. In intermediate-SINS tumors (7-12), the need for
treatment is based on the discretion and the experience of
the spinal surgeon (15). The fourth element of consideration
in the NOMS algorithm is the extent of the systemic disease.
The medical comorbidities, the ability of the patient to
tolerate a recommended procedure, the risk-benefit ratio of
treatment and the overall patient survival are considered in the
decision-making process (1,14).

5. Future perspectives

Modern clinical practice in oncology warrants accurate,
reproducible and easily applied prognostication models that
can be used both as guidance for decision-making and as
scientific tools for research and clinical audits. The develop-
ment of a variety of scoring systems over the last 30 years has
uncovered the need for such a prognostic instrument and the
inherent imperfections of the traditional tools (9). Moreover,
given the rapid medical and technological advances in the
field of cancer treatment, conventional scoring systems
appear insufficient for guiding surgical decisions and have
become obsolete, underlying the urgent need for modern
prognostication tools (1). Within these considerations, future
challenges include the development of personalized scoring
systems that correspond to the histology of the primary
tumor and the specific genetic and anatomical prerequi-
sites of particular tumors and individual patients (7,9). The
biology of the tumor is of utmost importance, but in cases of
urgent surgical intervention due to neurological deficit, the
type of the tumor is not among the primary considerations.
Different types of cancer, or cancers with a distinct genetic
footprint, would likely intensify the evolution of individual-
ized scoring systems that incorporate specific markers of
particular types of malignancies as prognostic factors (7).
Finally, an interdisciplinary approach is mandatory in
order to design new scoring systems taking into account
the recent survival improvement achieved by the advances
in cancer management, such as minimally invasive surgical
techniques, stereotactic radiotherapy and targeted therapies,
among others (7).

There were certain limitations to the present review, as it
did not perform a one-stop comparison between the strengths
and weaknesses of different scoring systems, and did not
provide tables comparing the different parameters of each
system; however, it highlights the need for further improve-
ment of scoring systems by taking into account the evolution
of cancer diagnostic and therapeutic methods.

6. Conclusions

Despite major medical accomplishments in the management of
metastatic cancer, surgery, although high-risk, remains crucial
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for patients with vertebral metastases, particularly those
with high-grade epidural spinal cord compression and those
requiring spinal stabilization as determined by SINS. Scoring
systems for spinal metastases have been proposed as prog-
nostic models to improve the referral pattern and outcomes
of surgery and to avoid mistreatment, overtreatment or severe
surgical complications. Currently, the NOMS framework
appears to offer a reliable, reproducible, patient-tailored multi-
disciplinary approach to the treatment of spinal metastatic
tumors. Prognostication models should continuously evolve by
employing more oncological perspectives and incorporating
major advances in cancer care.
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