
Abstract. Malignant spinal cord compression (MSCC) is one
of the most devastating complications of cancer. Patients often
present with a history of progressive pain, paralysis, sensory
loss, progressive spinal deformity, and loss of sphincter
control. It is an emergency that requires rapid decision making
on the part of several specialists, given the risk of permanent
spinal cord injury or death. The goals of treatment in spinal
metastases are pain control and improvement of neurological
function in order to achieve better quality of life (QoL). The
standard of care in most cases is rapid initiation of
corticosteroids in combination with either surgical
decompression in case of an operable candidate, followed by
radiation therapy (RT) or RT alone. Surgery is associated with
improved outcomes, but is not appropriate for many patients
presenting with advanced symptoms of MSCC, such as
paralysis, or those with a poor performance status, or
cachexic state, as well as altered mental conditions, co-
morbidities, surgical risks, and limited life expectancy. On the
other hand, aggressive surgical treatment and post-operative
RT is advocated for those with more favorable prognosis, or
who are expected to have higher neurological recovery
potential. Many candidates may require for combined anterior

and posterior approaches to effectively deal with the
compressive pathology and stabilize the spine. Most patients
are presently treated by primary RT, given with the aim of
improving function and symptom management. However, there
is still debate regarding the most appropriate RT schedule.
Rehabilitation can serve to relieve symptoms, QoL, enhance
functional independence, and prevent further complications.
Ambulatory status has been found to be an important
prognostic factor for patients with MSCC.

Spine is the most common osseous site for metastatic
disease, due to the inherent rich vascular supply and
extensive lymphatic drainage (1). Spinal tumors are
categorized into extradural tumors, intradural extramedullary
tumors and intradural intramedullary tumors. Malignant
spinal cord compression (MSCC) is defined as compression
of the spinal cord or cord equina by metastatic or direct
spread to the vertebrae that may cause neurological disability
(2). It occurs in up to 5% of all patients with cancer;
however, it is a feature of advanced cancer, most commonly
seen in patients with cancers of the breast, lung and prostate,
which comprise 60% of cases (3). Furthermore, MSCC
represents the initial manifestation of malignancy in up to
20% of cases (3). The incidence is likely to increase
alongside with improved cancer survival rates (4). 
The consequences of MSCC range from pain and

paresthesia, to motor weakness, loss of sphincter control, and
paraplegia. The median time from pain onset to MSCC
diagnosis is about 2 months (5). These findings have an
insidious course and therefore diagnosis of MSCC can often
be delayed. The investigation that definitely establishes
diagnosis is imaging and, magnetic resonance imaging
(MRI) - preferably with gadolinium - is the most sensitive
scan. Clinical outcomes, in terms of preservation of function,
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are closely linked to the promptness of diagnosis and
treatment, with full recovery after the onset of motor
symptoms relatively rare (6). 
Consultation with medical oncology, radiation oncology,

and neurosurgery is imperative in order to facilitate a
multidisciplinary approach. The intent of treatment for MSCC
is usually palliative focusing on reducing pain and/or
restoring or preserving physical and neurological function.
There are a variety of therapeutic options, which mainly
depend on prognosis prediction, neurological state and
recovery potential. Once the diagnosis of MSCC is suspected,
patients with neurological deficits should receive prompt
administration of dexamethasone. Local management
strategies generally include palliative RT, or surgical posterior
decompression with or without instrumentation or total en
bloc spondylectomy (7-9). Single-stage posterolateral
transpedicular corpectomy and fusion has been described as
well to treat vertebral body disease in the thoracolumbar
spine (10, 11). The optimal palliative RT alone is usually
adapted for those with limited neurological recovery potential
and poor overall estimated survival. Radiosurgery techniques
which deliver intense focal irradiation to a delimited area
with imaging guidance have recently emerged as increasing
effective treatments in MSCC, especially in radioresistant
tumors. Interestingly enough, stereotactic radiosurgery (SRS)
and different radiation technologies have been studied in
recent clinical trials. Finally, it is important to consider
rehabilitation in patients with MSCC, notwithstanding
diminished life expectancy.

Literature Review

This article reviews the literature for studies on MSCC.
Publications between October 1980 and February 2018 were
eligible for inclusion. Original papers, review articles and
case reports were included. Language restrictions were not
used. We also searched registers of clinical trials, and
abstracts of scientific meetings. The results were screened in
a non-blinded fashion based on the title and abstract,
excluding all papers not related to MSCC. Bibliographies of
acceptable papers were reviewed to identify any other papers
that may have been missed by the search criteria. 

Epidemiology and pathophysiology. More than 20,000
MSCC new cases are diagnosed annually in the USA (12).
This condition may cause permanent paralysis based on
sensory deficits and sphincter disturbances, and increase
mortality due to immobility and the relevant risk of skin
breakdown, venous thromboembolism, sepsis, and
pneumonia (13). The true incidence of MSCC is unknown
and probably underestimated by at least 15%, as the
detection rate depends on admission to hospital, and correct
diagnosis (14). Post mortem evidence indicates that it affects

approximately 5-14% of patients with solid tumors. It is
likely that the incidence of MSCC will increase in the future
due to improved cancer treatments resulting in better survival
and outcomes.
The median age of MSCC diagnosis is 65 years (14). It is

reported that approximately 80% of those patients had an
established diagnosis of cancer whereas 20% presented with
MSCC as the first presentation of malignancy (3). Lung,
breast and prostate cancers account for over 60% of MSCC
cases (3), whereas 7% of patients have unidentified site of
primary tumour (15). Lumbar spine seems most frequently
involved, followed by the thoracic and cervical segments;
nevertheless, clinically symptomatic spinal metastases are
most often localized to the thoracic spine, followed by the
lumbar and cervical segments (16). The majority of MSCC
patients die within the first year following diagnosis (12).  
Several mechanisms are involved in the development of
MSCC. The commonest is haematogenous spread to the
vertebral spine, where the tumor cells find a hospitable
environment in the bone marrow. Bony destruction and
expansion of the tumor then cause collapse and compression
of the dural sac, root sleeves, and their contents, which lead
to vascular compromise, vasogenic edema, and
demyelination (16). This deformity results in spinal
instability by increasing strain on the support elements of the
spine including muscles, tendons, ligaments and joint
capsules (17). If the MSCC is of recent onset with some
preservation of neurological function, the effects are often
reversible. In contrast, recovery is unlikely when, vascular
injury causes infarction of the spinal cord, typically after
prolonged compression (18). Slow onset compression allows
cord adaptation and predicts a relatively favorable outcome
as compared to sudden onset. Direct leptomeningeal
extension is less frequent (19). Metastatic disease is thought
to reach the leptomeninges through hematogenous spread,
direct extension, and cerebrospinal fluid (CSF) seeding.
Indeed, drop metastasis is based on tumor cells transport by
the CSF which become entangled among the roots of the
cauda equina (16). 

Diagnosis. Patients with suspected spine or spinal column
involvement require a thorough diagnostic work up. History,
physical examination, and imaging are undertaken to
establish a diagnosis and provide the basis for assessing
management options and formulating treatment strategies.
Back pain is the earliest and most compelling manifestation
of MSCC and over 95% of patients have the symptom at the
time of diagnosis (20). The duration of pain is variable and
may be present for weeks or months, accompanied by neck
pain, followed by weakness, sensory loss, and sphincters
dysfunction (16). Physical examination should include an
assessment of strength, sensation, reflexes and sphincter
function. 
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In the past, myelography has been the gold standard for
localizing the level of spinal cord or nerve root compromise,
but it still remains a valuable imaging tool, particularly for
patients who are unable or unfit to undergo MRI (16).
Analysis of a myelographic block can detect the anatomic
location of an offending lesion. The study is optimized when
it is followed by axial computed tomography (CT) to
demonstrate the area of interest in transverse sections.
Myelography also offers the benefit of providing potential
cytologic diagnosis from CSF. 
CT provides highly detailed imaging of the osseous

anatomy of the spine and degree of tumor involvement, with
a reported sensitivity and specificity of 66% and 99%,
respectively (16). As plain CT lacks the sensitivity to
distinguish soft tissue boundaries, the demonstration of dural
sac and root sleeve displacements can be enhanced with its
use in conjunction with myelography. MRI has become the
imaging modality of choice for spine pathologic changes,
including metastatic tumors (16). Indeed, gadolinium-
enhanced MRI offers sensitivity and specificity of 93% and
98%, respectively. In addition, it provides anatomic details
about leptomeningeal involvement, and soft tissue structures
in the spine, including the intervertebral discs, spinal cord,
spinal nerve roots, spinal musculature and ligaments (21).
Diffusion-weighted images distinguish osteoporotic vertebral
fractures which are hypointense, from metastatic being
demonstrated hyperintense. Metastases enhance with
gadolinium similarly to normal bone marrow and may merely
appear isointense after contrast administration. Post contrast
fat-suppressed images differentiate metastases from bone
marrow in this setting (16). Due to the fact that multiple sites
of metastasis exist in almost one-third of patients, it is hugely
important to image the entire spine (19, 22).  
Finally, percutaneous biopsy of the spine was first

introduced 70 years ago, and currently is supported by
improved imaging capabilities and instrumentation with an
achieved overall success rate of 80 to 95%. This technique
is indicated to establish a tissue diagnosis for a spinal lesion
in a cancer patient, particularly when RT may be the initial
treatment of choice, thereby obviating the necessity for
surgical exploration. Percutaneous spine biopsy may help to
distinguish between a metabolic and a neoplastic cause for a
pathologic fracture of the spine and to differentiate between
an infective and a neoplastic process (16). 

Signs and symptoms. Permanent neurological damage can be
prevented by early diagnosis and treatment. Identification of
symptoms and signs related to the diagnosis of MSCC is
critical, in order to determine the patients who should be
referred for imaging. Pain characteristics that better predict
MSCC include localisation in the upper or mid spine,
progressive discomfort, severity and aggravation by activities
that increase the pressure within the spinal canal. The pain

may be localized, mechanical and radicular pain. Localized
pain is the result of periosteal stretching and inflammation
caused by tumor growth. It is often nocturnal and could be
improved with activity and anti-inflammatory medications
(23). Mechanical pain is suggestive of impending or
established spinal instability, and typically occurs with
transitional movements, lying prone or supine. It is managed
with stabilization of the spine with bracing or surgical
fixation, whereas is often refractory to anti-inflammatory
medications (17, 24). Radicular pain may be developed due
to nerve root compression by the tumour or secondary to
vertebral collapse and, is usually followed by motor, and
sensory symptoms as well as bladder dysfunction. This
sequence of symptoms is probably related to the fact that
motor tracts may be functionally more sensitive to
compression of the cord than the sensory tracts (25).
Heaviness or clumsiness of limbs represent an early sign of
motor deficits whereas, sensory deficits include anaesthesia,
hyperaesthesia, or paraesthesia. Motor weakness may be
either upper or, lower motor neuron or even a combination
of both depending on the area of the cord involved (17). The
pattern of sensory impairment is determined by the
implicated spinal pathway. Involvement of the lateral
spinothalamic tract reduces pain and temperature perception
on the contralateral side of the body, but rarely results in
paresthesias. Overall, autonomic symptoms with bowel and
bladder dysfunction, loss of sweating below the lesion and
orthostatic hypotension, are associated with a poorer
prognosis. 

Treatment. Treatment for MSCC occurs once diagnosis is
confirmed ideally with an MRI. Pre-treatment ambulatory
status has consistently been shown to be the most important
factor in determining treatment response (20). Treatment
options include corticosteroids, surgical intervention, RT,
bisphosphonate therapy, and chemotherapy. The aim of the
implementation of steroids is the prevention of further
neurological decline, preservation of spinal stability, and
achievement of pain relief (22). In certain situations steroids
may directly decrease tumor size, which is the source of
compression. Following initiation of high-dose steroids,
patients are stratified for treatment with a combination of RT
with or without surgery, depending on factors such as
performance status, extent of visceral and skeletal disease,
inherent tumor radiosensitivity, treatment history,
neurological status and pain intensity (13). If there is
uncertainty regarding spinal stability, surgical spinal
stabilization should precede RT. Anticoagulation and
hyperbaric oxygen occasionally stabilize or even improve
symptoms, whereas bevacizumab has shown benefit
anecdotally (24). Table I depicts the reported in the literature
MSCC case series, including details of treatment, and its
associated complications, as well as outcomes.
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Table I. Case Series of patients with MSCC reported in the literature.

References and                 Study          Number of              Steroid                  RT regimen and/or               Findings                               Side 
date of publication             type               patients                regimen                  surgical procedure                                                            effects

Sorensen PS et al.     Retrospective           57          96 mg IV bolus then              28Gy in 4             59% in HDD group      Significant side-effects
(27), 1994                          study                             96 mg PO (24 mg QID)            fractions               were ambulatory vs.           in 7% of patients 
                                                                                   weaned over 14 days                                            33% in control group    (hypomania, psychosis, 
                                                                                                                                                                         at 6 months              perforate gastric ulcer 
                                                                                                                                                                posttreatment. (p=0.05)           and, systemic 
                                                                                                                                                                   30% in HDD group           infection equally)
                                                                                                                                                                  were ambulatory vs. 
                                                                                                                                                                  20% in control group                        
                                                                                                                                                                            at 1-year 
                                                                                                                                                                posttreatment. (p=0.40)
Heimdal K et al.          Prospective            56         100 mg IV bolus then            30Gy in 10                 No significant                 HDD group had
(29), 1992                          study                              96 mg IV (24 mg QID)             fractions               difference regarding       8 events in 7 patients 
                                                                               vs. 16 mg (4 mg IV QID)                                           ambulation rates                (4 serious GI)
                                                                                   weaned over 15 days                                                between groups.                LDD group had 
                                                                                                                                                                                                          3 events, (none serious)
Vecht CJ et al.            Retrospective           37             100 mg IV bolus               21-30 Gy in                No significant                  Not mentioned
(30), 1989                          study                                  vs. 10 mg IV bolus            7-10 fractions           difference regarding 
                                                                                     followed by 16 mg                                                ambulation, pain, 
                                                                                        (4 mg PO QID)                                                  or bladder function 
                                                                                                                                                                           after 24 h 
                                                                                                                                                                      between groups.
Wong ML, et al.        Retrospective           16                        Not                           Single-stage              The average pain               Dural tear and 
(35), 2014                          study                                         mentioned                    posterolateral            score was reduced            spinal cord injury 
                                                                                                                                 transpedicular         from severe (VAS 9)          could be potential
                                                                                                                               corpectomy and          to mild (VAS 3.6)                        risks
                                                                                                                                multisegmental               after surgery.
                                                                                                                                   stabilization               Improvement of 
                                                                                                                                                                neurological status

                                                                                                                                                                    in 90% of patients.                           
Watanabe N et al.      Retrospective          112                       Not                      Posterior surgical        84% of ambulatory                       Not
(41), 2016                          study                                         mentioned                       procedure                   before surgery                     mentioned
                                                                                                                                                                      patients retained                            
                                                                                                                                                                   ability to ambulate.                          
                                                                                                                                                                20% of nonambulatory
                                                                                                                                                                      before surgery 
                                                                                                                                                                  patients regained the
                                                                                                                                                                   ability to ambulate.
                                                                                                                                                                     Average survival 
                                                                                                                                                                   period of 12 months 
                                                                                                                                                                                  in both groups.
                                                                                                                                                                          No association between 
                                                                                                                                                                         postoperative ambulatory 
                                                                                                                                                                        status and Tokuhashi score 
                                                                                                                                                                         or type of primary tumor.                       
Greenberg HS              Prospective             83         100 mg IV bolus then           5 Gy*3 days,             64% experienced            Ruptured duodenal
et al. (74), 1980                study                                 96 mg (24 mg QID)          4 days rest then        substantial pain relief             ulcer in 1.2% 
                                                                                   weaned over 14 days            3 Gy*5 days             one day following                  of patients 
                                                                                                                                                                       steroid therapy.                 Hallucinations, 
                                                                                                                                                                10% had complete pain              insomnia, 
                                                                                                                                                                           relief following steroid      tremors, paresthesias, 
                                                                                                                                                                         therapy only.                         variably
Fadul CE                    Retrospective          226             100 mg weaned                        Not                                 Not                       HDD group had GI
et al. (75), 1998                study                                       over 21 days                     mentioned                      mentioned                 bleeding in 3.5% of 
                                                                                      vs. 16 mg weaned                                                                                             patients and GI 
                                                                                          over 21 days                                                                                             perforations in 2.7% 
                                                                                               versus                                                                                                           of patients. 

Table I. Continued



Corticosteroids. The initial modality is glucocorticoids.
Loading dose of intravenous dexamethasone is followed by
maintenance, administered either intravenously or orally.
There is consensus that combination of steroids with RT is

superior to RT alone (26). Corticosteroids reduce spinal cord
vasogenic edema, and the secondary complication of reduced
arterial flow and subsequent ischemia, infarction, and
irreversible injury (13). This effect significantly improves or
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Table I. Continued

References and                 Study          Number of              Steroid                  RT regimen and/or               Findings                               Side 
date of publication             type               patients                regimen                  surgical procedure                                                            effects

                                                                                                                                                                                                              LDD group had GI 
                                                                                                                                                                                                             bleeding in 1.9% of 
                                                                                                                                                                                                                 patients and GI 
                                                                                                                                                                                                            perforations in 2.8% 
                                                                                                                                                                                                                     of patients
                                                                                                                                                                                                                 Steroid therapy
                                                                                                                                                                                                            masked the symptom 
                                                                                                                                                                                                                   of peritonitis
Zaidat OO                    Prospective            139        100 mg IV bolus then      36 Gy plus 25 Gy       99% of ambulatory         Depression in 86.7%
et al. (76), 2002                study                                 96 mg (24 mg QID)        to each additional          before treatment              of nonambulatory 
                                                                                   weaned over 14 days          site for patients            patients retained         patients versus 8.3% of 
                                                                                                                                 with multiple           ability to ambulate.           ambulatory patients
                                                                                                                                    metastases           47% of nonambulatory       Pneumonia in 7.2% 
                                                                                                                                                                              at treatment patients                  of patients 
                                                                                                                                                                                    regained the                  Urosepsis in 2.2% 
                                                                                                                                                                              0% of patients with                   of patients 
                                                                                                                                                                                 bowel/bladder                 Decubitus ulcer in
                                                                                                                                                                                   dysfunction at                   0.7% of patients 
                                                                                                                                                                            treatment regained the                          
                                                                                                                                                                              ability to ambulate.                             
Savage P,                      Retrospective           127                         Not                                RT 62%            Patients who significantly                   Not
et al. (77), 2014                  study                                            mentioned                      Surgery 24%         benefited from treatment               mentioned
                                                                                                                                      Chemotherapy 2%       with an improvement 
                                                                                                                                                                    in their functional 
                                                                                                                                                                   score had a median 
                                                                                                                                                                 survival of 11 months
                                                                                                                                                                  Patients who had no 
                                                                                                                                                                  improvement in their 
                                                                                                                                                                 functional score had a 
                                                                                                                                                                  much shorter median 
                                                                                                                                                                survival at 3.5 months.                       
Mui WH,                    Retrospective          119                       Not                      Median delivered      Subsequent systemic                     Not
et al. (78), 2017                study                                         mentioned                    dose of 25 Gy       treatment, non-visceral              mentioned
                                                                                                                                 in 5 fractions               metastasis, and 
                                                                                                                                (range, 7 Gy in              primary lung or 
                                                                                                                                          2 fractions to              breast or prostate 
                                                                                                                                           40 Gy in 10                    cancer were 
                                                                                                                                        fractions (to the        associated with better 
                                                                                                                                 cauda equina))                  survival in 
                                                                                                                                                                  multivariate analysis.                         
Lee KA,                       Prospective            112                       Not                           10 Gy in a                    Primary RT                             Not
et al. (79), 2018           randomized                                   mentioned                   single fraction,                significantly                       mentioned
                                    phase III trial                                                                          vs. control                 improves QoL.
                                                                                                                                  fractionation            For certain patients 
                                                                                                                                      regimen                  with particularly 
                                                                                                                                 of 20 Gy in 5         poor life expectancies,
                                                                                                                                 daily fractions        single fraction schedule 
                                                                                                                                                                 should be considered.                        

MSCC: Malignant spinal cord compression; RT: radiotherapy; IV: intravenous; QID: quater in die; HDD: high-dose dexamethasone; GI:
gastrointestinal; LDD, low-dose dexamethasone; PO: per os; QoL: quality of life; VAS: visual analogue scale.



at least stabilizes neurological deficits while definitive
treatment is initiated. Rapid improvement of motor function
following initiation of steroids is a positive prognostic sign
as it is associated with further recovery of strength after
definitive treatment (27). Furthermore, they also provide
analgesia and have direct cytotoxic effects on lymphomas,
leukemias, melanomas, and even breast cancer (13, 24). 
Steroids are most effective when administered

immediately once the diagnosis of MSCC is confirmed,
ideally within 12-hours of symptom onset. Definitive therapy
with RT or surgery should be shortly implemented and
steroids promptly weaned to reduce the incidence of side
effects. This may increase the ambulatory capacity at 1-year
post treatment; nevertheless, there is no definitive effect on
survival. Side effects from steroids include hyperglycemia,
increased risk of infection, fluid retention, impaired wound
healing, steroid myopathy, hypomania, psychosis,
gastrointestinal hemorrhage, and perforated gastric ulcer
requiring surgery (24, 27, 28).
The initial dose and tapering schedule of steroids vary

significantly. Their implementation in the neoadjuvant
setting is based on the results of a single-blinded,
randomized study from 1994 (27). Fifty-seven patients with
MSCC were randomized to dexamethasone with a 96 mg
intravenous bolus followed by 24 mg orally every 6 hours
schedule with a taper over 10 days versus no dexamethasone.
All patients were treated with RT, with a total dose of 28 Gy
in seven daily fractions. The results showed that ambulatory
function at 1 year was significantly higher in the arm with
the steroids; nevertheless, median survival did not differ
between the two groups at 6 months. Furthermore, lower
doses of steroids for loading and maintenance have been
shown equally efficacious and better tolerated than high-
dose. Indeed, no differences in ambulation have been
described between a high-dose of 96 mg dexamethasone
loading dose, which was then tapered to zero over a 14-day
period and, a low-dose of 16 mg/day; though more serious
events were more common in the high-dose group (29).
Similarly, the report of a study in which therapy was initiated
with a low-dose of bolus 10 mg versus high-dose bolus of
100 mg, revealed undistinguished outcomes and improved
safety profile between study arms (30). Both groups received
daily dosage of 16 mg for a week thereafter, followed by RT
in 7-10 fractions of 3 Gy each. 
There is a debate in terms of the optimal duration of

steroid therapy, due to the fact that significant and
undesirable toxicity from steroids has been demonstrated
between 21 and 40 days following initiation (26). Steroids
are bound to serum albumin and therefore hypoalbuminemia
may lead to higher concentrations of free steroid molecules.
Indeed, data from case series have highlighted that patients
who did not suffer from steroid toxicity displayed unchanged
albumin levels before and after the treatment (26).

Surgery. Surgery is indicated in patients with MSCC, spinal
instability, or failed prior RT, with the prospect of
preservation of neurological function, pain control, and
mechanical stability of the weakened vertebral column (13,
28). It has been demonstrated that the level of preoperative
paralysis before surgery is the main determinant for
postoperative gait function (31, 32). Given the dismal
prognosis in many of MSCC patients, the decision for
surgery is often controversial. Surgical decompression
followed by RT preserved ambulation for a prolonged period
of time as compared to RT alone in the subset of less
radiosensitive tumor types (13, 20, 33). A meta-analysis
demonstrated regaining ambulatory function, and improved
pain control with a difference in 1-year survival of 41%
versus 24% in favor of surgery followed by RT versus RT
alone (34). However, patients who are not expected to
survive more than 3-6 months are not candidates for this
therapeutic management. Traditionally, patients with MSCC
were treated with laminectomy alone in order to achieve
decompression of neural elements (20). However, a
randomized non-blinded trial, has demonstrated superiority
of surgery plus RT over RT alone (18). Spinal stabilization
was performed in this trial, which might have contributed to
the better surgical results than laminectomy alone, as shown
in previous studies. Potential complications of surgery
include respiratory complications, thromboembolism, CSF
leak, wound infection, and deterioration of neurological
symptoms due to vasogenic edema (28). 
Determination of the most appropriate surgical approach

remains a challenge and, depends on the location of the
tumor within the vertebral body (13). Posterior
decompressive laminectomy, consisting of removal of the
posterior elements of the spinal column, was the treatment
of MSCC, prior to development of external-beam RT (20).
Anterior spinal decompression through transthoracic or
retroperitoneal approach permits direct removal of ventral
compressive tumours. Posterolateral approach often
sacrifices segmental nerve roots for the placement of cages.
In a retrospective study, ventral column was reconstructed
with expendable cages, resulting in restoration of vertebral
height (35). This technique endorsed preservation of all
nerve roots, thus making it suitable for the entire
thoracolumbar spine. The neurological status was improved
in 90% of patients in this series, and the pain due to spinal
metastases, was reduced significantly postoperatively.
Overall, laminectomy has demonstrated efficacy only in
cases of posterior cord compression. Several studies revealed
that vertebrectomy, through posterolateral, or anterior
approaches, is more beneficial for the improvement of both
ambulatory capacity and pain control than laminectomy (36).
On the other hand, local tumour extension in the thoracic or
peritoneal cavity affects the viability of the anterior
approach, and additional posterior stabilization may be
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required to reinforce the anterior construct. Advanced
techniques, are currently developed to provide optimal
decompression with limited RT damage to the spinal cord.
This is the case of the separation surgery, in which a portion
of the tumor is removed, so as to create a margin
surrounding the spinal cord for application of RT (33, 37). 
Prognostic scoring systems, have been developed in order

to predict patients’ overall survival and guide therapeutic
approach (13, 33). Tokuhashi scoring system, accounts for
factors associated with both the spine and the primary
tumour type and is used in clinical practice (38), to predict
survival of patients with spinal metastases. However,
primary cancer site may not always be known prior to
surgery, and thus, Tokuhashi score is not always applicable
for the determination of the feasibility of surgery. In a study
by Park et al., preoperative Tokuhashi score was
significantly associated with longer overall survival, but it
was not prognostic of postoperative ambulation (39). On the
other hand, Moon et al. demonstrated that the system was
neither a prognostic predictor for ambulatory function, nor
for survival (40). A retrospective analysis of MSCC patients
treated with surgery revealed that they should ideally be
operated before their American Spinal Injury Association
(ASIA) Impairment Scale grades falls below C (41).

Radiation therapy. QoL indicators at the end of life have
shown that aggressive cancer treatment could represent an
indicator of poor-quality care (42). With this regard,
palliative RT alone is a reasonable treatment of choice for
patients with an expected limited survival, probably of less
than 6 months, so as to avoid unnecessary surgical
procedures (7, 37, 43, 44). Pre-radiation neurological status
represents the most important predictive factor of outcome
(13, 45), following by Karnofsky score, type of primary
malignancy with focus on radiosensitivity, and systemic
tumor burden, as well as extent of anatomic compression of
the thecal sac, duration of motor deficits, and interval
between tumor diagnosis and the potential MSCC. Radiation
should be delivered both to the involved segment and one
uninvolved rostral and caudal vertebral body, in an effort to
maximize dose to the tumor bed and at the same time to
prevent further dissemination to other vertebral bodies (13). 
Overall, patients with shorter life expectancies are offered

higher doses of radiation in abbreviated courses, while those
with less extensive disease are managed with lower doses
over a prolonged period of time (20). Maranzano et al., have
conducted a prospective randomised study in poor prognosis
MSCC patients, defined as those having either unfavorable
histologies or favorable in the presence of motor or sphincter
dysfunction and/or low performance status (37). They
demonstrated that a split course of 30 Gy over 2 weeks, was
similar to short-course RT, in terms of pain control,
maintenance of ambulation, and preservation of bladder

function (13, 20, 37). Furthermore, Rades et al., investigated
MSCC patients treated by short-course RT and namely, one
dose of 8 Gy in 1 day, or five doses of 4 Gy in 1 week, versus
those who underwent long-course RT with available options
of 10 doses of 3 Gy in 2 weeks, 15 doses of 2.5 Gy in 3
weeks, and 20 doses of 2 Gy in 4 weeks (46). The observed
outcomes in terms of post-treatment ambulatory rates and
motor function improvements were similar between all
cohorts. As such, a single dose of 8 Gy in one fraction is a
reasonable approach of palliative treatment for the subset of
patients with a short life expectancy whereas, schedules such
as 30 Gy in 10 fractions to 40 Gy in 20 fractions, should be
used for those with expected long-term survival (33, 37).
Essentially, doses of 30-40 Gy in 10 fractions are enough to
provide durable disease control (33, 47). Similarly, a review
of 26 studies of phase II and III trials concluded that short-
course RT is administered to patients with MSCC and short
life expectancy (Tokuhashi score 0-8) whereas, long-course
RT to those with inoperable MSCC and expected long-term
survival (Tokuhashi score 9-15) (36). Otherwise, Sze et al.
found no difference in pain relief between single- and
multifraction RT (48). Finally, no difference in the primary
end-point was demonstrated by both SCORE-2 and the
SCORAD III RT schedules comparing a multifractionated
schedule with fewer or a single fraction (49, 50).
RT may be related to adverse effects including

gastrointestinal toxicity, mucositis, bone marrow suppression
and several subtypes of radiation-induced myelopathy. Acute
transient radiation myelopathy is the most common subtype
that presents 1-29 months after completion of RT and is
developed as a result of demyelination of the dorsal columns.
Clinical manifestations include Lhermitte’s sign in the
absence of neurological changes on examination, and
symptoms may resolve within weeks or even months (24).
Chronic progressive radiation myelopathy occurs 9-15
months following RT and has been reported in 1-5% of
patients who reach 1-year survival, presenting with
ascending weakness, and diminished sensation (19, 24).
Acute complete radiation myelopathy is related to radiation
induced vascular damage resulting in spinal cord infarction,
whereas lower motor neuron disease occurs due to anterior
horn cell damage (24).

Stereotactic body RT and stereotactic radiosurgery. The
recent technological advances in RT have enabled the
implementation of stereotactic body RT and SRS to patients
with malignancies. Stereotactic body RT typically involves
the delivery of one or a few large dose fractions of 8 to 
30 Gy per fraction under imaging guidance (13). The
radiation is conformed specifically to the shape of the tumor
(33, 51, 52). As such, it achieves the delivery of almost twice
the amount of radiation as conventional external beam
therapy, which is usually 30 Gy in 10 fractions (53). The
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primary indication for stereotactic body RT is painful spine
metastases as described in the largest report by Gerszten et
al., in which the achieved long-term tumor control and pain
improvement reached 90% and 86%, respectively (54).
Several other series demonstrated similar outcomes with both
satisfactory tumor control and pain relief (55-57). Stereotactic
body RT has been tested against conventional RT in the
setting of recurrence, which is particularly important since up
to 25% of patients develop recurrent spinal cord compression
after front-line RT (58). Furthermore, stereotactic body RT
may be implemented in radioresistant tumors (13). However,
the American Society for Radiation Oncology Guidelines
recommends that patients with poor performance status
should not be managed with Stereotactic body RT (51). 
Currently, there is low level of evidence for the superiority

of SRS over conventional fractionated radiation or
decompressive surgery (59). In a cohort of 62 patients with
MSCC, treated with a single fraction SRS of 14-20 Gy,
improvement of the neurological function was achieved in
81% of cases (60). 
Overall, SRS and stereotactic body RT of metastases in

the spine, are considerably safe with reported low risk of
grade 3 toxicity, including nausea, vomiting, diarrhea,
fatigue, trismus and pain (55, 56). Their implementation in
the treatment of MSCC is not clearly defined. 

Systemic therapy. There is lack of data on the effect of
systemic therapy on survival of MSCC patients treated with
palliative RT. Rades et al., reported a trend towards
improved local control, and significant higher survival rates
at 6 and 12 months, with the initiation of bisphosphonates in
univariate analysis (46). However, this could be attributed to
the fact that bisphosphonates, are effective in reducing the
risk of pathological fractures, relieving pain and reducing
malignancy associated hypercalcemia in cancers that produce
osteolytic metastases (61). 
Chemotherapy is considered for highly chemo-sensitive

tumors. However, in the majority of the patients, its role is
limited due to slow and unpredictable response of the tumor
and the urgent requirement of spinal cord decompression
(28, 61). Currently, there is strong evidence that targeted
therapy has prolonged the median survival of metastatic non-
small lung cancer patients (62). Indeed, tyrosine kinase
inhibitors have further improved the treatment response rates
and the median progressive-free survival of patients
harboring epidermal growth factor receptor or anaplastic
lymphoma kinase mutations (63, 64). Furthermore, advances
in understanding T-cell immune checkpoints and the immune
recognition in a wide range of malignancies as highly
immunogenic, helped to identify immunotherapies as
additional therapeutic tools (65-68). It is believed that MSCC
patients with dismal prognosis, and a reasonable for the
implementation of effective systemic therapy performance

status, would have higher likelihood of prolonged survival.
As such, local control is hugely important and, multi-Fr or
long-course RT is preferred (46, 69, 70). On the other hand,
patients included in Tokuhashi group 1, who lack capacity
for systemic treatment options, single-Fr treatment is a
reasonable approach.

Rehabilitation. Mechanism of injury and medical
comorbidities of MSCC may differ from traumatic injuries;
however, similar principles of neuro-rehabilitation can be
applied, that aim at pain relief, prevention of further
complications, enhancement of functional independence, and
improvement of QoL, and psychology (71). A meta-analysis
of 38 studies of MSCC paraplegic patients demonstrates one-
year survival rates ranging from 12 to 58%, with median
survival between 2.4 and 30 months (72). The optimal
rehabilitation service delivery, is affected by personal and
financial factors. In Ontario, inpatient rehabilitation represents
the largest short-term system cost driver in the traumatic
spinal cord injury. Non-traumatic spinal cord injury prevalence
is likely considerable, even though has not been reported (73). 
Clarification of the etiology of pain is crucial for the

determination of the therapeutic approach. Postural bracing
can be achieved through custom and commercial orthotics
and can accommodate all regions of the spine. The least
restrictive brace appropriate should be chosen in every
individualized case for the optimal stability and prevention of
further muscle weakness. Pain control may be achieved with
the use of steroids, non-steroidal anti-inflammatories, anti-
convulsants, tricyclic antidepressants and opioids. Potential
side-effects, should be managed appropriately. Physical
modalities such as heat, cold, ultrasound and electrical
stimulation may be included into pain management. However,
their application may promote increased blood flow, that
could be involved in disease dissemination (28). Spasticity
which is a common complication of upper motor neuron
lesions may be managed with passive stretching exercises,
stretching splints and medications including baclofen,
tizanidine and benzodiazepines. In terms of bladder
dysfunction, programs are established individually on the
basis of the findings of neurological examination, and
urodynamic studies. Intermittent catheterization or indwelling
catheters can be implemented for either upper or lower motor
neuron bladder patterns, whereas, anticholinergic agents are
a choice for patients with upper motor neuron patterns. With
regards to bowel dysfunction, stool softeners, oral stimulants
and contact irritants are indicated for upper motor neuron
bowel patterns whereas, for lower patterns oral bulk forming
agents and manual removal of stool can be offered.
Paraplegia, bowel and bladder dysfunction, as well as
malnutrition can increase risk for skin breakdown. Patients
should be educated about techniques for pressure relief, skin
hygiene and importance of nutrition (28). 
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Conclusion

MSCC represents an oncologic emergency and clinicians
should be aware of the potential long-term neurological
impact that requires urgent diagnosis and treatment. Due to
the heterogeneity of patients, the management of those
without a current cancer diagnosis who present primarily to
primary care with back pain is still challenging.
Steroid therapy is administered immediately after the

establishment of diagnosis, followed by definitive treatment;
nevertheless, there is no determined survival benefit.
Dexamethasone is the steroid agent of choice. Lower doses
have been associated with better tolerance than higher.
Steroids should be rapidly weaned to minimize the incidence
of side-effects. Patients who are found to have spinal
instability should be referred for surgical evaluation followed
by adjuvant RT. Those with poor performance status or not
surgical candidates should be evaluated for RT. A single-
fraction schedule is reasonable for patients with poor life
expectancies. The knowledge of rehabilitation principles and
practices to this patient population is also important.
Future research should be focused on the identification of

patients, disease, and treatment-related factors that result in
improved outcomes. A randomized controlled study design
is extremely demanding, due to multiple tumor types, and
the unique anatomy of each compressive mass.
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