
Epidural Metastases: The Limburg Spinal Metastasis Score
Predicting Survival in Patients Presenting With Spinal

Gonzaléz, Sander M.J. van Kuijk and Henk van Santbrink
Vincent J. Bulthuis, Valérie N.E. Schuermans, Paul C. Willems, Inez Curfs, Arlette A. Ramos

http://ijssurgery.com/content/17/4/547
https://doi.org/10.14444/8473doi: 

2023, 17 (4) 547-556Int J Spine Surg 

This information is current as of April 28, 2024.

Email Alerts
http://ijssurgery.com/alerts
Receive free email-alerts when new articles cite this article. Sign up at: 

© 2023 ISASS. All Rights Reserved. 
Aurora, IL 60504, Phone: +1-630-375-1432
2397 Waterbury Circle, Suite 1,
The International Journal of Spine Surgery

 by guest on April 28, 2024http://ijssurgery.com/Downloaded from  by guest on April 28, 2024http://ijssurgery.com/Downloaded from 

https://doi.org/10.14444/8473
http://ijssurgery.com/content/17/4/547
http://jpm.iijournals.com/alerts
http://ijssurgery.com/
http://ijssurgery.com/


International Journal of Spine Surgery, Vol. 17, No. 4, 2023, pp. 547–556
https:// doi. org/ 10. 14444/ 8473
© International Society for the Advancement of Spine Surgery

Predicting Survival in Patients Presenting With 
Spinal Epidural Metastases: The Limburg Spinal 

Metastasis Score
VINCENT J. BULTHUIS, MD1,2,3; VALÉRIE N.E. SCHUERMANS, MD2,4; PAUL C. WILLEMS, MD, PʜD3,4; 

INEZ CURFS, MD, PʜD5; ARLETTE A. RAMOS GONZALÉZ, MD3; SANDER M.J. VAN KUIJK, MD, PʜD6; AND 
HENK VAN SANTBRINK, MD, PʜD1,2,4

1Department of Neurosurgery, Maastricht University Medical Center, Maastricht, Netherlands; 2Department of Neurosurgery, Zuyderland Medical Center, Heerlen, 
Netherlands; 3Department of Orthopedic Surgery, Maastricht University Medical Center, Maastricht, Netherlands; 4CAPHRI Care and Public Health Research 

Institute, Maastricht University, Maastricht, Netherlands; 5Department of Orthopedic Surgery, Zuyderland Medical Center, Heerlen, Netherlands; 6Department of 
Clinical Epidemiology and Medical Technology (KEMTA), Maastricht University Medical Center, Maastricht, Netherlands

ABSTRACT
Background: Patients with spinal epidural metastases (SEM) often experience a reduction in ambulatory status and, 

thus, the quality of life. Predicting which patients will benefit from a surgical intervention remains a challenge. Life expectancy 
is an essential factor to be considered in surgical decision- making, although not the only one. Prediction models can add value 
in surgical decision- making. The goal of this study was to develop and internally validate a novel model (Limburg spinal 
metastases score [LSMS]) and compare the predictive value with 2 commonly used models: modified Bauer score and Oswestry 
Spinal Risk Index (OSRI).

Methods: We retrospectively analyzed 144 consecutive patients who underwent surgical decompression for SEM in our 
centers between November 2006 and December 2020. Clinical and surgical parameters were evaluated. The novel prediction 
model was based on multivariate analysis and was internally validated. External validation of the 2 most commonly used 
prediction models was performed.

Results: The median survival was 17 months, 55.7% of the immobile patients regained ambulation postoperatively. In 50 
patients (34.7%), at least 1 complication occurred within 30 days after surgery. The LSMS consists of 4 parameters: primary 
tumor type, Karnofsky performance score, presence of visceral metastases, and presence of multiple spinal metastases. Bootstrap 
internal validation of the model developed on this cohort yielded an optimism- corrected c- statistic of 0.75 (95% CI: 0.71–0.80). 
The c- statistic of the OSRI score and the Bauer score was 0.69 (95% CI: 0.64–0.74) and 0.67 (95% CI: 0.62–0.72), respectively.

Conclusion: The LSMS consists of 4 parameters to assist surgical decision- making for patients with SEM. The score is 
easy to use and appears more accurate in our population in comparison with previous existing models.

Clinical Relevance: A novel prediction model was developed to aid in surgical decision- making for patients with spinal 
epidural metastases.

Level of Evidence: 3.

Tumor
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INTRODUCTION

Spinal epidural metastases (SEM) occur in about 5% 
to 10% of cancer patients. The most common primary 
tumors originate from breast, prostate, and lung.1,2 
Patients with SEM generally present with axial pain, 
radiculopathy, and/or neurological deficit due to spinal 
cord compression. These complaints lead to a reduced 
ambulatory status and, thus, to a reduced quality of 
life.3–5 Considering that these patients are in the last 
stage of their lives, quality of life is of utmost impor-
tance. The main goal of surgery in this palliative setting 
is to maintain neurological function and ambulatory 
self- sufficiency. It remains difficult to predict whether 

the morbidity and associated complications outweigh 
the benefits of surgery. Adequate prediction of survival 
is, therefore, essential in surgical decision- making.

Patchell et al6 showed that selected patients with 
axial or neurological pain, or (impending) neurological 
deficit, who underwent direct surgical decompression 
and stabilization of the SEM followed by radiotherapy 
showed superior results in ambulatory status compared 
with patients who received radiotherapy alone. More-
over, they showed that quality of life improved signifi-
cantly in surgically treated patients.7,8

Unfortunately, the perioperative complication rate 
and associated morbidity of these procedures are high, 
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with major complication rates varying from 13% to 
27%.9–11 The occurrence of complications does not only 
negatively affect the quality of life but also impedes 
adjuvant treatment, which in turn affects survival.11

Identifying factors to predict survival can help to 
select patients who will truly benefit from a surgical 
intervention.12 Factors such as the extent of the disease, 
tumor histology, and general physical condition of the 
patient could be relevant in choosing the appropriate 
treatment strategy in order to avoid over- or undertreat-
ment.13

Several prediction models have been developed to 
assess whether an individual patient is a good candidate 
for surgery. Outcomes are based on improvement in 
quality of life in correlation with treatment burden.13–21 
Two models are commonly used: the Oswestry Spinal 
Risk Index (OSRI)14 and the modified Bauer score.22 
These prediction models have been internally and exter-
nally validated.23–28 However, results of those external 
validation efforts are inconsistent.29

The goal of this study was to develop and internally 
validate a novel model to optimize surgical decision- 
making in our population and to externally validate the 
OSRI and modified Bauer score models in our center. 
The Limburg spinal metastasis score (LSMS) will 
predict survival in patients with SEM in whom surgical 
intervention is considered.

METHODS

A retrospective cohort study was conducted at 2 
tertiary referral centers. Both institutional review 
boards approved this study (Medical Ethical Commit-
tee [METC) 2018–0602 and Z2021079). Patients were 
identified based on surgical coding in the hospital’s 
database. Patients who underwent surgery for SEM 
between November 2006 and December 2020 were 
included. Electronic medical records of all patients who 
underwent surgery for SEM between November 2006 
and December 2020 were retrospectively evaluated for 
eligibility. Patients were eligible for inclusion when 
having a surgically treated SEM. Imaging was available 
for all patients and assessed by a radiologist. All patients 
had histologically confirmed metastases. Patients with 
any other pathology than SEMs were not considered 
eligible. Patients were excluded if insufficient data were 
available. Medical records and the municipal personal 
records database were consulted to obtain information 
regarding death. Demographical, clinical, surgical, and 
oncological characteristics, as well as imaging data, 
surgical details, and pathology results were collected.

Variables

Neurological status was categorized using the 
Frankel Scale and divided into 3 groups: major deficit 
(grade A, B, and C), minor deficit (grade D), and no 
deficit (grade E). The general condition was scored with 
the Karnofsky performance score (KPS). The KPS was 
divided into 3 groups: poor (≤40), moderate (50–70), 
and good (80–100). Both the Frankel score and KPS 
were retrieved based on the clinical condition of the 
patient as recorded in the medical records at the time of 
consultation or admission.

For statistical purposes, tumors were divided into 
3 groups as suggested by Tomita16: (1) slow growth: 
breast, thyroid, prostatic, and testicular cancer; (2) 
moderate growth: renal, uterine, and ovarian cancer; (3) 
rapid growth: lung, gastric, esophageal, nasopharyn-
geal, hepatocellular, colorectal, and pancreatic cancer. 
According to the analysis by Balain et al,14 multiple 
myeloma and lymphoma were considered as slow- 
growing tumors and assigned to group 1, and tumors 
of unknown origin were considered as fast- growing 
tumors and assigned to group 3.

Spinal instability was assessed using the spinal insta-
bility neoplastic score (SINS).30 The score was catego-
rized into: stable (0–6), potentially unstable (7–12), and 
unstable (13–18).

Complications within 30 days after surgery were 
graded according to the Clavien- Dindo classification.31 
Based on this classification, complications were labeled 
as minor (grade I and II) or major (grade III, IV, and V), 
distinguishing between those with minor complications, 
who were treated with conservative or pharmaceutical 
treatment (including blood transfusions and parenteral 
nutrition), and those with major complications, which 
ranged from requiring surgical treatment to death.

Statistical Methods

Baseline characteristics of the cohort were described 
as median with range and mean with SD for continu-
ous variables and absolute number and percentage for 
categorical variables. We calculated the median fol-
low- up time and median survival, both supplemented 
by 95% confidence intervals. Survival of the cohort was 
described using Kaplan- Meier estimates.

Development of the Novel Prediction Model

Univariable and multivariable Cox proportional hazards 
regression were used to test the association between the 
predictor variables and survival. For multivariable analy-
sis, we used stepwise backward elimination to eliminate 
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variables that were not statistically significant using the 
Wald test to arrive at a more parsimonious model. The 
resulting model was internally validated using bootstrap 
methods to estimate optimism- corrected measures of 
model performance (ie, estimates of how well the model 
would perform on new patients not used to develop the 
model). The proportional hazards assumption was eval-
uated by computing the scaled Schoenfeld residuals and 
testing their association with time.

Performance of the model was quantified as the 
model’s discriminative ability using Harrell’s concor-
dance statistic or c- statistic. The c- statistic can range 
between 0.5 (indicating no discriminative ability at all) 
and 1.0 (indicating perfect discriminative ability) and can 
be interpreted as the proportion of pairs from the dataset 
in which the patient with the highest predicted survival 
probability lives the longest.32 Measures of performance 
were adjusted for optimism, which was estimated by 
internal validation using bootstrap resampling, with 1000 
bootstraps.

All analyses were performed in R version 3.6.1, and a 
P value of ≤0.05 was considered to indicate statistical sig-
nificance.

External Validation of Existing Prediction Models

Scores were individually calculated for each patient on 
the OSRI14 and the modified Bauer score.22 An overview 
of these models is shown in Supplemental Tables 1 and 2. 
In accordance with the original study by Balain et al, the 
patients with scores of 2 and 3 and those with scores of 
4 and 5 were combined into single classes for the OSRI 
score. Performance parameters were computed similar to 
those described for our novel model.

RESULTS

General Results

A total of 144 consecutive patients underwent surgi-
cal decompression and stabilization for an SEM between 
November 2006 and December 2020. The median fol-
low- up time was 14.5 months (range 0–176). Fifty- eight 
percent of the cohort was men (n = 84). The mean age at 
the time of surgery was 62.7 years (range 28–83). Preoper-
atively, 31 patients (21.5%) were in a good physical health 
(KPS 80–100), 80 (55.2%) in moderate condition (KPS 
50–70), and 35 (22.9%) patients in poor condition (KPS 
30–40). No significant differences in baseline characteris-
tics were observed. All demographic and clinical variables 
are displayed in Table 1.

Oncological Characteristics

The most common primary tumor type was breast 
cancer (n = 28, 19.4%), followed by nonsmall cell lung 

Table 1. Demographic and clinical characteristics (N = 144).

Demographics and Baseline Characteristics n (%)

Age, y, mean (range) 62.7 (28–83)
Men 84 (58%)
ASA score
  ASA 1 8 (5.6)
  ASA 2 69 (47.9)
  ASA 3 64 (44.4)
  ASA 4 3 (2.1)
BMI
  <18.5 (Underweight) 3 (2.1)
  18.5–24.9 (Normal weight) 37 (25.7)
  25–29.9 (Overweight) 41 (28.5)
  30–34.9 (Obese) 7 (4.9)
  >35 (Extremely obese) 3 (2.1)
  Missing 53 (36.8)
Frankel grade (preoperative)
  A/B/C 49 (34.0)
  D 53 (36.8)
  E 42 (29.2)
Ambulatory status (preoperative)
  Intact 83 (57.6)
  Impaired 61 (42.4)
Karnofsky performance score (preoperative)
  Poor to moderate (0–70) 62 (56.9)
  Good (70–100) 82 (43.1)
Spinal instability neoplastic score
  Stable (1–6) 10 (6.9)
  Potentially unstable (7–12) 86 (59.7)
  Unstable (13–18) 48 (33.3)
Oncological characteristics Number (%)
Primary tumor site
  Breast 28 (19.4)
  Lung (nonsmall cell) 26 (18.1)
  Multiple myeloma 19 (13.2)
  Prostate 18 (12.5)
  Renal 17 (11.8)
  Unknown primary 7 (4.9)
  Colon 3 (2.1)
  Rectum 3 (2.1)
  B- cell lymphoma (non- Hodgkin) 3 (2.1)
  Lung (small cell) 3 (2.1)
  Gastrointestinal 2 (1.4)
  Oropharynx 2 (1.4)
  Testis 1 (0.7)
  Neuroendocrine (lung) 1 (0.7)
  Melanoma 1 (0.7)
  Bladder 1 (0.7)
  Esophageal 1 (0.7)
  Cholangiocarcinoma 1 (0.7)
  Missing 7 (4.9)
Spinal metastasis region
  Cervical 17 (11.8)
  Cervicothoracic junction 2 (1.4)
  Thoracic 102 (70.8)
  Thoracolumbar junction 9 (6.3)
  Lumbar 11 (7.6)
  Diffuse 3 (2.1)
Solitary spinal metastases present 70 (48.6)
Extraspinal bone metastases present 66 (45.8)
Visceral metastases present 49 (34.0)
Cerebral metastases present 14 (9.7)
Previous radiotherapy on surgical lesion 14 (9.7)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.
Note: Data presented as n (%) unless otherwise noted.
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cancer (n = 26, 18.1%) and multiple myeloma (n = 19, 
13.2%) (Table 1).

Surgical Characteristics

The main clinical surgical indications were neuro-
logical deficit in 96 patients (66.7%) and pain (radic-
ular or axial) in 45 patients (31.2%). Decompression 
by laminectomy and partial corpectomy with stabili-
zation by pedicle screw fixation and anterior support 
with cage was performed in 70 patients (48.6%), 
decompression by laminectomy with pedicle screw 
fixation in 63 patients (43.8%), decompression by 
laminectomy alone in 5 patients (3.5%), and stabi-
lization by pedicle screw fixation alone in 6 patients 
(4.2%). The median duration of surgery for decom-
pression with laminectomy and partial corpectomy 
with stabilization was 267 minutes (SD ±88) and for 
laminectomy with stabilization 210 minutes (SD ±60) 
(Supplemental Table 3).

The median time between the indication for surgery 
and the actual operation was 72 hours (4–320). The 
median score of the SINS was 11 (5–18). Eighty- 
six patients (59.7%) were classified as potentially 
unstable, 48 (33.3%) as unstable, and in 10 patients, 
the spine was considered stable (6.9%) (Table 1). In 
patients with multiple myeloma (n = 19), the indi-
cation for surgery was instability in 8 patients, with 
a median SINS of 12.3 (9–15). In the remaining 11 
patients, the indication was impending neurological 
deficit.

Neurological Characteristics

Preoperatively, 42 patients (29.2%) had no neuro-
logical deficit (Frankel E), 53 (36.8%) had a minor 
motor or sensory deficit (Frankel D), and 49 patients 
(34.0%) had a major motor or sensory neurological 
deficit (Frankel A/B/C). Postoperatively, 26 patients 
out of 49 (53.1%) improved from Frankel A/B/C 
to Frankel D (n= 22) or E (n = 4). Seven patients 
improved from Frankel D to Frankel E.

Eight patients with a Frankel E or D score showed a 
decline in neurological function postoperatively (5.6%): 6 
patients worsened from Frankel D or E to Frankel grade 
A/B/C, and 2 patients went from Frankel E to D. Ninety 
patients remained stable in either group A/B/C, D, or E. 
Total numbers are depicted in Supplemental Table 4.

Ambulatory Status

Preoperatively, 83 patients (57.6%) were ambu-
lant, and 61 patients (42.4%) were nonambulant. This 

improved to 110 patients (76.4%) who were ambu-
lant postoperatively, and 34 who were nonambulant 
(23.6%). A total of 7 patients lost ambulatory func-
tion from preoperative to postoperative. Patients who 
were bedridden postoperatively had a significantly 
poorer survival outcome compared with patients who 
could mobilize with a median survival of, respec-
tively, 5 vs 18 months (P < 0.0001).

Complications

A total of 55 complications occurred (38.2%). Twenty- 
two complications were classified as major (15.3%) and 
33 complications as minor (22.9%). The most frequent 
postoperative complications were: deep wound infection, 
urinary tract infections, and pneumonia. In 50 patients 
(34.7%), at least 1 complication occurred within 30 days 
after surgery (Supplemental Table 5). Of those patients, 14 
patients had 2 or more complications. In a total of 16 cases 
(11.1%), a reoperation was needed. Two patients died as 
a result of a deep wound infection, causing a systemic 
inflammatory response (1.4%).

Survival

Median survival time was 17 months after surgery (95% 
CI 11–22 months). Figure 1 shows the Kaplan- Meier 
curve of our study cohort, with 95% confidence band. The 

Figure 1. The Kaplan- Meier curve for the whole cohort, with 95% confidence 
band and median.
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probability of dying within 3 months after surgery was 
22.2% (95% CI: 16.3–29.9).

Validation Prediction Models

Internal Prediction Model

Univariable analysis shows significant influence on 
survival of the following preoperative factors: American 
Society of Anesthesiologists classification, preoperative 
Frankel score, preoperative KPS, number of spinal metas-
tases, presence of extraspinal bone metastasis, presence of 
visceral metastasis, and primary tumor growth rate (Sup-
plemental Table 6).

After multivariable analysis, primary tumor growth 
rate, KPS, presence of visceral metastasis, and presence 
of multiple spinal metastasis appeared to be indepen-
dent predictors of decreased survival (Table 2). The 
scaled Schoenfeld residuals did not show any associ-
ations with follow- up time, indicating no evidence of 
violation of the proportional hazard assumption.

Bootstrap internal validation of the model developed 
on this cohort yielded an optimism- corrected c- statistic 
of 0.75 (95% CI: 0.71–0.80). Figure 2 shows a Kaplan- 
Meier curve stratified by groups based on risk terciles.

To accommodate easy use of the model, we simpli-
fied the regression coefficients by rounding them to the 
nearest integer (Table 3). This easy- to- use risk score 
still has a similar optimism- corrected c- statistic of 0.75. 
Figure 3 shows a Kaplan- Meier curve stratified by the 
number of points on the simplified risk score. Table 3 
displays the predicted probability of survival based on 
the cumulative risk score at 3, 6, 9, and 12 months.

Oswestry Spinal Risk Index

The OSRI score considers primary tumor growth and 
KPS to estimate survival (Supplemental Table 1). The 
median OSRI score in our population was 3, ranging 
from 1 to 7. As suggested by the authors of the origi-
nal article,14 the OSRI score was categorized into risk 
groups (ie, OSRI 1, 2/3, 4/5, and 6/7). The number of 
patients in each group was 20 (13.9%), 65 (45.1%), 35 

(24.3%), and 23 (16.1%), for OSRI 1, 2/3, 4/5, or 6/7, 
respectively. The discriminative ability of the OSRI risk 
groups, quantified as the c- statistic, was 0.69 (95% CI: 
0.64–0.74). Supplemental Figure 1 shows the Kaplan- 
Meier curve stratified by risk group and the number of 
patients at risk each year. Additionally, due to the small 
number of patients for each group, we dichotomized the 
OSRI score into 1 to 3 and 4 to 7. Supplemental Figure 
2 shows the Kaplan- Meier curve for the dichotomized 
OSRI score. The c- statistic of the dichotomized score 
was 0.67 (95% CI: 0.62–0.71).

Modified Bauer Score

The modified Bauer score uses the presence of vis-
ceral metastases, lung cancer, solitary skeletal metas-
tases, and the primary tumor, originating from breast, 
kidney, lymphoma, or multiple myeloma to predict sur-
vival (Supplemental Table 2). The median score of our 
population using the model by Bauer et al was 2 points, 

Table 2. Multivariable Cox regression analysis on the association between predictor variables and decreased survival.

Variable Hazard Ratio 95% CI P Value Regression Coefficient Risk Scorea

Karnofsky performance status (<70) 1.53 1.03–2.28 0.035 0.43 1
Presence of multiple spinal metastasis 2.02 1.35–3.03 <0.001 0.70 1
Presence of visceral metastasis 1.77 1.16–2.70 0.008 0.57 1
Primary tumor growth (Tomita Scale) <0.001
  Slow Reference 0
  Moderate 2.31 1.30–4.09 0.004 0.84 1
  Fast 4.16 2.57–6.73 <0.001 1.43 2

aRisk scores are based on rounding the regression coefficient up to the nearest integer.

Figure 2. The Kaplan- Meier curve stratified by groups based on risk terciles 
of the newly developed model.
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ranging from 0 to 4. The Bauer score was stratified into 
risk scores, the number of patients in each group was 
36 (25.0%), 46 (31.9%), and 62 (43.1%) for a Bauer 
score of 0/1, 2, and 3/4, respectively. The c- statistic for 
the model by Bauer et al, categorized into risk scores, 
was 0.67 (95% CI: 0.62–0.72). The Kaplan- Meier curve 
stratified by risk score is shown in Supplemental Figure 
3.

Limburg Spinal Metastasis Score

Based on the data obtained from our population, 
a prediction model was developed, the LSMS. This 
model contains 4 variables: primary tumor type, 
KPS, presence of visceral metastases, and presence 
of multiple spinal metastases. All of these can easily 
be obtained in routine investigations, which are 

commonly done in patients presenting with spinal 
metastases. A score of 0, 1, or 2 is designated to the 
different variables. The cumulative score ranges from 
0 (most favorable survival outcome) to 5 (most unfa-
vorable survival outcome). Internal validation of this 
model showed a good predictive value.

DISCUSSION

The landmark study by Patchell et al revealed that 
surgical treatment of SEM followed by radiotherapy 
improves ambulatory status in comparison with radio-
therapy alone, in carefully selected patients.6 Based 
on their study, it is generally accepted that patients 
with a poor prognosis (<3 months) can be treated pal-
liatively without surgery, while those with a good- 
to- moderate prognosis (>3 months) can benefit from 
surgery.33,34 However, the prediction of survival in 
these patients is difficult.35 Many prediction models 
have been developed to assist in decision- making, 
but none are consistently reliable in the survival pre-
diction of oncologic patients.29 In the present study, 
a survival analysis was performed. Subsequently, a 
prediction model was developed, the LSMS, which 
was compared with the results of 2 commonly used 
prediction models.

In our population, tumor growth rate, the KPS, 
presence of visceral metastases, and presence of mul-
tiple spinal metastases were independent predictors 
of survival. The primary tumor pathology is a key 
variable present in all models evaluated in this study 
as well in other prediction models.16,17,19,21,36 Several 
studies have shown the significance of the presence 
of multiple spine metastasis and visceral metastases 
on survival.36–40 A recent systematic review of prog-
nostic factors for survival in SEM patients showed an 
association with these 2 variables; however, the level 
of evidence was considered inconclusive.41

The use of Karnofsky performance status as a predic-
tor of survival is common in patients with spinal meta-
static disease.41,42 As our multivariate analysis showed, 
the KPS was associated with survival. Interestingly, 

Table 3. Cumulative risk score predicting the survival probability.

Risk Score

Survival Probability (95% CI)

3 mo 6 mo 9 mo 12 mo

0 1 1 1 1
1 0.87 (0.68–0.95) 0.80 (0.61–0.95) 0.80 (0.61–0.91) 0.80 (0.61–0.91)
2 0.90 (0.71–0.97) 0.86 (0.67–0.95) 0.83 (0.64–0.93) 0.80 (0.60–0.90)
3 0.74 (0.55–0.85) 0.56 (0.38–0.71) 0.38 (0.22–0.54) 0.32 (0.22–0.54)
4 0.58 (0.33–0.76) 0.37 (0.17–0.58) 0.32 (0.13–0.52) 0.26 (0.10–0.47)
5 0.38 (0.14–0.63) 0.15 (0.02–0.39) 0.08 (0.01–0.30) 0.08 (0.01–0.30)

Figure 3. The Kaplan- Meier curve stratified by the number of points on the 
simplified risk score.
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while performance status is used in several prediction 
models,14,19,25 other models did not include this variable 
in their model.16,22 Differences in study population, 
statistical analysis, or definition of variables may have 
contributed to these conflicting findings.

External validation of 2 established prediction 
models was performed. The c- statistic of the OSRI 
score was 0.69 (95% CI: 0.64–0.74) with 0.67 (95% 
CI: 0.62–0.71) for the dichotomized variant. For the 
modified Bauer model, the c- statistic score was 0.67 
(95% CI: 0.62–0.72). Kramer et al performed an 
external validation of several risk scores; they found 
the modified Bauer and OSRI to be the most accu-
rate predictors of life expectancy in their population, 
with a c- statistic of 0.66 and 0.70.43 These findings 
are comparable with those found in our population 
for these risk scores. The c- statistic of 0.75 of the 
LSMS thus appears to be very accurate in predicting 
life expectancy in our population.

It is important to note that the evaluated predic-
tion models are based on different subgroups. Our 
internal model and the modified Bauer score are 
based on patients who were selected for surgery, 
and the OSRI is based on patients treated either sur-
gically, possibly in combination with radiotherapy, 
or with radiotherapy alone. Therefore, we suggest 
that our model can be applied for patients who are 
considered to be surgical candidates. The OSRI 
model can be used in all patients with SEM.

The New England spinal metastasis score15,44,45 
is a relatively new score, taking into account serum 
albumin as a predictor of survival. Since measuring 
serum albumin preoperatively is not a standard of 
care in our center, we could not compare the New 
England spinal metastasis score with the LSMS in 
our population. However, it could be argued that the 
proposed LSMS is more accessible as no additional 
laboratory measurements are required.

In 2019, Choi et al46 published a risk calculator to 
predict survival in patients with SEM. This predic-
tion model included the primary tumor, ambulatory 
status, the presence of visceral metastasis, and the 
use of analgesics. Internal and external validation 
were performed. The obtained c- statistic was 0.68. 
It is a well- funded model, based on a large prospec-
tive cohort. However, the number of variables that 
need to be included is large, thereby decreasing the 
practical use. In addition, the statistic value is infe-
rior to the model presented in this study.

In our cohort, 55.7% of the immobile patients 
regained their mobility postoperatively, which 

is similar to the results of Patchell (62.0%)6 and 
other studies, with rates ranging from 64.0% to 
68.0%.3,47,48 The percentage of patients who regain 
ambulation after radiotherapy alone is estimated 
to be 14.0% to 40.0%.49 In another study, surgical 
patients were 1.3 times more likely to be ambulant 
after treatment and twice as likely to regain ambu-
lation.50

This study includes multiple myeloma patients, 
but it could be argued they should be excluded 
because of their radiosensitive nature and longer 
overall survival.6 However, as this study specifically 
included patients with SEM and a surgical indica-
tion due to neurological impairment or instability, 
we deemed it relevant to include this group.51 More-
over, the publication by Leithner et al22 showed the 
difference in predicted survival, according to dif-
ferent scoring systems, to be equal when including 
or excluding multiple myeloma patients.

Despite not being included in the study by Patch-
ell, surgery for metastatic disease of the lumbar spine 
with epidural compression is indicated in patients with 
neurological symptoms, pain, and/or instability.3 In 
our cohort, 11 patients with lumbar metastatic epidural 
compression were evaluated. The indication was insta-
bility in 5 patients (median SINS 11) and neurological 
symptoms in 6 patients.

The overall 30- day postoperative complication rate 
in the present study was 38.2%, with major complica-
tions in 15.3% of the patients. In the literature, similar 
numbers (13%–27%) are presented.9,11,52,53

This study has several limitations, including its ret-
rospective nature. Furthermore, only surgically treated 
patients were evaluated; patients who were deemed 
unfit for surgery were not included for analysis. In 
addition, inclusion started in 2006. Oncologic treat-
ment, immunotherapy especially, has evolved in recent 
decades with a significant impact on survival. However, 
the initial data collection was conducted until 2017, 
and later data collection was completed until 2020. 
The addition of data from patients treated in the last 
years did not significantly alter the outcomes. There-
fore, we believe our findings are representative and are 
not altered too much by the inclusion of older data. It 
should be noted that the LSMS estimates 100% 1- year 
survival in those with a score of 0, this may differ in 
practice. The estimated survival rate is close in those 
with an LSMS score of 1 or 2. This can be explained 
by the low number of deaths in these groups, indicated 
by the wide 95% confidence intervals. It might thus be 
difficult to differentiate the survival probability in those 
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with a score of 1 or 2. However, the predicted survival 
probability is more evident in those with an LSMS 
score higher than 2. Moreover, the proposed LSMS is 
not externally validated to determine its value in other 
patient populations.

Needless to say, prediction of survival is not the 
only measure to determine whether a patient is a suit-
able candidate for surgery. Specific patient factors and 
patient and/or family preferences must also be consid-
ered in the decision- making process.

CONCLUSION

Predicting in which patients with SEM the benefits 
of surgery will outweigh the morbidity is a challenge. 
Survival prediction models can assist in the surgical 
decision- making process. Based on the survival anal-
ysis of our cohort, we developed the LSMS to aid in 
predicting the oncological prognosis of surgical can-
didates. The prediction model is practical in use and 
appears to have a better predictive value in surgical can-
didates in comparison with previous models.
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