
 

CLINICAL ONCOLOGY AND RESEARCH | ISSN 2613-4942 
 

  

 

Available online at www.sciencerepository.org 

 

Science Repository 

 

 

 

 

 

*Correspondence to: Sanli I, M.D., Department of Orthopaedic Surgery, Maastricht University Medical Centre+, P. Debyelaan 25, PO Box 5800, 6202, AZ 

Maastricht, The Netherlands; Tel: 31433876900; E-mail: ilknursanli@hotmail.com 

© 2020 Sanli I. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original author and source are credited. Hosting by Science Repository. 

http://dx.doi.org/10.31487/j.COR.2020.02.05 

Research Article 

Prognostication of Patients with Spinal Bone Metastases (SBM): External 

Validation Study Comparing the Utility of Two Current Prediction Models 

Sanli I1*, Terhaag K2, van Kuijk SMJ3, van Baardwijk A2, van Limbergen EJ2 and Willems PC1 

1Department of Orthopaedic Surgery, Maastricht University Medical Centre+, Maastricht, Netherlands 
2Department of Radiation Oncology (MAASTRO Clinic), GROW School for Oncology and Developmental Biology, Maastricht University Medical 

Centre+, Maastricht, Netherlands 
3Department of Clinical Epidemiology and Medical Technology Assessment, Maastricht University Medical Centre+, Maastricht, Netherlands 

A R T I C L E  I N F O 

Article history: 

Received: 31 January, 2020 

Accepted: 15 February, 2020 

Published: 28 February, 2020 

Keywords: 

Spinal bone metastases 

prognostication survival 

prediction models 

external validation 

 

 
A B S T R A C T 

Purpose: A majority of developed prediction models for SBM are not used in clinical practice, where there 

is lack of external validation studies describing their performance on independent patient data. 

Methods: Primary aim was to externally validate two prediction models and to demonstrate whether these 

can be generalized for patients treated in different centers. Secondary aim was to identify additional 

prognostic factors predicting survival in patients with SBM. 

Results: Our results show modest predictive capacity for patients with symptomatic SBM in daily clinical 

practice by use of the existing two prediction models Van der Linden and Bollen. A slightly better 

performance in discrimination and calibration is found for the Bollen model with a C-statistic of 0.67 (95% 

CI: 0.63 –0.71) based on the validation dataset (95% CI: 0.65 –0.73) in contrast to Van der Linden with a 

C-statistic of 0.65 (95% CI: 0.60–0.71). Impact of brain or visceral metastases was significantly associated 

with survival, with a Hazard Ratio (HR) of 3.8 and 1.34 respectively. For breast cancer patients with SBM, 

hormone receptor status was of importance for prognostication (C-statistic of 0.67). 

Conclusion: With this first external validation study, we found modest predictive capacity for the prediction 

models by van der Linden and Bollen, with a slightly better performance for the Bollen model. Predictive 

impact of overall visceral and brainmetastases should not be underestimated. Breast tumor subtypes based 

on immunohistochemistry markers, seem to be of importance for the prognostication of breast cancer 

patients with SBM. 

 

                                                                                              © 2020 Sanli I. Hosting by Science Repository.  

Introduction 

 

Due to improvements in systemic treatment of primary tumors, the 

overall survival for patients suffering from metastatic cancer is rising, 

resulting in a prolonged palliative phase [1, 2]. During the course of 

cancer, the incidence of spinal metastases varies up to 70% [3]. In more 

than 50%, the primary tumor for spinal metastases origins from breast, 

prostate, or lung cancer [3]. Spinal bone metastases (SBM) are often 

accompanied by a significant morbidity, causing pain due to actual or 

impending pathologic fractures or due to neurological complications, 

such as nerve root or spinal cord compression. Prediction of survival is 

not only crucial in counseling patients or appropriate allocation of 

resources, but also in selecting the most adequate treatment. Patients 

with a short expected survival (< 3-6 months) are likely to benefit most 

from a short radiotherapy course or supportive care, whereas patients 

with a relatively long expected survival may benefit from high-dose 

radiotherapy including stereotactic ablative radiotherapy, minimal 

invasive surgery or even more extensive surgical interventions. Over- or 

undertreatment due to inadequate prognostication may have a large 

impact on activity of daily living, dependency and quality of remaining 

lifespan. 

 

https://www.sciencerepository.org/clinical-oncology-and-research
https://www.sciencerepository.org/
mailto:ilknursanli@hotmail.com
http://dx.doi.org/10.31487/j.COR.2020.02.05
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Several prediction models have been developed, all with their own 

pitfalls, but widely used in clinical practice [4-11]. Because the 

performance of a prediction model is generally overestimated in the 

sample in which it was developed, external validation of a model in an 

independent sample is crucial to broadly evaluate the performance and 

thus the potential utility of the model in different populations and 

settings [12]. The Dutch Guideline Database Oncoline recommends the 

use of, amongst others, one of two prediction models developed in the 

Netherlands, the models by van der Linden and by Bollen [9, 11, 13]. 

Both prediction models incorporate the variables Karnofsky 

performance status (KPS), primary tumor, and visceral involvement in 

their scoring systems. The first model by Van der Linden, based on the 

Dutch Bone Metastasis Study (DBMS) database, is a prospective 

database which included only irradiated patients and stratified patients 

into 3 prognostic groups. No patients in the DBMS database had spinal 

cord compression (only patients with Harrington Class I and II lesions 

were included) or pathologic fracture at randomization. Patients with 

renal carcinoma, melanoma and cervical SBM were also excluded from 

randomization. The other model by Bollen stratified patients into 4 

prognostic categories from a retrospective database, including surgical 

patients. 

 

The current study focuses on a consecutive cohort of SBM patients in a 

university hospital, listed for solely palliative radiotherapy or a 

combination of surgery and postoperative radiotherapy, also with 

palliative intent. The primary aim was to externally validate the two 

abovementioned prediction models and to demonstrate whether these 

prediction models could be generalized to patients treated in different 

centers. Our secondary aim was to identify additional prognostic factors 

predicting survival in patients with SBM. 

 

Methods 

 

I Eligibility 

 

The electronic medical records of consecutive patients, diagnosed with 

symptomatic SBM and receiving palliative radiotherapy for the first time 

between the January 1, 2014 – April 1, 2016, were included in this 

retrospective cohort study. Follow-up data were extracted from 

electronic medical records until November 6, 2018. Two validation 

cohorts were generated because of the differences in patient selection 

between the two models by Van der Linden and Bollen. The eligibility 

criteria for the Van der Linden model were similar to the original study, 

containing solely radiotherapy patients, and we excluded SBM which 

had already been irradiated for the spine, patients with renal carcinoma, 

melanoma, cervical SBM, spinal cord compression and pathologic 

fractures. The eligibility criteria for the Bollen validation cohort were 

similar to the original study. Prognostic factors that were analyzed were: 

pathologic fracture, spinal cord compression, VAS pre-treatment, 

lymphogenic metastases, visceral metastases, brain metastases, 

ER/PR/Her2Neu expression in breast cancer, and EGFR/ALK/KRAS 

mutation in lung cancer. Patients with direct ingrowth of the primary 

tumor in the vertebra, patients irradiated for bone metastases solely in 

the sacral or sacroiliac region, leptomeningeal or intradural metastases, 

metastases deriving from primary tumors of hematologic or unknown 

origin, metastases deriving from rare primary tumors, were excluded. 

 

The primary tumors were categorized based on the Tomita classification 

modified by Bollen et al. [6, 11]. The original Tomita classification used 

growth speed alone to assign a primary tumor into 1 of 3 groups. 

However, as growth speed was not the only factor determining survival, 

the classification was renamed “clinical profile” by Bollen to encompass 

other contributing factors such as availability of effective systemic 

treatment options for the primary tumor. The clinical profile of a primary 

tumor was considered to be favorable, moderate, or unfavorable. The 

survival status of the patient or date of death was obtained from medical 

records and/or Municipal Personal Records Database. The Internal 

Review Board (IRB) approved the study.  

 

II Statistical Analysis 

 

On the total cohort, we selected patients separately for the external 

validation of both prediction models to match the source population of 

the two development studies. External validation cohorts were described 

in terms of patient characteristics using means and standard deviations, 

and frequencies and percentages. For both external validations 

separately, the median follow-up time was computed using the reversed-

censoring method, to yield the median follow-up time for survivors. 

Overall survival measures were computed and visualised using Kaplan 

Meier estimates.  

 

III External Validation 

 

Individual patient risk scores were calculated for external validation. For 

the model by Bollen a risk score was computed based on the estimated 

regression coefficients of the Cox Proportional Hazards regression. In 

order to accomplish this, we computed the natural logarithm of the 

Hazard Ratios (HRs) that were reported in the study and computed each 

individual’s linear sum of regression coefficients multiplied by their 

respective predictor value. This step was performed as predictors are 

only additive on the log HR scale. The formula which was derived for 

the model by Bollen was: Bollen score = log(1.6)*Moderate clinical 

profile (yes = 1) + log(3.5)*Unfavourable clinical profile (yes = 1) + 

log(1.9)*Impaired Karnofsky performance status (yes = 1) + 

log(1.5)*Visceral/brain metastases present (yes = 1). 

 

The manuscript by Van der Linden Hazard Ratios did not report 

regression coefficients or HRs. Therefore, we were only able to validate 

the simplified risk score in our data. The formula which was derived for 

the model by Van der Linden was: Van der Linden score = Karnofsky 

performance status (50-70 = 1, 80-100 = 2) + primary tumor (lung = 1, 

prostate = 2, breast = 3) + visceral metastases (no = 1). Karnofsky 

performance scores were not readily available for the study population 

and were derived from the WHO performance status of the patients. 

Based on expert opinion (group of 10 radiation oncologists of the 

MAASTRO clinic), the following conversion table was used: WHO 0-

1: KPS 80-100%, WHO 2-3: KPS 50-70%, WHO 4: 10-40%. 

 

The performance of the prediction models was evaluated by assessing 

discrimination and calibration [14, 15]. Discrimination describes the 

ability of a prediction model to distinguish individuals who experience 

the outcome sooner versus those who remain event free or experience 

the outcome later. Predictive performance was expressed as the 

concordance-statistic, or Harrell’s C-statistic, a generalization of the area 
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under the Receiver Operating Characteristic curve. A C-statistic of 0.5 

indicates the model performs no better than chance; a c-statistic of 0.7 to 

0.8 indicates modest or acceptable discriminative ability, and a threshold 

of greater than 0.8 indicates good discriminative ability [16]. 

 

A calibration plot was plotted comparing predicted versus actual 

probabilities to those provided for subgroups in the original manuscripts. 

A 45 degree line would indicate perfect agreement between the predicted 

probabilities by the model, and the actual, or observed, probabilities in 

our cohort. Both prediction models presented clinical profiles based on 

total scores (e.g. A, B, C and where applicable D groups), which were 

replicated in our data. Both Kaplan Meier curves were subsequently 

stratified by clinical profile. We used the log rank test to test for 

differences in survival between strata. 

 

Results 

 

A total cohort of 250 patients was included in the study, of which 128 

patients were eligible for external validation of the prediction model by 

Van der Linden, and all 250 were eligible for external validation of the 

model by Bollen. Detailed patient and treatment characteristics of the 

total study cohort are shown in (Table 1). Figure 1 shows the Kaplan-

Meier curve for the cohort. 

 

Table 1: Baseline characteristics total study population (n=250). 

Gender 

Male 

Female 

N (%) 

143 (57.2%) 

107 (42.8%) 

Age at time of RT (mean +SD y) 69 ±10.9 

Radiation field 

Cervical 

Cervicothoracic 

Thoracic 

Thoracolumbal 

Lumbal 

Multiple locations  

 

16 (6.4%) 

11 (4.4%) 

91 (36.4%) 

30 (12%) 

84 (33.6%) 

18 (7.2%) 

Radiation dose  

1x8 Gy  

5x4 Gy 

10x3 Gy 

13x3Gy 

 

166 (66.4%) 

76 (30.4%) 

6 (2.4%) 

2 (0.8%) 

Treatment  

RT only 

RT and surgery 

 

242 (96.8%) 

8 (3.2%) 

VAS pretreatment (mean SD cm) 

valid 

missing 

6.5±2.4 

176 (70.4%) 

74 (29.6%) 

Number spinal metastases 

1 or 2 

multiple 

 

107 (42.8%) 

143 (57.2%) 

Visceral metastases 

present 

not present 

 

96 (38.4%) 

154 (61.6%) 

Brain metastases 

present 

not present 

 

11 (4.4%) 

239 (95.6%) 

Lymphogenic metastases 

present 

not present 

 

114(45.6%) 

136(54.4%) 

Clinical profile 

Favorable 

Moderate 

Unfavorable 

 

50 (20%) 

71 (28.4%) 

129 (51.6%) 

Breast cancer (total N=49) 

Hormone receptorstatus 

ER/PR positive, Her2 positive 

ER/PR positive, Her2 negative 

ER/PR negative, Her2 positive 

ER/PR negative, Her2 negative 

ER+/PR-, Her2 negative 

ER+/PR-, Her2 postive 

ER+/PR+, Her2 unknown 

ER negative, Pr+, Her2 negative 

 

4 (1.6%) 

28 (11.2%) 

2 (0.8%) 

3 (1.2%) 

9 (3.6%) 

1 (0.4%) 

1 (0.4%) 

1 (0.4%) 

Lung cancer type  

(total N=76) 

NSCLC 

SCLC 

not defined 

 

 

62 (81.6%) 

12 (15.8%) 

2 (2.6%) 

EGFR/ALK mutation NSCLC 

present 

not present 

unknown 

KRAS mutation 

NSCLC 

present 

not present 

unknown 

 

6 (9.6%) 

24 (38.7%) 

32 (51.6%) 

 

 

18 (29%) 

8 (13%) 

36 (58%) 

KPS  

80-100 

10-70 

 

105 (42%) 

145 (58%) 

 

I External Validation of the Prediction Model by Bollen 

 

The median follow-up time of survivors was 42.3 months. The median 

survival time for the 250 patients in this external validation cohort was 

5.9 months (95% CI: 4.2 –8). Figure 1 shows the survival curve for the 

external validation cohort we used for the model by Bollen. When using 

the suggested simplified risk score (groups A through D), the C-statistic 

was 0.67 (95% CI: 0.63 –0.71). The Kaplan Meier curves stratified by 

this simplified score is shown in (Figure 2). The four groups do not 

overlap and make a clear distinction between low- and high risk of 

survival. The 1-year survival for the four groups are 92.9% (95% CI: 

59.1 – 99.0), 63.6% (95% CI: 49.5 – 74.8), 28.9% (95% CI: 20.5 – 37.7), 

and 10.4% (95% CI: 4.9 – 18.4) for risk group A, B, C, and D, 

respectively. The calibration plot comparing predicted survival 

according to the Bollen model versus the actual survival probability 

observed in the external validation cohort is shown in (Figure 3). It 

shows good agreement between survival probabilities according to the 

manuscript by Bollen and those in the external validation cohort. 
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Figure 1: Kaplan Meier curve of the overall survival in the external 

validation cohort for the Van der Linden prediction model. 

*The grey area denotes the 95% confidence band. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Kaplan Meier curve stratified by clinical profile for the van 

der Linden prediction model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Calibration plots with predicted versus actual probabilities. 

 

II External Validation of the Prediction Model by van der 

Linden 

 

The patients who survived during the course of follow-up had a median 

follow-up time of 41.4 months. The median survival time for the 128 

patients was 6.2 months (95% confidence interval [CI]: 4.2 – 9.6). Figure 

4 shows the survival curve for the external validation cohort we used for 

the model by van der Linden. 

 

A simplified risk score was published by creating three risk groups: A, 

B, and C. The C-statistic for this simplified risk score was: 0.65 (95% 

CI: 0.60–0.71). A Kaplan Meier curve stratified by the simplified risk 

score is shown in (Figure 5). It shows that the three risk groups do not 

overlap and that there is a substantial difference in survival between the 

three groups. The 1-year survival probability for risk group A, B, and C 

are 14.1% (95% CI: 6.9 – 23.7), 54.4% (95% CI: 40.7 – 66.2), and 100% 

(95% CI: 100 – 100). The calibration plot is shown in (Figure 3). It shows 

the survival probability for each group according to the original 

publication on the x-axis, and the actual survival probability in our 

cohort on the y-axis. The simplified risk score by van der Linden yields 

underestimated risks compared to patients in the external validation 

cohort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Kaplan Meier curve of the overall survival in the external 

validation cohort for the Bollen prediction model. 

*The grey area denotes the 95% confidence band. 
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Figure 5: Kaplan Meier curve stratified by clinical profile for the Bollen 

prediction model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Kaplan meier curves for the survival of breast cancer patients 

with different tumor expressions. 

III Prognostic Factors 

 

Impact of brain or visceral metastases was significantly associated with 

survival, the presence of brain metastases showed an HR of 3.8 (95% CI: 

2.0 – 7.1, p < 0.001) and HR of 1.34 for visceral metastases (95% CI: 

1.0 – 1.8, p = 0.030). VAS score of pain at baseline, which was scored 

as a continuous variable, was not significantly associated with survival 

(HR 1.1, 95% CI: 0.94 – 1.07, p = 0.971). We found no evidence of an 

effect on survival for the presence of a pathologic fracture (HR = 0.99, 

95% CI: 0.72 – 1.34, p = 0.926), spinal cord compression (HR = 1.03, 

95% CI: 0.76 – 1.30, p = 0.866), or the presence of lymphogenic 

metastases (HR = 1.06, 95% CI: 0.82 – 1.38, p = 0.651). In breast cancer 

patients different tumor expressions were associated with survival (C-

statistic: 0.67), as shown in (Figure 6). In lung cancer patients, we did 

not find an association between different tumor types (non-small cell 

versus small cell, HR = 0.95, 95% CI: 0.50-1.82). Because of few events, 

we did not reach significant power to perform a survival analysis for the 

epidermal growth factor (EGFR)/anaplastic lymphoma kinase (ALK)/K-

ras (KRAS) mutations. 

 

Discussion 

 

Although the analyzed models are relatively simple to use in clinical 

practice and impose no additional burden on both patient and physician, 

the existing models fall short in performance. We hypothesize that the 

incorporation of histological and molecular subtypes of the primary 

tumor would yield more discriminative ability. Especially for the most 

common primary malignancies of SBM patients, like breast- and lung 

cancer. We think that there is substantial heterogeneity between these 

subgroups with different effects on treatment and variation of median 

survival within the same primary cancer, with a significant part of 

patients who may benefit from more aggresive treatment. In our study 

we showed that the C-statistic for the variable tumor expression in breast 

cancer was 0.67, indicating moderate discriminative ability. A study of 

Tan et al. showed that the breast tumor histological subtype was of 

crucial importance for the prognostication of breast cancer patients with 

spinal metastases [17]. The revised Tokuhashi score 2014 suggested that 

hormone receptor negative and triple-negative breast cancer patients 

should be given a modified Tokuhashi histological score of 3 rather than 

a score of 5. Besides these interesting findings for breast cancer, Kumar 

et al. found differences in prognosis in spinal metastases patients with 

small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) 

[18]. 

 

While the median survival time of SCLC patients was 2.4 months (95% 

CI 2.13-2.68) with a 6-month survival of 16.7%, the median survival of 

NSCLC patients was 5.1 months (3.78-6.41) with a 6-month survival of 

47.5%. In addition, patients with an EGFR mutation and patients on a 

combinationtherapy of EGFR tyrosine kinase inhibitors and platinum 

doublet chemotherapy reached a median survival of 13.3 months and a 

6-month survival of 72.7%, which was significantly better than the 

overall survival of all types of lung cancer (6-month survival up to 

44.4%). In our study sample, only 6 patients (9.6%) had a confirmed 

epidermal growth factor (EGFR)/anaplastic lymphoma kinas (ALK) 

mutation. Because of the small number of patients in our cohort, we did 

not have significant statistical power to perform a survival analysis for 

these prognostic factors. A recent systematic review. suggested that 
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prognostication for patients with spinal metastases should be based on 

an accurate primary tumor classification, combined with a performance 

score, in which the added benefit of visceral metastases and other 

possible predictive factors should be studied further [19]. In our study 

brain and visceral metastases were significantly associated with survival, 

with an HR of 3.8 for brain metastases and HR of 1.34 for visceral 

metastases. 

 

A review of Gotay et al. showed that in 36 of the 39 cancer studies 

(metastatic and non-metastatic disease) at least one patient-reported 

outcome was significantly associated with survival in the multivariate 

analysis [19]. In 7 of these 36 studies pain was a significant patient 

reported outcome related to survival. Also, in the study of Westhoff et 

al. a higher patient reported pain score was associated with a higher risk 

of death. This study used follow-up questionnaires consisting, amongst 

others, of a pain scale. Pain was measured using an 10-point numeric 

rating scale, ranging from 0 (no pain) to 10 (the worst pain imaginable) 

[21]. However, in our multivariable analysis, patient-reported pain score 

did not contribute to the prediction of survival. We used reported VAS 

scores in the electronic medical records of our study patients. Moreover, 

tumor biology information could add more value. Features derived from 

radiomic analysis can provide tumor biology in vivo information that is 

complementary to other relevant clinical information in prediction of 

survival and can augment current available clinical decision support 

systems. With this method, it is possible to extract diverse quantitative 

features from digital images from CT or MRI and make a correlation 

with pathologic substrates, which can be used as imaging biomarkers. 

Various studies have shown the potential of radiomics features in 

prediction of survival [22-24]. 

 

The main strength of the current study is that this is the first study to 

externally validate and compare two prediction models recommended by 

the Dutch Guideline Database Oncoline. The retrospective design is a 

limitation of our study. Additionally, the relatively small patient cohort 

restricted the power and hampered analysis of specific prognostic 

variables like EGFR mutation, which may be relevant. Only 48.4% of 

our lung cancer patients underwent EGFR testing, and although this 

testing rate is in line with the worldwide literature, the testing rate is still 

low [25]. 

 

In conclusion we have externally validated two existing prediction 

models. Although the models successfully grouped patients into lower- 

and higher-risk strata, accurate individualized prediction remains 

suboptimal. A slightly better performance in discrimination and 

calibration is found for the Bollen model. Caution is warranted, when 

making individual clinical decisions based on the analyzed prediction 

models. In our study we found an essential predictive impact of overall 

visceral and brainmetastases. Besides, breast tumor subtypes based on 

immunohistochemistry markers, seem to be of importance for the 

prognostication of breast cancer patients with SBM. 
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