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ABSTRACT
Introduction: An increasing number of patients is diagnosed with spinal metastases due to elevated
cancer incidence and improved overall survival. Patients with symptomatic spinal bone metastases
often receive radiotherapy with or without surgical stabilisation. Patients with a life expectancy of less
than 3months are generally deemed unfit for surgery, therefore adequate pre-treatment assessment
of life expectancy is necessary. The aim of this study was to assess new factors associated with overall
survival for this category of patients.
Patients and methods: Patients who received radiotherapy for thoracic or lumbar spinal metastases
from June 2013 to December 2016 were included in this study. The pre-treatment planning CT for
radiotherapy treatment was used to assess the patient’s visceral fat area, subcutaneous fat area, total
muscle area and skeletal muscle density on a single transverse slice at the L3 level. The total muscle
area was used to assess sarcopenia. Furthermore, data were collected on age, sex, primary tumour,
Karnofsky performance score, medical history, number of bone metastases, non-bone metastases and
neurological symptoms. Univariable and multivariable cox regressions were performed to determine
the association between our variables of interest and the survival at 90 and 365days.
Results: A total of 310 patients was included. The median age was 67 years. Overall survival rates for 90
and 365days were 71% and 36% respectively. For 90- and 365-day survival, the Karnofsky performance
score, muscle density and primary tumour were independently significantly associated. The visceral or sub-
cutaneous fat area and their ratio and sarcopenia were not independently associated with overall survival.
Conclusions: Of the body morphology, only muscle density was statistically significant associated with
overall survival after 90 and 365days in patients with spinal bone metastases. Body fat distribution
was not significantly associated with overall survival.
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Introduction

The overall survival of cancer patients has increased, due to
early detection and improved treatment [1]. Because of this
increased survival, more patients develop metastases, with
metastases in the skeleton being the predominant site [2].
Most bone metastases are located in the spinal column,
where they can cause pain, deformity, fracture, spinal
instability and neurological deficits [3,4]. In patients with
symptomatic spinal metastases, radiation therapy with or
without surgical stabilisation is often necessary [3]. When the
life expectancy of a patient is less than three months, the
quality of life is generally considered to be hampered too
much by the time needed for recovery and revalidation to
justify the procedure [5,6]. Therefore, to determine the opti-
mal treatment for individual patients, appropriate estimation

of expected survival is necessary beforehand, as a patient
might not benefit from a demanding intervention [5–7].

At this moment, patient survival is estimated using clinical
factors such as primary tumour biology, the presence of vis-
ceral/brain metastases and (preoperative) performance scores,
but the prognostic value of these factors combined is moder-
ate [6,8]. Evidence on other factors such as nutritional status as
prognostic factors (e.g., biochemical markers, weight or BMI) is
still limited [9,10]. In recent years, an increasing number of
studies have focussed on body composition as a new and
promising parameter for predicting prognosis in patients with
malignancies [11–13]. Body composition refers to the distribu-
tion of visceral and subcutaneous fat, obtained from informa-
tion on axial CT-slices at the level of the third lumbar vertebra
(L3) and also includes muscle area and muscle density [13–15].
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The aim of this study was to evaluate whether difference
in body composition, including visceral fat area, subcutane-
ous fat area, total muscle mass using the skeletal muscle
index and muscle density, were associated with survival in
patients with spinal metastases.

Patients and methods

Patients were selected from a prospective cohort which
included all patients receiving radiotherapy for bone metasta-
ses at a single centre since June 2013. All patients signed
informed consent for the use of their clinical baseline and fol-
low-up data, including self-reported quality of life and pain
scores. The study protocol was approved by the Institutional
Review and Ethics Board of our hospital. For this study, all
patients who were treated with radiotherapy only for thoracic
or lumbar spinal bone metastases between June 2013 and
December 2016 were included. There was no distinction on
radiotherapy scheme or modality as this did not influence
patients’ overall survival. In the same way, no distinction was
made on concurrent (systemic) therapy at inclusion. Patients’
medical records were used to collect patient characteristics.
Characteristics included the Karnofsky Performance Score(KPS)
to estimate general condition and the Charlson Comorbidity
Index(CCI) to take medical history into account [16]. For retriev-
ing a patient’s vital status, a governmental database was used.

CT-measurements

For all patients, routine radiotherapy treatment planning CT
scans were performed, using a 16-detector row CT
scanner (Brilliance, Philips Medical Systems, Eindhoven, The

Netherlands). Images were reconstructed at a slice thickness
of 3mm. A single trained observer, blinded to the clinical
information of the patients, performed all body morphology
measurements. The reproducibility of these measurements has
proved to be very high [17]. One transverse CT image of the
inferior surface of the L3 vertebral body was selected to
manually delineate the abdominal muscle wall with
VolumeTool, an in-house developed delineation tool to help
radiotherapy treatment planning [18]. Delineation of the
abdominal muscle wall included the psoas, erector spinae,
quadratus lumborum, transversus abdominus, external and
internal oblique and rectus abdominus muscles. The subcutane-
ous fat area (SFA), visceral fat tissue area (VFA), total muscle
area and muscle density were measured using tissue-specific
absolute Hounsfield units (HU) thresholds [19,20]. To determine
muscle density, the mean HU of the muscle area was measured.
Decreased muscle density is an indicator for an increased lipid
concentration in the skeletal muscle and is a known proxy for
decreased muscle function [12]. For the measurements of skel-
etal muscle, HUs from �29 to þ150 were used, for subcutane-
ous and intra-muscular fat the value used ranged from �190 to
�30 and for visceral fat the value ranged from �150 to �50
(Figures 1 and 2) [2]. Subsequently, the VFA/SFA ratio was calcu-
lated by the simple division of the values for VFA and SFA. The
skeletal muscle index was calculated by dividing the total
muscle area by the square of the patient’s height in metres. The
cut-off values for sarcopenia were <52.4 cm2/m2 for males and
<38.5 cm2/m2 for females [14,21].

Statistical analysis
Continuous data were presented as mean with standard
deviation (SD) for normally distributed continuous variables

Figure 1. Example of a CT-analysis. (a) base CT-scan (b) total muscle area measurement (c) subcutaneous fat area measurement (d) visceral fat area measurement.
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and median with interquartile range (IQR) for not normally
distributed and imputed continuous variables. Normality was
tested using the Shapiro-Wilk test. Categorical data are pre-
sented as counts with percentages.

Survival was defined as days between start of radiation
therapy and date of death from all causes, or end of follow-
up on 31st of March 2018. There was no loss to follow up
due to the use of the up to date governmental database. As
some data were included retrospectively, missing data were
analysed for patterns of randomness, imputation was done
with multiple imputation using the Markov Chain Monte
Carlo method. Results of the imputation were checked using
convergence plots. The KPS was analysed as a score from
1–10. Using imputed data, univariable Cox regression analysis
was performed to compute mortality hazard ratios with 95%
confidence interval (95% CI). A multivariable Cox regression
was performed to adjust for factors associated with outcome
in univariable analysis for survival after 90 and 365 days.
Patients were censored after 90 and 365 days for the corre-
sponding analysis. When using categorical variables, the larg-
est group within that variable was used as reference group.
Before multivariable analysis, collinearity was tested using
the Variance Inflation Factor(VIF) as well as proportionality
assumptions for the Cox regression analysis [22,23]. Variables
were excluded if the VIF was >10 and reconsidered with VIF
> 5 [22]. Statistical analyses were performed using SPSS, IBM
Corp. Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp [20].

Results

Study population

A total of 310 patients with spinal metastases treated with
palliative radiation therapy was included. Median follow-up
was 202 days (IQR 73–576) and overall survival rates after 90
and 365days were 71% and 36% respectively. The majority
of patients was male (63%) (Table 1). The most common pri-
mary tumour originated from the lung (28%), followed by
prostate and breast (27% and 18% respectively). Non-osseous
metastases were present in 152 patients (49%), 22% of all
patients had liver metastases and 3% had brain metastases.
In 9% of the patients, neurological symptoms as a result of

epidural compression of the spinal cord/cauda equina/nerve
roots were present. Of these patients, 18 (6%) had ASIA-scale
grade D, 7 (2%), 2 (0.6%), 1(0.3%) had ASIA scale C, B and A
respectively [24]. A minority of the patients (n¼ 115, 37%)
received concurrent systemic therapy. There was no collin-
earity between any variables, as all VIFs were <5. Partial
residuals using the Schoenfeld residuals method showed a
linear relationship between residuals and continuous data.
Missing data was found in 180 patients (58%), the majority
of missing cases was found in the Karnofsky performance
score (n¼ 134, 43%) and/or the patient’s height (n¼ 93,
n¼ 30%) which is necessary to determine sarcopenia.
Comparison between patients with and without at least one
missing value can be found in Supplementary Table 1.
Supplementary Figures 1 and 2 show the convergence plots
of the imputation of the KPS and height.

Univariable analysis showed that an increased age,
increased VFA/SFA-ratio, increased SFA or a decrease in
muscle density and a diagnosis of sarcopenia increased the

Figure 2. Example of muscle density. (a) patient with low muscle density. (b) patient with high muscle density.

Table 1. Imputed and original baseline characteristics of all patients with
thoracic or lumbar bone metastases.

Original data Imputed data

Sex (n, %)
Male 194 (63) 194 (63)
Female 116 (37) 116 (37)

Age (median, IQR) 67 (60-75) 67 (60–75)
Karnofsky performance score (mean, SD) 70 (15) 70 (14)

Missing (n, %) 134 (43) 0 (0)
Charlson Comorbidity Index (median, IQR) 6 (6–7) 6 (6–7)
Visceral fat area (median, IQR) 139 (82–208) 139 (82–208)
Subcutaneous fat area (median, IQR) 159 (110–228) 159 (110–228)
VFA/SFA-ratio (median, IQR) 0.84 (0.51–1.27) 0.84 (0.51–1.27)
Skeletal muscle density (mean, SD) 25.1 (7.4) 25.1 (7.4)
Skeletal muscle index (mean, SD) 46.8 (9.3) 46.7 (9.1)
Sarcopenia (n, %) 80 (26) 119 (38)

Missing (n, %) 93 (30) 0 (0)
Primary tumour (n, %)

Lung 86 (28) 86 (28)
Prostate 83 (27) 83 (27)
Breast 55 (18) 55 (18)
Other 86 (28) 86 (28)

Multiple bone metastases (n, %) 189 (61) 189 (61)
Non bone metastases (n, %) 152 (49) 152 (49)

Liver 70 (23) 70 (23)
Brain 9 (3) 9 (3)

Neurological symptoms (n, %) 28 (9) 28 (9)

IQR: Interquartile range; SD: standard deviation; VFA: visceral fat area; SFA:
subcutaneous fat area.
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probability of death. A higher KPS and having breast or pros-
tate cancer as primary tumour compared with cancer of the
lung decreased the probability of death (Table 2).

In a multivariable analysis for survival at 90 days,
decreased muscle density was associated with a decreased
survival at 90 and 365days, adjusted for clinical factors such
as KPS and primary tumour type; HR 0.62 (95% CI 0.41–0.94)
and 0.70 (95% CI 0.53–0.92), respectively (Table 3). The sub-
cutaneous fat area and fat ratio, as well as the presence of
sarcopenia, were not statistically significant associated with
overall survival at any time point.

Discussion

This study aimed at investigating the association between
body composition and overall survival in patients with spinal
metastases treated with radiation therapy. To our knowledge,
this is the first study addressing the impact of body compos-
ition in patients who receive palliative radiotherapy for spinal
metastases. In this study, we found that muscle density was
significantly associated with overall survival at 3months and
1 year, adjusted for Karnofsky performance score (KPS),
Charlson comorbidity index (CCI) and primary tumour. We
did not find a statistically significant association between
subcutaneous fat area (SFA), visceral fat area (VFA) or fat

ratio (VFA/SFA) and survival of patients with spinal metasta-
ses receiving radiotherapy.

Table 2. Univariable Cox proportional hazard analysis for the risk of death after radiotherapy for bone metastases using pooled imputed data.

90 days 365 days

Died within 90 days n (%) HR (95% CI) Died within 365 days n (%) HR (95% CI)

Sex
Male 64 (33) ref 147 (71) ref
Female 28 (24) 0.68 (0.44–1.07) 73 (53) 0.62 (0.46–0.84)

Age 1.02 (1.00–1.04) 1.02 (1.01–1.03)
Karnofsky Performance Scale per 10 points 0.67 (0.56–0.81) 0.76 (0.68–0.86)
Charlson Comorbidity Index 1.20 (1.00–1.43) 1.18 (1.05–1.32)
Visceral fat area per 100 cm2 1.00 (0.80–1.25) 0.90 (0.77–1.06)
Subcutaneous fat area per 100 cm2 0.79 (0.63–0.99) 0.69 (0.59–0.81)
VFA/SFA-Ratio† 1.40 (1.03–1.90) 1.36 (1.11–1.67)
Skeletal muscle index 0.98 (0.95–1.00) 0.99 (0.97–1.00)
Skeletal muscle density 0.93 (0.90–0.96) 0.95 (0.93–0.98)
Sarcopenia
No 44 (23) Ref 112 (59) Ref
Yes 48(40) 2.03 (1.57–2.48) 86 (72) 1.61 (1.31–1.91)

Primary tumour
Lung 39 (45) Ref 80 (90) Ref
Breast 6 (11) 0.19 (0.08–0.44) 21 (38) 0.12 (0.06–0.21)
Prostate 16 (19) 0.33 (0.19–0.60) 47 (48) 0.30 (0.20–0.44)
Other 31 (36) 0.70 (0.44–1.13) 72 (80) 0.71 (0.51–0.98)

Multiple bone metastases
No 30 (25) ref 80 (66)
Yes 62 (33) 1.41 (0.91–2.17) 140 (74) 1.31 (0.98–1.75)

Non-bone metastases
No 41 (26) ref 102 (64) ref
Yes 51 (34) 1.38 (0.92–2.08) 118 (77) 1.57 (1.18–2.07)

Liver metastases
No 62 (28) ref 153 (71) ref
Yes 24 (34) 1.31 (0.83–2.09) 54 (77) 1.37 (1.00–1.88)

Brain metastases
No 81 (29) ref 199 (73) ref
Yes 5 (56) 2.19 (0.89–5.39) 8 (89) 1.86 (0.92–3.78)

Neurological symptoms present
No 81 (29) ref 198 (69)
Yes 11 (39) 1.40 (0.75–2.64) 22 (79) 0.73 (0.46–1.15)

Hazard ratios with 95% confidence interval in bold are statistically significant.
†VFA: visceral fat area; SFA: subcutaneous fat area.

Table 3. Multivariable Cox proportional hazard analysis for the risk of death
after radiotherapy for bone metastases using pooled imputed data.

90 days 365 days
HR (95% CI) HR (95% CI)

Age 1.02 (0.99–1.04) 1.01 (1.00–1.03)
Karnofsky Performance Scale per 10 points 0.71 (0.55–0.92) 0.82 (0.71–0.95)
Charlson Comorbidity index 0.96 (0.77–1.18) 0.95 (0.83–1.09)
Visceral fat area per 100 cm2 0.95 (0.58–1.56) 1.00 (0.72–1.40)
Subcutaneous fat area per 100 cm2 1.04 (0.69–1.56) 0.83 (0.63–1.11)
VFA/SFA Ratio† 1.25 (0.65–2.41) 1.05 (0.67–1.66)
Sarcopenia

No Ref Ref
Yes 1.48 (0.87–2.52) 1.34 (0.94–1.92)

Skeletal muscle density per 10 HU 0.62 (0.41–0.94) 0.70 (0.53–0.92)
Primary tumour

Lung Ref Ref
Breast 0.22 (0.09–0.54) 0.19 (0.11–0.32)
Prostate 0.27 (0.14–0.52) 0.26 (0.17–0.40)
Other 0.83 (0.50–1.38) 0.77 (0.55–1.10)

Multiple bone metastases
No Ref Ref
Yes 1.08 (0.67–1.75) 1.12 (0.82–1.53)

Non-bone metastases
No Ref Ref
Yes 1.11 (0.69–1.81) 1.08 (0.78–1.48)

Neurological symptoms present
No Ref Ref
Yes 1.07 (0.54–2.13) 0.99 (0.61–1.62)

Hazard ratios with 95% confidence interval in bold are statistically significant.
†VFA: visceral fat area, SFA: subcutaneous fat area.
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In previous studies, the effect of SFA, VFA, TMA, muscle
density and the VFA/SFA-ratio have been assessed for overall
survival and progression-free survival. In some studies, an
increased VFA, SFA and VFA/SFA-ratio was associated with
improved survival [25]. The general hypothesis proposed so
far has been that patients with a high VFA and SFA are in a
generally better condition because low volume of adipose
tissue in patients is linked to cancer progression. However,
other authors have reached opposite conclusions with their
study results [9,11] arguing that worse survival in patients
with increased VFA could be linked to the detrimental hor-
monal activity of adipose tissue [11,18]. The adipose tissue is
known to produce vascular endothelial growth factor (VEGF),
which is a recognised factor in tumour growth and tumoral
angiogenesis [11].

Patients with advanced cancer can suffer from cachexia,
which is a systemic tissue-wasting process in which the
patient loses fat, muscle tissue and muscle quality in the
form of lower muscle density [2,26–29]. Cachexia could have
a negative impact on overall survival, as the patient’s general
condition decreases [26,28]. Sarcopenia, which could be part
of cachexia, but is also a syndrome in itself, is generally used
as the term for loss of muscle mass and function.
Unfortunately, there is limited consensus on the cut-off value
for sarcopenia [21,30]. In our study, we used the cut-off value
described by Prado et al. which is widely used [21]. In
accordance with our results, Okumura et al. reported that a
decrease in muscle density was associated with decreased
overall survival of patients after resection of pancreatic can-
cer in 301 patients, and Nattenm€uller et al. reported the
same correlation in 200 patients with lung cancer having
received chemotherapy. Furthermore, the association
between a decrease in muscle density and decreased survival
was also reported for multiple other primary tumours
[21,31,32]. Similarly, in the study of Chambard and coworkers
[29] sarcopenia was also associated with worse outcome for
patients with lung cancer and synchronal bone metastases.
However, sarcopenia was not independently statistically sig-
nificant associated with overall survival in primary, operable
gastrointestinal cancers [33]. The present study is the first
study concerning patients with spinal metastases and did
not focus on, or select one specific primary tumour [1]. The
study of Chambard et al. only took into account patients
with synchronous bone metastases from lung carcinoma.
Decreased muscle strength is a sign of poor prognosis and
could be caused by low muscle density. In the present work
we found an association between low muscle density and
poor prognosis which was independent of other clinical fac-
tors as found in different studies as well [2,34]. Shachar et al.
performed a meta-analysis to look at the prognostic value of
sarcopenia on overall survival in patients with solid tumours
[21]. Contrary to our results, they found a significant differ-
ence in patients with and without sarcopenia in the multi-
variable analysis. In this study, we did find a significant
difference in the univariable analysis, but not in the multi-
variable analysis. This could be due to the general condition
of the cohort, as these are all patients with advanced meta-
static cancer receiving palliative care.

During treatment and/or progression of disease in
patients with advanced cancer, their body composition
might change as patients lose weight due to loss of fat or
muscle tissue. This change in body composition was
described in the review by Pamoukdjian et al., where it was
found that 39% of cancer patients had pre-treatment sarco-
penia [35]. Neuromuscular impairment and its effects on
mobility and function can also have a profound effect on
muscle mass and strength [36]. Neuromuscular impairment
was present in 9% of our patients, which could have con-
founded the association of muscle density and survival, but
multivariable analysis showed the association to be inde-
pendent of neuromuscular impairment.

In this and other studies, a single pre-treatment scan was
used to assess body morphology instead of scans at multiple
points in time. Nattenm€uller and co-workers and Tan and co-
workers assessed the change in body composition over a
period of time, both with a mean follow-up of 4.4months [27].
Nattenm€uller et al. showed that decreasing weight and loss of
muscle tissue after chemotherapy was associated with worse
survival in 200 patients with lung cancer. This effect was not
reported by Tan et al., which might be due to their limited
number of patients (n¼ 44) [27]. For future research, follow-up
scans to assess change in body morphology over time can be
considered, to analyse if changes in body morphology are asso-
ciated with overall survival in patients with spinal metastases.

The revised Katagiri scoring system added laboratory out-
comes to their original model, which includes C-reactive pro-
tein (CRP); lactate dehydrogenase (LDH); serum albumin;
serum calcium corrected for albumin level; platelet count; and
total bilirubin [37]. In their prognostic model, they found
abnormal or critical laboratory values (e.g., CRP � 0.4mg/dL,
LDH � 250 IU/L, or serum albumin <3.7 g/dL or platelet count
<100,000/lL, serum calcium level �10.3mg/dL, or total biliru-
bin �1.4) were associated with decreased survival. Kardhade
et al. also included multiple laboratory data in their machine
learning model [38]. Nonetheless, the evidence of these mod-
els is still limited as there has not been an external validation
yet. In addition, these laboratory values are limited or not
available in patients who receive radiotherapy alone. In future
modelling, the laboratory values might prove to be useful.

One of the limitations of this study is the missing data on
KPS and patient height. Using multiple imputations, the miss-
ing data were imputed and pooled data were used for the
single and multiple variable analyses, so all patients could be
handled as complete cases. KPS still showed to be signifi-
cantly associated with overall survival, independent of other
factors. Next, the cohort used is heterogeneous, which makes
it hard to create a model on the factors associated with over-
all survival in this patient group. But this is also a strong
point of this study, as it does make the model more prag-
matic. Lastly, only patients treated with radiotherapy were
included. It could be useful in further studies to also include
surgically treated patients.

Conclusion

Better prediction of survival in patients with spinal metasta-
ses is crucial to optimise their care. CT analysis is an easy-to-
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perform measurement, as recent chest/abdominal CT-scans
are available for most cases and for all patients who receive
radiotherapy [19]. As previously found in other studies,
Karnofsky performance score and primary tumour were stat-
istically significant associated with overall survival in patients
with spinal metastases treated with palliative radiotherapy. In
addition, we found that muscle density was statistically sig-
nificant associated with overall survival. A diagnosis of sarco-
penia was associated with overall survival in the univariable
analysis, but the association was not independently statistic-
ally significant. Pre-treatment (planning) CT-scan analysis
may provide useful information which can contribute to bet-
ter care. We conclude that an analysis of body fat distribu-
tion and sarcopenia can improve predictions of overall
survival, and suggest that these measurements are of value
for future clinical multifactorial prediction models for this cat-
egory of patients.
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