
Abstract. Background/Aim: This was a prespecified
secondary analysis of a randomized trial, which analyzed
quality of life (QOL), fatigue, and emotional distress
following stereotactic body radiotherapy (SBRT) versus
conventional three-dimensional conformal radiotherapy
(3DCRT) as part of palliative management of painful spinal
metastases. Materials and Methods: Fifty-five patients were
enrolled in this single-institutional randomized exploratory
phase II trial (NCT02358720). Participants were randomly
assigned to receive SBRT (single-fraction 24 Gy) or 3DCRT
(30 Gy/10 fractions). QOL (EORTC QLQ-BM22), fatigue
(EORTC QLQ FA13), and emotional distress (QSC-R10) at
the end of radiotherapy, along with 3- and 6-month follow-
up were assessed. Results: At all recorded time points, there
were no significant QOL differences between cohorts,
including painful sites, pain characteristics, functional
impairment, or psychosocial aspects (p>0.05 for all). There
were also no differences in all dimensions of fatigue between
groups at each recorded time point (p>0.05 for all).
Emotional distress was also similar at three (p=0.248) and
six months (p=0.603). Conclusion: Although these results

demonstrate that SBRT does not cause worse QOL
deteriorations compared to 3DCRT, larger randomized
investigations are recommended to corroborate these
findings.

Spinal metastases occur in up to 40% of patients with
advanced cancer (1). These can be associated with profound
pain, immobility, pathological fractures, and neurological
deficits. All of these may considerably reduce quality of life
in these patients. Conventionally, fractionated three-
dimensional conformal radiotherapy (3DCRT) is the standard
treatment for painful osseous metastases (2, 3). However,
spinal stereotactic body radiotherapy (SBRT) is a promising
alternative due to the delivery of high, ablative doses for
durable local control while controlling doses to adjacent
organs-at-risk (OARs) (4-10).

Spinal SBRT has largely been primarily utilized for
oligometastatic osseous disease and re-irradiation of osseous
metastases (11). Prospective trials using SBRT for bone
metastases have reported high tumor control, satisfactory
pain response, and low toxicities (12, 13). 

However, quality of life (QOL) with spinal SBRT has
been greatly underexamined, and to date has not been
evaluated prospectively. This is important to perform, as
QOL is becoming increasingly important to appraise the
value of a particular intervention (14-16). This report is a
prespecified secondary analysis of a randomized trial, which
evaluated quality of life, fatigue, and emotional distress
following SBRT versus conventional 3DCRT as part of the
palliative management of painful spinal metastases. 
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Materials and Methods
Subjects, recruitment strategy, and eligibility for enrollment. The
randomized trial, registered on clinicaltrials.gov (NCT02358720),
was approved by the Heidelberg University Independent Ethics
Committee (Nr. S-431/2013). Additionally, approval was given from
the German Federal Office of Radiation Protection (BfS).

From November 2014 to March 2017, 60 patients with
histologically confirmed cancer and painful spinal metastases were
randomized to high-dose single-fraction SBRT (24 Gy) versus
standard fractioned 3DCRT (30 Gy in 10 fractions). 

Inclusion criteria were ages 18-80, a Karnofsky performance
score (17≥70, ability to provide written informed consent,
maximum of two irradiated vertebral bodies per region, a
maximum of two different vertebral regions affected, and tumor
distance >3 mm to the spinal cord. Exclusion criteria were subjects
with significant neuropsychiatric disorders precluding informed
consent, previous RT to the given irradiation site, contraindications
for MRI, multiple myeloma or lymphoma histology, or involvement
of the cervical spine. 

In total, five patients were excluded. Four patients in the SBRT
arm had an insufficient distance between tumor and the spinal cord.
One participant from the control arm was excluded because of the
confirmed diagnosis of multiple myeloma after randomization.

Overall, 55 patients met the inclusion/exclusion criteria and were
enrolled into the trial (Figure 1). 

Design, randomized allocation, and procedures. Details of the study
design have been previously published (18). The primary endpoint
of this randomized, single-institutional, exploratory trial was pain
response following high-dose single-fraction SBRT versus
conventional 3DCRT in patients with painful, previously untreated
spinal metastases. The present study was a prespecified secondary
analysis of quality of life (QOL) using the EORTC QLQ-BM 22
questionnaire, fatigue using EORTC QLQ-FA 13, and emotional
distress according to the FBK 10 questionnaire. These were
administered at the end of radiation, and at 3 and 6 months
following radiation treatment.

A block randomization approach (block size of 6) was used to
ensure that the two groups were balanced. Two different techniques
were evaluated on a 1:1 basis according to the randomization list:
high-dose, single-fraction (24 Gy to the 80% isodose line) SBRT
versus 30 Gy in 10 fractions of conventional radiotherapy. 

Assessment of the secondary endpoints. The prespecified secondary
endpoint was QOL, assessed using the EORTC QLQ BM22
questionnaire, which is specially designed for patients with bone
metastases. The QLQ BM22 module (range=0-100) comprises 22
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Figure 1. CONSORT diagram of the trial.



items and four scales for the measurement of pain in various parts
of the body (painful sites), pain characteristics (persistent pain,
recurrent pain), functional impairment (occurrence of pain when
performing different activities, interference with everyday
activities), and psychosocial aspects (family, worries, hope) (19).
Other secondary endpoints were fatigue, and emotional distress.
Fatigue was assessed using the EORTC QLQ FA13 (range=0-100)
module. This includes 13 items and five scales for measuring
cancer-related fatigue (20), with subscales covering physical fatigue,
emotional fatigue, cognitive fatigue, interference with daily life, and
social sequelae. Emotional distress was assessed using the QSC-R10
(range=0-50) questionnaire (21). This module is a valid and reliable

questionnaire for determining emotional distress and anxiety in
cancer patients (22). The questionnaires were filled out by the
patients at the study site. All patient records were collected by the
authors, and the evaluation included all recorded data up to the 6-
month follow-up interval. 

Radiotherapy. CT simulation was carried out with custom
immobilization using Aquaplast® head masks, vacuum mattresses,
and/or Wingstep® arm abduction framework. OARs (including the
spinal cord) and the clinical target volume (CTV) were delineated on
the planning CT with MRI co-registration. The planning target volume
(PTV) was to be covered by the 80% isodose line, and 24 Gy in a
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Table I.

                                                                                         SBRT group n=27                                      3DCRT group n=28                                  p-Value

                                                                                       n                            %                                  n                                   %                                    

Age (years)                                                                                                                                                                                                                  
Mean (SD)                                                             61 (8.2)                                                      63.9 (10.8)                                                              0.225
Gender                                                                                                                                                                                                                         
    Male                                                                    15                               55.6                        13                                       46.4                              0.499
    Female                                                                 12                               44.4                        15                                       53.6                                
Weight (kg. SD)                                                     76 (19.2)                                                    78.2 (16.4)                                                                
Height (cm. SD)                                                   171.1 (8.5)                                                172.3 (8.7)                                                                  
Body mass index (BMI)                                                                                                                                                                                             
Mean (SD)                                                              25.8 (5.8)                                                  26.5 (5.7)                                                                0.899
Primary site                                                                                                                                                                                                                 
    Lung cancer                                                          9                               33.3                        10                                       35.7                                
    Breast cancer                                                        7                               26.3                        10                                       35.7                                
    Renal cancer                                                         2                                 7.4                          2                                         7.1                                
    Other                                                                     9                               33.3                          6                                       21.4                                
Localization of metastases                                                                                                                                                                                       0.317
    Thoracic                                                              14                               51.9                        19                                       67.9                                
    Lumbar                                                                13                               48.1                          8                                       28.6                                
Number metastases                                                                                                                                                                                                   0.301
    1 metastasis                                                         24                               88.9                        22                                       78.6                                
    2 metastases                                                          3                               11.1                          6                                       21.4                                
Distant metastases at baseline                                                                                                                                                                                    
    Viszeral                                                               12                               44.4                        14                                       51.9                              0.586
    Lung                                                                    11                               40.7                          4                                       14.8                              0.033
    Brain                                                                      7                               25.9                          3                                       11.1                              0.161
    Tissue                                                                    5                               18.5                          4                                       14.8                              0.715
Hormonetherapy                                                       6                               22.2                          8                                       28.6                              0.589
Immunotherapy                                                         8                               29.6                          8                                       28.6                              0.931
Chemotherapy                                                         11                               40.7                        13                                       46.4                              0.671
Surgery                                                                      8                               29.6                        10                                       35.7                              0.631
Neurological deficit at baseline                               0                                 0                             1                                         3.6                              0.322
Bisphosphonate at baseline                                    11                               40.7                        13                                       46.4                              0.671
Orthopedic corset at baseline                                   3                               11.1                          6                                       21.4                              0.301
Medication at baseline                                                                                                                                                                                                
    Sleeping medication                                             1                                 3.7                          1                                         3.6                              0.979
    Psychiatric medication                                         3                               11.1                          5                                       17.9                              0.478
    Opiate                                                                  11                               40.7                        10                                       35.7                              0.701
    NSAID                                                                15                               55.6                        15                                       53.6                              0.883

SBRT: Stereotactic body radiotherapy; SD: standard deviation; CUP: cancer of unknown primary; 3DCRT: 3D conformal radiotherapy; NSAID:
nonsteroidal inflammatory drug.



single fraction was prescribed to that isodose line. OAR tolerance
doses were per the RTOG 0631 trial (13). SBRT techniques included
helical tomotherapy, step-and-shoot intensity-modulated radiotherapy,
or volumetric-modulated arc therapy. Treatment was delivered by an
Elekta Versa HD accelerator. Image guidance was performed in all
patients by means of megavoltage CT and/or tomotherapy platforms.

For the 3DCRT arm, treatment was performed as irradiation of
the involved vertebral body as well those immediately above and
below, to a total dose of 30 Gy in 10 fractions, most commonly
delivered with 3/4 anteroposterior/posteroanterior beams. Position
verification was carried out weekly before radiotherapy by
kilovoltage cone-beam CT (kV-CBCT) and before each fraction by
orthogonal portal images being compared with digitally
reconstructed radiographs (DRR) from the planning CT. 

Statistical analysis. On account of the explorative character of this
study, it was not possible to estimate the total number of cases;
however, with 30 patients per group, it was possible to detect a
standardized effect (Cohen’s d) of about 0.8 with 80% power and a
significance level (α) of 5%. 

All statistical analyses were performed with SAS software v 9.4
(SAS Institute, Cary, NC, USA). All variables were analyzed
descriptively by tabulation of the measures of the empirical

distributions. According to the scale level of the variables, means,
standard deviations, medians, as well as minimum and maximum
(or absolute and relative frequencies) were reported. Additionally,
for variables with longitudinal measurements, the time courses of
individual patients are summarized by treatment groups. Descriptive
p-values of the corresponding statistical tests comparing treatment
groups were given. The Wilcoxon signed rank test was used to
compare changes in group differences. Cohen’s effect size (ES) was
assessed for clinically relevant changes in questionnaire measures
(<0.3 low, 0.3-0.7 moderate, >0.7 strong differences).

Results

From November 2014 to March 2017, 60 patients were
randomized. In total, five patients were excluded. Four patients
in the SBRT arm had an insufficient distance between the
tumor edge and spinal cord. One participant from the 3DCRT
arm was excluded due to diagnosis of multiple myeloma. Thus,
55 patients met the inclusion/exclusion criteria and were
enrolled (Figure 1). Baseline characteristics were mostly
balanced between the two treatment arms (Table I). 
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Table II. Effects of radiotherapy on QOL in both groups (EORTC QLQ BM 22). Treatment effect and Cohen’s effect size after 3 and 6 months.

Symptom scales

                                                                                                                                                        SBRT group                            3DCRT group      

Painful sites                                                                                                                             n             Mean           SD              n            Mean           SD

End of radiotherapy  (t1)                                                                                                      27              31.6           18.6            28            35.7            25.1
3 months (t2)                                                                                                                         23              23.2           20.2            23            25.5            21.3
6 months (t3)                                                                                                                         19              22.8           18.4            20            27.7            19.7
Treatment effect (t0-t2) after 3 months p=0.529, (t0-t3) after 6 months p=0.186.              
Effect size (t0-t2) after 3 months –0.18, (t0-t3) after 6 months –0.35.                                                   

Pain characteristics                                                                                                                                                                                                    
End of radiotherapy  (t1)                                                                                                      27              32.1           25.5            28            42.5            29.3
3 months (t2)                                                                                                                         23              26.6           25.0            23            25.5            21.3
6 months (t3)                                                                                                                         19              31.6           18.2            20            27.8            27.8
Treatment effect (t0-t2) after 3 months p=0.300, (t0-t3) after 6 months p=0.324.              
Effect size (t0-t2) after 3 months 0.44, (t0-t3) after 6 months 0.41.                                                       
                                                                                                                                                   
Functional interference                                                                                                                                                                                              
End of radiotherapy (t1)                                                                                                       27              40.3           25.8            28            44.2            24.4
3 months (t2)                                                                                                                         23              29.7           24.6            23            29.9            19.5
6 months (t3)                                                                                                                         19              38.2           19.6            20            34.8            19.8
Treatment effect (t0-t2) after 3 months p=0.851, (t0-t3) after 6 months p=0.482.              
Effect size (t0-t2) after 3 months 0.03, (t0-t3) after 6 months 0.27.                                                                         

Psychosocial aspects                                                                                                                                                                                                  
End of radiotherapy  (t1)                                                                                                      27              54.9           24.0            28            53.2            23.6
3 months (t2)                                                                                                                         23              50.2           26.3            23            52.9            21.9
6 months (t3)                                                                                                                         19              44.7           27.6            20            46.4            21.0
Treatment effect (t0-t2) after 3 months p=0.468, (t0-t3) after 6 months p=0.735.              
Effect size (t0-t2) after 3 months –0.29, (t0-t3) after 6 months –0.13.                                                   

3DCRT: 3D conformal radiotherapy; SBRT: stereotactic body radiotherapy; SD: standard deviation.



Although all surviving patients completed all
assessments, not all patients survived by three and six
months. Within the first 3 months, 4 patients (14.8%) in
the SBRT group had died, along with 5 patients (17.9%)
in the 3DCRT arm. Between 3-6 months, another 4
patients (14.8%) died from tumor progression in the SBRT
arm, along with a further 3 patients (10.7%) in the 3DCRT
cohort (Figure 1). Mortality did not differ between groups.
The mean follow-up was 8.1 months (95%CI=6.87-8.97)
for both arms.

QOL was evaluated by means of the EORTC QLQ-BM22
module. Therein, there were no significant differences
between cohorts in terms of painful sites, pain characteristics,
functional impairment, or psychosocial aspects at 3 and 6
months respectively (p>0.05 for all) (Table II). Evaluation of
fatigue using the EORTC QLQ FA13 module revealed no

differences in any dimension between groups at either 3 or 6
months (Table III). Emotional distress as measured by the
QSC-R10 module was also similar at three (p=0.248) and six
months (p=0.603) (Table IV). 

Discussion 

Maintaining QOL in patients with advanced cancers is
essential, as QOL impairment occurs by both disease as well
as therapeutic interventions and their sequelae (23, 24).
Radiotherapy-related symptoms can have a negative impact
on both QOL and anxiety (25). This prespecified secondary
evaluation of a prospective randomized trial is the first such
study to investigate the impact of high-dose single-fraction
SBRT on QOL as compared to 3DCRT in patients with
painful spine metastases. 
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Table III. Effects of radiotherapy on fatigue in both groups (EORTC QLQ FA13).

                                                                                                                                                        SBRT group                            3DCRT group      

Physical fatigue                                                                                                                      n             Mean           SD              n            Mean           SD

End of radiotherapy  (t1)                                                                                                      27              54.9           28.1            28            62.2            27.3
3 months (t2)                                                                                                                         23              52.5           26.0            23            57.6            30.1
6 months (t3)                                                                                                                         19              50.9           24.8            20            59.6            26.3
Treatment effect (t0-t2) after 3 months p=0.708, (t0-t3) after 6 months p=0.391.              
Effect size (t0-t2) after 3 months -0.03, (t0-t3) after 6 months –0.18.                                  
                                                                                                                                                   
Emotional fatigue                                                                                                                                                                                                       
End of radiotherapy  (t1)                                                                                                      27              38.3           28.1            28            40.5            26.1
3 months (t2)                                                                                                                         23              42.8           34.6            23            34.4            30.0
6 months (t3)                                                                                                                         19              36.0           21.9            20            42.5            24.3
Treatment effect (t0-t2) after 3 months p=0.596, (t0-t3) after 6 months p=0.260.              
Effect size (t0-t2) after 3 months 0.19, (t0-t3) after 6 months –0.41.                                   
                                                                                                                                                   
Cognitive fatigue                                                                                                                                                                                                        
End of radiotherapy  (t1)                                                                                                      27              21.0           22.3            28            21.0            21.7
3 months (t2)                                                                                                                         23              17.9           20.3            23            14.5            19.7
6 months (t3)                                                                                                                         19              19.9           19.1            20            17.8            21.1
Treatment effect (t0-t2) after 3 months p=0.723, (t0-t3) after 6 months p=0.864.              
Effect size (t0-t2) after 3 months -0.05, (t0-t3) after 6 months –0.09.
                                                                                                                                                                     
Interference with daily life                                                                                                                                                                       
End of radiotherapy (t1)                                                                                                       27                2.3            0.9             28             2.5             0.96
3 months (t2)                                                                                                                         23                2.3            0.9             23             2.4              0.9
6 months (t3)                                                                                                                         19                2.4            1.0             20             2.4              0.9
Treatment effect (t0-t2) after 3 months p=0.720, (t0-t3) after 6 months p=0.646.              
Effect size (t0-t2) after 3 months –0.04, (t0-t3) after 6 months –0.04.
                                                                                                                                                                     
Social sequlae                                                                                                                                                                                                             
End of radiotherapy  (t1)                                                                                                      27                1.3           0.67            28             1.2              0.4
3 months (t2)                                                                                                                         23                1.4            0.7             23             1.2              0.4
6 months (t3)                                                                                                                         19                1.5            0.7             20             1.3              0.4
Treatment effect (t0-t2) after 3 months p=0.739, (t0-t3) after 6 months p=0.568.              
Effect size (t0-t2) after 3 months 0, (t0-t3) after 6 months –0.19.                                                                            

3DCRT: 3D conformal radiotherapy; SBRT: stereotactic body radiotherapy; SD: standard deviation.



As QOL becomes a more noteworthy component of cancer
care in the future, these prospective data will be increasingly
important to consider. Oncology is moving towards a value-
based system in which cost-effectiveness and QOL (both of
which are closely linked) will progressively continue to be
critically examined in efforts to provide evidence-based
justification for a particular intervention, technology, and/or
clinical approach. To this extent, it is essential to provide data
regarding the “value” of a particular treatment paradigm. The
implementation of new, sophisticated technologies not only
brings advantages, but also entails risks of undesirable
sequelae. It is hence important to demonstrate improved
clinical outcomes while maintaining similar or improved QOL.

SBRT is a promising alternative to 3DCRT due to its ability
to deliver high, ablative doses for durable local control while
protecting adjacent organs-at-risk (OARs). Prospective
investigations of SBRT for bone metastases have reported
excellent tumor control, appropriate pain responses, and low
toxicities (12, 13, 26). However, there are serious adverse
events associated with spinal SBRT, such as vertebral
compression fractures (VCFs), that may require persistent
and/or increased opiate usage and/or surgical intervention (27).

In light of these known risks, there were no QOL, fatigue,
or emotional distress differences between arms in this study.
There are several causes for this particular finding, including
the particular types of questionnaires utilized and the
relatively small sample sizes. It is also remarkable that the
better pain response of the SBRT group (28) was not
reflected in the QOL endpoints. Although also potentially
related to issues regarding sample size and time points, there
may also be major confounding issues that characterize a
fundamental difference between a pain score and pain-
associated quality, functioning, and timing thereof. Dagneilie
et al. found that, above all, fatigue has a major impact on
overall QOL prior to RT (29), that finding can explain the
lack of statistical differences in our results. Nevertheless, a
highly relevant and comparable study by McDonald and
colleagues showed a positive impact of pain control on QOL

after palliative RT (30). In line with that data, Mendez et al.
demonstrated a QOL benefit in responders to RT (31).

Taken together, QOL is a concept that is inherently
dependent on time, as longer survival could manifest in
differences between groups, but the heterogeneity in this
population as well as its relatively lower survival herein may
obscure any potential differences. As a result, it should also
be mentioned that advancements in oncologic therapy for
several types of metastatic cancer patients (e.g.
immunotherapy and targeted agents) may prolong survival and
could manifest in QOL differences. Hence, a salient point of
this analysis is that the lack of statistical differences herein
cannot definitively exclude subtle undetected differences.

Despite the prospective randomized nature of this study,
there are several limitations, in addition to several explained
above such as the small sample size, diversity in primary
disease (and degree of control thereof), and lack of formal
power calculations owing to the explorative nature. Moreover,
because all patients had advanced cancer, this study did not
account for progression or further therapies such as re-
irradiation or systemic therapies. These have major influences
on QOL and should be evaluated in larger sample sizes in the
future. Finally, as described elsewhere (16), it is crucial to
mention that no study evaluating QOL or patient-reported
outcomes can account for the innumerable factors that
influence these variables, including prior or subsequent lines
of therapy, baseline characteristics (32), social support,
comorbidities, experience at the radiation facility, and nature
of follow-up. As a result, further data are highly anticipated
to validate the conclusions made herein.

Conclusion

This was a prespecified secondary analysis of a randomized
trial, examining QOL, fatigue, and emotional distress
following SBRT versus 3DCRT as part of palliative
management of painful spinal metastases. Although these
results demonstrate that SBRT does not cause worse QOL
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Table IV. Effects of radiotherapy on emotional distress according to the FBK-R 10 questionnaire.

                                                                                                                                                        SBRT group                            3DCRT group      

FBK R10                                                                                                                                 n             Mean           SD              n            Mean           SD

End of radiotherapy  (t1)                                                                                                      27              17.0            9.7             28            19.0             9.1
3 months (t2)                                                                                                                         23              17.0            9.3             23            16.5             9.4
6 months (t3)                                                                                                                         19              15.3            9.9             20            17.4             9.6
Treatment effect (t0-t2) after 3 months p=0.248, (t0-t3) after 6 months p=0.603.               
Effect size (t0-t2) after 3 months 0.22, (t0-t3) after 6 months –0.1.                                                       

3DCRT: 3D conformal radiotherapy; SBRT: stereotactic body radiotherapy; SD: standard deviation.



deteriorations compared to 3DCRT, larger randomized
investigations are recommended to corroborate these findings.
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