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Stereotactic radiotherapy for patients 
with bone metastases: a selected group 
with low rate of radiation treatment 
during the last month of life?
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Abstract 

Background  Complex high-precision radiotherapy, such as stereotactic body radiotherapy (SBRT), should only be 
offered to patients with sufficiently long survival. In the context of bone metastases radiotherapy, low rates of treat-
ment close to the end of life, e.g. last 30 days (RT30), may serve as a quality of care indicator. While traditional, pain-
relieving short-course regimens have been studied comprehensively, real-world SBRT results are still limited.

Methods  Retrospective analysis (2010–2023, n = 1117 episodes) of patients with bone metastases treated with tra-
ditional single-fraction (8 Gy × 1) or multi-fraction regimens (often 4 Gy × 5 or 3 Gy × 10) compared to stereotactic 
single-fraction (12–16 Gy × 1) or multi-fraction regimens.

Results  Except for gender, almost all baseline variables were uneven distributed. Failure to complete fractionated 
radiotherapy was uncommon in the stereotactic (4%) and non-stereotactic group (3%), p = 1.0. With regard to RT30, 
relevant differences emerged (19% for 8-Gy single-fraction versus 0% for stereotactic single-fraction, p = 0.01). The 
corresponding figures were 11% for multi-fraction non-stereotactic and 2% for multi-fraction stereotactic, p = 0.08. 
Median overall survival was shortest after 8-Gy single-fraction irradiation (4.2 months) and longest after stereotactic 
multi-fraction treatment (13.9 months). Neither stereotactic radiotherapy nor multi-fraction treatment improved 
survival in multivariate Cox regression analysis. Factors significantly associated with longer survival included better 
performance status, lower LabBM score (5 standard blood test results), stable disease outside of irradiated area(s), 
metachronous distant metastases, longer time interval from metastatic disease to bone irradiation, and outpatient 
status.

Conclusion  The implementation of SBRT for selected patients has resulted in low rates of non-completion and RT30. 
Optimal selection criteria remain to be determined, but in current clinical practice we exclude patients with poor 
performance status, unfavorable blood test results (high LabBM score) and progressive disease sites not amenable 
to SBRT. Established, guideline-endorsed short-course regimens, especially 8-Gy single-fraction treatment, continue 
to represent an important palliative approach.
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Introduction
Stereotactic radiotherapy has demonstrated its potential 
in several indications and treatment sites, e.g., brain and 
lung [1]. High precision, limited toxicity and effective 
local control are hallmarks of this type of external beam 
radiotherapy [2]. Painful uncomplicated bone metastases 
have long been treated with simple short-course regi-
mens, which continue to represent the cornerstone today, 
e.g., a single fraction of 8 Gy [3]. Other bone metastases 
scenarios often require different, sometimes multi-modal 
approaches. Complicated or post-surgical bone metasta-
ses may preferably receive higher doses of radiation, his-
torically consisting of 10–13 fractions [4]. In this context, 
stereotactic radiotherapy has the potential to shorten 
treatment time [5–9]. A third scenario consists of oligo-
metastatic spread, where ablative doses of radiation may 
lead to durable local control and often long survival [1, 
10]. Typically, hypofractionation or single doses are also 
administered to these patients. As a result of widespread 
availability of equipment and expertise, including recent 
practice recommendations [11, 12], radiotherapy of bone 
metastases has become a more individualized approach.

Nguyen et al. performed a randomized phase 2 trial of 
single-fraction stereotactic versus conventional multi-
fraction radiotherapy for pain relief in patients with 
predominantly non-spine bone metastases [9]. Patients 
were randomly assigned in a 1:1 ratio to receive either 
single-fraction treatment (12  Gy for ≥ 4-cm lesions or 
16 Gy for < 4-cm lesions) or 30 Gy in 10 fractions. Among 
evaluable patients who received treatment per proto-
col, the single-fraction group had more pain responders 
than the control group (complete + partial response at 
3 months 72% versus 49%, p = 0.03). No differences were 
found in treatment-related toxic effects or quality-of-life 
scores. Local control rates at 1 and 2  years were higher 
in patients receiving single-fraction radiotherapy. These 
promising results led our group to adopt this treatment 
approach, complementing already existing fractionated 
regimens. Given that 16  Gy still results in a moderate 
biologically equivalent dose in 2-Gy fractions (EQD2) 
to tumor cells with high α/β value [13], we preferred 
hypofractionated regimens such as 12 Gy × 2 or 9 Gy × 3 
(higher EQD2) in selected patients with presumed ben-
efit and longer survival. In parallel, standard palliative 
conventional techniques remained in clinical use in the 
majority of patients [14].

In the same time period, our group has performed 
extensive studies of prognostic factors for survival and 
factors predicting futile radiotherapy, defined as radio-
therapy very close to the end of life, e.g. last 30  days 
(RT30) [15–17]. We became increasingly confident in 
blood biomarker-based predictive and prognostic models 
such as the Glasgow prognostic score (C-reactive protein 

(CRP) and albumin) [18] and the LabBM score (CRP, 
albumin, hemoglobin, platelets, lactate dehydrogenase 
(LDH)) [19] and expanded the latter by including per-
formance status (PS), resulting in the LabPS score [16]. 
We did not formally require a certain prognostic score, 
e.g., favorable LabBM or LabPS, when offering stereo-
tactic radiotherapy, as additional factors often contribute 
important information, e.g., availability of and eligibility 
for systemic therapy and multidisciplinary input [20]. 
However, we hypothesized that our clinical focus on 
assessment of various factors, including but not limited 
to blood tests, may have resulted in lower than typi-
cally reported rates of radiotherapy in the last month of 
life in patients treated with more complex and resource 
consuming stereotactic approaches. Therefore, we per-
formed the present retrospective single-institution study.

Patients and methods
A retrospective study was performed at Nordland Hospi-
tal Bodø employing the following inclusion criteria: adult 
patients, irradiation of bone metastases in routine clini-
cal practice outside of prospective trials, and consecu-
tively treated in the time period January 01, 2010–May 
31, 2023. Patients with hematological primary diagnosis 
were excluded, e.g., multiple myeloma. A total of 1117 
treatment episodes were analyzed, meaning that some 
patients returned for irradiation of previously unirradi-
ated bone metastases and others for in-field re-irradia-
tion. The hospital’s clinical oncologists prescribed both 
radiotherapy and systemic treatment, guided by tumor-
specific national guidelines and multidisciplinary tumor 
board discussions. Decision-making was individualized 
without employing a certain prognostic score as a stop or 
go criterion. However, PS and blood test results were uti-
lized at physician’s discretion to inform choice of radio-
therapy fractionation and technique.

Stereotactic treatment started in 2017, initially hypo-
fractionated, later also as a single-fraction regimen. The 
highest share of stereotactic treatment was observed 
in 2020 (26%), likely due to COVID-19-related policy 
changes. However, the proportion remained relatively 
stable, e.g., 22% in 2022. Intensity-modulated or volu-
metric modulated arc techniques were employed, while 
simpler 3-D techniques remained in use for non-stereo-
tactic treatment. Single-fraction stereotactic treatment 
(n = 27) was guided by the study reported by Nguyen 
et  al. [9]. Fractionated stereotactic treatment (n = 48) 
was preferred in patients with better prognosis and indi-
vidualized as needed to adhere to safe dose constraints. 
Fifty-eight percent of courses employed > 5 fractions and 
42% 2–5 fractions. Non-stereotactic treatment (n = 1042) 
consisted of short-course (8  Gy × 1 or 4  Gy × 5) in 43%, 
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3  Gy × 10 (49%) or protracted course, e.g., 3  Gy × 13, in 
8%.

Descriptive statistics and 2-tailed Fisher’s exact prob-
ability tests were employed for statistical analyses in 
IBM SPSS statistics 28 (IBM SPSS Statistics, Somers, NY, 
USA). Survival data were obtained in October 2023 by 
use of the hospital’s electronic patient records. The latter 
were also utilized to extract baseline characteristics. The 
number of censored observations (alive in October 2023) 
was 126 (11%). Date of death was known in all remain-
ing patients. Actuarial survival curves were calculated 
according to the Kaplan–Meier method and analyzed by 
log-rank tests (start date: first fraction of radiotherapy). 
Furthermore, forward conditional Cox regression analy-
ses were employed. Statistical significance was defined as 
p-value < 0.05.

Finally, to account for systematic differences in base-
line characteristics between the stereotactic and non-ste-
reotactic treatment groups, a propensity score matched 
analysis was employed. The propensity score was defined 
as the probability that an  individual would have been 
allocated to the stereotactic treatment group as a func-
tion of observed baseline characteristics, estimated using 
multivariable logistic regression in which the treatment 
group was the dependent variable and the baseline char-
acteristics were the independent variables. Due to the 
large number of available non-stereotactic patients, we 
removed those treated before 2017 and those with Kar-
nofsky PS (KPS) < 50 from the database (all stereotac-
tic patients had higher KPS). Although 1:1 matching is 
the most common method, our study was large enough 
to use more than one control patient in many-to-one 
matching (often 2–4). Nearest neighbor matching was 
employed, where the difference in propensity scores that 
range from 0–1 was minimized within each matched 
sample based on a threshold of 0.1.

Results
The results were stratified by treatment regimen (single 
fraction or not, stereotactic or not), resulting in 4 strata 
(Table  1). Except for gender, almost all baseline vari-
ables were uneven distributed. The stereotactic groups 
contained fewer patients with breast and more patients 
with kidney cancer. The stereotactic single-fraction 
group had a high proportion of patients with femo-
ral metastases (37%). Stereotactically treated patients 
were less likely to receive opioid analgesics and more 
likely to receive outpatient radiotherapy. They were 
also less likely to harbor progressive disease sites that 
were not included in the actual course of radiotherapy. 
KPS was different too (best in patients with fraction-
ated stereotactic radiotherapy, at least 50 in all patients 
treated stereotactically, minimum 30 in other patients). 

Comparable differences were seen for the LabBM score 
(CRP, albumin, hemoglobin, platelets, LDH) [19], i.e. 
best prognosis in the stereotactic fractionated group 
and no stereotactically treated patients with a score of 
3.5 (highest possible point sum, ranging from 0 to 3.5, 
with 3.5 meaning that all 5 blood tests were abnormal).

Failure to complete fractionated radiotherapy was 
uncommon in the stereotactic (4%) and non-stereotac-
tic group (3%), p = 1.0. With regard to RT30, relevant 
differences emerged (19% for 8-Gy single-fraction 
versus 0% for stereotactic single-fraction, p = 0.01). 
The corresponding figures were 11% for fractionated 
non-stereotactic and 2% for fractionated stereotac-
tic, p = 0.08 (Table  2). Two percent in the fractionated 
stereotactic group actually represents a single patient. 
He was 74  years old (outpatient, KPS 70, LabBM 2.0) 
and had kidney cancer with metachronous metastases 
(12 months from diagnosis of metastatic disease, not on 
systemic therapy). He was hospitalized for bowel perfo-
ration from diverticulitis, i.e. not treatment-related, and 
died in the early post-operative phase from COVID-19. 
It is of course impossible to predict this type of acute 
health deterioration with fatal outcome. In our study, 
rates of RT30 remained stable over time.

Median overall survival was shortest after 8  Gy sin-
gle-fraction irradiation (4.2  months, 95% confidence 
interval (CI) 3.1–5.3). Stereotactic single-fraction 
irradiation resulted in 6.4  months (95% CI 4.4–8.4). 
The corresponding figures were 8.2 (7.3–9.1) and 13.9 
(3.5–24.4) for fractionated non-stereotactic and stereo-
tactic, respectively (Fig.  1). Univariate Cox regression 
analyses for continuous variables showed significant 
associations with improved overall survival for bet-
ter KPS (p < 0.001), lower LabBM score (p < 0.001), and 
longer time from metastatic disease to radiotherapy 
for bone metastases (p = 0.02), but not age and year of 
radiotherapy. Dichotomized variables were evaluated 
by log-rank tests, which showed that inpatient status 
(p < 0.001), progressive disease outside of irradiated 
area(s) (p < 0.001), and synchronous distant metastases 
at first cancer diagnosis (p < 0.001) were associated with 
shorter overall survival. All these parameters were then 
included in a multivariate model. Neither stereotactic 
radiotherapy nor multi-fraction treatment improved 
survival in multivariate Cox regression analysis. Factors 
significantly associated with longer survival included 
better KPS (p < 0.001; continuous variable), lower 
LabBM score (p < 0.001; continuous variable), stable 
disease outside of irradiated area(s) (p < 0.001; yes/no), 
metachronous distant metastases (p = 0.002; yes/no), 
longer time interval from metastatic disease to bone 
irradiation (p = 0.007; continuous variable), and outpa-
tient status (p = 0.025; yes/no).
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With regard to propensity score matched analyses, we 
evaluated 305 patients that were matched according to 
outpatient status, LabBM score, stable disease outside 
of irradiated area(s), KPS and tumor type. As shown in 
Table  3, similar rates of RT30 were observed (0–5%). 
One-year survival rates were similar too, both within the 
single fraction (37 and 41%, respectively) and the frac-
tionated subset (58%, identical).

Discussion
This retrospective single-institution study analyzed our 
experience with more complex and resource consum-
ing stereotactic approaches for radiotherapy of bone 
metastases. We were interested in patient selection, 
treatment completion, radiotherapy very close to the 
end of life (RT30), and overall survival. Other endpoints 
such as pain relief, local control, fracture rates, toxicity 

Table 1  Comparison between treatment episodes where patients were treated with traditional palliative radiotherapy (8 Gy single 
fraction or multiple fractions) or with stereotactic radiotherapy regimens (12-16 Gy single fraction or multiple fractions): baseline 
parameters

SCLC: small cell lung cancer, NSCLC: non-small cell lung cancer
1 not displayed: sternum, humerus, skull and other uncommon targets
2 outside of irradiated region(s)
3 in the first 2 months after cancer diagnosis
4 present already when diagnosed with cancer

Parameter 8 Gy single fraction 
(number, percent)

Multiple 
fractions, non-
stereotactic

12–16 Gy 
single 
fraction

Multiple 
fractions, 
stereotactic

p-value, all 4 strata

Gender

Female sex 84, 36 281, 35 11, 41 11, 23 0.31

Male sex 149, 64 528, 65 16, 59 37, 77

Primary disease site

Breast cancer 44, 19 142, 18 3, 11 2, 4  < 0.001

Prostate cancer 95, 41 251, 31 6, 22 17, 35

SCLC 13, 6 20, 3 0, 0 2, 4

NSCLC 28, 12 165, 20 9, 33 9, 19

Kidney cancer 9, 4 60, 7 3, 11 11, 23

Bladder cancer 2, 1 22, 3 2, 4 0, 0

Colorectal cancer 18, 8 59, 7 3, 11 3, 6

Malignant melanoma 4, 2 16, 2 0, 0 1, 2

Others 20, 9 74, 9 1, 4 3, 6

Site of treated metastasis1

Spine 122, 52 522, 65 9, 33 21, 44  < 0.001

Pelvis 119, 51 367, 45 12, 44 15, 31 0.08

Shoulder 43, 19 61, 8 1, 4 4, 8  < 0.001

Rib 33, 14 94, 12 8, 30 13, 27  < 0.001

Femur 28, 12 89, 11 10, 37 2, 4  < 0.001

Other parameters

Inpatient 63, 27 271, 34 4, 15 2, 4  < 0.001

Not on opioid analgesics 55, 24 324, 40 14, 52 32, 67  < 0.001

Not on systemic therapy 41, 18 229, 28 8, 30 15, 31 0.009

Progressive disease2 128, 55 352, 44 11, 41 7, 15  < 0.001

Re-irradiation 46, 20 120, 15 6, 22 2, 4 0.03

Early irradiation (2 mo)3 33, 14 262, 32 8, 30 15, 31  < 0.001

Synchronous metastases4 110, 47 408, 51 17, 63 16, 34 0.06

Median time from metastatic cancer (months), 
range

14, 1–170 8, 1–180 10, 1–168 6, 1–108 0.03

Median age (years), range 73, 26–95 69, 34–92 73, 51–90 72, 24–86  < 0.001

Median Karnofsky performance status, range 70, 30–100 70, 30–100 70, 50–100 90, 60–100  < 0.001

Median LabBM score, range 2.0, 0–3.5 1.5, 0–3.5 1.5, 0–3.0 1.0, 0–3.0  < 0.001
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and quality of life were not evaluated. However, recent 
reviews and meta-analyses of prospective clinical studies 
have already provided information about these endpoints 
[2, 5, 6, 10]. When introducing stereotactic radiotherapy 
for bone metastases in 2017, an active research program 
was already running, focusing on improved patient selec-
tion for palliative radiotherapy and development of better 

decision support tools. More recently, these efforts led 
to recommendation of the LabBM score [15], followed 
by the LabPS score [16]. In addition, a model named pal-
liative appropriateness criteria score (PACS) contributes 
by estimating the proportion of remaining lifetime spent 
on radiotherapy [20, 21]. During this work-in-progress 
phase, we did not feel sufficiently confident to implement 

Table 2  Comparison between treatment episodes where patients were treated with traditional palliative radiotherapy (8 Gy single 
fraction or multiple fractions) or with stereotactic radiotherapy regimens (12–16 Gy single fraction or multiple fractions): outcomes

PRT30: palliative radiotherapy in the last month of life
* for the 2 groups with multiple fractions (incomplete single fraction irradiation is not possible)

Parameter 8 Gy single fraction 
(number, percent)

Multiple fractions, 
Non-stereotactic

12–16 Gy single 
fraction

Multiple fractions, 
stereotactic

p-value

PRT30 44, 19 87, 11 0, 0 1, 2 0.01 (single fr.)

0.08 (multiple fr.)

Incomplete PRT 0, 0 28, 3 0, 0 2, 4 1.0*

Alive 1 year after PRT (%) 23 39 37 58 Calculated for com-
plete curves, see 
Fig. 1

Fig. 1  Actuarial overall survival (Kaplan–Meier curves), p < 0.001 (pooled over all strata). 8-Gy single-fraction was associated with significantly 
shorter survival than all 3 other regimens (p = 0.025, < 0.001, and < 0.001, respectively). Fractionated stereotactic radiotherapy was associated 
with longer survival than fractionated non-stereotactic, p = 0.004. The difference between the 2 stereotactic groups was not significant, p = 0.13
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one of the scores as obligatory requirement for decision 
making. We did, however, try to select patients with poor 
prognostic features for short-course non-stereotactic 
treatment, especially 8 Gy × 1, by assessing KPS, disease 
extent, remaining systemic therapy options and blood 
test results.

The comparison of baseline parameters (Table 1) con-
firmed that major differences in prognostic factors were 
present. Obviously, patients were assigned to single-frac-
tion treatment if adverse factors were found and to mul-
tiple fractions if expected survival was longer, with some 
individual variation and sometimes imperfect match 
between survival and time on radiotherapy. Fewer stereo-
tactically treated patients received opioid analgesics and 
inpatient radiotherapy. They were also less likely to har-
bor progressive disease sites that were not included in the 
actual course of radiotherapy. KPS was different too (best 
in patients with fractionated stereotactic radiotherapy). 
Comparable differences were seen for the LabBM score, 
i.e. best prognosis in the stereotactic fractionated group. 
Better patient selection resulted in lower rates of RT30. 
There is little, if any, potential for further improvement 
of RT30 rates in our stereotactic radiotherapy groups. 
However, adhering to thorough prognostic assessment is 
expected to improve quality of care in the non-stereotac-
tic groups by lowering RT30 rates in the future. The pol-
icy in place during the time period of the study resulted in 
stable rates of RT30 over time. Given the group’s research 
focus on prognostic models, this lack of positive develop-
ment is surprising. On the other hand, offering 8 Gy × 1 is 
neither very resource-consuming nor toxic, and is more 
polite and supportive than refusing radiotherapy at all. 
This does not automatically justify the decision, however, 
many clinicians may prefer treatment, especially if they 
have limited training in palliative care and the patient’s 
appointment is radiotherapy-specific.

Gillespie et  al. studied almost 3000 patients who 
received radiotherapy for bone metastases at a different 
institution in the 3-year time period between 2016 and 

2018 [7]. Their analysis included close to 6000 radiother-
apy episodes. SBRT was frequently employed (n = 2790, 
47%), while 8  Gy × 1 was infrequent (n = 368, 6%). On 
multivariate logistic regression, factors associated with 
receipt of SBRT were high KPS, a non-radiosensitive 
primary tumor histology, and location in spine. Death 
within 30 days occurred among 24% of all 8 Gy × 1 treat-
ments (19% in our study), 9% of 3  Gy × 10 courses, and 
4% of all SBRT treatments (p < 0.01). Outside of our 
center, the LabBM score has so far not been studied spe-
cifically in the bone metastases setting. Our initial expe-
rience in this large cohort supports further validation by 
other groups.

Kowalchuk et  al. developed and validated a decision-
making tool predictive of overall survival for patients 
receiving SBRT for spinal metastases (single or multiple 
fractions), i.e. a subgroup of all bone SBRT [22]. Three 
hundred sixty-one patients at one institution were used 
for the training set, and 182 at a second institution were 
used for external validation. The final model consisted of 
the following variables and scores: Spinal Instability Neo-
plastic Score (SINS) ≥ 6 (1), time from primary diagno-
sis < 21 months (1), Eastern Cooperative Oncology Group 
(ECOG) PS = 1 (1) or ECOG PS > 1 (2), and > 1 organ sys-
tem involved (1). Each variable was an independent pre-
dictor of survival (p < 0.001), and each 1-point increase in 
the score was associated with a hazard ratio of 2.0. Three 
groups were defined: favorable (0–1 points), intermedi-
ate (2 points), and poor survival (3–5 points), with 2-year 
survival rates of 84, 46 and 21%, respectively (p < 0.0001 
for each). In the external validation set, the score was also 
predictive of survival. Just like Gillespie et al. [7], Kowal-
chuk et al. did not include blood test results. The same is 
true for Zeng et al. [23], who also focused on spine SBRT 
and prognostic factors associated with surviving less than 
3 months versus greater than 3 years, meaning that dif-
ferent endpoints were selected in all studies.

At our center, median overall survival was 6.4 months 
after stereotactic single-fraction irradiation. Largely 

Table 3  Comparison between treatment episodes where patients were treated with traditional palliative radiotherapy (8 Gy single 
fraction or multiple fractions) or with stereotactic radiotherapy regimens (12–16 Gy single fraction or multiple fractions): outcomes of 
matched analyses in 305 patients with comparable prognostic features

PRT30: palliative radiotherapy in the last month of life
* for the 2 groups with multiple fractions (incomplete single fraction irradiation is not possible)

Parameter 8 Gy single fraction 
(number, percent)

Multiple fractions, Non-
stereotactic

12–16 Gy single 
fraction

Multiple fractions, 
stereotactic

p-value

PRT30 1, 2 9, 5 0, 0 1, 2 0.3–0.45

Incomplete PRT 0, 0 4, 2 0, 0 2, 4 1.0*

Alive 1 year after PRT (%) 41 58 37 58 Calculated 
for complete 
curves
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identical results were reported by Nguyen et al. (median 
6.7 months in both arms of their randomized study (com-
parator: conventional multi-fraction irradiation) [9]. In 
our study, the corresponding figure was 8.2  months for 
conventional multi-fraction treatment. Multivariately, 
neither fractionation nor stereotactic treatment was asso-
ciated with improved survival. Propensity score match-
ing also confirmed similar survival outcomes. Therefore, 
if the primary aim of treatment is symptom palliation, 
priority is given to simple short-course regimens, which 
avoid toxicity and may be applied in a fast-track setting. 
Single-fraction or 2–3 fraction stereotactic radiother-
apy is a promising alternative, but less easy to plan and 
deliver. In addition, in a larger randomized clinical trial 
than the one reported by Nguyen et al. superiority of ste-
reotactic single-fraction irradiation for the primary end 
point of patient-reported pain response at 3 months was 
not found [24]. These researchers studied single-fraction 
doses of 16 or 18 Gy versus a conventional 8-Gy regimen, 
limited to spine metastases.

The present study has both strengths, such as the rou-
tine clinical practice setting and availability of blood test 
results, and limitations, such as the moderate number of 
stereotactic radiotherapy episodes, lack of other outcome 
data, and limited follow-up if treatment was adminis-
tered after 2021. There is still debate about complete 
avoidance of palliative radiotherapy in the last month 
of life. Recently, Christ et  al. reported that radiotherapy 
achieved high completion and success rates until one 
week before death, and suggested that treatment within 
one week of death should be restricted to carefully 
selected patients or avoided altogether [25]. In a study by 
Rautakorpi et  al., treatment was discontinued in 41% of 
the patients irradiated during the last two weeks of life, 
and worsening of the general condition was the prevail-
ing reason for discontinuation (70%) [26]. Despite con-
troversy, RT30 has remained the most common quality 
of care indicator [27–29]. In a limited number of bone 
metastases treatment episodes (< 300), we recently iden-
tified three significant predictors of 30-day mortality 
(KPS (≤ 50, 60–70, 80–100), weight loss of at least 10% 
within 6  months (yes/no), pleural effusion (present/
absent)) and employed these to construct a predictive 
model with 5 strata and mortality rates of 0–75% [17]. 
Future validation in a larger study with additional poten-
tial predictors is planned.

Conclusion
The implementation of stereotactic radiotherapy for 
selected patients has resulted in low rates of non-com-
pletion and RT30. Optimal selection criteria remain to 
be determined, but in current clinical practice we exclude 
patients with poor performance status, unfavorable 

blood test results (high LabBM score) and progres-
sive disease sites not amenable to SBRT. Established, 
guideline-endorsed short-course regimens, especially 
8-Gy single-fraction treatment, continue to represent an 
important palliative approach.

Abbreviations
IMRT	� Intensity-modulated radiotherapy
VMAT	� Volumetric modulated arc treatment
SBRT	� Stereotactic body radiotherapy
EQD2	� Equivalent dose in 2-Gy fractions
RT30	� Palliative radiotherapy in the last 30 days of life
LabBM	� Laboratory values in brain metastases

Acknowledgements
Not applicable.

Author contributions
All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by C.N. The first draft of 
the manuscript was written by C.N. and all authors commented on previous 
versions of the manuscript. All authors have read and agreed to the published 
version of the manuscript.

Funding
Open access funding provided by UiT The Arctic University of Norway (incl 
University Hospital of North Norway). This research received no external fund-
ing. Open access funding provided by UiT – The Arctic University of Norway.

Availability of Data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. As a retrospective quality 
of care analysis, no approval from the Regional Committee for Medical and 
Health Research Ethics (REK Nord) was necessary. This research project was 
carried out according to our institutions’ guidelines and with permission to 
access the patients’ data. Written informed consent was received from all 
patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Institute of Clinical Medicine, Faculty of Health Sciences, UiT – The Arctic 
University of Norway, Tromsø, Norway. 2 Department of Oncology and Pallia-
tive Medicine, Nordland Hospital, 8092 Bodø, Norway. 3 Department of Quality 
and Health Technology, SHARE – Center for Resilience in Healthcare, Faculty 
of Health Sciences, University of Stavanger, Stavanger, Norway. 

Received: 11 December 2023   Accepted: 24 October 2024

References
	1.	 Yan M, Abdel-Rahman F, Dawson L, Wong P, Wong RKS, Tsai CJ. Advances 

and challenges in trials of local therapy for patients with oligometastatic 
or oligoprogressive disease. Semin Radiat Oncol. 2023;33:416–28.



Page 8 of 8Nieder et al. Radiation Oncology          (2024) 19:151 

	2.	 Guckenberger M, Dahele M, Ong WL, Sahgal A. Stereotactic body radia-
tion therapy for spinal metastases: Benefits and limitations. Semin Radiat 
Oncol. 2023;33:159–71.

	3.	 van der Velden J, Willmann J, Spałek M, Oldenburger E, Brown S, Kazmier-
ska J, et al. ESTRO ACROP guidelines for external beam radiotherapy 
of patients with uncomplicated bone metastases. Radiother Oncol. 
2022;173:197–206.

	4.	 Nieder C, Pawinski A, Dalhaug A. Continuous controversy about radiation 
oncologists’ choice of treatment regimens for bone metastases: should 
we blame doctors, cancer-related features, or design of previous clinical 
studies? Radiat Oncol. 2013;8:85.

	5.	 Wong HC, Lee SF, Chan AW, Caini S, Hoskin P, Simone CB, et al. Ste-
reotactic body radiation therapy versus conventional external beam 
radiotherapy for spinal metastases: a systematic review and meta-analysis 
of randomized controlled trials. Radiother Oncol. 2023;189:109914.

	6.	 Ito K, Saito T, Nakamura N, Imano N, Hoskin P. Stereotactic body radio-
therapy versus conventional radiotherapy for painful bone metastases: 
a systematic review and meta-analysis of randomised controlled trials. 
Radiat Oncol. 2022;17:156.

	7.	 Gillespie EF, Lapen K, Wang DG, Wijetunga N, Pastrana GL, Kollmeier MA, 
et al. Replacing 30 Gy in 10 fractions with stereotactic body radiation 
therapy for bone metastases: a large multi-site single institution experi-
ence 2016–2018. Clin Transl Radiat Oncol. 2020;25:75–80.

	8.	 Sahgal A, Myrehaug SD, Siva S, Masucci GL, Maralani PJ, Brundage M, 
et al. Stereotactic body radiotherapy versus conventional external beam 
radiotherapy in patients with painful spinal metastases: an open-label, 
multicentre, randomised, controlled, phase 2/3 trial. Lancet Oncol. 
2021;22:1023–33.

	9.	 Nguyen QN, Chun SG, Chow E, Komaki R, Liao Z, Zacharia R, et al. Single-
fraction stereotactic vs conventional multifraction radiotherapy for pain 
relief in patients with predominantly nonspine bone metastases: A 
randomized phase 2 trial. JAMA Oncol. 2019;5:872–8. Erratum in: JAMA 
Oncol. 2021;7:1581.

	10.	 Spencer KL, van der Velden JM, Wong E, Seravalli E, Sahgal A, Chow E, 
et al. Systematic review of the role of stereotactic radiotherapy for bone 
metastases. J Natl Cancer Inst. 2019;111:1023–32.

	11.	 Vilotte F, Pasquier D, Blanchard P, Supiot S, Khalifa J, Schick U, et al. 
Recommendations for stereotactic body radiation therapy for spine and 
non-spine bone metastases. A GETUG (French society of urological radia-
tion oncolgists) consensus using a national two-round modified Delphi 
survey. Clin Transl Radiat Oncol. 2022;37:33–40.

	12.	 Madani I, Sahgal A, Erler D, Stish BJ, Olivier KR, Park SS, et al. Stereotactic 
body radiation therapy for metastases in long bones. Int J Radiat Oncol 
Biol Phys. 2022;114:738–46.

	13.	 van Leeuwen CM, Oei AL, Crezee J, Bel A, Franken NAP, Stalpers LJA, et al. 
The alfa and beta of tumours: a review of parameters of the linear-
quadratic model, derived from clinical radiotherapy studies. Radiat Oncol. 
2018;13:96.

	14.	 Nieder C, Dalhaug A, Haukland E, Mannsåker B, Pawinski A. Contem-
porary radiooncological management of bone metastases from breast 
cancer: factors associated with prescription of different fractionation 
regimens (short or long course) in a rural part of North Norway with long 
travel distance. Int J Circumpolar Health. 2017;76:1270080.

	15.	 Nieder C, Dalhaug A, Haukland E. The LabBM score is an excellent survival 
prediction tool in patients undergoing palliative radiotherapy. Rep Pract 
Oncol Radiother. 2021;26:740–6.

	16.	 Nieder C, Haukland EC, Mannsåker B, Dalhaug A. The LabPS score: 
inexpensive, fast, and site-agnostic survival prediction. Am J Clin Oncol. 
2023;46:178–82.

	17.	 Nieder C, Stanisavljevic L, Mannsåker B, Haukland EC. Early death after 
palliative radiation treatment: 30-, 35- and 40-day mortality data and 
statistically robust predictors. Radiat Oncol. 2023;18:59.

	18.	 McMillan DC. The systemic inflammation-based glasgow prognostic 
score: a decade of experience in patients with cancer. Cancer Treat Rev. 
2013;39:534–40.

	19.	 Berghoff AS, Wolpert F, Holland-Letz T, Koller R, Widhalm G, Gatterbauer 
B, et al. Combining standard clinical blood values for improving survival 
prediction in patients with newly diagnosed brain metastases-develop-
ment and validation of the LabBM score. Neuro Oncol. 2017;19:1255–62.

	20.	 Nieder C, Haukland EC, Mannsåker B, Dalhaug A. Palliative appropri-
ateness criteria: external validation of a new method to evaluate the 

suitability of palliative radiotherapy fractionation. Strahlenther Onkol. 
2023;199:278–83.

	21.	 Farris JC, Johnson AG, Carriere PP, Patel ZA, Nagatsuka M, Farris MK, 
et al. Palliative appropriateness criteria: a pragmatic method to evaluate 
the suitability of palliative radiotherapy fractionation. J Palliat Med. 
2023;26:67–72.

	22.	 Kowalchuk RO, Mullikin TC, Florez M, De BS, Spears GM, Rose PS, et al. 
Development and validation of a recursive partitioning analysis-based 
pretreatment decision-making tool identifying ideal candidates for spine 
stereotactic body radiation therapy. Cancer. 2023;129:956–65.

	23.	 Zeng KL, Sahgal A, Tseng CL, Myrehaug S, Soliman H, Detsky J, et al. Prog-
nostic factors associated with surviving less than 3 months vs greater 
than 3 years specific to spine stereotactic body radiotherapy and late 
adverse events. Neurosurgery. 2021;88:971–9.

	24.	 Ryu S, Deshmukh S, Timmerman RD, Movsas B, Gerszten P, Yin FF, et al. 
Stereotactic radiosurgery vs conventional radiotherapy for localized 
vertebral metastases of the spine: phase 3 results of NRG Oncology/RTOG 
0631 randomized clinical trial. JAMA Oncol. 2023;9:800–7.

	25.	 Christ SM, Schettle M, Seiler A, Guckenberger M, Blum D, Andratschke 
N, et al. Single-institution analysis of the prevalence, indications 
and outcomes of end-of-life radiotherapy. Clin Transl Radiat Oncol. 
2021;30:26–30.

	26.	 Rautakorpi LK, Mäkelä JM, Seyednasrollah F, Hammais AM, Laitinen T, Hir-
vonen OM, et al. Assessing the utilization of radiotherapy near end of life 
at a Finnish University Hospital: a retrospective cohort study. Acta Oncol. 
2017;56:1265–71.

	27.	 Wu SY, Singer L, Boreta L, Garcia MA, Fogh SE, Braunstein SE. Palliative 
radiotherapy near the end of life. BMC Palliat Care. 2019;18:29.

	28.	 Park KR, Lee CG, Tseng YD, Liao JJ, Reddy S, Bruera E, et al. Palliative 
radiation therapy in the last 30 days of life: a systematic review. Radiother 
Oncol. 2017;125:193–9.

	29.	 Spencer K, Morris E, Dugdale E, Newsham A, Sebag-Montefiore D, Turner 
R, et al. 30 day mortality in adult palliative radiotherapy–a retrospective 
population based study of 14,972 treatment episodes. Radiother Oncol. 
2015;115:264–71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Stereotactic radiotherapy for patients with bone metastases: a selected group with low rate of radiation treatment during the last month of life?
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


