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Abstract
External Beam Radiotherapy (EBRT) allows remarkable pain control in patients with skeletal metastases. We performed a 
Bayesian network meta-analysis comparing the most commonly used radiotherapy regimens for palliative management in 
patients with skeletal metastases. The main online databases were accessed in October 2020. All randomized clinical trials 
evaluating the irradiation of painful bone metastases were considered. The following irradiation patterns were analysed and 
included in the present network meta-analysis: 8 Gy- and 10 Gy/single fraction, 20 Gy/5 fractions, 30 Gy/10 fractions. The 
Bayesian hierarchical random-effect model analysis was adopted in all comparisons. The Log Odds-Ratio (LOR) statistical 
method for dichotomic data was adopted for analysis. Data from 3595 patients were analysed. The mean follow-up was 9.5 
(1 to 28) months. The cumulative mean age was 63.3 ± 2.9. 40.61% (1461 of 3595 patients) were female. The 8Gy/single 
fraction protocol detected reduced rate of “no pain response” (LOR 3.39), greater rate of “pain response” (LOR-5.88) and 
complete pain remission (LOR-7.05) compared to the other dose patterns. The 8Gy group detected a lower rate of pathological 
fractures (LOR 1.16), spinal cord compression (LOR 1.31) and re-irradiation (LOR 2.97) compared to the other dose pat-
terns. Palliative 8Gy/single fraction radiotherapy for skeletal metastases shows outstanding results in terms of pain control, 
re-irradiations, pathological fractures and spinal cord compression, with no differences in terms of survivorship compared 
to the other multiple dose patterns.
Level of evidence: I, Bayesian network meta-analysis of RCTs.
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Introduction

Metastatic disease is a common source of bone pain [1]. 
Bone metastases are debilitating and lead to pain, impaired 
mobility, malignant hypercalcemia, pathological fractures, 
and, when the spinal cord is involved, neurological disabil-
ity [2]. Also, severe hypercalcemia can lead to cardiac and 
kidney failure [3], with marked decrease in median survival 
[4]. As lung, thyroid, and renal cancer, multiple myeloma 
and melanoma often metastasize to bone [5, 6], bone metas-
tases are common in the spine, pelvis and hip, shoulder, 
and distal femur [7] with elbow and knee metastases typical 
of lung cancer metastases [8]. The exact incidence of bone 
metastases is still unknown [3], but they impact greatly on 
patients and health care systems [9]. Approximately 70% to 
90% of the patients who died from breast or prostate can-
cer develop bone metastases [10, 11]. Over the past several 
years, an increased interest on External beam radiotherapy 
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(EBRT) as management for selected patients with skeletal 
metastases has emerged [12]. EBRT achieved satisfactory 
results in pain control along with reduced burden in terms 
of both hospital attendances and side effects [13–15]. The 
dose pattern is measured in Gray (Gy), while the number 
of sessions is called fractions. Several studies have shown 
that 30 Gy in 10 fractions, 20 Gy in 5 fractions, or 8 Gy in 
a single fraction afford optimal pain control with accept-
able adverse effects [16]. Given the complexity and lack of 
consensus concerning the palliative radiotherapy for patients 
with skeletal metastases, we performed a Bayesian network 
meta-analysis comparing the three most commonly used 
dose patterns: 8Gy in one fraction, 20Gy and 30Gy in five 
and ten fractions, respectively.

Material and methods

Search strategy

The present Bayesian network meta-analysis was performed 
according to the PRISMA extension statement for reporting 
of systematic reviews incorporating network meta-analysis 
of health care interventions [17]. To guide the search, a pre-
liminary protocol was performed:

•	 P (population): skeletal metastases;
•	 I (intervention): palliative radiotherapy;
•	 C (comparison): 8Gy vs 20Gy vs 30Gy;
•	 O (outcomes): pain scores and medications, further thera-

pies, side effects, survivorship.

Literature search

Two authors (FM; JE) independently performed the lit-
erature search in October 2020. The databases accessed 
were Pubmed, Google Scholar, Scopus. The following 
keywords were used alone and in combination: metasta-
sis, skeletal, bone, radiotherapy, irradiation, Gray, sur-
vivorship, pain, treatment, fractures, spinal cord com-
pression, cancer, 8Gy, 20Gy, 30Gy. The same authors 
independently screened the resulting articles. If title and 
subsequent abstract matched the topic, the full-text article 
was accessed. The bibliographies of the studies of interest 
were also reviewed by hand.

Eligibility criteria

All randomized clinical trials evaluating irradiation of pain-
ful bone metastases were considered for analysis. Only arti-
cles of level I evidence according to the Oxford Centre of 
Evidenced-Based Medicine [18] were included in the pre-
sent study. Given the authors languages capabilities, articles 

in English, German, Italian, Portuguese and Spanish were 
considered eligible. Letters to editors, expert opinions, case 
series, and other review articles were not considered for 
analysis. Cadaveric, animal, in vitro or computational study 
were excluded. The following irradiation patterns were ana-
lysed and included in the present network meta-analysis: 
8Gy and 10Gy in one fraction, 20Gy in five fractions, 30GY 
in 10 fractions. Articles reporting data concerning different 
irradiation patterns were excluded. Only articles provid-
ing quantitative data under the outcomes of interest were 
included. Missing data under the outcomes of interest war-
ranted the exclusion from the present work. Disagreements 
between the authors were mutually debated and solved.

Outcomes of interest

Two authors (FM; JE) independently extracted data from the 
included articles. The following variables were collected: 
author and year of publication, follow-up duration, number 
of treated patients and respective mean age and gender. Fur-
thermore, the inclusion and exclusion criteria were reported 
along with the site of the primary tumour and localization 
of metastases. Concerning the treatment, we collected data 
regarding irradiation site and doses, pre- and post-treatment 
pain scores and medication, further therapies, side effects 
and survivorship.

Statistical analysis

The statistical analysis was performed by the main author 
(FM). To analyse patient baseline comparability, the analysis 
of variance (ANOVA) test was performed, with values of P 
> 0.1 considered satisfactory. The endpoint pain medica-
tion consumption relates to the percentage of patients using 
that drug. For analytical statistics, the STATA Software/MP 
(STATACorp, College Station, TX) was used. The Bayes-
ian hierarchical random-effect model analysis was adopted 
in all comparisons. A reference value was set in all com-
parisons. The Log Odds-Ratio (LOR) and standard error 
(SE) statistical method for dichotomic data was adopted for 
analysis. The edge plot was performed to evaluate contribu-
tion of direct and indirect comparisons among the networks. 
To verify transitivity among studies, the overall inconsist-
ency was evaluated through the equation for global linearity 
via the Wald test. Values of P > 0.05 could not reject the 
null hypothesis, and the consistency assumption could be 
accepted at the overall level of each treatment. The overall 
estimated effect of the comparisons and ranking for each 
endpoint was evaluated through the interval plot. Both the 
confidence interval (CI) and percentile interval (PrI) was set 



199Clinical & Experimental Metastasis (2021) 38:197–208	

1 3

at 95%. Funnel plots were performed to evaluate the risk of 
publication bias among the studies.

Results

Literature search

The literature search resulted in 188 publications, of which 
41 were duplicates. A further 82 articles were excluded 
because not matching the eligibility criteria: not randomized 
trial or poor level of evidence (45); concerning different 
doses or fractionations and radiotherapeutic protocols (23); 
language limitation (1), uncertain results (3), other (10). 
Another 45 articles were rejected for not reporting quantita-
tive data under the outcomes of interest. Finally, 15 rand-
omized clinical trials were eligible for analysis in the present 
study (Fig. 1).

Study demographics

In the present Bayesian network meta-analysis, data from 
3595 patients were analysed. The mean follow-up was 9.5 
(1 to 28) months. The cumulative mean age was 63.3 ± 2.9. 

40.61% (1461 of 3595 patients) were female. The ANOVA 
test evidenced no differences regarding age or sex of patients 
among the studies at baseline (P > 0.5). Demographic data 
are shown in Table 1.

Pain medication consumption and survivorship

Pain medication consumption was not analysed in the 20Gy 
group because of lack of quantitative data. Administration 
of pain medication was notably reduced post-treatment 
in the 8Gy and 30Gy groups. No administration of pain 
medication improved to + 19.50% and + 21.83% in the 
8Gy and 30Gy groups, respectively, while the use of non-
steroidal anti-inflammatory drugs (NSAID) was reduced 
to − 13.92% and − 8.65%. Overall consumption of weak 
narcotics was reduced to − 3.33% and − 8.50% in the 8Gy 
and 30Gy groups, respectively. The intake of strong narcot-
ics was reduced to − 18.25% in the 8Gy group, while in the 
30Gy group an increase to +3.80% was detected during last 
follow-up. The mean survival was 7.93 ± 1.87 months in the 
8Gy group, 6.65 ± 2.62 months in the 20Gy group, and 8.71 
± 0.8 months in the 30Gy treatment group. Pain medication 
consumption and survivorship are shown in Table 2.

Fig. 1   Flow-chart of the litera-
ture search
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Network comparisons

The endpoint “no pain response” scored lower in the 8Gy 
group (LOR 3.39; SE 0.32; 95% CI 2.77 to 4.00; 95% PrI 
2.63 to 4.14). The endpoint “complete pain remission” 
scored better in the 8Gy group (LOR -7.05; SE 0.29; 95% 
CI − 7.64 to − 6.47; 95% PrI − 8.14 to − 5.97). The 8Gy 
group demonstrated a better pain response to the therapy 
(LOR -5.88; SE 0.41; 95% CI − 6.69 to − 5.07; 95% PrI 
− 8.49 to − 3.26). The equation for global linearity via the 
Wald test detected no statically significant inconsistency (P 
> 0.5). Results of the network comparisons concerning pain 
control are shown in Fig. 2.

The 8Gy group showed a lower rate of pathological frac-
tures compared to the other groups (LOR 1.16; SE 0.65; 
95% CI -0.11 to 2.43; 95% PrI -1.85 to 4.18). In the 8Gy 
group there was a significant lower rate of spinal cord com-
pression compared to the other groups (LOR 1.31; SE 1.25; 
95% CI − 1.14 to 3.76; 95% PrI − 4.02 to 6.64). In terms of 
reduced re-irradiation, the the 8Gy group detected reduced 
rate compared to the other cohorts (LOR 2.97; SE 0.58; 
95% CI 1.83 to 4.11; 95% PrI 0.21 to 5.73). The equation 
for global linearity via the Wald test detected no statically 
significant inconsistency (P > 0.5). Results of the network 
comparisons concerning complications are shown in Fig. 3.

Discussion

This Bayesian network meta-analysis showed that a single 
dose of 8Gy/one fraction radiation therapy is superior to 
multiple doses (20Gy and 30Gy) in terms of palliative con-
trol of pain in patients with skeletal metastases. Further, the 
8Gy/one fraction protocol showed lower rate re-irradiation 
and complications, such as spinal cord compression and 
fractures. No differences in survivorship between the dif-
ferent dose patterns was detected.

The palliative 8Gy radiotherapy group performed better 
overall. Administration of pain medication was significantly 
lower in the 8Gy group compared to the 30Gy group. The 
network analysis reported a statistically significant lower 
risk of pathological fracture and spinal cord compression 
in the 8Gy group compared to the 20Gy and 30Gy groups. 
Partial and overall pain recurrence were remarkably lower 
in the 8Gy group compared to both 20Gy and 30Gy groups. 
Furthermore, the 8Gy group reported the lowest rate of non-
response among patients. Concerning the endpoint of re-
irradiation, no statistical significance was detected between 
the regimens studied in the present report. Of note, one 
single fractionation of radiation offers greater patient and 
caregiver convenience.

The seed-and-soil theory hypothesize that, given sev-
eral cytokines and growth factors, bone tissue (the soil) can Ta
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provide an optimal field for the metastases (the seed) [19]. 
The process that leads to metastatic growth is regulated by 
a signalling pathway between the microenvironment and 
tumoral cells [20, 21]. This signalling induces growth of 
the tumour by interacting with the bone homeostasis. The 
first studies on tumour genesis demonstrated a “vicious 
cycle” between bone and tumour cells [21]. Tumour cells 
secrete cytokines, such as parathyroid hormone related 
protein (PTHrP), stimulating the release of RANKL from 
osteoblasts, promoting osteoclast bone resorption [11, 22]. 
Bone resorption then releases growth factors, in turn pro-
moting tumour growth, and the cycle continues. Modern 
anti-tumoral therapies are based on this rationale to directly 
inhibit osteoclasts [23]. However, some anti-tumour thera-
pies such as hormone deprivation (anti-androgen or anti-
oestrogen) or corticosteroids exert a negative impact on 
bone quality, resulting in osteoporosis [24]. Bisphospho-
nates, such as zoledronate, bind hydroxyapatite and inter-
act with osteoclasts, promoting apoptosis, thus inhibiting 
bone resorption [25]. Bisphosphonates delay the advance of 

existing bone metastasis and reduce the risk of developing 
new bony lesions in patients with breast cancer and multi-
ple myeloma [26, 27]. Bisphosphonates also reduce skeletal 
complications in hormone-refractory prostate cancer [28], 
non-small cell lung cancer, and other urologic malignancies 
[29, 30]. Their use is recommended in patients affected by 
breast cancer with signs of bone metastasis [31]. Denosumab 
is a monoclonal antibody that inhibits RANKL activity, a 
ligand in the signalling pathway that regulates osteoclast dif-
ferentiation and activation. Thus, there is widespread interest 
in it for bone metastasis treatment, particularly when zole-
dronate is no longer effective [32]. Furthermore, Denosumab 
does not accumulate in bone, allowing quick reversal after its 
suspension [32]. However, the considerably increased risk 
of jaw osteonecrosis represents a major complication of bis-
phosphonates [33]. External beam radiotherapy (EBRT) is a 
common alternative treatment options for pain in uncompli-
cated bone metastases [16]. Chow et al. [13] reported par-
tial pain relief in 50% to 80% of patients with bone metas-
tasis receiving EBRT. Furthermore, complete relief from 
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metastatic bone pain was reported by almost 30% of patients 
[13]. Interestingly, the cause of pain in bone metastases is 
still unknown [34]. Radiation destroys tumour cells, promot-
ing bone reparation, but the rapid pain relief poses a question 
on the true source of bone pain. Hoskin et al. [35] found a 
possible explanation of the reported pain relief after radio-
therapy, hypothesising that the source of pain is intrinsic to 
the bone (osteoclasts) rather than the tumour. This partially 
explains the pain relief observed even with bisphosphonate 
treatment, as they directly act on the osteoclasts.

Regarding surgical intervention, an impending or frank 
pathological fracture from bone metastases is a classical 
indication for internal fixation. Surgery is also indicated 
when metastases cause spinal cord involvement or periph-
eral nerve compression. Two retrospective cohort studies 
evaluated the outcome of prophylactic surgical fixation of 
impending fractures [36, 37]. Fixation of impending frac-
tures leads to a reduction of total blood loss, shorter hospi-
talization, improved function, and longer survival compared 
to surgical fixation of pathological fractures [36, 37]. The 

Mirels score evaluates the potential necessity for prophylac-
tic surgery [38]. Another way to evaluate the potential need 
for prophylactic surgery is the assessment of bone with CT 
scan [39]. This technique compares the structural rigidity 
of the bone matrix of the contralateral side and has shown 
superior sensitivity and specificity compared to Mirels cri-
teria [39]. Surgical outcomes and survival, however, depend 
strictly on the preoperative health of a patient [40]. The 
Goldman classification is useful to evaluate patient pre-oper-
ative health status [41]. This score assesses the surgical risk 
based on cardiac, respiratory, and other secondary factors. 
Analysing death prognostic factors, Nathan et al. [42] found 
that primary diagnosis, use of systemic therapy, Eastern 
Cooperative Oncology Group (ECOG) performance status, 
number of bone metastases, presence of visceral metastases, 
and serum haemoglobin, albumin, and lymphocyte counts 
were significant in predicting survival.

Major points of strength of this Bayesian network meta-
analysis are the comprehensive nature of the literature search 
and the strict eligibility criteria for study inclusion. Several 
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different palliative fractionation schedules and doses (e.g. 
12Gy, 15Gy, 16Gy in one fraction, 22.5Gy in 5 fractions, 
24Gy in 6 fractions, 40Gy in 20 fractions, and many other) 
have been described [43]. Lack of data or low level of evi-
dence, however, did not allow inclusion of some studies in 
the present meta-analysis. Thereby, only the most commonly 
used dose patterns were compared. The small number of 
RCTs included in this study represents the most important 
limitation. Furthermore, this reflects the lack of evidence 
and consensus on this topic. Further high-quality studies are 
required to improve our current understanding in this field. 
Other important limitations are the lack of data and the het-
erogeneous eligibility criteria among the studies included. 
This increases publication bias, which negatively influences 
our recommendation. Given the lack of quantitative data, it 
was not possible to analyse the different anatomical districs 
(spine, lower and upper limb) separately. Given these limita-
tions, data from this study must be interpreted with caution.

Conclusion

Palliative 8Gy/single fraction radiotherapy for skeletal 
metastases showed superior results compared to the other 
regimens. Consumption of pain medication was notably 
lower in the 8Gy group compared to the 30Gy group. The 
8Gy/single fraction demonstrated superiority to the other 
multiple dose patterns (20Gy and 30Gy) in controlling 
pain. Pathological fractures and spinal cord compressions 
occurred significantly less often in the 8Gy group compared 
to 20Gy and 30Gy groups, along with a reduce rate of re-
irradiation. Furthermore, the 8Gy group reported the low-
est rate of non-response among patients. No differences in 
survivorship among the dose patterns was detected.
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