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Original Article

External beam radiation therapy (EBRT) for asymptomatic bone 
metastases in patients with solid tumors reduces the risk of 
skeletal-related events (SREs)
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Background: The potential benefit of administering external beam radiation therapy (EBRT) to patients 
with asymptomatic bone metastases has rarely been addressed in clinical investigations. The aim of this 
study was to determine if cancer patients who were treated with EBRT for asymptomatic bone metastases 
experienced later onset of pain and skeletal-related events (SREs) than those who were untreated. 
Methods: A retrospective chart review was conducted for prostate, breast, and lung cancer patients with 
asymptomatic bone metastases treated at a single cancer center from 2007 to 2017. Patients who received 
EBRT for asymptomatic bone metastases were compared to those who received medical or supportive 
therapy only.
Results: When all cancer groups were combined, the median time from the diagnosis of asymptomatic 
bone metastases to either moderate-to-severe pain or an SRE was 25 months for the untreated patients and 
81 months for the patients receiving EBRT (P<0.001). The delay in the first occurrence of pain or an SRE 
following EBRT was observed for patients with prostate cancer (P=0.025) and lung cancer (P=0.029) but 
not for patients with breast cancer. In a multivariate analysis, EBRT was again shown to reduce the risk of 
developing pain or an SRE when all cancer types were combined (P=0.006). OS was not altered by EBRT.
Conclusions: EBRT administered to a group of prostate, lung, and breast cancer patients with 
asymptomatic bone metastases was associated with an increase in time to the first occurrence of either pain 
or an SRE. These data demonstrate that there may be clinical settings in which EBRT should be used to 
delay or prevent late complications of bone metastases that are asymptomatic at the time of diagnosis.
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Introduction

Bone metastases are common in cancer patients, affecting 
about 65–75% of patients with either breast cancer or 
prostate cancer and 30–40% of patients with lung cancer (1).  
External beam radiation therapy (EBRT) is often 
recommended when symptomatic bone metastases are 
identified (2). The most serious complications of bone 

metastases include pathological bone fractures and 
compression of the spinal cord or nerve roots due to 
vertebral collapse. These skeletal-related events (SREs) and 
the pain associated with bone metastases have devastating 
consequences for patient mobility, social functioning, and 
quality of life (3-5). SREs are also associated with a decrease 
in patient survival (2,6,7) and constitute a substantial 
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financial burden. A single SRE was estimated, in 2004, to 
add $12,000 to the cost of treatment for a patient with lung 
cancer (8), a figure which had risen to $28,000 when the 
same estimate was made 5 years later (9).

The role of EBRT in controlling the complications of 
bone metastases is amply documented (10-13), but the 
optimal approach to palliative radiotherapy (RT) in this 
setting remains uncertain. Research performed in the 
1970’s failed to demonstrate a clear relationship between 
pain relief and either radiation dose or the radiosensitivity 
of the primary tumor (14,15) resulting in wide variations 
in the fractionation schedules adopted by clinicians (16). 

Later studies focusing on the efficacy of single-fraction vs 
multiple-fraction dosing found that both schedules reduced 
the risk of skeletal complications to an identical degree  
(17-21). The accumulating evidence on the dosing of 
radiation therapy did not, however, resolve the question of 
when treatment ought to be initiated. In the absence of data, 
clinicians have necessarily relied upon personal judgements 
and habits acquired during training. The result is often that 
EBRT is not considered until bone metastases have given 
rise to pain, a strategy which entails withholding treatment 
from the 60% of bone metastases that are asymptomatic at 
the time of discovery (22,23). This figure is likely to rise as 
imaging and surveillance methods improve (24-26).  

With these observations as background, we undertook 
a review of EBRT and bone metastases in a single cancer 
center to address two clinically important questions: (I) 
How frequently is EBRT being administered to patients 
with asymptomatic bone metastases? and (II) Is the use 
of EBRT in patients with asymptomatic bone metastases 
associated with a delay in the first occurrence of moderate-
to-severe pain and SREs?

Methods

Study design and patients 

A retrospective manual chart review was conducted 
for patients who received a diagnostic code indicating 
metastatic bone disease. All were treated at a single cancer 
center from 2007 to 2017. Patients with bone metastases 
were eligible for the study if they reported no pain on a 
10-point scale and had no history of pathological fracture or 
spinal cord compression. Covariates included in the analysis 
were age, sex, cancer type, Eastern Cooperative Oncology 
Group (ECOG) status, number of bone metastases (≤3 vs. 
>3), presence of brain or visceral metastases, prior systemic 

therapy (chemotherapy or immunotherapy), location of 
metastases (axial, appendicular or axial and appendicular), 
prior non-EBRT bone-targeted therapy (bisphosphonate, 
denosumab or Ra-223) and type of metastasis (blastic, 
lytic or mixed). More exact location of metastases was not 
feasible due to the limitations of the clinical record and the 
variability of potential sites.

Patients with newly diagnosed asymptomatic bone 
metastases who received EBRT formed the treated group 
and were compared to patients who did not receive EBRT. 
The time elapsed from the diagnosis of asymptomatic bone 
metastases to either the onset of moderate-to-severe pain or 
the first SRE was recorded for both treated and untreated 
groups. Pain was considered moderate-to-severe if it 
required palliation with EBRT or was rated at least 5 out of 
10 by the patient. The date assigned to an SRE was the date 
that a pathological fracture or spinal cord compression was 
first documented. EBRT dosing protocols were variable and 
were not included in the analysis. 

Statistical methods 

Wilcoxon rank sum tests, chi-square tests and Fisher’s 
exact tests were used to compare the demographic and 
tumor characteristics of treated and untreated patients. 
The Kaplan-Meier method and log-rank test were used to 
characterize the treated and untreated groups by time to 
SRE and overall survival (OS), the two measures of outcome. 
The contribution of selected covariates to the outcome 
measures for the combined groups was analyzed with a Cox 
proportional hazards regression model. All statistical tests 
were two-sided and adopted a 5% type I error.

The study was approved by Institutional Review Board 
of Fox Chase Cancer Center (No. 17-9034).

Results 

Asymptomatic bone metastases were identified in  
171 patients: 87 with prostate cancer, 51 with lung 
cancer, and 33 with breast cancer. Twenty-eight of the  
171 patients (16%) were prescribed EBRT upon diagnosis 
of asymptomatic bone metastases. Table 1 contains the 
demographic, clinical, and pathological data characterizing 
treated and untreated patients. The mean age of patients 
receiving EBRT for asymptomatic bone metastases was 
66, nearly identical to the mean age of 67 for the untreated 
group. Patients in both the treated and untreated groups 
usually received systemic therapy, i.e., chemotherapy or 



161Annals of Palliative Medicine, Vol 8, No 2 April 2019

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2019;8(2):159-167apm.amegroups.com

Table 1 Patient demographics and tumor characteristics of treated 
and untreated patients

Characteristics
Treatment 

(n)
No treatment 

(n)
Total 
(n)

P value

Patients (total) 28 143 171 –

Mean age, years 66 67 – 0.880

Type of metastases 0.266

Blastic 11 59 70

Lytic 6 15 21

Mixed 7 46 53

Number of bone metastases 0.021

≤3 17 53 70

>3 11 89 100

Bone-targeted medical treatment 0.049

No 17 58 75

Yes 11 85 96

ECOG 0.542

0 22 89 111

1 6 40 46

2 0 5 5

3 0 1 1

Gender 0.106

Male 22 90 112

Female 6 53 59

Cancer diagnosis 0.058

Prostate 20 67 87

Breast 3 30 33

Lung 5 46 51

Systemic therapy 0.232

No 9 31 40

Yes 19 112 131

Skeletal location 0.051

Axial 7 40 47

Appendicular 8 16 24

Axial and 
appendicular

13 87 100

Table 1 (continued)

Table 1 (continued)

Characteristics
Treatment 

(n)
No treatment 

(n)
Total 
(n)

P value

Prostate cancer patients 20 67 87 –

Mean age, years 68 70 – 0.390

Type of metastases 0.431

Blastic 10 34 44

Lytic 2 3 5

Mixed 6 29 35

Number of bone metastases 0.018

≤3 10 15 25

>3 10 51 61

Bone-targeted medical treatment 0.036

No 14 29 43

Yes 6 38 44

ECOG 0.058

0 19 51 70

1 1 12 13

2 0 1 1

3 0 1 1

Visceral and brain metastases 1.000

No 17 55 72

Yes 3 12 15

Systemic therapy 0.536

No 9 25 34

Yes 11 42 53

Skeletal location 0.046

Axial 2 16 18

Appendicular 6 6 12

Axial and 
appendicular

12 45 57

Breast cancer patients 3 30 33 –

Mean age, years 57 63 – 0.360

Type of metastases 0.396

Blastic 0 11 11

Lytic 1 3 4

Mixed 1 13 14

Table 1 (continued)
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Table 1 (continued)

Characteristics
Treatment 

(n)
No treatment 

(n)
Total 
(n)

P value

Number of bone 
metastases

0.252

≤3 2 9 11

>3 1 21 22

Bone-targeted medical 
treatment

0.523

No 1 6 7

Yes 2 24 26

ECOG 1.000

0 2 20 22

1 1 7 8

2 0 0 0

3 0 0 0

Visceral and brain 
metastases 

0.067

No 3 11 14

Yes 0 19 19

Systemic therapy 1.000

No 0 4 4

Yes 3 26 29

Skeletal location 0.212

Axial 1 6 7

Appendicular 1 2 3

Axial and 
appendicular

1 22 23

Lung cancer patients 5 46 51 –

Mean age, years 63 64 – 0.890

Type of metastases 0.320

Blastic 1 14 15

Lytic 3 9 12

Mixed 0 4 4

Number of bone 
metastases

0.155

≤3 5 29 34

>3 0 17 17

Table 1 (continued)

Table 1 (continued)

Characteristics
Treatment 

(n)
No treatment 

(n)
Total 
(n)

P value

Bone-targeted medical treatment 1.000

No 2 23 25

Yes 3 23 26

ECOG 0.600

0 1 18 19

1 4 21 25

2 0 4 4

3 0 0 0

Gender 1.000

Male 2 23 25

Female 3 23 26

Visceral and brain 
metastases 

0.318

No 3 14 17

Yes 2 32 34

Systemic therapy 1.000

No 0 2 2

Yes 5 44 49

Skeletal location 0.139

Axial 4 18 22

Appendicular 1 8 9

Axial and 
appendicular

0 20 20

ECOG, Eastern Cooperative Oncology Group.

immunotherapy. Use of systemic therapy, metastasis type—
blastic, lytic or mixed—and the presence of visceral or brain 
metastases did not distinguish the treated and untreated 
patients for any of the subgroups; these variables were 
excluded from the multivariate analysis. 

Univariate analysis demonstrated that patients with 
prostate cancer were more likely to receive EBRT for 
asymptomatic bone metastases if they had 3 or fewer 
metastases (P=0.021) or if they had previously received 
bone-targeted medical therapy (bisphosphonate, denosumab 
or Ra-223; P=0.049). The findings were similar when all 
cancer types were combined. For breast and lung cancer 
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patients, however, neither the number of metastases 
nor prior bone-targeted medical therapy predicted the 
likelihood of receiving EBRT.

For the combined cancer groups, median time from 
the diagnosis of asymptomatic bone metastases to pain 
or an SRE was 25 months for the untreated patients and  
81 months for the patients treated with EBRT (Figure 1A; 
P<0.001). When patients were divided by cancer type, 
EBRT was found to delay the occurrence of pain or an 
SRE for patients with prostate cancer from 44 months to 
81 months (Figure 1B; P=0.025). Median time to an SRE 
could not be computed for lung cancer, although EBRT 
was associated with a delay in skeletal complications that 
was again significant (P=0.029). In contrast, EBRT did not 
have a statistically significant effect on time to moderate-or-
severe pain or an SRE for patients with breast cancer.

In a multivariate analysis, EBRT was again shown to 

reduce the risk of developing pain or an SRE when all 
cancer types were combined (Table 2; P=0.006). Among 
the covariates, specific cancer type and ECOG status, but 
not number or location of bone metastases, significantly 
influenced time to pain or an SRE. 

Differences in OS related to treatment and cancer 
diagnosis were also examined. The median OS for 
the prostate, breast, and lung groups was 71 months,  
57 months and 17 months, respectively. Multivariate analysis 
demonstrated that the difference in OS between prostate 
patients and lung patients was significant (P<0.001). The 
effect of treatment on OS was examined using the Kaplan-
Meier method. No treatment effect on OS was shown when 
the prostate, breast and lung cancer groups were analyzed 
separately. When all cancer types were combined, survival 
analysis demonstrated that OS was greater for patients 
with asymptomatic bone metastases who received EBRT  
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Figure 1 Time to SRE and OS in treated and untreated patients. (A) Time to SRE for treated and untreated patients in all cancer groups; (B) 
time to SRE for treated and untreated patients with prostate cancer; (C) OS for treated and untreated patients in all cancer groups. (Vertical 
lines indicate censored data). SRE, skeletal-related event; OS, overall survival. 
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(Figure 1C; P=0.007). However, the association of EBRT 
with improved OS was not reproduced in a multivariate 
analysis using a proportional hazards regression model  
(Table 3).Thus, OS was associated with cancer type and 
favored the prostate patients but did not differ for the 
treated and untreated patients.

Discussion

We conducted a retrospective chart review of 171 prostate, 
lung and breast cancer patients with asymptomatic bone 
metastases. Two principal findings emerged: (I) EBRT was 
used in a small minority of these patients—only 16%; and 
(II) EBRT, for all cancer types combined, was associated 
with a delay in the onset of skeletal complications from a 
median of 25 months to a median of 81 months. A separate 
analysis performed for each cancer type demonstrated a 
statistically significant benefit for EBRT in prostate and 
lung cancer patients but not in patients with breast cancer. 
This benefit cannot be explained by differences in OS, 
which did not differ for the treated and untreated patients. 
The findings cast doubt on the common practice of 
initiating EBRT only after bone metastases have given rise 
to symptoms. Indeed, this practice has already come into 
question in recent years in response to at least two critical 
developments. 

Progres s  in  bone- targeted  medica l  therapy—
bisphosphonates, bone-seeking radiopharmaceuticals, 
and monoclonal antibodies—has had a major impact on 
cancer treatments and outcomes. The bisphosphonates 
(pamidronate and zoledronic acid, among others) are 
highly potent, cost-effective nitrogen-containing agents 
that inhibit osteoclast-mediated bone resorption, reducing 
the incidence of bone metastases and preventing further 
complications from metastases once they form (27-30). 
A 2013 study found that 88% of Canadian breast cancer 
patients with known bone metastases had received bone-
targeted medical therapy (23). One-half of these patients 
had suffered an SRE before treatment was begun. For such 
patients, nationwide protocols stipulating that treatment 
should pre-date the first SRE had not been followed. The 
risk of an additional SRE in that group was 83%. For 
patients who received treatment in the recommended 
fashion, i.e., before developing any skeletal complications 

Table 2 Cox regression analysis of SRE for all cancer groups

Variables (SRE) HR 95% CI P value

Age (continuous) 0.988 – 0.332

Treatment vs. no treatment 0.299 0.126–0.708 0.006

≤3 vs. >3 bone metastases 0.724 0.375–1.396 0.335

Bone-targeted medical treatment 
(yes vs. no) 

1.066 0.650–1.750 0.799

Cancer diagnosis

Prostate vs. breast 1.286 0.666–2.485 0.454

Prostate vs. lung 2.366 1.233–4.539 0.010

ECOG

0 vs. 1 1.845 1.041–3.27 0.036

0 vs. 2 and 3 3.128 0.982–9.961 0.054

Skeletal location

Axial vs. axial + appendicular 0.998 0.523–1.904 0.995

Appendicular vs. axial + 
appendicular

1.103 0.437–2.786 0.835

SRE, skeletal-related event; HR, hazard ratio.

Table 3 Cox regression analysis of OS for all cancer groups

Variables (OS) HR 95% CI P value

Age (continuous) 0.991 0.964–1.019 0.537

Treatment vs. no treatment 0.484 0.201–1.167 0.106

≤3 vs. >3 bone metastases 0.744 0.346–1.604 0.451

Bone-targeted medical 
treatment (yes vs. no)

0.832 0.471–1.472 0.528

Cancer diagnosis

Prostate vs. breast 1.732 0.774–3.874 0.181

Prostate vs. lung 6.241 2.897–13.448 <0.001

ECOG

0 vs. 1 1.942 1.048–3.599 0.035

0 vs. 2 and 3 6.304 2.003–19.846 0.002

Skeletal location

Axial vs. axial + appendicular 0.799 0.357–1.791 0.586

Appendicular vs. axial + 
appendicular

1.216 0.432–3.422 0.711

OS, overall survival; HR, hazard ratio.
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due to bone metastases—the risk of an SRE was only 31%. 
Similar results were reported in a study comparing the 

efficacy of zoledronic acid and pamidronate (5). When 
zoledronic acid was initiated for asymptomatic bone 
metastases, this agent delayed the onset of the patients’ 
first SRE by 522 days. For patients who received identical 
treatment only after their bone lesions had become painful, 
the time to the first SRE was reduced to 10 days. 

Radiopharmaceuticals and monoclonal antibodies 
have also accelerated the trend toward treatment of 
bone metastases before they give rise to complications. 
A prospective study of breast and lung cancer patients 
examining the efficacy of the radionuclide samarium-153 
EDTMP reported “very good” pain relief in 18/21 treated 
patients and 0/18 controls. Treatment must begin, the 
authors concluded, “before the establishment of severe 
pain syndrome” (31). Wang and colleagues examined the 
combined use of the bisphosphonate zoledronic acid and 
the radiopharmaceutical Sr-89 to treat asymptomatic bone 
metastases in patients with non-small cell lung cancer (32). 

The median time to the first SRE was extended by almost  
7 months for the treated patients. 

Several studies have compared the efficacy and cost 
effectiveness of bisphosphonates and monoclonal antibodies 
when administered to patients with asymptomatic bone 
metastases. While monoclonal antibodies are marginally 
more effective than bisphosphonates, this advantage 
is offset by a substantial increase in cost (28,29,33,34). 
There are no data which allow one to contrast the cost-
effectiveness, complication rate, and tolerability of EBRT 
with bisphosphonates or radiopharmaceuticals in the setting 
of asymptomatic bone metastases.

A second major influence on changing attitudes toward 
patients with asymptomatic bone metastases has been the 
recognition that more patients are living long enough 
for skeletal complications to develop (35). Many of the 
previously cited studies of single-fraction and multiple-
fraction EBRT schedules for painful bone metastases 
noted that the prognosis of such patients was poor (12,36). 
Follow-up periods of a year or less were therefore judged to 
be appropriate. The patients’ limited prospects for survival 
also gave clinicians little incentive to treat bone metastases 
that were not causing pain. Even under the old perspective, 
however, there were exceptions to the conventional 
palliative approach. Surgery, followed by radiotherapy, was 
universally recommended for the asymptomatic patient 
with a large lytic lesion of the femur (a lesion which carries 
a high risk of pathological fracture) (37). Surgery was 

also indicated for patients with vertebral destruction in 
whom spinal cord compression seemed imminent (11). 

These exceptions to routine practice make clear that it is 
not possible to draw strict guidelines for the treatment of 
bone metastases based only on the presence of symptoms. 
Optimal use of EBRT, like other forms of palliative 
treatment, requires an assessment of the risk of future 
complications and an estimate of when such complications 
are likely to occur.

Several limitations of the design of this study have 
bearing on the reported results. Under-representation 
of the breast cancer patients—only 3 of whom received 
EBRT—made it unlikely that significant results would be 
achieved for this group. Thus, the failure to show a benefit 
of EBRT for breast cancer patients was not unexpected. 
As noted in Table 1, patients with ≤3 bone metastases 
were over-represented in the group receiving EBRT. This 
sampling error would tend to prolong survival in the group 
with fewer metastases. Multivariable analysis, however, 
demonstrated that the number of bone metastases had no 
significant effect on either OS or SREs (Tables 2,3). This 
unexpected finding may be explained by noting that many 
factors in addition to the number of bone metastases, 
including the location and extent of non-osseous metastases, 
determine the prognosis of patients with cancer. 

An unavoidable feature of our study design was the 
variable length of patient follow-up associated with different 
cancer types. Lung cancer patients survived a mean of  
17 months in this study. Prostate patients, who survived a 
mean of 71 months, were necessarily more exposed to late 
complications of bone metastases, and thus more likely to 
demonstrate the late benefits of EBRT. Patient selection in 
future studies should be guided by the knowledge that the 
benefits of EBRT will be more readily detected in patients 
with longer OS.

Detailed information regarding our patients’ bone 
metastases, including their size and precise location, could 
not be obtained from this retrospective chart review. 
Location of the metastases was therefore identified broadly 
as axial, appendicular or axial and appendicular, a variable 
which did not influence the risk of an SRE. Dosing 
schedules in this retrospective study were highly variable 
and included 3,000 cGy ×10, 2,700 cGy ×3, 1,600 cGy ×1, 
800 cGy ×1, and 600 cGy ×5. The small number of patients 
receiving any one of the various dosing schedules meant 
statistical comparison of the groups could not be performed. 
These constraints on the data regarding metastasis location 
and dosing schedules are typical of a retrospective design 
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employing relatively small, unevenly distributed patient 
groups and underscore the value of pursuing these findings 
with a large, prospective study. 

Despite such limitations, our study offers clear evidence 
that the treatment of bone metastases with EBRT should 
not be guided exclusively by the presence of symptoms. 
This is not a surprising result in light of clinical experience. 
It is known that asymptomatic bone metastases may 
produce serious complications without clinical warning (19). 
Moreover, exclusive attention to the presence of symptoms 
ignores the fact that bone metastases differing in location, 
size or histology may differ in clinical course and response 
to EBRT. Classifying such lesions strictly by the presence 
or absence of pain will almost certainly lead to inadequate 
treatment strategies.

The conclusion that EBRT should be considered for 
asymptomatic bone metastases is consistent with a specialty-
wide trend toward the management of cancer patients 
using individualized treatment protocols. Key variables 
to be included in future studies include the bulk and 
precise location of the bone metastases, the aggressiveness 
of the patient’s underlying tumor, the nature of patient 
comorbidities, and the relative efficacy of different RT 
dosing schedules. It would also be useful to identify 
which specific skeletal events (such as pain or pathological 
fracture) pose the greatest risk in a given clinical setting. 
A large, prospective, randomized clinical trial including all 
the aforementioned variables would help to stratify risk and 
to identify optimal candidates for early intervention. This 
study offers evidence that EBRT merits inclusion in such 
future trials and that EBRT may have a role in the treatment 
of bone metastases before they produce pain or other SREs.
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