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Abstract

Purpose: Numerous randomized trials have demonstrated noninferiority of single- versus 

multiple-fraction palliative radiation therapy (RT) in the management of uncomplicated bone 

metastases; yet there is neither a clear definition of what constitutes a complicated lesion, nor 

substantial data regarding the prevalence of such complicating features in clinical practice. Thus, 

we identify a range of evidence-based operational definitions of complicated symptomatic bone 

metastases and characterize the frequency of such complicating features at a high-volume, tertiary 

care center.

Methods and Materials: A retrospective review of patients seen in consultation for 

symptomatic bone metastases between March 1, 2007, and July 31, 2013, at Johns Hopkins 

Hospital identified patient and disease characteristics. Descriptive statistics characterized the 

frequency of the following complicating features: prior RT, prior surgery, neuraxis compromise, 

pathologic fracture, and soft tissue component at the symptomatic site. A range of definitions for 

complicated bone metastases was evaluated based on combinations of these features. Uni- and 

multivariable logistic regressions evaluated the odds of complicated bone metastases as a function 

of site of primary cancer and of the symptomatic target lesion.

Results: A total of 686 symptomatic bone metastases in 401 patients were evaluated. Percent of 

target sites complicated by prior RT was 4.4%, prior surgery was 8.9%, pathologic fracture was 

20.6%, neuraxis compromise was 52.0% among spine and medial pelvis sites, and soft tissue 

component was 38.6%. More than 96 possible definitions of complicated bone metastases were 

identified. The presence of such complicated lesions ranged from 2.3% to 67.3%, depending on 

the operational definition used. Odds of a complicated lesion were significantly higher for spine 

sites and select nonbreast histologies.
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Conclusions: In this retrospective study, we found complicated symptomatic bone metastases 

may be present in up to two-thirds of patients. Literature review also demonstrates no clear 

standard definition of complicated bone metastases, potentially explaining underutilization of 

single-fraction palliative RT in this setting.

Introduction

In the seminal systematic review of randomized trials of radiation therapy (RT) in the 

management of uncomplicated symptomatic bone metastases, Chow et al found no 

significant difference in pain control across studies comparing single- versus multiple-

fraction RT.1 These data have resulted in consensus recommendations from the American 

Society of Radiation Oncology (ASTRO),2 the American College of Radiology (ACR),3–5 

and the National Comprehensive Cancer Network (NCCN),6–8 supporting use of single-

fraction RT in a range of clinical scenarios.

Yet, the definition of uncomplicated bone metastases for which single-fraction RT may be 

most appropriate remains ill-defined. Recently, Cheon et al, sought to clarify this definition 

by reviewing inclusion and exclusion criteria for 25 trials included in the aforementioned 

systematic review.9 The authors concluded that a conservative definition of “uncomplicated 

metastases” supported across studies is the “presence of painful bone metastases 

unassociated with impending or existing pathologic fracture or existing spinal cord or cauda 

equina compression.”9

Table 1 summarizes clinical features that would result in exclusion from the trials reviewed 

by Cheon et al, plus 4 additional randomized trials published subsequent to their 

analysis10,11 and included in ASTRO’s most recent systematic review.2 After combining 

separate studies that reported the same patient population in the same row and excluding one 

study reported as abstract alone,12 this review results in 23 unique sets of exclusion criteria.

Notably, there are limitations to the exclusion criteria rendered across studies. Although 18 

out of 23 trials excluded patients on the basis of existing or impending pathologic fracture, 

the studies lack details regarding clinical or radiologic features that constitute fracture. 

Similarly, 15 of the 23 trials excluded cases because of neuraxis compromise, but there is 

little description of what comprises spinal cord or peripheral nerve compression across trials.

It is additionally noted that consensus recommendations for fractionation vary on the basis 

of features not contained with the conservative definition of complicated metastases by 

Cheon et al. Table 2 provides a summary of key differences across guidelines in the setting 

of prior RT, prior surgery, existing or impending pathologic fracture, presence of soft tissue 

component, location of the treatment site, and presence of neuraxis compromise. Moreover, 

there is little data describing the prevalence of these potentially complicating features across 

possible definitions despite their propensity to dictate treatment decisions.

To augment understanding of potential complicating factors for which single-fraction 

palliative RT is not strictly evidence-based, we review the frequency of these features at our 

institution across a breadth of operational definitions supported by the available literature.
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Methods and Materials

Data source and study population

Patients seen in consultation for symptomatic bone metastases between March 1, 2007 and 

July 31, 2013 at the Johns Hopkins Hospital Department of Radiation Oncology were 

identified using our departmental patient database. Data was queried among patients >18 

years of age using International Classification of Diseases, Ninth and Tenth Revision codes 

for bone site or treatments using <15 fractions.

Study population

The query yielded 424 patients seen in consultation for bone metastases. We limited analysis 

to patients with pathologically or radiologically confirmed metastatic cancer with 

dissemination to the bone, resulting in pain or other neurologic sequelae. Owing to 

infrequent use of stereotactic body radiation therapy during the study period, patients seen in 

consultation for this approach were excluded. In total, 23 patients were excluded.

Patient and disease characteristics

A review of the electronic medical record was performed for each patient to collect basic 

demographic information. Site of symptomatic bone metastasis was categorized as spine, hip 

or pelvis, extremity, chest wall, and skull. If the bone lesion involved more than one site 

category, the site affected by the majority of the lesion was recorded. Time between 

consultation for palliative RT and both (1) initial diagnosis with cancer and (2) first 

diagnosis with any form of metastatic disease were documented in months. Receipt of 

palliative RT concurrently to any other noncontiguous metastatic site as well as receipt of 

multiple separate courses of palliative RT during the study period was recorded.

Potential complicating factors were identified on the basis of their inclusion in randomized 

studies or consensus statements reviewed in Tables 1 or 2, respectively, including:

1. Prior RT. Treatment with prior definitive or palliative radiation therapy to the 

current site of symptomatic metastasis was recorded.

2. Prior surgery. Open and minimally invasive surgical intervention at the current 

site of symptomatic metastasis at any time before consultation was recorded.

3. Pathologic fracture. Presence of pathologic fracture was determined by 

documentation of fracture by attending physicians in radiology, orthopedic 

surgery, or neurosurgery. Given lack of standardized means for characterizing 

impending fractures during the study period, only existing fractures were 

considered. For spine sites, fracture was defined as documentation of loss of 

vertebral body height, compression fracture, or vertebral body collapse.

4. Neuraxis compromise. Given a range of definitions used to characterize spinal 

cord and peripheral nerve compression from Table 1, we documented radiologic 

evidence of central canal stenosis, neuroforaminal stenosis, or spinal cord edema. 

Due to the retrospective nature of this study, the presence of documented 

symptoms associated with these findings was not required. Radiologic evidence 
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was determined by review of computed tomography (CT) and magnetic 

resonance imaging (MRI) scans performed within 1 month of consultation 

whenever available. All images were personally reviewed by author SA. When 

not available, documentation per radiology reports or per clinical notes was used. 

At a minimum, CT from radiation planning was reviewed when performed. 

Neuraxis compromise was only considered for spine and medial pelvic sites. To 

better capture the extent of neuraxis compromise, the Epidural Spinal Cord 

Compression (ESCC) scale was used. This well-accepted rating system uses 

axial T2-weighted MRIs to grade the extent of epidural disease on a 6-point scale 

(0, 1a, 1b, 1c, 2 and 3) for spine lesions above the conus medullaris, as 

previously described by Bilsky et al.38 Two authors (SA and CE) independently 

reviewed all cases at risk for potential ESCC, and cases with rating disagreement 

were reviewed together by these authors to render a final score. Cohen’s kappa 

statistic for interrater reliability of ECSS was calculated.39 Target sites below the 

level of the conus or for which neuraxis compromise was due to causes other 

than epidural disease (eg, retropulsion of bone or herniated discs) were not 

scored using the ESCC scale. For the purposes of coding, ESCC 0 and 1a were 

considered to represent no definite central canal stenosis.40

5. Soft tissue component. The presence of an extraosseous soft tissue component 

directly extending from the site of bone metastasis was noted. As with neuraxis 

compromise, this was confirmed via direct review of available CT and MRI 

images by SA whenever available, with minimum review of the planning CT if 

performed. In the absence of these studies, radiology reports or clinical notes 

were used.

For patients seen in consultation for more than one symptomatic site of bone disease, each 

noncontiguous site was evaluated separately. Noncontiguous sites were defined as those for 

which RT would be delivered using 2 separate and nonabutting treatment fields. Contiguous 

sites treated with abutting fields owing to large treatment area were considered as one site. 

Multiple noncontiguous sites within the same patient were permitted and included in the 

analysis.

Outcomes analysis

The presence or absence of a complicating feature was evaluated as a binary outcome. When 

the presence of the features was indeterminate or could not be confirmed by imaging or 

documentation, the feature was coded as absent. For target sites with prior surgery, no 

additional radiologically assessed complicating features were coded owing to inability to 

accurately review imaging in the setting of artifact and postoperative changes. Thus, only 

prior RT status was documented in patients with prior surgery.

The frequency of each potential complicating feature was first considered individually. We 

then sought to demonstrate the breath of operational definitions that could constitute a 

complicated lesion as per the literature cited in Tables 1 and 2. To do so, the frequencies of 

complicated bone metastases were estimated using definitions derived from all possible 

combinations of the aforementioned complicating features. When assessed as combinations 

Alcorn et al. Page 4

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of features, presence of at least one complicating feature included in the definition was 

sufficient for coding as a complicated bone metastasis.

For the variables of prior RT, prior surgery, and soft tissue component, one definition 

(described earlier) was used. For pathologic fracture, 2 definitions were considered: any 

fracture versus nonspine fractures only. For neuraxis compromise, 3 definitions were 

considered: all neuraxis compromise, central canal stenosis only, or spinal cord edema only. 

No study included consideration of neuroforaminal stenosis alone, so this component was 

not assessed individually. Only one definition of pathologic fracture and neuraxis 

compromise was included at a time when considering combinations of features.

Statistical analysis

Descriptive statistics were performed for patient and disease characteristics. Associations 

between potential complicating features and the corresponding target site of symptomatic 

bone metastasis were analyzed using Fisher exact and analysis of variance tests. Odds ratios 

for presence of complicated bone metastases as a function of primary cancer site, RT target 

site, time from diagnosis to consultation, and delivery of RT to other palliative sites were 

assessed using uni- and multivariable logistic regressions. Given the hypothesis that there 

may be complex relationships between variables, we made an a priori decision to include all 

variables in the multivariable assessment regardless of univariable results.

In the case of multiple palliative RT treatments within the same patient to different target 

bone sites, each target site was considered independently in these analyses.

All statistical tests used a 2-sided α = 0.05 for significance testing. Statistics were performed 

using Stata version 14.0 (College Station, TX).

This study was approved by the Institutional Review Board of Johns Hopkins Hospital 

(IRB00125143), with waiver of informed consent.

Results

A total of 686 noncontiguous target sites of symptomatic bone disease were evaluated for 

401 patients. Patients were treated at an average of 1.7 sites (standard deviation 1.1) during 

the study period. Among included patients, primary cancer was 30.6% lung, 19.4% breast, 

14.0% prostate, 5.0% leukemia/lymphoma/myeloma, and 31.1% other. Among separate 

lesions considered, site of symptomatic disease were 49.6% spine, 21.3% hip/pelvis, 17.5% 

extremity, 8.5% chest wall, and 3.2% skull. Table 3 shows disease features and treatment 

characteristics by target site.

Time from diagnosis to consultation by target site

Across patients, mean time between the initial cancer diagnosis and consultation for 

palliative RT at the target sites was 52 months (standard deviation [SD] 116.1). Mean time 

between diagnosis with any form of metastatic disease and consultation for palliative RT at 

the target site was 38.4 months (SD 132.5). There was no significant difference in time from 

initial diagnosis or metastatic diagnosis to consultation by RT target site (Table 3).
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Frequency of individual complicating features

Table 3 also displays the frequency of various complicating features arranged by target site. 

There were significant differences in prevalence of these features by target site for all factors 

except for presence of prior RT.

1. Prior RT. Prior RT was noted in 30 target sites (4.4%). Of all prior RT cases, 

43.3% were spine, 13.3% were extremity, 26.7% were hip/pelvis, 10.0% were 

chest wall, and 6.7% were skull sites.

2. Prior surgery. Prior surgery was noted in 61 target sites (8.9%). Of all 

postoperative cases, 62.3% were spine, 21.3% were extremity, 14.8% were hip/

pelvis, 0% were chest wall, and 1.6% were skull sites.

3. Pathologic fracture. Definite pathologic fracture was identified in 141 target 

lesions (20.6%). Of all fractures, 79.4% were spine, 6.4% were extremity, 9.9% 

were hip/pelvis, 4.3% were chest wall, and 0% were skull sites.

4. Neuraxis compromise. Among 346 sites of the spine and medial pelvis 

considered for this complicating feature, 180 (52.0%) were noted to have definite 

neuraxis compromise. Figure 1 delineates details of neuraxis compromise. When 

neuraxis compromise was present, 16.6% of cases were central canal stenosis 

(without spinal cord edema) only, 18.9% were neuroforaminal stenosis only, 

56.7% were both central canal stenosis (without spinal cord edema) and 

neuroforaminal stenosis, and 8.9% were central canal stenosis with spinal cord 

edema and neuroforaminal stenosis. Of the sites evaluated for neuraxis 

compromise, 198 (57.2%) had an MRI amenable to review. Fifty-eight cases 

involved sites below the conus medullaris or canal stenosis owing to bony 

retropulsion only; these cases did not receive ESCC scores. Among the 

remaining 140 cases, 26.1% were scored as 0, 9.3% scored as 1a, 20.0% scored 

as 1b, 12.9% scored as 1c, 15.0% scored as 2, and 16.4% scored as 3. Kappa for 

interrater reliability for ESCC between authors SA and CE was 0.882, which is 

classified as excellent.39

5. Soft tissue component. A definite soft tissue component was identified in 265 

(38.6%) target lesions. Of all lesions with a soft tissue component, 50.2% were 

spine, 12.5% were extremity, 20.4% were hip/pelvis, 12.1% were chest wall, and 

4.9% were skull sites.

Frequency of complicated bone metastases across a range of definitions

For illustrative purposes only, Appendix E1 (available online at https://doi.org/10.1016/

j.ijrobp.2019.11.033) shows the percent of cases with at least one complicating feature 

present across 96 possible definitions created from various combinations of the 8 variables 

listed. Depending on the definition used, the percent of complicated bone metastases ranged 

from 2.3% to 67.3%.

Figure 2 shows the percent of cases with at least one complicating feature present across a 

selection of commonly used definitions of complicated symptomatic bone metastasis cited in 

randomized studies and census statements. Variable definitions of fracture and neuraxis 
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compromise were included to reflect uncertainty in how these features were specified. The 

most inclusive definition yielded 67.3% complicated lesions. Conversely, a stricter definition 

that required spinal cord edema and excluded both vertebral body compression fractures and 

soft tissue components resulted in classification of 19.1% complicated lesions.

Odds of complicated metastasis by disease features

Table 4 shows univariable logistic regressions for odds of a complicated symptomatic bone 

metastasis using the most inclusive definition. On univariable analysis, compared with breast 

cancer metastases, leukemia/lymphoma/myeloma and other cancer (but not prostate or lung 

cancer) yielded higher odds of complicated bone metastases. Compared with spine target 

sites, extremity, hip/pelvis, and chest wall (but not skull) sites had significantly lower odds 

of complicated bone metastases. Shorter time from initial cancer diagnosis to consultation 

for palliative bone RT significantly increased the odds of complicated bone metastases, but 

there was no association between odds of such lesions with time from diagnosis with any 

metastatic disease to consultation. Odds of having a complicated lesion were significantly 

higher for patients who received concurrent palliative RT to sites other than the target site 

and who received multiple courses of palliative RT during the study period. With the 

exception of time from diagnosis to consultation and receipt of multiple palliative RT 

courses, all other significant associations persisted on multivariable logistic regressions after 

controlling for primary cancer site, target symptomatic bone site, time from diagnosis to 

consultation, and receipt of other palliative RT.

Discussion

In this retrospective study, we found that complicated symptomatic bone metastases were 

identified in up to 67% of patients at our institution. However, a breadth of operational 

definitions for complicated lesions can be deduced from randomized trials and consensus 

statements. As such, the frequency of complicated lesions varies widely. To our knowledge, 

this is the first attempt to characterize frequency of complicated bone metastases using 

granular patient-level data, detailed radiologic review, and a range of definitions for the 

outcome of interest. Given that such complicated lesions may have been excluded from trials 

of single- versus multiple-fraction palliative RT, our results lend insight into the clinical 

applicability of consensus statements when selecting appropriate palliative regimens in our 

patient population.

Our findings are generally congruent with the sparse literature available describing rates of 

complicated metastases. Tiwana et al report a similar population-based experience in British 

Columbia using a definition of complicated bone metastasis including clinical or radiologic 

features suggestive of actual or impending pathologic fracture or neurologic compromise. 

According to this definition, complicated lesions were reported in 34% of cases in their large 

series of 3,200 bone sites treated with palliative RT.41 Similarly, when considering all types 

of pathologic fractures and neuraxis compromise but no other complicating features, we 

report a rate of 36.4% (Appendix E1, available online at https://doi.org/10.1016/

j.ijrobp.2019.11.033).
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Our data show that one of the most frequently encountered complicating features was 

neuraxis compromise. Furthermore, we found that odds of having a complicated lesion were 

highest at spine sites. These findings are congruent with data reporting spine as the most 

common site of bone metastasis,42 with an associated high risk of developing skeletal-

related events and resultant decrement to quality of life.43 Notably, neuraxis compromise 

was among the most complex features to operationalize. In randomized trials, exclusion 

criteria related to the nervous system ranged from simple notation of “spinal cord 

compression” to the use of qualifiers such as suspected compression, radiologically 

confirmed compression, effacement of the cord, or presence of clinical symptoms consistent 

with compression. Some trials also excluded cases due to clinical/radiologic evidence of 

cauda equina or peripheral nerve compression (Table 1). In the absence of standardized 

clinical or radiologic criteria to define neuraxis compromise, we erred on the side of 

recording radiologic presence of central canal stenosis, neuroforaminal stenosis, or spinal 

cord edema. Notably, for the subset of cases that could be scored using the ESCC scale, 

approximately equal thirds of cases had scores of 0 to 1a, 1b to 1c, and 2 to 3, suggesting 

that a large majority of spine cases may have substantial neuraxis compromise.

Our definitions of neuraxis compromise are associated with notable strengths and 

limitations. Strengths include its utilization of relatively objective measures and coverage of 

most of the exclusion criteria from the randomized trials evaluated. Use of a radiologic 

measure is aligned with current management frameworks used for spinal tumors, such as the 

MRI-based ESCC scoring criteria.38 Yet unlike the ESCC scoring method, our measure can 

be determined using CT- or MRI-based imaging, affording greater generalizability. Studies 

cited in Table 1 did not consistently specify which—if any—imaging modality was required 

to assess for neuraxis compromise, and our data suggests that MRIs are only completed in 

57% of cases in which the target site is the spine or medial pelvis. Although this 

methodology is more inclusive, it does create the risk of underreporting neuraxis 

compromise in patients evaluated with CT alone. An additional limitation of our definition is 

the lack of detail regarding clinical symptoms of neuraxis compromise. Unfortunately, 

inclusion of such data was limited by the retrospective nature of our study. Another 

limitation is that the frequency of complicated metastasis varies widely depending on which 

of our criteria is applied when defining neuraxis compromise. Although a flexible definition 

enhances applicability over a wider range of cases, it does not permit for a precise 

classification of which types of neuraxis lesions are best considered complicated.

Another frequent complicating feature was fracture, which was again ill-defined on the basis 

of available studies and guidelines. Given high rates of pathologic fracture of the spine 

among patients with metastatic disease,44 determining whether vertebral body compression 

should be considered a complicating fracture was particularly problematic. Whereas some of 

the randomized studies expressly specified exclusion of all nonspine fractures, at least one 

excluded cervical through thoracic vertebral body collapse only, and most did not specify 

site of fracture at all. Although there are available radiologic-based guidelines to direct 

management in this setting, such as the Spinal Instability Neoplastic Score (SINS) criteria,45 

the relevance of such ratings to questions regarding single- versus multiple-fraction RT is 

unknown. As with the definitions used for neuraxis compromise, the decision to consider 

both (a) all fractures and (b) nonspine fractures only when estimating complicated 
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metastases enhances flexibility but limits precision when determining frequency of 

complicated lesions. An additional limitation is our inability to include impending fracture, 

given no standardized definition for this variable in our field.

Although not prevalent in the study population, we prioritized the use of prior RT or surgery 

at the target site as key to the definition of complicated bone metastases. All of the 

randomized trials that we analyzed cited prior RT as an exclusion criterion. Conversely, prior 

surgery was inconsistently specified as cause for exclusion. However, prior surgery is 

inextricably linked with existing or impending fracture for most bone sites, and it is a key 

feature for dictating fractionation schemes in both ACR and NCCN guidelines.3–6 As such, 

both variables were included in all key definitions specified in Fig. 2.

Perhaps most contentious was our decision to include the presence of a soft tissue 

component as a potential complicating feature. As found by Cheon et al, in their initial 

analysis,9 we also determined that none of the 29 trials considered in Table 1 excluded cases 

on the basis of a soft tissue component. However, this feature may contribute to bony 

instability or fracture, and when present near the neuraxis, it may lead to nervous system 

compromise. Moreover, presence of a soft tissue component is used to guide fractionation 

decision as per the NCCN consensus guidelines for non-small cell lung cancer,7 justifying 

our consideration of this feature.

Importantly, our study offers insight into additional factors associated with the presence of 

complicated bone metastases such as shorter time from initial cancer diagnosis to 

consultation for palliative RT and not receiving concurrent palliative RT to other palliative 

sites. Shorter time between initial diagnosis and the need for palliative RT for a complicated 

bone metastasis may in part reflect higher symptom burden associated with complicated 

lesions. Whereas a complicated lesion may require more immediate treatment, an 

uncomplicated one may be more amenable to attempts to control symptoms through other 

routes such as systemic therapy and pain medication. Similarly, perhaps patients with 

complicated lesions are more likely to receive palliative RT to only one site at a time owing 

to high symptom burden associated with the complicated lesion, precluding attempts to 

manage less symptomatic lesions. From an optimistic perspective, these data may suggest 

against the possibility that complicated lesions regularly develop from known uncomplicated 

bone metastases due to delayed referral patterns to radiation oncology.

Lastly, it should be noted that all cases in our analysis came from a high-volume radiation 

oncology department, with the majority of patients treated in a tertiary care hospital setting. 

As such, the frequency of complicated metastases noted may be not be generalizable outside 

of this context, although similar rates of complicated metastases using the definitions of 

Tiwana et al,19 are reassuring. Our study question required review of granular, patient-level 

data, which impaired the ability to use information from multi-institutional or national 

databases. Similar studies from community-level practices or international institutions would 

be necessary to characterize frequency of complicated lesions across definitions more 

broadly.
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Because complicated bone metastases may have been excluded from randomized trials 

comparing single- versus multiple-fraction palliative RT, lack of a consensus definition and 

high frequency of possible complicating features may contribute to low utilization of single-

fraction RT observed in current clinical practice. Despite efforts by campaigns such as 

Choosing Wisely to encourage use of foreshortened regimens of palliative RT,46 practice 

patterns suggest persistent use of prolonged palliative RT regimens irrespective of survival.
47,48 In the absence of a concrete definition of complicated bone metastases, the data 

presented offers providers a range of definitions that may be used at their discretion when 

selecting appropriate fractionation based on patient-specific clinical features. Consensus 

organizations and cooperative groups may also consider limitations and definitional 

inconsistencies identified within our study when creating updated palliative RT guidelines 

and future trials. Institutionally, we have used these definitions to aid in the development of 

individualized treatment recommendations as part of a decision support tool for managing 

bone metastases.49
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Summary

Neither a consistent definition for nor the prevalence of complicated symptomatic bone 

metastases has been established. Up to 97 definitions of complicated metastasis can be 

identified based on the literature. A retrospective review of 686 symptomatic lesions in 

401 patients evaluated for radiotherapy for bone metastases was performed. Frequency of 

complicated metastases ranged from 2% to 67%, depending on the operational definition 

used.

Alcorn et al. Page 14

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2021 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Percent of all target spine and medial pelvis bone metastases with neuraxis compromise, N = 

346. Abbreviations: CCS = central canal stenosis; CE = cord edema; NFS = neuroforaminal 

stenosis.
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Fig. 2. 
Percent of all target symptomatic bone metastases cases with at least one complicating 

feature across most common definitions of complicated symptomatic bone metastasis. The 

checkmarks (✓) indicate that the selected variable was used as part of the operational 

definition for complicated bone metastasis. Abbreviations: CCS = central canal stenosis; CE 

= cord edema; RT = radiation therapy.
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