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Abstract 

Purpose: Despite the increasing use of stereotactic body radiotherapy (SBRT) for non-spine 

bone metastases (NSBM), there is no established standard for target delineation. The objective of 

this study was to provide consensus recommendations on clinical target volume (CTV) 

delineation based on international expert contours. 

 

Methods: Eleven cases of NSBM were contoured by nine international radiation oncologists. 

For each case the gross tumor volume (GTV) was provided on the simulation CT scans with 

accompanying MR imaging. Participants contoured the CTV and completed a clinical survey. 

Agreement between CTV contours were analyzed with simultaneous truth and performance level 

estimation (STAPLE) using the kappa coefficient and the Dice similarity coefficient (DSC) and 

summarized to establish contouring recommendations. A direction-dependent analysis was 

applied to the consensus contours to quantify margins.  

 

Results: All CTV contours were completed. Six participants used a single dose level, while 3 

used a two-dose level simultaneous integrated boost (SIB) technique. For the SIB cases, the 

largest volume receiving an SBRT dose was used for contour analysis. There was substantial 

agreement between contours across cases with a mean kappa of 0.72 (mean sensitivity 0.85, 

mean specificity 0.97). The mean DSC values was 0.77 (range, 0.67-0.87). Consensus CTV 

contouring recommendations were: 1) An intraosseous CTV margin of 5-10mm should be 

strongly considered within contiguous bone; 2) An extraosseous margin of 5-10mm should be 

strongly considered where there is soft tissue disease or cortical bone disruption; 3) CTVs should 
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be manually cropped to respect anatomical barriers to spread (e.g. peritoneal cavity, pleura, 

uninvolved joint space and cortical bone). 

 

Conclusions: CTV contouring recommendations for NSBM SBRT were established based on 

analysis of international expert consensus contours with a high level of agreement. These 

principles may provide guidance to treating physicians and inform future study until prospective 

clinical data can provide further refinement. 

 

 

Introduction 

 In patients with metastatic malignancy, bone is a common site of distant spread and it is 

estimated that >350,000 cancer patients die with bone metastases annually in the United States 

alone
1
. For patients with symptomatic bone metastases, palliative conventionally-fractionated 

external beam radiotherapy (cEBRT) is an effective means of pain relief in the upfront and 

retreatment settings
2–5

. However, emerging evidence for SBRT suggests superior rates of pain 

relief and local control for bone metastases. The published literature on bone SBRT is skewed 

heavily towards spine metastases with more established evidence supporting the use of spine 

SBRT
6–9

. This includes the recent results from the Canadian Cancer Trials Group-Symptom 

Control study (CCTG-SC-24), which has provided the first level 1 evidence of improved 

complete pain response to spine SBRT at both 3 and 6 months after treatment as compared to 

conventional radiotherapy
10

. Specific to non-spine bone metastases (NSBM), Nguyen et al. 

reported a phase 2 noninferiority trial comparing SBRT (single-fraction 12-16Gy) to cEBRT 

(30Gy in 10 fractions). Pain response rates favored the SBRT arm at 3 months  (72% vs. 49% 
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(p=0.03) and at 9 months 77% vs .46% (p = 0.03)
12

, respectively. The gross tumor volume 

(GTV) was delineated on CT imaging and no clinical target volume (CTV) was used. Conversely 

a recently reported Phase 2 trial (VERTICAL) of spine and non-spine bone metastases failed to 

demonstrate superiority in improved pain response with SBRT
13

. The authors did determine, 

however, that the trial was underpowered given issues with participant dropout. For NSBM, this 

study’s contouring protocol included an elective CTV (eCTV) generated by applying a 1.5cm 

isotropic margin to the GTV within bone. Any potential extraosseous disease was also included 

in the eCTV. A phase 3 trial is needed to clarify the role of SBRT in NSBM, particularly in the 

oligometastatic setting given multiple published phase 2 studies suggesting an overall survival 

and/or progression-free survival benefit when all sites of oligometastatic disease are treated with 

SBRT
14–16

. Other prospective and large retrospective series have also reported favorable local 

control (LC) rates with NSBM-SBRT
6,17–19

.  

While the use of SBRT for spine metastases is well-established with multiple published 

clinical and technicalguidelines available
20–23

, similar guidelines directing the use of SBRT for 

non-spine bone metastases (NSBM) are lacking. Consequently, current treatment planning 

practices for NSBM-SBRT are heterogenous, with variability in the delineation of a clinical 

target volume (CTV). In this context, clinical and treatment planning guidelines for NSBM-

SBRT are urgently required to ensure consistent treatment delivery within and outside of clinical 

trials.       

An international survey of practice patterns for NSBM-SBRT has been previously 

published
24

. While that study demonstrated heterogeneity in practice worldwide, there was 

agreement in prescribing dose fractionation schedules with a biologically effective dose (BED) ≤ 

100, utilizing MRI for target delineation when available, and dose de-escalating in certain 
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settings such as in weight-bearing bones and at previously irradiated sites. The present study 

further contributes to our understanding of NSBM-SBRT treatment planning with an in-depth 

examination of CTV margins. The objective of this study was to develop contouring consensus 

recommendations regarding the use and extent of a CTV for NSBM-SBRT from a panel of 

international radiation oncologists.  

 

 

Methods 

 Nine international radiation oncologists were invited to participate in the present study. 

Selection was based on demonstratable expertise with NSBM-SBRT through peer-reviewed 

publications and/or clinical volume. A prospective database from the coordinating institution was 

reviewed and 11 cases were selected to provide a comprehensive representation of different sites 

of bone metastases (e.g. thoracic, pelvic, and long bones) and metastases with and without 

associated extraosseous disease. Of note, calvarial metastases, including base of skull metastases, 

were not included in this study. Metastases in these locations were considered distinct from the 

other NSBM sites and more appropriately discussed in conjunction with stereotactic radiosurgery 

or hypofractionated stereotactic radiotherapy for brain metastases.  For each case, participants 

were provided with the original simulation computed tomography (CT) imaging, the associated 

gross tumor volume (GTV) contours, an unenhanced T1-weighted planning magnetic resonance 

imaging (MRI) scan, a T2-weighted MRI scan and an excerpt from the MRI radiology report. 

Participants were asked to generate CTV expansions based on the provided GTV contours and 

complete a survey pertaining to CTV delineation.  
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 Once completed, CTV contours were returned to the original institution in the same 

manner. All scans and CTV contours were then imported into MATLAB, version R2018A 

(Mathworks, Natick, MA) and analyzed using the Computational Environment for Radiotherapy 

Research tool-kit. Agreement between contours was analyzed by calculating a kappa coefficient 

and Dice similarity coefficient (DSC), which is defined by the equation: 

    
 |   |

| |  | |
 

where | | is the number of items in set A, | | is the number of items in set B and |   | is the 

number of items that overlap between sets A and B. The DSC values range from 0 (no overlap) 

to 1 (complete overlap). For the kappa statistic, levels of agreement were defined as near perfect 

agreement (0.81-1.00), substantial agreement (0.61-80), moderate agreement (0.41-0.60), fair 

agreement (0.21-0.40), slight agreement (0-0.21), and no agreement (<0). Using the 

simultaneous truth and performance level estimation (STAPLE), which is based on probabilistic 

maximum likelihood estimates at the voxel level, consensus contours were generated for each 

case via binary segmentation generated by applying an 80% threshold to the conditional 

probability distribution. The DSC analysis calculates the concordance between all combinations 

of CTV pairs for each case to generate a DSC value from 0 (no overlap) to 1 (identical). The 

mean DSC value was then reported.    

 In the three cases where two dose levels were prescribed, volumes were labelled as 

CTVhigh and CTVlow. The largest CTV to receive an SBRT dose was used in generating 

consensus contours which was the smaller CTVhigh volume for two participants. The third 

participant prescribed an SBRT dose for both the CTVhigh and CTVlow volumes, so in that case 

the larger CTVlow volume was used. Criteria for SBRT dose were >8 Gy per fraction for single 
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fraction dose schedules and >5 Gy per fraction for fractionated treatments. CTVs that received 

conventional palliative radiotherapy doses (e.g. 8 Gy/1, 20 Gy/5, 30 Gy/10) were not included.  

 A novel method to compute direction-dependent margins was developed to guide CTV 

margin recommendations, which is described in detail in the inceptive paper that first reported 

this approach
25

. The method is applied to the consensus STAPLE CTV in each case to provide 

consensus margin expansions in multiple different directions in space.  In each case, a subset of 

vectors along potential routes of intraosseous or extraosseous extension were selected as 

identified by two radiation oncologists (XXX and XXX). Vectors were oriented parallel to 

directions of uninterrupted bone from the GTV to where the STAPLE CTV margin was allowed 

to reach its full extent (i.e. directions where the CTV margin was not limited by a natural barrier 

to spread, such as intact cortical bone or a joint space). Vectors occurred along axial, coronal, 

and/or sagittal planes and the number of directions varied depending on the anatomical site. For 

each case, the consensus directional margin is defined as the median of the lengths of the 

expansion vectors from the GTV to the edge of the consensus STAPLE CTV, and this is then 

summarized across all 11 cases.    

 Based on the STAPLE contours, survey results and directional margin analysis, initial 

recommendations for NSBM-SBRT CTV delineation were proposed. All participants reviewed 

these recommendations and had an opportunity to propose amendments or new 

recommendations. In addition, a follow-up post-study survey was distributed to all participants to 

evaluate their level of agreement with each recommendation and the consensus margin generated 

by the directional analysis based on a 5-point Likert scale. Consensus agreement was defined as 

≥75% selecting strongly agree or agree and likewise consensus disagreement was ≥75% 

selecting strongly disagree or disagree
26

. 
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Results 

All invitees agreed to participate and completed the CTV contours and survey for each 

case. Of the 11 cases, 5 were pelvic bone metastases (acetabulum, ilium, ilium, ischium, pubic 

symphysis), 4 were thoracic bone metastases (scapula, rib, sternum, clavicle) and 2 were long 

bone metastases (humerus, femur) (Figure 1). 

 

 

Survey of Routine Practice  

All participants reported that they routinely apply a CTV margin (Table 1). Six 

prescribed one SBRT dose to a single CTV, and within this group most (n=5) applied a 5mm 

uniform margin within bone to generate their CTV. One participant applied a uniform bony 

margin that ranged from 2-4mm.   

Three participants delivered two dose levels using a simultaneous integrated boost (SIB) 

technique, where one CTV (CTVhigh) received a higher dose and a larger, encompassing CTV 

(CTVlow) received a lower dose.  For two of these participants, the CTVhigh received an SBRT 

dose and the CTVlow received an cEBRT dose. The remaining participant prescribed an SBRT 

dose to both the CTVhigh and CTVlow. For the purposes of this study, only the largest volume 

receiving a SBRT dose are reported and used in our analysis.   

In cases with associated extraosseous disease, 6 participants expanded the CTV by a 

uniform 5mm into soft tissue. The remaining 3 participants did not extend the CTV into soft 

tissues beyond the GTV in this context.  

 

CTV Modifications 
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 Participants reported whether they manually cropped or expanded their CTV contours in 

relation to the surrounding anatomy and their rationale for doing so (Supplementary Table 1). 

For each case, the median number of participants that manually cropped their CTV was 6 (range, 

1-7). In the 10 cases with >1 participant cropping the CTV, participants were unanimous in their 

rationale. Common reasons for CTV cropping included sparing of uninvolved joints spaces and 

neighboring bones, sparing organs-at-risk (OAR) (e.g. heart, lung) and respecting natural barriers 

to spread (remaining within involved bone, and sparing the peritoneal cavity). The median 

number of participants manually expanding their CTV was 2 (range, 1-6). Participants manually 

expanded their CTV to encompass regions suspicious for or potentially at risk for subclinical 

disease, including signal changes on MRI or areas of soft tissue adjacent to cortical bone 

destruction.     

 

CTV Analysis 

There was a high level of agreement between participant contours based on the STAPLE 

and DSC analyses (Table 2). For the STAPLE analyses, the mean and median kappa measures 

were 0.72 and 0.71 (range, 0.61 to 0.86), respectively, which corresponded to substantial 

agreement. The mean sensitivity and specificity were 0.85 and 0.97, respectively. STAPLE 

consensus CTV contours were generated for each case and circulated to all participants for 

review (Figure 2). All participants approved the contours without any revisions noted. The 

median STAPLE contour volume was 22 cm
3 

(range, 9.6 to 210.2 cm
3
)
 
and the mean was 58.1 

cm
3
.  The mean specificities for the STAPLE analyses were high, and ≥94% for all cases with a 

median of 97% (range, 94% to 99%). The mean sensitivities were lower with a median of 86% 
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(range, 72% to 91%). The mean and median DSC values were 0.76 and 0.74 (range, 0.67 to 

0.86), respectively.  

 

Directional Margin Analysis 

The median intraosseous and extraosseous margins for all 11 cases are reported in Table 

3. The overall median intraosseous margin was 7.3mm (range, 6.0mm to 13.2mm). The overall 

median extraosseous margin was 7.9mm (range, 6.0-8.0mm). The largest intraosseous margins 

were observed in Case 3 (acetabulum), Case 7 (ilium), and Case 9 (clavicle). 

 

Consensus 

The initial recommendations were developed based on the findings of the survey
24

, CTV 

analysis, and directional margin analysis. These were shared iteratively with all participants for 

feedback. The final recommendations are summarized in Table 4. A subsequent post-study 

survey demonstrated 100% agreement (either strongly agree or agree) with each of the three 

recommendations. The post-study survey also sought to determine participant preferences for 

specific CTV margins for intraosseous vs. extraosseous disease and in the presence or absence of 

a fused MRI scan to aid target delineation. Most participants preferred an intraosseous CTV 

margin of 5mm (n=8) when a fused MRI was available. With a simulation CT alone, most 

participants opted for a larger CTV margin, including 7mm (n=3) and 10mm (n=2). For 

extraosseous disease with a fused MRI scan, participants once again preferred 5mm (n=8). For 

extraosseous disease without an MRI, the same preference for larger margins was observed as 

was the case with intraosseous disease (Table 5).  
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Discussion 

Guidelines informing CTV delineation for NSBM-SBRT are lacking and optimal CTV 

margins are unknown. In collaboration with a panel of international experts, we generated 

consensus CTV contours for 11 unique cases of NSBM and surveyed participants regarding their 

practice patterns. We have previously reported the survey results specific to routine use of MRI 

for treatment planning, dose fractionation schedules, and reasons for dose de-escalation
24

. 

Overall, there was substantial or near perfect agreement between participant contours for all 

cases and participants generally agreed on indications for manual, anisotropic cropping or 

expansion of CTV margins. Furthermore, we employed a novel method of computing CTV 

margins in prespecified clinically relevant directions while accounting for the complex 

geometries of each anatomic site. This technique helped to inform the discussion and 

development of intraosseous and extraosseous CTV margin recommendations for the  delivery of 

NSBM-SBRT. 

For certain cases (#2, 3, 8, 9 and 11), there was lower agreement between participants as 

measured by the kappa statistic. The larger differences in agreement may in part be explained by 

the smaller STAPLE CTVs (all < 20 cm
3
) corresponding to these respective cases as relatively 

small differences in contouring can result in large discrepancies proportional to the volume. We 

hypothesize another potential contributing factor is that participants may be inclined to be more 

generous with intraosseous CTV expansion for smaller GTV targets, whereas for larger, complex 

metastases, there may be hesitancy to extend CTV margins beyond what is deemed to be 

necessary to minimize dosimetric impact on surrounding OARs. Of note, despite this, all cases 

demonstrated at least a minimum kappa > 0.60, corresponding to substantial agreement. 
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 There is practice heterogeneity regarding the use of a CTV margin for bone SBRT. While 

all participants in the present study advocated for a CTV margin beyond the GTV, there are 

active and completed clinical trials comparing cEBRT and SBRT for bone metastases with 

protocols that exclude a CTV margin
27,28

.  Conversely, patients receiving SBRT on the 

VERTICAL trial were planned using an isotropic 1.5cm CTV expansion within bone for both 

spine metastases and NSBM. Completed oligometastatic trials that included patients who 

received bone SBRT also show considerable variability. For example, in SABR-COMET no 

CTV margins were used
14

, while theBR-001 trial protocol specified the use of a manually 

adjusted, non-isotropic PTV margin for spinal lesions that essentially served as a combined CTV 

and PTV
29

. In the oligometastatic lung cancer trial from Gomez et al, decisions regarding CTV 

margins were left to the discretion of the treating radiation oncologist
15

. Given the wide 

variability across studies, it further underscores the importance of  establishing reasonable 

NSBM CTV recommendations to provide consistency in clinical practice and trial design. For 

spine SRBT, generating a CTV expansion beyond the GTV is supported by consensus guidelines 

from the International Spine Radiosurgery Consortium (ISRC), wherein all participants provided 

unanimous support for this practice
22

. These recommendations stipulate that the CTV should 

include anatomical bony segments adjacent to the gross disease to reduce the risk of marginal 

failure from subclinical disease
30

. CTV consensus recommendations for delivering SBRT to 

sacral metastases are also available and similar to the ISRC report, the authors advise the CTV 

include uninvolved bony segments that are adjacent to the gross disease
31

.    

A logical extrapolation is that the risk of marginal failure as a consequence of adjacent 

subclinical disease would be the same in NSBM as well. This is particularly important in the 

oligometastatic setting where the goal of therapy is not palliation alone, but potentially improved 
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progression-free and overall survival through optimized local control. The recently published 

SABR-COMET phase 2 trial provides a signal for a survival benefit when targeting all sites of 

oligometastatic disease with SBRT. In this trial, approximately 35% of patients on the SBRT arm 

had at least one bone metastases treated. Therefore, there is an urgent need to share the practice 

patterns of early adopters within the community to move towards consistent practice.  

Delineating a CTV based on anatomical segments is challenging with NSBM given the 

anatomical variability between bones and a lack of clear bony segments in many cases. For spine 

SBRT, a planning MRI is critical to accurately delineate the spinal cord; however, for NSBM, a 

planning MR may not be routine practice at many institutions or feasible in some circumstances. 

Several studies examining NSBM have demonstrated a statistically significant increase in the 

contoured GTV and reduced inter-observer variability with the addition of a planning MRI to CT 

imaging compared with CT alone 
32–34

. In the absence of an MRI, a CTV margin becomes even 

more critical to account for disease that may not be well appreciated on CT. As previously 

reported, the majority of the participants in the present study routinely fuse simulation or 

diagnostic MR scans to guide contouring in the practice
24

. In the post-study survey, nearly all 

participants preferred a CTV margin of 5mm for intraosseous and extraosseous disease when an 

MRI was available to guide target delineation. With only a simulation CT scan, most participants 

increased the CTV margin for intraosseous and extraosseous disease to 7 or 10mm. This further 

highlights the value participants place in having an MR for accurate target delineation and it 

aligns with the published data demonstrating that disease can be underappreciated with CT alone.  

The novel directional margin analysis used in this study was developed specifically to 

inform the determination of CTV margins in radiation treatment planning, especially in the 

setting of complex geometries and/or proximity to barriers of spread
25

. Ideally, CTV margins 
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would be informed by a comprehensive assessment of patterns of failure and histopathologic 

evaluation to determine the true extent of subclinical disease. Unfortunately, for many tumor 

sites these data are not available and alternative methods need to be considered to ensure a 

scientific and consistent approach on and off trial.  The use of STAPLE contours has long been a 

standard of developing consensus target volumes in many tumor sites in radiation oncology. 

Directional-dependent margins can supplement existing strategies to provide more informative 

contouring guidelines that quantify margin measurements in clinically relevant directions. This is 

particularly useful in cases where isotropic CTV margins are subsequently modified manually 

based on clinician judgement, which was commonly observed in the cases of NSBM SBRT in 

the present study.  

The consensus CTV contours and direction-dependent margin analysis informed the 

recommendations outlined in Table 4 which apply to all anatomical sites of NSBM.  First, a CTV 

margin of 5-10mm within contiguous bone should be strongly considered. Second, in cases of 

significant cortical bone disruption and/or associated extraosseous soft tissue disease, a 5-10mm 

extraosseous CTV margin should be strongly considered. Third, all CTVs should be manually 

cropped to respect natural anatomical barriers to spread including: uninvolved joint spaces, 

uninvolved organs-at-risk, peritoneal cavity, pleura, and intact cortical bone.  The authors 

suggest an intraosseous (and extraosseous if applicable) margin of 5-7mm in cases where the 

GTV is well-defined and delineated with the aid of a fused MRI. In cases without an MRI and/or 

when there is clinical uncertainty, more generous margins of 7-10mm may be considered. Given 

that MRI may allow for a reduction in target volumes, acquiring a planning MRI should be 

considered when feasible.  While planning target volumes (PTV) were not the focus of this 

report, our group would recommend that institutions determine and use the smallest feasible PTV 

                  



16 
 

margin based on the location of the target, patient immobilization, motion management (if 

applicable), image guidance, local expertise, and availability of equipment and technologies.     

A key strength of this report was the multimodality approach undertaken in developing 

consensus contouring recommendations. STAPLE contours were generated with overall high 

agreement between participants, supplemented by survey results which provided insight into 

participant decision-making, and finally consensus contours were further analyzed using a novel 

quantitative technique to compute direction-dependent margins. The final recommendations were 

the result of an iterative feedback process involving all participants including a final survey that 

measured participant agreement with each recommendation. In addition, the participant panel 

had international representation and a large number of NSBM targets were selected to include a 

range of tumor locations with variable relationships to surrounding anatomy. Finally, MRI scans 

were available for all cases to aid in delineation accuracy and consistency. Several limitations are 

worth noting in this study. Although cases were selected to represent a wide range of anatomical 

sites, there may be other clinical scenarios and/or institutional practices which may not be 

covered by the recommendations herein. Therefore, unique circumstances as always will require 

the clinical expertise and judgment of the treating physicians. As well, while the directional 

analysis method provides an objective assessment of CTV margins, these are ultimately based on 

the clinical judgement of our participants. Selection of clinicians for participation on this study 

was based on individuals with extensive experiences in SBRT for the treatment of bone 

metastases in high volume academic centers with established SBRT programs. All participants 

on this study have published their respective SBRT experiences and many are involved in 

consensus/guideline development of other SBRT sites. In addition, each participant’s approach 

to CTV delineation was not known in advance of recruitment. It is acknowledged that the data in 
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this study may not encompass the full range of variability in CTV, but international 

representation was intentionally soughtto ensure wider generalizability and that the 

recommendations were developed with global input. Finally, these recommendations were not 

generated from pattern of failure analyses, which would be an area of further investigation and 

future clinical validation. Nonetheless this report provides practical direction for practitioners 

until higher level evidence and/or more comprehensive guidelines become available.  

 

 

 

Conclusion 

The present study is the first to establish recommendations for CTV delineation specific 

to NSBM SBRT practice. Contouring recommendations for NSBM SBRT were established 

based on analysis of international participant consensus contours with a high level of agreement. 

These principles provide treating physicians with guidance to develop consistent clinical practice 

and may serve a foundation for future investigations, where patterns of failure studies, novel 

imaging techniques, and/or histopathology correlation studies will provide greater insight into 

the optimal radiotherapy margins for NSBM SBRT. 
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Figure captions 

 

Figure 1. Representative axial slices of CT and MR imaging for each included case. (a) 4.8cm x 

5.4cm metastasis centered on body of scapula (b) 1.8cm x 1.4cm metastasis in proximal right 

humerus (c) 1.2cm x 1.6cm metastasis in right posterior acetabulum (d) 3.7cm x 1.9cm 

metastasis in left iliac wing with cortical disruption (e) 3.4cm x 2.1cm metastasis in right 

ischium (f) 2.9cm x 4.1cm metastasis in anterior left 5
th

 rib (g) 4.6cm x 2.2cm metastasis in 

posteromedial left ilium (h) 3.1cm x 1.6cm metastasis in left upper sternum (i) sclerotic 

metastasis in medial left clavicle (j) 6cm metastasis in left greater trochanter with extra-osseous 

component measuring 4.7cm x 1.5cm (k) 1.2cm x 1.2cm metastasis in the right pubic body. 

 

Figure 2. Representative CT images displaying all participant contours and STAPLE contours 

for each case. GTV is represented by the orange contour in each image. STAPLE CTV contour is 

in red. Individual participant CTV contours (only CTV contours receiving an SBRT dose are 

shown) represented by an assortment of colors.  
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Table 1. Pre-study Participant CTV delineation practices.  

 

*Two dose levels were prescribed using a simultaneous integrated boost (SIB) technique. Only 

the largest volume receiving an SBRT dose was reported. For participants 5 and 7, we included 

the smaller SIB volume as the larger volume received a cEBRT dose. For participant 8, the larger 

volume was reported as both volumes were prescribed an SBRT dose.  

 

 

 

 

 

 

 

 

 

 

 

Participant CTV 

margin 

CTV bony margin (mm) CTV soft tissue 

margin if extraosseous 

disease present (mm) 

 1 Yes 5 0 

2 Yes 5 5 

3 Yes 5 5 

4 Yes 5 5 

5* Yes 0 

 

0 

6 Yes 2-4 4-5 

7* Yes 3-5 

 

0 

8* Yes 10 

 

 

5 

9 Yes 5 5 
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Table 2: Contour agreement between participants using STAPLE analysis  

Case Identification Mean 

volume 

(range) (cm
3
) 

STAPLE 

Volume 

(cm
3
) 

Mean 

SPEC  

SD 

Mean 

SENS  

SD 

Kappa 

() 

Mean 

DSC 

Value 

1. Scapula 174.1 (101.4-

217.2) 

179.9 0.970.03 0.910.14 0.82 

 

0.86 

2. Humerus 12.1 (3.4-

23.1) 

11.4 0.960.07 0.820.15 0.61 

 

0.67 

3. Acetabulum 19.7 (8.0-

43.0) 

16.9 0.960.07 0.870.16 0.65 

 

0.72 

4. Ilium 32.6 (15.2-

39.0) 

33.9 0.970.03 0.860.16 0.86 

 

0.74 

5. Ischium 24 (15.5-

36.4) 

22.0 0.960.04 0.90.1 0.73 

 

0.78 

6. 5
th

 Rib 61.0 (36.4-

76.2) 

71.1 0.990.01 0.820.18 0.79 

 

0.77 

7. Ilium 65.6 (43.9-

157.3) 

60.0 0.990.03 0.860.11 0.71 

 

0.70 

8. Sternum 13.6 (7.4-

21.7) 

14.5 0.970.04 0.800.14 0.68 

 

0.82 

9. Clavicle 7.9 (4.4-

12.1) 

10.0 0.990.02 0.720.19 0.69 

 

0.73 

10. Femur 225.7 (142.3-

357.0) 

210.2 0.940.08 0.910.1 0.74 

 

0.82 

11. Pubic 

Symphysis 

12.0 (6.4-

23.8) 

9.6 0.950.08 0.900.12 0.65 

 

0.73 

SPEC = specificity; SENS = sensitivity; SD = standard deviation; DSC = Dice Similarity Coefficient 
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Table 3: Summary of the median and mean margins generated via the directional margin 

analysis.  

 Intraosseous Margin Extraosseous Margin 

Case Mean 

Margin 

(mm) 

Median 

Margin 

(mm) 

Mean 

SD 

(mm) 

Mean 

IQR 

(mm) 

Mean 

Margin 

(mm) 

Median 

Margin 

(mm) 

Mean 

SD 

(mm) 

Mean 

IQR 

(mm) 

1. Scapula - - - - 7.8 8.0 3.2 2.1 

2. Humerus 7.7 7.0 4.8 3.3 - - - - 

3. 

Acetabulum 

13.2 14.0 3.9 3.5 - - - - 

4. Ilium 7.3 7.0 2.7 2.2 6.0 6.0 2.2 1.9 

5. Ischium 6.0 6.0 3.5 2.3 - - 3.8 7.4 

6. 5
th

 Rib - - - - 8.0 8.2 3.8 7.4 

7. Ilium 9.2 9.0 3.5 2.3 - - - - 

8. Sternum 7.2 7.0 2.8 4.4 - - - - 

9. Clavicle 10.0 10.0 3.5 1.4 - - - - 

10. Femur 6.0 6.0 4.3 5.5 8.0 8.0 4.1 5.0 

11. Pubic 

Symphysis 

7.2 7.0 4.1 4.6 - - - - 

Overall 

median 

7.3 7.0 3.5 3.5 7.9 8.0 3.5 3.5 

Overall 

range 

6.0-13.2 6.0-14.0 2.7-

4.8 

1.4-

5.5 

6.0-8.0 6.0-8.2 2.2-

4.1 

1.9-

7.4 

Overall 

mean 

8.2 8.1 3.6 3.5 7.5 7.6 3.3 4.1 

SD: Standard deviation; IQR: interquartile range 
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Table 4: Consensus Recommendations for CTV Delineation of Non-spine Bone Metastases   

 
 

Recommendation  Level of Participant Agreement 

An intraosseous CTV margin of 5-10mm within contiguous bone should 
be strongly considered. 

Strongly agree (n=7) 
Agree (n=2) 
 

An extraosseous CTV margin of 5-10mm should be strongly considered 
in cases of associated soft tissue disease and/or significant cortical 
bone disruption.  

Strongly agree (n=8) 
Agree (n=1) 
 
 

All CTVs should be manually cropped to respect natural anatomical 
barriers to spread including: uninvolved joint spaces, uninvolved 
organs-at-risk, peritoneal cavity, pleura, and intact cortical bone.  

Strongly agree (n=9) 
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Table 5: Post-study Survey Results  

 

 

Statements 

 

Rating 

Frequency
a
 

(N=9) 

 

Percent 

agreement/disagreement 

(≥75% for consensus) 

 

Median 

Rating 

1 2 3 4 5   

 

Agreement with Consensus Recommendations 

 

An intraosseous CTV margin of 5-

10mm within contiguous bone 

should be strongly considered. 

 

7 2 0 0 0 100% agree 1 

An extraosseous CTV margin of 5-

10mm should be strongly 

considered in cases of associated 

soft tissue disease and/or significant 

cortical bone disruption. 

 

8 1 0 0 0 100% agree 

 

1 

All CTV volumes should be 

manually cropped to respect natural 

anatomical barriers to spread 

including: uninvolved joint spaces, 

uninvolved organs-at-risk, 

peritoneal cavity, pleura, and intact 

cortical bone.  

 

9 0 0 0 0 100% agree 1 

 

What exact margin within the 5-10mm range would you select for the following scenarios? 

 

Intraosseous CTV with simulation CT and 

fused MRI  

5mm (n=8) 

10mm (n=1) 

 

Intraosseous CTV with simulation CT alone
b
 5mm (n=3) 

7mm (n=3) 

10mm (n=2) 

 

Extraosseous CTV with simulation CT and 

fused MRI 

5mm (n=8) 

7mm (n=1) 

 

Extraosseous CTV with simulation CT alone
b
 5mm (n=3) 

7mm (n=3) 

10mm (n=2) 
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a
1 = Strongly agree; 2 = Agree; 3 = Neither agree/disagree; 4 = Disagree; 5 = Strongly disagree 

b
One participant did not provide a value and endorsed having the importance of a fused MRI for all 

cases.  
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Figure 1. 
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Figure 2 

 
 

 

 

                  


