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ABSTRACT 

 

Purpose 

To report pooled overall survival and time to radiological intracranial progression results related 

to arc-based image-guided radiotherapy for dose-escalation of oligometastatic disease of the brain. 

 

Methods and materials 

Anonymized patient, tumor, and treatment data were pooled from the VU University medical center 

(VUmc) and the London Regional Cancer Program (LRCP) for patients treated with whole brain 

radiotherapy (20 Gy/5 VUmc, 30 Gy/10 LRCP) with simultaneous integrated boost (SIB) to individual 

intracranial lesions (40 Gy/5 VUmc, 35–60 Gy/10 LRCP) to perform survival/intracranial control 

outcome analyses. 

 

Results 

A total of 120 patients were treated by both the LRCP (n = 70) and VUmc (n = 50) between 2005 and 

2010. Median lesional dose BED3,10 for the entire cohort of patients were 147 and 72 Gy, respectively. 

Median follow-up for the entire cohort of patients was 4.7 months with median follow-up of 

5.2 months for living patients. On multivariable analysis, primary lung cancer (HR 2.044), presence of 

systemic metastatic disease (HR 1.937), and lower baseline WHO performance status (HR 1.742) were 

significant (p < 0.05) predictors of shorter overall survival. Cumulative brain metastases volume (HR 

1.014, p = 0.06) was of borderline significance on analysis of intracranial control. 

 

Conclusions 

This pooled analysis has provided robust outcome data regarding the use of arc-based radiotherapy with 

SIB. 
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INTRODUCTION 

 

 Brain metastases are a common manifestation of cancer and an important cause of patient 

morbidity and mortality. Whole brain radiotherapy is the most common palliative treatment used for this 

medical condition and survival remains short (on average 4-6 months) even with this treatment [1-3].  

More aggressive therapy to selected patient populations with good prognosis disease [1,2] with surgery or 

radiosurgical techniques have been shown to provide important clinical benefits to patients within the 

context of prospective clinical trials [3,4].  Surgery or radiosurgery for metastatic lesions has historically 

been combined with WBRT as improved intracranial control has been noted with this combination [5]; 

however, recent clinical trial evidence has called this practice into question due to increased neurotoxicity 

noted in some [6], but not all [7] studies when compared to focal therapy alone. 

 

 To date, radiosurgery has been the most common technique used to dose escalate individual 

lesions following whole brain radiotherapy, however, a variety of alternative radiotherapeutic approaches 

are now available.  In particular, various arc-based radiotherapeutic technologies including intensity 

modulated arc therapy (IMAT) [8], volumetric arc therapy (VMAT) [9], simplified IMAT (SIMAT) [10], 

serial tomotherapy [11], and helical tomotherapy (HT) [12] currently exist in order to provide highly 

conformal and efficient delivery of radiotherapy for a variety of clinical scenarios.  Two of these 

technologies (helical tomotherapy (TomoTherapy, Tomotherapy Inc.) and volumetric arc therapy 

(RapidArc, Varian medical systems)) are specifically relevant to the content of this investigation. Helical 

tomotherapy combines intensity-modulated fan-beam radiotherapy with helical treatment delivery and 

megavoltage computed tomography (MVCT) imaging for integrated patient positioning and treatment 

delivery.  Volumetric arc therapy utilizes intensity-modulated arc radiation therapy principles for 

planning; however, superior conformal dosimetry can be achieved by including modulation of gantry 

rotation, dose-rate and multi-leaf collimator speed.  When combined with an image-guided radiation 

therapy system, integrated patient positioning and treatment delivery is achievable in a similar manner to 

the helical tomotherapy system.   

 

 The combination of highly conformal delivery and image-guidance procedures/technology 

provides a potential alternative platform to conventional stereotactic frame systems for precision 

radiotherapy [13].  Dosimetric comparisons of arc-based radiation therapy delivery for primary and 

metastatic brain tumors have suggested comparable normal tissue sparing and target coverage compared 

to other precision radiotherapy techniques [14-18].  Arc-based conformal treatment delivery (like other 

forms of intensity modulated radiotherapy) lends itself to synchronous boost strategies as multiple targets 

can be easily treated to different dose (and dose per fraction) levels in the course of the treatment.  Arc-
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based radiation therapy may therefore be an efficient approach to deliver radiosurgery-type boost 

treatments concurrent with whole brain radiotherapy without the need for separate potentially invasive 

stereotactic procedures.   

 

 Various research groups have previously reported preliminary dosimetric and safety-related 

clinical results regarding the use of arc-based radiation therapy in the treatment of oligometastatic brain 

metastases [18-21]. The primary intent of this investigation is to report on overall survival and 

intracranial radiological control outcomes for a large prospectively assessed patient cohort treated with 

arc-based image-guided radiation therapy approaches for oligometastatic brain disease at two centers.   

 

MATERIALS AND METHODS 

 

Pooled Analysis 

 

 An anonymized database consisting of prospective data collected from three patient populations 

relevant to arc-based simultaneous integrated boost (SIB) radiotherapy of oligometastatic brain disease 

was created after receiving institutional ethics approval. The three sources of information to construct the 

final pooled database included: a phase I safety dose-escalation clinical trial database at the London 

Regional Cancer Program (LRCP) [21], a previously unpublished clinical database of off-protocol 

patients treated at the LRCP for patients not eligible for the phase I trial or treated after the phase I 

clinical trial closure, and a previously unpublished prospective clinical database of patients treated with 

arc-therapy at the VUmc Amsterdam site.  The criteria for patient inclusion into the database included: 

completion of arc-based image-guided radiation therapy as described below, previous histological 

diagnosis of cancer and imaging (contrast enhanced MRI or CT) consistent with brain metastasis, 6 or 

less intracranial lesions, and available pretreatment and outcome data for analysis. Planning and treatment 

information have been previously published in the medical literature but is summarized below in order to 

demonstrate the similarity of the treatment approaches between the two institutions. The main differences 

between institutions regarding the treatment planning and delivery of the arc-based treatments relate to 

radiation therapy and image-guidance technologies (TomoTherapy vs. RapidArc, number of treatment 

fractions (LRCP - 10 vs. VUmc - 5) and planning approaches with regards to metastatic lesion and whole 

brain targets (modest differences in target expansions, optimization and dosimetric evaluation). 

 

VUmc Amsterdam Planning/Treatment 
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 Patient selection criteria for treatment in the VUmc series included: not rapidly progressing 

extracranial disease, WHO score 0-3 and less than 7 lesions with cumulative volume <30 cm3. Patients 

were positioned supine in the Brainlab frameless mask system [Brainlab AG, Feldkirchen, Germany]. 

Planning CT scans (GE Healthcare) without intravenous contrast were obtained with a 2.5 mm slice 

thickness. Contrast-enhanced T1-sequences (slice thickness 2mm, with a 3D-distortion correction 

protocol) of a co-registered recent (< 3 weeks) diagnostic MRI scan were used for GTV definition. The 

whole-brain radiotherapy planning target volume (WBRT PTV) was derived from autosegmentation of 

the brain on the CT scan, with the addition of a 2 mm symmetric margin. The simultaneous integrated 

boost (SIB) PTV was derived by contouring the outer contrast-enhancing border of the brain metastases 

and adding a 2 mm margin. No separate margins were used for CTV’s. 

 

 Treatment planning was performed using volumetric modulated arc therapy [RapidArc, Varian 

medical systems] using two complementary arcs, as previously described [19].  WBRT (20 Gy in 5 

fractions) and SIB (additional 20 Gy in 5 fractions) were integrated into a single plan. Both WBRT and 

boost doses were prescribed at 100%, according to the ICRU criteria. The minimally accepted doses to 

the WBRT PTV and the SIB PTV were 95% of the prescribed fraction dose of 4 Gy and 8 Gy, 

respectively. There was no maximum dose limit for the brain metastasis, although typically this was 

confined to 110% of the prescribed dose. All dose calculations were performed with Eclipse v. 8.6.3 

using the AAA calculation model with a calculation grid of 2.5mm. All RapidArc plans were verified by 

dosimetric film measurements on the treatment unit prior to commencement of therapy. Treatment was 

delivered on a Novalis TX linear accelerator, with patient setup using the 6D robotics couch and the 

Brainlab ExacTrac system. Routine patient follow-up consisted of 3-monthly visits in combination with 

MRI scans, as long as the clinical condition of patients permitted these scans to be performed. Steroid and 

anticonvulsant therapy was at the discretion of the treating physician. In general, steroids were tapered 

following treatment to the lowest dose compatible with patient symptom control. 

 

LRCP Planning/Treatment 

 

 Patient selection criteria for on-protocol treatment at the LRCP included WHO performance 

status 0-3, systemic disease absent or controlled on treatment and 3 or fewer metastases with no 

individual lesion larger than 3 cm.  Off protocol patients were not subject to these selection criteria and 

radiation dose was at the discretion of the treating radiation oncologist.  All patients had a custom head 

and neck thermoplastic shell (S-frame, CIVCO, Iowa USA) constructed for simulation and treatment.  A 

planning CT (Phillips Healthcare) through the whole head and upper neck was obtained with a 3 mm 

slice thickness.  Patients without a recent (< 3 weeks) contrast enhanced diagnostic CT or MRI had CT 
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contrast at the time of simulation; otherwise, the diagnostic scan was fused with the planning scan for 

treatment planning purposes. The individual contrast enhancing lesions only were contoured as the SIB 

targets without margin (SIB PTV) and the whole cranial contents with a 3mm 3D margin were contoured 

as the target for the whole brain treatment (WBRT PTV).  A variety of SIB target doses ranging from 35 

to 60 (due to the phase I dose-escalation study) were utilized at the LRCP; however, all treatments were 

planned and delivered with 10 fractions.   

 

 Planning parameters used for the helical tomotherapy (TomoTherapy, Tomotherapy Inc.) plans 

were fan beam thickness: 2.5 or 5.0 cm; pitch: 0.287-0.43; modulation factor: 3.0; normal calculation grid 

(1.8×1.8×3 mm3) [22].  Dose-volume histogram optimization and evaluation criteria were previously 

published in the phase I clinical trial report by Rodrigues et al. [21]. All plans were verified in-phantom 

on the HT unit prior to commencement of therapy.  Patients were treated using the thermoplastic mask 

immobilization used for simulation with positioning based on co-registration of the simulation KVCT 

with an MVCT acquired on the HT unit immediately before treatment.  Initial automated MVCT co-

registration using the bone and soft tissue setting on the HT unit was used with manual refinements by the 

therapists prior to treatment. An attending Radiation Oncologist verified all MVCT co-registrations on 

day one of treatment. All patients were clinically or radiologically (by CT or MRI brain) evaluated every 

three months either on the phase I protocol or by institutional guidelines for off-protocol patients. Steroid 

and anticonvulsant institution was at the discretion of the treating physician. In general, steroids were 

tapered following treatment to the lowest dose compatible with patient symptom control.  

 

Database Construction and Statistical Analysis 

 

 The databases from both institutions were merged to create a single anonymized database with 

common data on patient (age, gender, WHO performance status) and tumour characteristics (date of 

pathology, primary site and status, presence of systemic metastatic disease and status, number and 

location of brain lesions, individual and cumulative maximum brain lesion diameter/volume), treatment 

details (treating institution, whole brain and lesional dose and fractions, biologically equivalent dose 3/10, 

start and end dates for radiotherapy), as well as graded prognostic assessment (GPA) classification. WHO 

performance status and imaging results by CT or MR were assessed at 3-month intervals subject to 

availability of patient data.  Primary endpoints for assessment in this pooled analysis included survival 

time and time to radiological intracranial progression. A secondary endpoint of this analysis included 

extracranial (local and/or non-CNS) failure as a conjoint endpoint.  Patients who were lost to either 

clinical or imaging follow-up were censored at the time of last follow-up. Telephone follow-up with 

family physicians was performed at both institutions in order to obtain information regarding any clinical  
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neurological progression after treatment. Statistical analysis consisted of descriptive statistics of all 

patient, tumour, treatment, and outcome variables. Kaplan-Meier survival curves were generated for 

overall survival and time to radiological intracranial failure. Univariable and multivariable stepwise Cox 

analyses were performed to assess for potential predictive variables (institution/whole brain dose/fraction 

number, BED3/10, age, gender, cumulative tumor volume, number of brain metastases, primary site of 

disease, baseline WHO performance status, GPA, and systemic metastatic disease) for overall survival 

and time to radiological intracranial failure by RECIST criteria (any increase in size of >20% or the 

appearance of new lesions). All data was merged in an Excel (Microsoft Inc., Redmond WA) database 

and statistical analyses were performed on SAS (SAS Institute, Cary NC). 

  

RESULTS 

 

 The patient population studied in this analysis is described in Table 1.  In summary, a total of 

120 patients were treated by both the LRCP (n=70, 48 phase 1 and 22 off-protocol) and VUmc (n=50) 

between March 2005 and March 2010. Mean age was 62 years (range 27-84 years) and 71/120 (59.2%) 

of patients were male. Baseline WHO performance status was a median of 1 (range 0-3 with 74/120 

(61.7%) patients WHO class 0-1).  Median GPA score was 2 (range 1-4) with 44/120 (36.7%) patients 

GPA1, 54/120 (45.0%) patients GPA2-4, and 22/120 (18.3%) with no GPA score (due to missing data).  

Primary disease was classified as lung in 66/120 (55%), breast in 13/120 (11%), kidney in 10/120 (8%), 

melanoma in 9/120 (8%), rectum in 7/120 (6%) and was active/newly diagnosed at the time of brain 

radiation in 68/120 (56.7%) of cases.  Systemic disease (extracranial but not including active primary 

disease) was present in 52/120 (43.3%) of patients for a total of 88/120 (73.3%) patients with known 

extracranial disease (either primary or systemic metastases) at time of radiotherapy. 
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 The median number of tumors treated was two (range 1-6) with 46/120 (38.4%) of cases treated 

for a single lesion, 55/120 (45.8%) with 2-3 lesions, and 19/120 (15.8%) with 4-6 lesions. Average 

lesional maximum diameter was 19 mm (range 4–63 mm) and average cumulative lesional volume was 

8.46 cc (range 0.03 – 151.5 cc). Lesion location was classified by case (i.e. patients with 2 or more 

lesions are repeatedly counted) and there were 33/120 (27.5%) patients with cerebellar lesions, 62/120 

(51.6%) with frontal lesions, 42/120 (35.0%) with parietal lesions, 21/120 (17.5%) with temporal lesions, 

and 23/120 (19.2%) with occipital disease. 

 

 All 50 (41.7% of total) patients from the VUmc Amsterdam received 20 Gy in 5 fractions of 

whole brain radiotherapy while all 70 (58.3% of total) LRCP patients received 30 Gy in 10 fractions. All 

VUmc patients received SIB boosts of 20 Gy (total 40 Gy including whole brain component) in 5 

fractions; whereas, a range of SIB doses (35-60Gy in 10 fractions lesional doses) were used in the LRCP 

cohorts. Late and acute median lesional biological equivalent dose (BED3 and BED10) for the entire 

cohort of patients was 147 Gy (range 75.8-180 Gy) and 72 Gy (47.3-96 Gy), respectively.  

 

 Actuarial median follow-up for the entire cohort of patients was 4.7 months with median follow-

up of 5.0 months (range 0.23 to 21 months) for living patients. A total of 90/120 (75%) of patients have 

died with 42 (47% of deceased patients) patients dying of extracranial disease, 21 (23% of deceased 

patients) patients dying of intracranial disease, 15 (17% of deceased patients) of intercurrent illness, 9 

(10% of deceased patients) with both intra- and extra-cranial disease, and three (3% of deceased patients) 

patients of unknown causes. Intracranial radiological follow-up was completed with CT or MRI in 79/82 

(96%) available patients at three months and 38/47 (81%) patients at six months.  There were no cases of 

patient death attributable to toxicity from the simultaneous integrated boost brain radiotherapy although 

three cases of tumor necrosis were identified. Thirty-two patients had suspected clinical neurological 

progression during their disease course of which nineteen patients had radiological proof of intracranial 

progression documented by brain CT or MRI. Nine patients had intralesional failure and twelve patients 

had other extralesional (but still intracranial) failure documented by imaging. Kaplan-Meier curves for 

overall survival and intracranial radiological control is depicted in figures 1 and 2.  Median OS was 5.9 

months and median time for intracranial radiological failure was not reached.  Salvage therapy consisting 

of repeat brain radiotherapy was delivered to two patients following initial treatment. 
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 On univariable analysis primary lung cancer (presence vs. absence, HR 1.565, p=0.046), 

systemic metastatic disease (presence vs. absence, HR 1.864, p=0.0065), baseline WHO performance 

status (2/3 vs. 0/1, HR 1.554, p=0.046), GPA class (2-4 vs. 1, HR 0.663, p=0.0172), BED3 (HR 1.009, 

p=0.0531), and BED10 (HR 1.023, p=0.0211) were found to be predictive for overall survival (Table 2). 

On multivariable analysis, primary lung cancer (presence vs. absence, HR 2.044 (1.233-3.388), p=0.018), 

systemic metastatic disease (HR 1.937 (1.14-3.292), p=0.0086), and baseline WHO performance status 

(2/3 vs. 0/1, HR 1.742 (1.060-2.863), p=0.027) remained predictive. Univariable analysis for time to 

radiological intracranial progression demonstrated only cumulative tumour volume (HR 1.014, p=0.06) 

and baseline WHO performance status (HR 2.189, p=0.09) to be borderline statistically predictive with 

only cumulative volume (HR 1.014 (0.999-1.030), p=0.06) remaining potentially predictive in a 

multivariable model (Table 2). Neither treating institution nor treatment technique were prognostic for 

survival (HR 1.068 95% CI (0.772-1.476)) or intra-cranial control (HR 1.276 95% CI (0.665-2.45)) on 

univariable analysis. 

 

 
 

DISCUSSION 

 

 Traditionally, treatment for patients with intracranial metastatic disease has been palliative 

whole brain radiotherapy alone [23]. Over the last 10 years, introduction of focal treatments (surgery or 

radiosurgery) for selected patients with metastatic disease has been explored in clinical trials and 
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institutional series. The treatment of patients with metastatic disease to the brain now may include one or 

more of the following interventions: best supportive care including the use of steroids, palliative whole 

brain radiotherapy, radiosurgery, or surgical resection with the goals of management being effective 

palliation of symptoms, preventing intracranial progression, preserving neurologic function and quality of 

life.   Typically, patients who are suitable for more aggressive, multi-modality therapies are those with 

oligometastatic disease (1-3 metastases), controlled extracranial disease, and good performance status 

[24-25]. Randomized studies have demonstrated local control and neurologic progression free survival 

benefits for surgery or radiosurgery added to whole brain radiotherapy in this population compared to 

whole brain radiotherapy alone, radiosurgery alone, or surgery alone [26-28].  

 

 Radiosurgery delivered as a single fraction to individual intracranial lesions has been established 

as a safe alternative to surgical resection [29]. The RTOG 9502 established radiosurgery doses 

recommendations of 15 – 24 Gy for individual lesions up to 4 cm based on observed CNS toxicity at 3 

months post treatment [30]. This approach has subsequently been shown to be safe and effective in 

numerous single institution and multi-institution reports and trials [26].  Logistically, radiosurgery 

requires separate localization and treatment procedures that add some inconvenience and cost for patients, 

providers and caregivers. Depending on the radiosurgery system used, invasive immobilization devices 

may be necessary which add to patient discomfort [13]. Single fraction treatments do not permit the 

exploitation of the potential radiobiological benefits of reassortment and reoxygenation that may occur 

with a fractionated radiotherapy course. Hall et al. have argued that fractionated stereotactic radiotherapy 

may be more efficacious in the treatment of neoplastic disease compared to single fraction radiosurgery 

[31]. Tumor cell repopulation or sublethal damage repair may occur if there is a significant break 

between the radiosurgery and whole brain radiotherapy sessions. Finally, depending on the radiosurgery 

system used, treatment of more than 3 metastases may involve prohibitively long treatments, requiring 

multiple sessions or omission of radiosurgery entirely. 

 

 From a dosimetric standpoint, the ability to incorporate boost contributions to larger field lower 

dose volumes as part of the optimization process is an advantage of the simultaneous boost strategy over 

radiosurgery [32]. When delivered separately, the radiosurgery dose is added to the previously delivered 

whole brain dose without opportunity for optimization of these two components resulting in unintended 

increased dose to the brain. In the case of the treatment of brain metastases using the SIB technique the 

lower isodose “spill” from the SIB can be incorporated as a component contributing to the whole brain 

radiation dose allowing the simultaneous optimization of both components and improved dosimetry 

compared to sequential whole brain and radiosurgery boosts [18-19].  Finally, while our strategy has been 

to exploit the ability to simultaneously boost brain lesions, conformal avoidance with intensity modulated 
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radiotherapy techniques is equally feasible. This strategy has been proposed as a method to reduce 

potential morbidity of whole brain radiotherapy by the avoidance of sensitive structures such as the 

hippocampus and other critical tissues [20,33]. Frameless approaches using static field IMRT and arc 

techniques have also been described for the synchronous treatment of multiple brain metastases without 

whole brain radiotherapy [34,35]. 

 

 Early clinical results using an SIB approach have been reported by us separately [19,21].  

Rodrigues et al. described a Phase I dose escalation trial and found that a target dose of 30Gy whole brain 

radiotherapy with a simultaneous integrated boost to individual brain metastases to 60Gy could be 

delivered without any treatment related toxicity although early mortality due to progressive systemic 

disease was significant [21]. Since completion of that trial, additional patients have been treated 

according to the recommended phase I dose level while a phase II trial has been in development. 

Lagerwaard et al. described their preliminary experience with the use of volumetric arc therapy to deliver 

20Gy in 5 fractions to the whole brain with an SIB boost to individual metastases to 40Gy [19]. Given the 

encouraging results of this early experience, this approach has been offered as a standard option for 

treatment at their centre. Given the complementary approaches, this pooled analysis was undertaken to 

explore whether any of the dosimetric parameters (particularly the effect of variations in biologically 

effective doses delivered among the pooled cohort) correlated with clinical endpoints of survival and 

intracranial control. 

 

 On multivariable analysis for overall survival significant adverse prognostic factors were lung 

primary, presence of systemic metastases and lower baseline performance status, findings consistent with 

other brain metastases populations [25]. Biologically effective dose calculated with either α/β=3 or α/β 

=10 for both the SIB and whole brain doses was not a predictive factor nor was treatment technique (HT 

vs. RapidArc) or treating institution. For intracranial control, increasing cumulative tumor volume was 

the only borderline significant factor. This finding is consistent with the findings by other authors who 

have noted worse outcomes with increasing intracranial disease burden. At the same time, successful 

treatment of individuals with extensive intracranial metastases (i.e. >3 lesions) has been reported, 

however, these reports do not characterize total intracranial disease burden rather just total number of 

lesions. Those authors reporting volumetric analyses consistently report adverse outcomes with 

increasing intracranial tumor volume suggesting volumetric characterization may be a more important 

prognostic variable for intracranial control compared to a simple count of lesion number. [36,37] 

  

 A limitation of our study, which is common to this patient population, is the high early patient 

attrition due to intercurrent illness and systemic disease progression that may have skewed our findings 
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regarding intra-cranial control. As well the limited number of patients studied at higher dose levels may 

have limited our ability to detect a dose response relationship for clinical endpoints. In addition, patients 

with imaging evidence of local intracranial progression were not routinely investigated with functional 

imaging (i.e. thallium single positron emission tomography or Magnetic Resonance Spectroscopy) to rule 

out necrosis compared to local tumor progression thus there is a risk that we underestimated the true 

incidence of treatment related toxicity and correspondingly potentially overestimated 

intralesional/intracranial failure. Our intracranial control rate of approximately 65% is low compared to 

other series of whole brain radiotherapy plus radiosurgery or surgery [36,37]. This may reflect 

heterogeneity in the patient populations, loss of patients to imaging follow-up due to inter-current illness 

or progressive systemic disease or heterogeneity in lesional doses delivered among this patient 

population. Median survival among our patients was slightly lower than other radiosurgery series, which 

is attributable to a higher percentage of extracranial disease and poor WHO performance status in this 

pooled patient population. 

 

 This pooled analysis provides further information regarding the use of the SIB approach for the 

treatment of brain metastases. Patients with non-lung primaries, good performance status, and/or absence 

of metastatic disease have been shown to have superior survival outcomes.  Additionally, increasing 

cumulative volume of metastatic disease was found to be potentially predictive of better intracranial 

control over other related factors such as maximum tumour size and tumour number.  These findings may 

help to direct which future patients may benefit from aggressive management of brain disease. A multi-

institutional phase II trial powered to permit an assessment of this approach in terms of non-inferiority for 

intra-cranial control and overall survival compared to traditional radiosurgery techniques is underway in 

Canada. A separate European initiative to conduct a prospective clinical randomized phase III trial is also 

under development.  Prospective clinical trials such as these will hopefully better define efficacy and 

safety of this approach and could help validate our finding correlating intracranial control with 

intracranial disease volume compared to other forms of dose intensification for oligometastatic disease 

(i.e. surgery or radiosurgery). Validation of such a finding may be important in terms of stratification for 

future studies of the SIB approach and perhaps considering alternate approaches for individuals with 

oligometastatic disease that does not fit traditional patient/treatment radiosurgical scenarios (e.g. surgical 

debulking of a large index lesion with SIB treatment for remaining lesion(s)). Additionally, this 

investigation may serve as an example of cross platform collaborative research in order to better optimize 

radiation treatment for various patient populations.  Other examples of cross-platform 

comparison/evaluations are available in the literature [38-42]. 
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