
UCSF
UC San Francisco Previously Published Works

Title
Phase 3 Multi-Center, Prospective, Randomized Trial Comparing Single-Dose 24 Gy 
Radiation Therapy to a 3-Fraction SBRT Regimen in the Treatment of Oligometastatic 
Cancer

Permalink
https://escholarship.org/uc/item/8jp400v1

Journal
International Journal of Radiation Oncology • Biology • Physics, 110(3)

ISSN
0360-3016

Authors
Zelefsky, Michael J
Yamada, Yoshiya
Greco, Carlo
et al.

Publication Date
2021-07-01

DOI
10.1016/j.ijrobp.2021.01.004
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8jp400v1
https://escholarship.org/uc/item/8jp400v1#author
https://escholarship.org
http://www.cdlib.org/


Phase III Multi-Center, Prospective, Randomized Trial Comparing 
Single Dose 24 Gy Radiotherapy to a 3-Fraction SBRT Regimen 
in the Treatment of Oligometastatic Cancer

Michael J Zelefsky, M.D.1, Yoshiya Yamada, M.D.1, Carlo Greco, M.D.2, Eric Lis, M.D.3, Heiko 
Schöder, M.D4, Stephanie Lobaugh, M.S5, Zhigang Zhang, Ph.D5, Steve Braunstein, M.D.6, 
Mark H. Bilsky, M.D.7, Simon N Powell, M.D. Ph.D1, Richard Kolesnick, M.D.8, Zvi Fuks, 
M.D.1

1Department of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, N.Y.

2Department of Radiation Oncology, Champalimaud Centre for the Unknown, Lisbon Portugal

3Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, N.Y.

4Department of Radiology, Molecular Imaging and Therapy Service, Memorial Sloan Kettering 
Cancer Center, New York, N.Y.

5Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, New 
York, N.Y.

6Department of Radiation Oncology, University of California, San Francisco, San Francisco, 
California

7Department of Neurosurgery, Memorial Sloan Kettering Cancer Center, New York, N.Y.

8Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, N.Y.

Abstract

Purpose: This prospective phase III randomized trial was designed to test whether ultra-high 

single-dose radiotherapy (24 Gy SDRT) improves local control of oligometastatic lesions over 

a standard hypofractionated stereotactic body radiotherapy regimen (3 × 9 Gy SBRT). The 

secondary endpoint was to assess the associated toxicity and the impact of ablation on clinical 

patterns of metastatic progression.

Methods and Materials: Between November 2010 and September 2015, 117 patients with 154 

oligometastatic lesions (≤ 5/patient) were randomized in a 1:1 ratio to receive 24 Gy SDRT or 
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3 × 9 Gy SBRT. Local control within the irradiated field and the state of metastatic spread were 

assessed by periodic whole-body PET/CT and/or MRI imaging. Median follow-up was 52 months.

Results: 59 patients with 77 lesions were randomized to 24 Gy SDRT and 58 patients with 77 

lesions to 3 × 9 Gy SBRT. The cumulative incidence of local recurrence for SDRT lesions was 

2.7% (95% CI 0–6.5%) and 5.8% (95% CI 0.2–11.5%) at years two and three, respectively, 

compared to 9.1% (95% CI 2.6–15.6%) and 22% (95% CI 11.9–32.1%) for SBRT lesions 

(P=.0048). The two- and three-years cumulative incidence of distant metastatic progression in 

the SDRT patients were 5.3% (95% CI 0–11.1%), compared to 10.7% (95% CI 2.5–18.8%) and 

22.5% (95% CI 11.1–33.9%), respectively, for the SBRT patients (P=.010). No differences in 

toxicity were observed.

Conclusions: The study confirms SDRT as a superior ablative treatment, indicating that 

effective ablation of oligometastatic lesions is associated with significant mitigation of distant 

metastatic progression.

INTRODUCTION

There is increasing recognition from prospective clinical trials that oligometastatic lesion-

directed ablation using hypofractionated stereotactic body radiotherapy (SBRT; also termed 

stereotactic ablative radiotherapy, SABR) prolongs progression-free and overall survivals 

over standard of care in oligometastatic cancer.1–4 Yet, the SBRT dose to achieve 

optimal tumor ablation has not been established. The drive to use ablative radiotherapy 

emerged from the Hellman-Weichselbaum hypothesis on the biology of the oligometastatic 

phenotype,5 which defines oligometastasis as a transient phase in cancer progression from 

a primary localized cancer to widespread polymetastatic dissemination. A corollary of 

this paradigm posits that comprehensive lesion ablation occurring before polymetastatic 

conversion might lead to cancer cure.5 The Hellman-Weichselbaum hypothesis was derived 

from a compilation of retrospective data, which deployed empirical surgical ablation of 

limited oligometastatic disease (1–5 lesions) from the lung or liver, yielding approximately 

20% sustained disease-free survival at 10–20 years.6–8

An early single-dose radiotherapy (SDRT), phase I, dose-escalation study9 showed that an 

image-guided, high-precision, and ultra-high single dose of 24 Gy SDRT was required to 

achieve a maximal tumor control. Further, phase II studies by the same group confirmed 

that 24 Gy SDRT was feasible and effective in multiple oligometastatic clinical settings, 

rendering 92% actuarial five-year local relapse-free survival.10–12 In addition to SDRT, 

ultra-high dose SBRT (i.e., total dose given in three fractions of 18–20 Gy) has achieved 

excellent tumor control rates without significant toxicity.13–16 However, cutting-edge 

technology alone does not account for the ultra-high dose therapeutic success. Recent 

experimental studies reported that ultra-high dose radiotherapy, beginning at a threshold of 

12 Gy, operates a unique dual-target mechanism of action, which is fundamentally distinct 

from the classical fractionation model.17 This dual-target mechanism links a transient 

microvascular vasoactive dysfunction to the repression of high-fidelity homology-directed 

repair of SDRT-induced DNA damage within tumor cells, yielding synthetic lethality 

of tumor clonogens and tumor cure.17 Engagement of this dual-target mechanism was 
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demonstrated in human oligometastatic disease treated with 24 Gy SDRT, but not with 3 × 9 

Gy SBRT.17

We undertook the present prospective, randomized, phase III clinical trial to determine as 

its primary endpoint whether the long-term local control afforded by 24 Gy SDRT would 

be superior to 3 × 9 Gy SBRT. The SBRT regimen was selected as the study control 

arm, because this schedule was regarded at the time of the study as a standard treatment 

in bone and nodal oligometastatic disease.18–20 Our study’s secondary endpoints were 

toxicity and an assessment of whether a difference in local tumor control, if detected in the 

prospective randomised setting, would translate into a post-radiation difference in metastatic 

progression.

METHODS AND MATERIALS

Study design and participants

This study was a multicenter, open-labeled, randomized phase III trial. Eligible patients were 

randomized in a 1:1 ratio to receive either one fraction of 24 Gy SDRT to the planning 

target volume (PTV) or three fractions of 9 Gy SBRT to the PTV. While the original 

intent for accrual was for 200 patients over four years, the pace of accrual significantly 

declined during the last year of planned enrollment. As a result, the internal data and 

safety monitoring board recommended halting further accrual and analyzing the outcomes 

of accrued patients. It should be noted that the power analysis was re-calculated using 

the actual 154 accrued lesions and it was determined that this number would be sufficient 

for observing the hypothesized difference with a >90% probability. A total of 117 eligible 

patients with 154 metastatic lesions were enrolled and completed the study; 59 patients 

were randomized to the SDRT arm and 58 to the SBRT regimen. Local tumor control 

by the randomized radio-ablative protocol was assessed as the primary study endpoint, 

while treatment toxicity and patterns of metastatic progression constituted the secondary 

endpoints. Metastatic progression was registered when it was initially detected and was 

mandatorily confirmed at 12 and 24 months after radiotherapy.

The study was approved by the ethical review boards responsible for each participating 

center. All patients provided informed, written consent prior to enrollment, which was 

obtained at the participating institution.

Eligibility criteria for enrollment included ≤5 metastatic lesions documented on baseline 

MRI or PET-CT imaging studies, and no prior radiotherapy to the protocol-treated sites. 

Eligible lesions were limited to non-mobile metastatic target organs (osseous or lymph 

node metastases). The maximum tumor dimension was ≤6 cm in diameter as measured on 

imaging studies. Patients were required to have a Karnofsky performance status ≥80, as 

well as a normal bone marrow function with Hgb level ≥9.0 g/dl, absolute neutrophil count 

≥1,500/ul, and platelet count ≥100,000/ul. Treatment with post-radiation adjuvant therapies 

(i.e., chemotherapy, immunotherapy, or biologic therapy) were permitted at the discretion 

of the treating physician. Patients with target lesions adjacent to critical normal organs at 

risk for radiation damage were excluded. Patients who died before the 24-month assessment 
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were not evaluable for tumor control unless progression was previously demonstrated on 

imaging — so they were censored beyond the time of death.

Randomization was centralized at Memorial Sloan Kettering Cancer Center (MSKCC), and 

patients accrued at Champalimaud Centre for the Unknown, Lisbon, Portugal and University 

of California, San Francisco were assigned their designated treatment from the MSKCC 

Biostatistics Department. Once the participant’s eligibility was established, the registration 

was finalized and the participants from all participating sites were randomized using the 

Clinical Research Database (CRDB). Randomization was accomplished using the method 

of random permuted block. This study is registered with ClinicalTrials.gov (NCT01223248) 

and is closed.

Procedures

All patients were treated with linac-based stereotactic radiosurgery with on-line image-

guided localization using three-dimensional kilovoltage cone beam CT (kV-CBCT). For 

each fraction, the patient position was adjusted corresponding to the designed and planned 

intensity-modulated radiation therapy (IMRT) treatment. For all lesions, the planning target 

volume applied a 2–3 mm circumferential margin around the clinical target volume (CTV) 

as defined on the baseline MRI or PET-CT scan, and it was insured that the PTV did not 

overlap an organ at risk as previously described.12 Because solid tumor metastases in bones 

and lymph nodes are discrete lesions, the radiographically defined gross tumor volume 

(GTV) was considered the same as the CTV for the purposes of target delineation.

Each eligible PTV was treated to the prescribed dose according to the randomization 

assignment. The dose was prescribed to the 100% isodose line, which completely 

encompassed the PTV. Radiation was delivered to predetermined eligible metastatic sites 

based on the randomized dose cohort: either 24 Gy in a single dose or 27 Gy in three 

fractions (treated every other day). If a patient had more than one lesion, all lesions required 

subsequent treatment with the assigned fractionation regimen.

Normal tissues were contoured to determine a dose volume histogram including: both lungs 

(as the total lung volume) minus gross target volume (GTV), spinal cord, liver, kidney, heart, 

trachea, esophagus, rectum, bladder, and bowel, if applicable. Dose volume constraints for 

normal tissue structures used for treatment planning have been previously described.12 For 

all spine lesions, a myelogram or MR fusion was used for treatment planning. During 

treatment delivery, intra-fraction motion was tracked with orthogonal kV imaging to ensure 

that significant motion >2 mm was not observed. If such target motion was noted, then the 

treatment was interrupted and the target position was corrected before further therapy was 

resumed.

Dexamethasone (4 mg twice daily) was given to patients who were treated for bone 

metastases, and in particular for single-fraction SDRT patients administered the day before 

and three hours before radio-ablation. Patients treated with three-fraction SBRT selectively 

received dexamethasone based on the volume of disease present and the severity of their 

pre-treatment pain. As part of the credentialing process, the first case for each participating 

center was submitted for review to the coordinating center and assessed for compliance to 
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the radiation treatment standards stipulated in the protocol. Annual audits to verify data and 

source documentation were carried out at each participating site. Random sample audits 

were in general performed twice a year, at a minimum.

After randomized treatment was completed, patients were followed at 3- and 6-months post-

therapy and every 6 months thereafter. Imaging assessment (bone scan, CT, or whole-body 

PET scan) of local relapse and metastatic spread was mandatorily required at 3, 6, 12, and 

24 months after radiotherapy. Although the protocol required follow-up for only two years, 

patients continued to be followed as clinically appropriate.

Outcomes

The primary endpoint of the study was assessment of local control within the irradiated 

volume derived from imaging studies, which were repeated as described. Tumor control 

was defined as the lack of local disease progression or the lack of a recurrence after initial 

complete response within the treated field, based on standard RECIST criteria in cases 

where there was a soft tissue component of the disease to assess such a response. In cases 

where no soft tissue component was present in the treated lesion, local control was defined 

as no radiographic progression of disease in the gross tumor volume.

Assessed imaging responses were mandatorily confirmed centrally at MSKCC by the 

primary study radiologists. The secondary endpoints were the status of distant metastatic 

dissemination and the treatment-related toxicity, which were assessed repeatedly within the 

first 24 months as defined above. Metastatic dissemination was determined by whole-body 

CT and/or MRI performed at 6, 12, and 24 months from treatment. Time to local control 

and distant metastases were calculated from the end of radiotherapy to evaluate local tumor 

control. Toxicity incidence was reported as the maximum observed toxicity for the patient 

and assessed using the Common Toxicity Criteria for Adverse Events (CTCAE) version 4.0.

Statistical analysis

To determine the power of the clinical trial, a log rank test was used under the 

assumption that the two survival curves would follow exponential distributions, and with the 

understanding that competing risks analysis was applied instead if the data contained death 

without local recurrence. To examine whether the two treatment arms produced significant 

differences for local progression control outcomes, the hazard ratio between the two arms 

was assumed to be approximately two with the one-year local control rates of the single-

fraction SDRT arm and the three-fraction SBDT arm being 85% and 70%, respectively, 

based on data available at the time of the design of this trial.21–22 After enrollment of the 

final patient, a minimum of two-year follow-up was performed. Under these assumptions 

and using the type I error rate of 0.05, a two-sided test was expected to have a power greater 

than 0.95 for detecting the difference between the two treatments. The O’Brien-Flemming 

boundary was applied for declaring statistical significance with three interim and one final 

analysis.

Cumulative incidence functions (CIFs) and Kaplan-Meier survival curves were generated to 

examine the incidence and survival experiences of the sample level with respect to local 

recurrence (LR) and distant metastases (DM). Death was a competing risk for LR and 
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DM. Curves and associated estimates were lesion-level (i.e., generated using data from all 

evaluable lesions). To correct for immortal time bias when correlating the post-radiation 

receipt of systemic adjuvant therapy (chemotherapy, hormonal therapy, or immunotherapy) 

with LR and/or distant metastatic spread, we used a landmark analysis. This analysis was 

selected because the receipt of post-ablative systemic therapy was not a baseline factor 

nor was it known at the end of radiotherapy. To this end, a 12-month landmark time was 

used; patients were excluded from this analysis if they were not followed for at least 12 

months after radiotherapy or if the information about systemic adjuvant treatment was not 

available. CIFs were generated to examine the incidence rates with respect to LR or DM 

by regarding death as a competing risk. Curves and associated estimates were calculated 

at lesion-level for LR and at patient-level for DM. Gray’s test was used to assess whether 

receipt of post-radiotherapy systemic treatment was associated with incidence of LR and/or 

DM.

Fisher’s exact test was used to compare grade 3+ toxicity between the treatment arms at 

the lesion level. Additionally, grade 3+ pain, peripheral sensory neuropathy, and fracture 

were reported descriptively for each treatment arm at the lesion level. This analysis and 

summarization were repeated for grade 2+ toxicity.

All statistical computations were performed, and all output were generated, using SAS 

Software Version 9.4.

RESULTS

Patients were recruited for the study between November 2010 and September 2015. A total 

of 59 patients with 77 lesions were randomized to the 24 Gy SDRT arm and 58 patients with 

77 lesions to the 3 × 9 Gy SBRT arm. The baseline characteristics for the entire cohort of 

117 patients and for each treatment arm are shown in Table 1. The median follow-up time of 

treated lesions from surviving patients was 52 months (range: 10.7–102.2 months).

As shown in Figure 1, lesions treated with SDRT had a significantly lower cumulative 

incidence of local recurrences compared to those treated with SBRT (two-sided Gray test 

p=0.0048). The cumulative incidence of local recurrence at years one, two, and three for 

SDRT was 0% (95% CI: limits not reached), 2.7% (95% CI: 0–6.5%), and 5.8% (95% CI: 

0.2–11.5%), respectively, compared to 6.5% (95% CI: 1–12%), 9.1% (95% CI: 2.6–15.6%), 

and 22% (95% CI: 11.9–32.1%) for the lesions treated with 3 × 9 Gy SBRT.. Interestingly, 

we observed that among the 18 patients who had LR within their respective SBRT or SDRT 

fields, 9 (50%) exhibited distant metastatic progression, while for the 99 patients who were 

locally controlled at the end of the study, 7 (7.1%) exhibited distant metastases.

To explore whether there might be an association between LR and metastatic progression, 

we compared the cumulative incidence of new metastatic lesions in the patients randomized 

to the two treatment arms. Figure 2 shows that patients treated with SDRT had a 

significantly lower cumulative incidence of distant metastatic spread as compared to those 

treated with SBRT (two-sided Gray test p=0.010). The cumulative incidence of distant 

metastases at years one, two, and three for SDRT was 3.4% (95% CI: 0–8%), 5.3% (95%CI: 
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0–11.1%), and 5.3% (95% CI: 0–11.1%), respectively, compared to 1.7% (95% CI: 0–5.1%), 

10.7% (95% CI: 2.5–18.8%), and 22.5% (95% CI: (11.1–33.9%) for the SBRT regimen. 

No significant differences in LR or metastatic progression was observed among prostate or 

breast primary tumors compared with other histologies.

To determine whether post-radiation systemic adjuvant therapy had an impact on LR and 

and/or metastatic progression, a landmark competing risk analysis was performed. For LR, 

145 lesions were included in the analysis — with 63 exposed to systemic adjuvant therapy 

(6 patients with LRs observed) and 82 without systemic adjuvant therapy (8 patients with 

LRs observed). The Gray’s test p-value was 0.95. For distant metastases, 110 patients were 

included in the landmark competing risks analysis — 66 patients with systemic adjuvant 

therapy (7 distant metastatic spreads observed) and 44 without systemic adjuvant therapy 

(6 distant metastatic spreads observed). The Gray’s test p-value was 0.58. Thus, this study 

observed no significant association between post-radiation systemic adjuvant therapy and the 

incidence of either LR or metastatic spread. However, a multivariate model was not possible 

due to the relatively small number of events observed.

Toxicity outcomes were relatively low and similar in each of the treatment arms as 

summarized in Table 2. There was no statistically significant difference in the incidence 

of grade 2+ or 3+ lesions between the two treatment arms with an incidence of 9/77 

[11.7%] grade 2+ and 6/77 [7.8%] grade 3+ for SDRT, and 5/77 [6.5%] grade 2+ and 3/77 

(3.9%) grade 3+ lesions for SBRT (Fisher’s p=0.40 grade 2+ and 0.49 grade 3+). While 

the incidence of fracture post-treatment is clinically relevant, the incidence was low — with 

2.6% (4/154) grade 3 fractures in both the SDRT and SBRT regimens (Fisher’s p>0.99).

DISCUSSION

The present study provides evidence that SDRT is associated with superior tumor control 

of the irradiated lesion, and this in turn is associated with a reduction in further clinical 

metastatic progression. The data show that patients treated with the 3 × 9 Gy SBRT exhibit 

at year three a 4-fold increase of radiation in-field local recurrences and a 4-fold increase in 

distant metastatic spread when compared with the corresponding rates observed in patients 

randomized to 24 Gy SDRT. The cumulative rate of LR in lesions treated with SDRT was 

5.8% at year three, which is consistent with previous studies reporting that 24 Gy SDRT 

targeting metastatic tumors in non-mobile organs, such as bone and lymph nodes, renders a 

five-year local relapse-free survival rate of 95%.11 The improved local control observed with 

SDRT is likely related to the enhanced biologic equivalent dose that is delivered to the tumor 

volume compared to what is received with lower dose fractionated regimens. The impressive 

mitigation of metastatic progression upon ablative consolidation, as observed with 24 Gy 

SDRT, has never been substantiated before in a randomized trial setting.

Recently, Palma et al2 reported the results of a randomized phase II trial where patients 

with limited oligometastases were assigned using a 2:1 randomization to receive SBRT 

versus a palliative conventional fractionated (CF) radiotherapy regimen. The fractionation 

schemes for the SBRT arm included dose levels ranging from 30–60 Gy in 3–8 fractions 

as well as single fraction doses ranging from 16 Gy–24 Gy. The CF regimen utilized doses 
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ranging from 8 Gy in a single fraction to 30 Gy in 10 fractions. With a median follow-up 

of two years, the local recurrence rates were 25% and 51% in the SBRT and CF arms, 

respectively, and the distant progression rates were 59% and 85% for the SBRT and CF, 

respectively. In a single arm prospective study using 20 Gy delivered in a single fraction 

for 33 patients with oligometastases (50 lesions treated), the two-year local recurrence rate 

was 7% and the incidence of distant progression was 42%.23 The significantly lower rates of 

distant progression (5.3% at three years) observed in our current experience could possibly 

be related to the more effective ablative potential of 24 Gy in a single fraction compared to 

the SBRT regimens used in these aforementioned studies. Indeed, in a dose escalation study, 

we observed significantly improved local control rates for SBRT when dose levels of 24 Gy 

were used compared to lower doses.9

While the present study was designed as a prospective, randomized, phase III trial, several 

study limitations should be highlighted. These include the relatively small sample size of 

the study arms; the restriction of metastatic deposits to non-mobile bone and lymph nodes; 

the realization that nearly 50% of the patient population had prostate cancer histology; the 

lack of strict protocol guidelines regarding the use of adjuvant systemic therapy; and the 

relatively short-term follow-up in recording distant metastatic spread. In addition, while 

significant attrition of follow-up after two to three years was noted, patients were not 

required to return for routine follow-up after two years because the primary and secondary 

endpoints of this study mandated outcome evaluation only at one and two years after 

therapy. This was, in particular, the case for patients who lived far from the institution 

and were treated by local medical oncologists for their metastatic disease. Notwithstanding 

these limitations, the observation that consolidated ablation of macroscopic oligometastatic 

lesions hypothetically impacts the natural history of the residual and microscopic disease 

cannot be ignored. This observation adds a new dimension to the oligometastatic model,5,24 

and is consistent with multiple reports with long-term follow-up on the outcomes of non-

randomized trials of ablative surgery in oligometastatic patients.6,7

The present outcomes are also consistent with the recent phase II ORIOLE trial, which 

randomized observation only versus radio-ablation of oligometastatic prostate cancer 

lesions.3 Baseline PSMA-avid PET imaging data were blinded during radiation treatment 

planning of the SBRT-randomized arm, which resulted in at least one PSMA-avid lesion 

failing to co-register with the treatment planning CT or MRI in 45% of the SBRT 

patients, and thus remained untreated, as realized in retrospect. Distant metastatic lesions 

developed by six months in 63% of the patients with radiation-untreated PSMA-avid 

lesions — compared with 16% in the remaining patients who did receive comprehensive 

oligometastases-directed radio-ablation (P = 0.006) — but long-term follow-up was not 

provided.3

The mechanism by which ablation of macroscopic tumor lesions might drive repression 

or dissolution of residual microscopic disease remains unknown. Because of the lack of 

animal models of human oligometastatic disease, progress in the field has largely been 

derived from comparative genomic, transcriptomic, and somatic driver studies of archived 

human oligometastatic tumor tissues resected from the liver or lung.25–27 While such studies 

yielded signatures and identified metabolic drivers differentiating oligometastases from the 
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respective primary or from poly-metastatic disease,25,26 an operational mechanistic pathway 

that drives the oligo- to poly-metastatic conversion has not been defined. Nonetheless, 

there is substantial evidence that the oligometastatic syndrome is a biologically dynamic 

process, which is associated with the evolution of a propensity for distant metastatic 

spread along a linear continuum that gradually modifies the metastatogenic equilibrium 

towards polymetastatic conversion.27,28,29 Employing integrative molecular analysis of 

pro-metastatogenic virulence in hepatic colorectal oligometastatic lesions, combined with 

clinical risk stratification, Pitroda and Weichselbaum26 reported tumor categorization into 

low, intermediate, and high pro-metastatic virulence, yielding overall 10-year survivals of 

94%, 45%, and 19%. respectively.26 Similarly, a recent phase II oligometastatic SDRT 

study reported a three-tiered categorization of oligometastatic lesions, defined by pre-

SDRT PET/CT metrics, rendering 89%, 58%, and 17% actuarial five-year metastases-free 

survival in low, intermediate, and high-risk patients, respectively.11 Taken together, these 

observations suggest a hypothesis that mitigation of post-SDRT distant metastatic spread 

depends not only on the ability to ablate the macroscopic tumor pool, but also on the 

propensity virulence state of the tumor towards metastatic spread. Hence, it might be 

preferred to ablate oligometastatic lesions at the earliest phase post-diagnosis, in order 

to target each macrometastatic lesion at its least virulent risk setting, thereby potentially 

maximizing repression of metastatic dissemination.

Currently, the predominant strategy for primary therapy of metastatic disease, be it oligo- 

or poly-metastatic disease, is with systemic therapy. Local radio-ablative therapy is usually 

not incorporated into initial treatment regimens, as it has been long assumed that even the 

earliest clinical-phase metastatic disease may already be sub-clinically poly-metastatic. The 

present study provides a hypothetical alternative to this approach. Accepting, for the sake 

of discussion, the basic concept of polymetastatic conversion, there is no current knowledge 

on whether, how, or when polymetastatic conversion might occur relative to the initial 

diagnosis of metastatic disease. Whereas the effect of systemic therapies on the virulence of 

metastatic progression is presently unknown, we posit that there may be an indication for 

a comprehensive SDRT ablation to be used as a first line therapy after initial diagnosis of 

oligometastatic disease, regardless of lesion number. While the present study suggests that 

comprehensive radio-ablation mitigates metastatic progression, we posit that a radio-ablated 

state in early metastatic cancer may represent a baseline for testing the potential of tumor 

type-specific adjuvant systemic therapies to increase the rate and/or duration of metastasis-

free survival. We also posit that this approach may render cure in specific phenotypes of 

early metastatic human cancer.

CONCLUSION

Treatment with single-dose 24 Gy was associated with superior local control of irradiated 

oligometastases compared to a 3-fraction SBRT regimen. In addition, we observed 

significantly reduced metastatic progression in the SDRT arm compared to the SBRT arm. 

Yet, we did not observe increased toxicity for those who were treated with SDRT despite its 

higher biologic dose delivered to the PTV compared to SBRT. It is interesting to note that 

although there is an increased rate radiographic compression fracture after 24 Gy in a single 

fraction, the cumulative symptomatic fracture rate in the spine (requiring an intervention) 
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was reported to be 7.2%.30 The lower rates of <3% fractures in the. current trial may be 

related to less advanced tumors in the bone without significant cortical destruction present. 

It is also plausible that given the relatively small sample size, the incidence of grade 2+ 

fracture could have been higher in a larger cohort of patients. We do agree, however, that 

24 Gy in a single fraction should be given judiciously in the setting of metastases in long 

bone/weight bearing bones.

The intent of the current trial was primarily to address oligometastases in bone and soft 

tissue where these dose regimens are appropriate. However, our conclusions cannot be 

applied to liver or lung metastases, for instance, as the treated populations in the current 

trial were exclusively limited to bone, nodal metastases, and soft tissue metastases. Our 

data indicate that SDRT is an effective treatment for oligometastases and suggest that 

effective ablation of oligometastatic lesions is associated with significant mitigation of 

distant metastatic progression.
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Figure 1: 
Cumulative incidence of local recurrence (LR) and progression of disease within the 

irradiated region, demonstrating superior outcomes of ablative SDRT compared to 

fractionated SBRT.
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Figure 2: 
Cumulative incidence of distant metastases (DM) and progression of disease outside of the 

irradiated field, showing superior outcomes of ablative SDRT compared with fractionated 

SBRT.
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Table 1:

Patient characteristics grouped by treatment regimen.

All patients SDRT SBRT

N (%) N (%) N (%)

Sample size 117 59 (50.4) 58 (49.6)

Age Median (range) 64.0 (32.0–89.0) 63.0 (32.0–82.0) 65.5 (42.0–89.0)

Sex Male 83 (70.9) 44 (74.6) 39 (67.2)

Female 32 (27.4) 15 (25.4) 17 (29.3)

Missing 2 (1.7) 0 (0) 2 (3.4)

Number of lesions 1 93 (79.5) 46 (78) 47 (81)

2 18 (15.4) 9 (15.3) 9 (15.5)

≥3 6 (5.1) 4 (6.7) 2 (3.4)

Primary cancer Prostate 55 (47) 27 (45.8) 28 (48.3)

Lung 11 (9.4) 5 (8.5) 6 (10.3)

Colorectal 10 (8.5) 4 (6.8) 6 (10.3)

Renal 8 (6.8) 3 (5.1) 5 (8.6)

Breast 7 (6) 5 (8.5) 2 (3.4)

Head & neck 7 (6) 5 (8.5) 2 (3.4)

Sarcoma 7 (6) 3 (5.1) 4 (6.9)

Thyroid 6 (5.1) 3 (5.1) 3 (5.2)

Skin 4 (3.4) 2 (3.4) 2 (3.4)

Bladder 1 (0.9) 1 (1.7) 0 (0)

Gyn 1 (0.9) 1 (1.7) 0 (0)

Systemic or Hormonal Therapy During RT Yes 71 37 34

No 46 22 24

Bone vs. node lesions Bone 103 (88) 50 (84.7) 53 (91.4)

Node 10 (8.5) 6 (10.2) 4 (6.9)

Bone & Node 4 (3.4) 3 (5.1) 1 (1.7)

Spine vs. non-spine lesions Spine 66 (56.4) 32 (54.2) 34 (58.6)

Non-spine 44 (37.6) 23 (39) 21 (36.2)

Spine & non-spine 7 (6.1) 4 (7) 3 (5.2)
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Table 2:

Grade 2+ pain, peripheral sensory neuropathy, and fracture rates by treatment regimen

All lesions SDRT SBRT

N (%) N (%) N (%)

Total lesions 154 77 (50) 77 (50)

Grade 2+ Pain Yes 10 (6.5) 7 (9.1) 3 (3.9)

No 144 (93.5) 70 (90.9) 74 (96.1)

Grade 2+ Neuropathy Yes 2 (1.3) 2 (2.6) 0 (0)

No 152 (98.7) 75 (97.4) 77 (100)

Grade 2+ Fracture Yes 4 (2.6) 2 (2.6) 2 (2.6)

No 150 (97.4) 75 (97.4) 75 (97.4)
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