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Basic Tenants of Radiation Therapy

Any tumor will be completely eradicated if high enough dose is 
delivered to its entirety

The liver is among the most radiosensitive organs but tolerant of 
high dose to limited volumes



How Do We Optimize Tumor vs. Liver Dose?
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Typical Liver SBRT Case



Phase II Trial – SBRT for Metastases

the statistical evaluation. The influence of patient, disease, and
treatment characteristics on OS were evaluated by using Cox
proportional hazards regression. Covariates evaluated in the
Cox model included primary tumor site, number of liver
metastases, maximum lesion diameter, presence of extrahepatic
disease, and treatment with prior systemic therapy for meta-
static disease.

Results

This ongoing study includes 61 enrolled patients with 76 liver
metastases from solid tumors treated between February 2010
and September 2011. The median follow-up was 12 months
(range, 2-26 months). Baseline patients and treatment charac-
teristics are summarized in Table 1. Figure 2 describes a typical
case of patient with isolated liver metastasis included in the
protocol.

Mean of the mean dose to CTV was 73.2 ! 5.6 Gy; the same to
PTV was 69.6 ! 6.7 Gy. The mean D98% was 71.0 ! 6.2 Gy for
CTV. The mean of the total liver mean dose was 12.7 ! 5.1 Gy;

the mean volume of total liver receiving less than 15 Gy was 1050
! 318 cm3.

Local control

The radiographic/metabolic crude response rate of the radiated
lesions (complete response þ partial response þ stable disease)
treatment was 94.7% (72/76); in-field progression was observed
for 4 lesions (5.3%). A summary of the analysis of patterns of
response is provided in Table 3. Of the 4 in-field progressions, 2
occurred in the same patient, and none correlated with under-
dosage to the CTV (V95% from 94% to 100%) Actuarial local
control rates for treated lesions at 6, 12, and 22 months were
100%, 94.0% (95% confidence interval [CI] Z 0.82%-0.98%),
and 90.6% (CI Z 0.76%-0.96%), respectively (Fig. 3a). A
subgroup analysis for lesions with maximum diameter of 3 cm or
less, compared with those greater than 3 cm, revealed no statistical
differences in local control rates (PZ.90). A further subset anal-
ysis revealed that tumors typically considered radio-resistant
(including melanoma, renal carcinoma, pancreatic and biliary

Fig. 2. Patient treated with stereotactic body radiation therapy for recurrence of liver metastasis after surgery. (a) Positron emission
tomography (PET)ecomputed tomography (CT) pretreatment image showing the lesion in the region of the surgical bed, defined by metal
surgical clips. (b) Visualization of dose distribution on the planning target volume. (c) PET-CT image at 3 months after radiation therapy,
showing complete metabolic response.

Fig. 3. (a) In-field local control after stereotactic body radiation therapy (SBRT). (b) Overall survival after SBRT.

Volume 86 # Number 2 # 2013 SBRT for liver metastases 339

76 lesions (~2/3 colon or breast)
75 Gy in 3 fractions (BED10 = 262.5 Gy)
Local control: 1-year 94%, 2-year 91%

No grade 3+ acute toxicity
Scorsetti M, et al. Int J Radiat Biol Phys. 2013;86(2):336-342.
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Stereotactic ablative radiotherapy versus standard of care 
palliative treatment in patients with oligometastatic cancers 
(SABR-COMET): a randomised, phase 2, open-label trial
David A Palma, Robert Olson, Stephen Harrow, Stewart Gaede, Alexander V Louie, Cornelis Haasbeek, Liam Mulroy, Michael Lock, 
George B Rodrigues, Brian P Yaremko, Devin Schellenberg, Belal Ahmad, Gwendolyn Griffioen, Sashendra Senthi, Anand Swaminath, Neil Kopek, 
Mitchell Liu, Karen Moore, Suzanne Currie, Glenn S Bauman, Andrew Warner, Suresh Senan

Summary
Background The oligometastatic paradigm suggests that some patients with a limited number of metastases might be 
cured if all lesions are eradicated. Evidence from randomised controlled trials to support this paradigm is scarce. We 
aimed to assess the effect of stereotactic ablative radiotherapy (SABR) on survival, oncological outcomes, toxicity, and 
quality of life in patients with a controlled primary tumour and one to five oligometastatic lesions.

Methods This randomised, open-label phase 2 study was done at 10 hospitals in Canada, the Netherlands, Scotland, 
and Australia. Patients aged 18 or older with a controlled primary tumour and one to five metastatic lesions, Eastern 
Cooperative Oncology Group score of 0–1, and a life expectancy of at least 6 months were eligible. After stratifying by the 
number of metastases (1–3 vs 4–5), we randomly assigned patients (1:2) to receive either palliative standard of care 
treatments alone (control group), or standard of care plus SABR to all metastatic lesions (SABR group), using a 
computer-generated randomisation list with permuted blocks of nine. Neither patients nor physicians were masked to 
treatment allocation. The primary endpoint was overall survival. We used a randomised phase 2 screening design with 
a two-sided α of 0∙20 (wherein p<0∙20 designates a positive trial). All analyses were intention to treat. This study is 
registered with ClinicalTrials.gov, number NCT01446744.

Findings 99 patients were randomised between Feb 10, 2012, and Aug 30, 2016. Of 99 patients, 33 (33%) were assigned to 
the control group and 66 (67%) to the SABR group. Two (3%) patients in the SABR group did not receive allocated 
treatment and withdrew from the trial; two (6%) patients in the control group also withdrew from the trial. Median 
follow-up was 25 months (IQR 19–54) in the control group versus 26 months (23–37) in the SABR group. Median overall 
survival was 28 months (95% CI 19–33) in the control group versus 41 months (26–not reached) in the SABR group 
(hazard ratio 0∙57, 95% CI 0∙30–1∙10; p=0∙090). Adverse events of grade 2 or worse occurred in three (9%) of 33 controls 
and 19 (29%) of 66 patients in the SABR group (p=0∙026), an absolute increase of 20% (95% CI 5–34). Treatment-related 
deaths occurred in three (4∙5%) of 66 patients after SABR, compared with none in the control group.

Interpretation SABR was associated with an improvement in overall survival, meeting the primary endpoint of this 
trial, but three (4∙5%) of 66 patients in the SABR group had treatment-related death. Phase 3 trials are needed to 
conclusively show an overall survival benefit, and to determine the maximum number of metastatic lesions wherein 
SABR provides a benefit.

Funding Ontario Institute for Cancer Research and London Regional Cancer Program Catalyst Grant.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Historically, the treatment of patients with metastatic 
solid tumours has been based on systemic therapies 
that aim to delay progression and extend life, but not to 
eradicate the disease completely.1,2 The oligometastatic 
paradigm, formally defined in the 1990s3 but anecdotally 
reported as early as the 1930s,4 suggests that in some 
patients, metastatic disease is not widespread, but 
is constrained to develop in only a small number of 
sites because of anatomical and physiological fac-
tors.3 This paradigm suggests that patients with oligo-
metastases should be amenable to a curative treatment 
approach.3

Clinical evidence to support improved treatment out-
comes in the oligometastatic state has generally been 
limited to non-randomised observational studies.5 Many 
of these studies, but not all, suggest that the treatment of 
oligometastatic disease with ablative therapies can lead 
to better-than-expected survival, compared with a general 
population of patients with metastatic disease.6,7 However, 
these promising results could be due to selection bias, 
with the inclusion of fit patients with low-burden, indolent 
cancers.5,7 Nevertheless, the use of ablative therapies has 
increased in many jurisdictions worldwide, albeit with 
substantial geographical variability in practice.8,9 Interest 
in treating oligometastatic disease is also increasing 
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Progression events occurred in 67 patients: 39 (59%) of 
66 patients in the SABR group and 28 (85%) of 33 patients 
in the control group. Of the 39 patients in the SABR 
group with progression of disease, 31 (79%) developed 
new metastases only, one (3%) had progression of treated 
lesions only, and seven (18%) had both. Similarly, of 
the 28 patients in the control group, 13 (46%) developed 
new metastases only, eight (29%) had enlargement of 
lesions only, and seven (25%) patients had both. Median 
progression-free survival was 6∙0 months (95% CI 
3∙4–7∙1) in the control group vs 12 months (6∙9–30∙4) in 
the SABR group (HR 0∙47, 95% CI 0∙30–0∙76; stratified 
log-rank p=0∙0012; figure 2B)

The proportion of patients with lesional control (ie, the 
absence of progression in the lesions initially present 
at randomisation) was 49% (28 of 57 assessable lesions) 
in the control group and 75% (75 of 100 assessable 
lesions) in the SABR group (p=0∙0010), represented 
by an absolute increase of 26% (95% CI 10–41). For 
the 100 assessable lesions treated in the SABR group, 
44 (44%) remained stable, 15 (15%) showed a partial 
response, and 16 (16%) showed a complete response

There were no significant differences in overall mean 
FACT-G scores at 6 months (82∙5 [SD 16∙4] in the control 
group vs 82∙6 [16∙6] in the SABR group; p=0∙99), or in 
any of the physical, social, functional, or emotional QOL 
subscales (all p>0∙40; appendix).

Adverse events are shown in table 2. Adverse events 
of grade 2 or more related to treatment occurred in 
three (9%) of 33 patients in the control group and 19 (29%) 
of 66 patients in the SABR group (p=0∙026), an absolute 
increase of 20% (95% CI 5–34). The most common 
treatment-related toxic effects of grade 2 or worse in the 
SABR group were fatigue (n=4), dyspnoea (n=2), and pain 
(including muscle, bone, and other, total n=8). There were 
three treatment-related grade 5 events in the SABR group 
(4∙5%, 95% CI 0–10), due to deaths from radiation pneu-
monitis (n=1), pulmonary abscess (n=1), and subdural 
haemorrhage after surgery to repair a SABR-related 
perforated gastric ulcer (n=1); see appendix for further 
details of treatment-related grade 5 events. After ran-
domisation, 53 (54%) of 99 patients received palliative 
systemic therapy, and 34 (34%) of 99 patients received 
palliative, standard of care (non-SABR) radiotherapy. The 
two groups did not differ in the receipt of systemic therapy 
(19 [58%] of 33 patients in the control group vs 34 [52%] of 
66 patients in the SABR group; p=0∙57). Palliative radio-
therapy was more commonly delivered in the control 
group (21 [64%] of 33 patients) than in the SABR group 
(13 [20%] of 66 patients).

Discussion
The use of ablative treatments in patients with 
oligometastatic cancers has been the subject of substantial 
debate.5 Although the use of metastasis-directed surgery 
and stereotactic radiation has increased in the past 
10–15 years,8,9 the reliance on single-arm data of well 

selected patients without adequate controls has led to 
suggestions that the use of ablative treatments might be 
futile.16,17 The main findings of the present study are that 
SABR was associated with a 13-month improvement 
in median overall survival and a doubling of median 
progression-free survival, at the cost of an increase in 
toxicity and a 4∙5% treatment-related mortality in the 
SABR group. To our knowledge, the findings herein 
represent the strongest clinical evidence available in 
support of the oligometastatic state.

Several recent systematic reviews have examined 
the effect of ablative therapies in patients with 
oligometastatic cancers.6,18–21 We did not identify any 
randomised trials in patients who were oligometastatic 

Figure 2: Overall survival (A) and progression-free survival (B)
SABR=stereotactic ablative radiotherapy. HR=hazard ratio.
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Liver metastases were 3rd most commonly treated site

Palma DA, et al. Lancet. 2019;393(10185):2051-2058.
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Con-nuous Imaging Through Treatment
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Conclusions

• Radiation therapy is an effective noninvasive local therapy for 
primary and metastatic liver cancer

• Recent technological advancements have expanded selection 
criteria for delivery of ablative dose

• Future directions include novel systemic and regional therapies 
and shortening regimens to 1 fraction
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