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Abstract: Stereotactic body radiation therapy (SBRT) also referred to as stereotactic ablative radiotherapy 
(SABR), is a technique which has emerged over the past two decades due to improvements in radiation 
technology. Unlike conventional external beam radiotherapy (cEBRT) which traditionally delivers radiation 
in small doses [approximately 2 Gray (Gy) per fraction] over several weeks, SBRT, typically delivered in 
one to eight fractions, is a technique whereby potentially ablative doses of radiotherapy (usually 7.5–20 Gy 
per fraction) can be delivered with steeper dose gradients and sub millimetre precision, minimising risk to 
surrounding normal tissues. The potential benefits of excellent tumor control with low toxicity has led to 
the increasing use of SBRT in a number of clinical situations. Due to compelling evidence, SBRT is now 
the treatment of choice for medically inoperable patients with peripherally located stage I non-small cell 
lung cancer (NSCLC). Controversy remains however as to its efficacy and safety for central or ultra-central 
lung tumors. The evidence base supporting the use of SBRT as a novel treatment for spinal metastases and 
oligometastases is rapidly expanding but challenges remain in these difficult patient populations. In an era 
where targeted therapy and improved systemic treatments for stage IV cancer have resulted in increased 
disease-free survival, and our knowledge of the oligometastatic state is ever expanding, using SBRT to treat 
metastatic disease and gain durable local control is increasingly desirable. Several randomized trials are 
currently underway and are sure to provide valuable information on the benefit and utility of SBRT across 
many tumor sites including early-stage NSCLC, spinal metastases and oligometastatic disease. Recognizing 
the evolving role of SBRT in clinical practice, this paper provides a critical review of recent developments in 
each of these areas particularly highlighting the challenges facing clinicians and discusses potential areas for 
future research. 
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Management of early-stage non-small cell lung 
cancer (ES-NSCLC)

Lobectomy with mediastinal lymph node sampling remains 
the gold standard treatment of ES-NSCLC (AJCC stage 
I, TNM stage T1–2N0M0) with a 5-year overall survival 
(OS) of 35–97% and locoregional recurrence rates of less 
than 10% (1-3). However, many patients with ES-NSCLC 

are high-risk surgical candidates due to respiratory and 
cardiovascular comorbidities. Patients unable to undergo 
safe resection or who refused surgery were historically 
offered conventional external beam radiotherapy (cEBRT) 
[45–70 Gray (Gy) in 1.5–2.75 Gy fractions over up to seven 
weeks] or were observed without active cancer treatment. 
Over half of patients receiving observation alone ultimately 
die of cancer (4) with a median OS of 9 months (5),  
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highlighting the need for active treatment in this 
population. However, outcomes with radiotherapy in this 
group are disappointing with a 3-year OS of 17–55% and 
local failure rates of 6–70% (6). 

Stereotactic body radiation therapy (SBRT) for 
medically inoperable peripheral ES-NSCLC

SBRT is now established as a safe and effective option 
for treating medically inoperable peripheral ES-NSCLC  
(≤5 cm) endorsed by ESMO and NCCN as the treatment 
of choice in this setting (7,8). Peripheral tumors have been 
defined as being greater than 2 cm in all directions from the 
proximal bronchial tree (9,10) or any mediastinal critical 
structure (11).

Phase II studies have consistently produced local control 
(LC) rates in this patient group of approximately 90% at 
3–5 years (12-14) with OS of 55–60% at 3 years (12,13) 
reflecting the medical comorbidities of the inoperable 
patient population and the development of subsequent 
metastatic disease. In a large single-center retrospective 
analysis of 676 patients receiving SBRT for ES-NSCLC 
with a median follow up of 33 months (14) two distinct 
patterns of recurrence emerged. The most common was 
isolated distant recurrence, occurring in 8% of patients at a 
median of 8.3 months after SBRT, suggesting the presence 
of subclinical disease at the time of treatment undetected 
by staging investigations. Isolated loco-regional recurrence 
(LRR) without distant metastases (a potentially salvageable 
situation) occurred in 6% at a median of 13.1 months from 
SBRT. In addition, 6% of patients developed a second lung 
primary cancer. The risk of recurrence or second lung 
primary was highest in the first 3 years after treatment, 
with many patients offered further curative treatment. To 
identify relapses or new primary cancers at an early-stage, 
consensus guidelines recommend computed tomography 
(CT) imaging after SBRT at 3, 6, 12, 18, 24, 36, 48 and  
60 months (15).

Multiple dose fractionation regimes have been employed 
by centres developing SBRT, ranging from 1 to 10 fractions, 
usually delivered daily or on alternate days. There is no 
international agreement on the optimal SBRT regime for 
peripheral ES-NSCLC, but there does appear to be a dose 
range which produces adequate LC with acceptable toxicity. 
Retrospective analysis suggests both LC and OS are improved 
when the biological effective dose (BED) by the linear 
quadratic (LQ) model is >100 Gy delivered to the periphery 
of the tumor (assuming α/β of 10 Gy for tumor) (16).  

A meta-analysis of 34 observational studies identified 
inferior OS in regimes with a BED10 of >146 Gy (17);  
suggesting further dose escalation may not be beneficial. 
Caution should be exercised when comparing SBRT 
regimes using BED models due to the limitations of the LQ 
model at high doses per fraction, but this remains the most 
frequently used approach in clinical practice. Commonly 
employed regimes with a BED10 ≥100 Gy and the equivalent 
dose in 2 Gy fractions (EQD2) are shown in Table 1.

Toxicity

The high BED delivered with SBRT raises the concern of 
treatment-related toxicity, so tight margins, image guidance 
and a steep dose gradient are employed to minimise dose to 
normal structures. Using this approach acute toxicity is low 
and deterioration in health-related quality of life (HRQOL) 
is uncommon (18). The most commonly reported toxicities 
are pneumonitis and chest wall toxicity (10).

Pneumonitis

In a large pooled analysis of 505 patients receiving SBRT 
for ES-NSCLC with a variety of dose fractionation 
regimes (20–64 Gy/1–15 fractions), pneumonitis grade 
≥2 and grade ≥3 developed in 7% and 2% of patients 
respectively (19). One case (0.2%) of fatal pneumonitis 
was reported. Median time to pneumonitis was 5 months. 
Symptomatic pneumonitis is usually self-limiting or 
resolves with corticosteroid treatment. Lagerwaard et al. (20)  
prospectively collected patient-reported HRQOL data 
for 382 consecutive patients treated with SBRT for ES-
NSCLC. There was no significant change in dyspnea 
over 2 years, despite high pre-treatment symptom burden 
scores and 84% of patients having a diagnosis of chronic 
obstructive pulmonary disease (COPD). On retrospective 
analysis symptomatic pneumonitis/fibrosis is associated 
with older age, larger tumor size, higher mean lung dose 
and higher lung V20 (percentage of lung volume receiving 
over 20 Gy) (21). However, SBRT remains safe and well 
tolerated in the elderly (22-25) and those with COPD (26) 
and neither abnormal baseline pulmonary function tests 
(PFTs) nor age should preclude treatment (10). RTOG 
0236 (54 Gy/3 fractions), reported a 6% reduction in 
forced expiratory volume in 1 second (FEV1) and diffusion 
capacity for carbon monoxide (DLCO), with minimal 
change in arterial blood gases and no significant decline in 
oxygen saturation at 2 years. All patients were medically 
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inoperable; the majority with poor respiratory function, 
but poor baseline PFTs did not predict pulmonary toxicity 
or decrease OS (27). Pre-existing interstitial lung disease 
(fibrosis) identified on high-resolution CT (HRCT) is, 
however, associated with a significantly increased risk of 
severe and fatal radiation pneumonitis (28) and is considered 
a relative contraindication to SBRT. Careful evaluation of 
the risks and benefits of SBRT by an expert tumor board is 
advised in this subgroup (7).

Chest wall toxicity

Chest wall pain, rib fractures and skin reaction are possible 
when treating peripheral lesions with SBRT. In their 
collaborative analysis of 505 patients with heterogeneous 
fractionation regimes, Grills et al identified rib fractures in 8% 
(3% grade ≥2) and grade 2 or above skin toxicity in 2%. Post-
SBRT rib fractures were more common with higher BED (19).  
In a single institution series of 500 patients receiving risk-
adapted SBRT (tumors in broad contact with the chest wall 
received 60 Gy/5 fractions versus 60 Gy/3 fractions for 
peripheral T1 tumors), chest wall pain and symptomatic rib 
fractures were reported in 11% and 2% respectively (29).  
Grade 3 chest wall toxicity occurred in 2%, associated 
with larger volumes of chest wall receiving 30–50 Gy  
and higher maximum chest wall doses. Restricting the 
volume of chest wall receiving ≥30 Gy to less than 30 cm3 
has been recommended (30). 

Comparison with other treatments

SBRT vs. 3D conformal radiotherapy (3D-CRT)

SPACE (Stereotactic Precision and Conventional 
radiotherapy Evaluation) is the only published randomized 
trial comparing SBRT (66 Gy/3 fractions over 1 week) with 
3D-CRT (70 Gy/35 fractions over 7 weeks) for peripheral 
ES-NSCLC. There was no significant difference in OS, 
progression-free survival (PFS) or LC at 3 years between 
the two groups. HRQOL was better amongst those 
receiving SBRT, with decreased pneumonitis (19% vs. 34%) 
and esophagitis (8% vs. 30%) (31). The ability to detect 
a difference in outcome was hampered by the phase two 
design, relatively low power and imbalance of treatment 
arms (more patients with T2 tumors in the SBRT arm), 
but the authors concluded that SBRT should be regarded 
as standard of care due to improved convenience and 
HRQOL. The CHISEL study randomized 101 Australasian 
patients with biopsy proven inoperable peripheral ES-
NSCLC to SBRT (54 Gy/3 fractions or 48 Gy/4 fractions) 
or 3D-CRT (66 Gy/33 fractions or 50 Gy/20 fractions). 
Results, presented in abstract form, suggest improved 
OS and freedom from local failure with SBRT (32).  
The OCOG-LUSTRE phase III trial  is  currently 
recruiting in Canada, comparing SBRT (48 Gy/4 fractions 
(peripheral lesions) or 60 Gy/8 fractions (central lesions)) 
to conventionally hypofractionated radiotherapy (60 Gy/15 
fractions) for medically inoperable ES-NSCLC (33).

Table 1 Commonly employed SBRT dose fractionation regimes for peripheral and central early stage non-small cell lung cancer

 Location of 
primary disease

Total dose (Gy)
Number of 
fractions

Dose per 
fraction (Gy)

BED10 (Gy) EQD2 tumor BED3 (Gy)
EQD2 normal 

tissue

Peripheral ES-
NSCLC

34 1 34 150 125 420 252

45 3 15 113 94 270 162

54 3 18 151 126 378 227

60 3 20 180 150 460 276

48 4 12 106 88 240 144

Central ES-
NSCLC

50 5 10 100 83 217 130

55 5 11 116 96 257 154

60 5 12 132 110 300 180

60 8 7.5 105 88 210 126

ES-NSCLC, early-stage non-small cell lung cancer; Gy, Gray; BED10, biological effective dose using alpha/beta 10; EQD2 tumor, equivalent 
dose in 2 Gray fractions using alpha/beta 10; BED3, biological effective dose using alpha/beta 3; EQD2 normal tissue, equivalent dose in  
2 Gray fractions using alpha/beta 3.
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SBRT vs. surgery

Numerous studies, including population-based studies, 
retrospective propensity score matched comparisons 
and a meta-analysis, have suggested similar outcomes 
between surgery and SBRT (34,35). Unfortunately, all 
three randomized trials comparing surgery and SBRT 
for ES-NSCLC [STARS (NCT00840749), ROSEL 
(NCT00687986) and ACOSOG Z4099 (NCT01336894)] 
closed early because of poor accrual. Preliminary results of 
the STARS and ROSEL trials have been combined. In both 
trials surgery involved anatomic lobectomy and mediastinal 
lymph node dissection/sampling, SBRT regimes included 
54 Gy/3 fractions (both trials), 50 Gy/4 fractions (STARS) 
and 60 Gy/5 fractions (ROSEL). A total of 58 patients were 
enrolled in both trials, with no differences in patient or 
tumor characteristics between the two treatment groups. At 
a median follow up of 40 months (SBRT) and 35 months 
(surgery), 3-year OS was 95% in the SBRT group and 
79% in the surgical group (P=0.037) with no difference 
in local, regional or distant recurrence rates. Grade 3–4 
treatment-related adverse events occurred in 10% with 
SBRT and 44% with surgery, with one death from surgical 
complications (36). These results have prompted several 
ongoing randomized trials comparing surgery and SBRT 
[SABRTooth (37), POSTILV (38), STABLE-MATES (39) 
and VALOR (40)], the long-term survival results of which 
are eagerly awaited. In operable patients SBRT remains 
controversial due to the lack of long-term survival data, 
omission of pathological nodal staging which may influence 
adjuvant therapy, difficulty interpreting post-treatment 
surveillance imaging and potential challenges with salvage 
surgery. As such, current guidelines do not recommend 
SBRT outside of a clinical trial for patients with standard 
operative risk ES-NSCLC, but shared decision-making is 
encouraged to define a management plan consistent with 
the patient’s preferences (7,41). 

Central tumors

A pivotal phase II study whereby patients with ES-NSCLC 
received 60–66 Gy/3 fractions identified that treatment of 
central tumors (within 2 cm of the tracheobronchial tree) 
was associated with increased severe toxicity and treatment-
related death (9). Patients with central tumors had a 2-year 
severe toxicity rate of 46% versus 17% for peripheral 
tumors, but OS was not statistically different (42). Reported 
grade 5 toxicities include hemoptysis, bronchial stricture, 

bronchial fistula, obstructive pneumonia and esophageal 
ulceration/perforation (43). As a result, SBRT regimes with 
≤3 fractions are not recommended for central tumors (41).  
Less  potent  “ r i sk-adapted”  SBRT reg imes  over  
4–8 fractions have been used in this patient group with 
a more favourable toxicity profile (Table 1). A systematic 
review of outcomes of SBRT for central lung tumors 
identified a risk of grade 3 or 4 toxicity of less than 9%, 
comparing favorably with surgery. There was an increased 
rate of treatment-related death with higher BED;  
3.6 % with BED3 ≥210 Gy (α/β =3) compared to 1% with 
BED3 <210 Gy. LC rates for central tumors remain above 
85% with BED10 ≥100 Gy, as in peripheral tumors (43). The 
RTOG 0813 trial is investigating different regimes delivering 
50–60 Gy in 5 fractions to central ES-NSCLC. Initial 
results for the higher dose arms (57.5–60 Gy/5 fractions)  
show 2-year LC and OS of 87–89% and 70–73%, but with 
grade ≥3 toxicity in 16–21% and treatment-related death in 
3–5% (44). Until further studies are published, fractionation 
regimes close to achieving a BED10 ≥100 Gy and BED3 
<210 Gy, such as 50 Gy/5 fractions or 60 Gy/8 fractions 
(Table 1), may provide an acceptable balance of toxicity 
and LC. Care should be taken to identify “ultracentral” 
lesions, where the tumor directly abuts major airways or 
the planning target volume (PTV) overlaps the trachea or 
main bronchi. Toxicity appears higher when treating these 
lesions, even using less hypofractionated schedules such as  
60  Gy/12 f ract ions  (45) .  SBRT is  not  current ly 
recommended for “ultracentral” lesions, with more 
conventional or accelerated schedules being an acceptable 
alternative (7). A new phase I dose-escalation study, 
SUNSET (46), has just launched which will help address 
some important questions in this population. If SBRT is 
used for “ultracentral” lesions patients should be counselled 
about the potentially fatal treatment complications (41).

Other controversies, such as using SBRT for tumors 
greater than 5 cm, without a histological diagnosis or for 
multiple primary lung cancers are beyond the scope of this 
article, but are well summarized in the ASTRO evidence-
based guideline (41). 

Spinal metastases

Over 40% of all patients with cancer will develop metastatic 
disease to the spine. Spinal metastases are deemed “complex” 
bone metastases in view of their critical location which 
increases the risk of functional impairment. Unlike simple 
bone metastases, which cause pain but do not carry the 
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same risk of neurological compromise, there are limited 
randomized trials available to guide management in this 
group. With an estimated 10% of patients with metastatic 
spinal disease developing spinal cord compression, an 
oncological emergency that may result in permanent 
disability, the importance of achieving LC in this group 
cannot be understated (47). 

Although controversy remains over the optimal 
fractionation schedule, radiotherapy typically delivering 
doses of 8 Gy in a single fraction (SF) or 20–30 Gy in 
multiple fractions (MF) is a well-recognized modality of 
treatment offering effective pain control. However, the 
response is not durable. The Dutch Bone Metastases 
study comparing 8 Gy SF (n=579) with a MF regimen of  
4 Gy × 6 fractions (n=578) reported a median time to 
response of 3 weeks in both arms with a median time to 
progression of 24 weeks (MF) and 20 weeks (SF), the 
difference in response was not significant (48). The total 
number of retreatments was 16%, higher in the SF arm 
(25% vs. 7%). Randomized trials with longer follow-up 
have shown progressive rates of local failure at palliative 
doses with re-irradiation rates of up to 42% with a SF and 
24% with a MF regimen (49). 

The biological effectiveness of irradiation is dependent 
on the total dose and dose per fraction of delivered 
radiation. Though useful as a palliative treatment, cEBRT 
is often limited by cord tolerance making dose escalation 
and re-irradiation difficult. SBRT is a technique whereby 
potentially ablative doses of radiotherapy with increased 
BED, can be delivered with steeper dose gradients and sub 
millimetre precision, minimising risk to spinal elements 
and other adjacent normal structures. Although there have 
been no randomized trials to date, results of mature single 
and multi-institution studies have reported better LC rates 
with SBRT with one prospective series of previously un-
irradiated spinal disease reporting an actuarial LC rate of 
88% at 18 months (50,51). 

The use of survival models and frameworks to 
guide treatment

In the United States the incidence of spinal SBRT 
has increased from 2% to 20% over a 10-year period  
(2004–2013) (52) suggesting that since its first clinical 
application for spinal metastatic disease in 1995, spinal 
SBRT is increasing in popularity and acceptance. However, 
spinal SBRT in the context of metastatic disease is still 
a palliative treatment. Regardless of its availability, the 

heterogeneity of this patient population with highly variable 
life expectancies, the increased risk of toxicity associated 
with this technique and the complexity of the planning 
process mean careful patient selection remains paramount. 

Various survival models have been developed identifying 
patient subgroups more likely to benefit from spinal 
SBRT. Once such model, the Prognostic Index for Patients 
with Spinal Metastases (PRISM), developed from two 
prospective single institution trials, suggested better survival 
was associated with female gender, Karnofsky performance 
score (KPS), previous surgery at the site of SBRT, a solitary 
site of disease in the spine and a disease-free interval (DFI) 
of >5 years. Notably pre-treatment symptom burden was 
significantly higher in the patient group with poor survival. 
The patient population was derived from prospective trials 
with 97% of patients exhibiting a KPS >70, so it remains 
to be seen whether this prognostic tool has utility when 
applied outside of the trial setting (53). It does however 
suggest that in patients with poorer performance status (PS), 
limited benefit is likely to be gained from spinal SBRT.

In 2013 the NOMS decision framework tried to 
standardise the assessment of metastatic spine tumors 
by incorporating neurologic, oncologic, mechanical 
and systemic parameters when deciding on the optimal 
management of spinal lesions which may include upfront 
surgery, cEBRT or SBRT (54). More recently, the 
International Spine Oncology Consortium produced two 
multidisciplinary algorithms for the management of spinal 
metastases. The framework suggests assessing the patient’s 
PS, systemic burden of disease and the systemic treatment 
options available before evaluating the spinal disease itself. 
The framework takes in to account mechanical stability, 
neurological risk (the amount of epidural disease present/
cord compression), tumour histology specifically radio-
sensitivity, radio-responsiveness (rapid vs. slow) and 
vascularity when deciding optimal management which 
may include SBRT, separation surgery, vertebroplasty or 
minimally invasive local ablative approaches (55). Such 
frameworks highlight the complexities involved and 
importance of the multidisciplinary approach when deciding 
on appropriate treatment in this challenging patient group. 

Treatment with spinal SBRT

De novo treatment

Current evidence for management in the de novo setting 
(patients who have never received prior radiotherapy or 
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surgical intervention) is derived from multiple retrospective 
series but few prospective trials. LC, usually defined as an 
absence of progression or epidural cord compression at 
the treated site, ranges from 68–96% at 1 year across these 
series (50). Although pain is the most common presenting 
symptom of spinal metastases, there is a paucity of studies 
available that include it as an end point. Limitations 
exist with the prospective trials reported; many include 
a heterogeneous study population incorporating those 
who had previous irradiation or surgery. Most studies 
have included radioresistant tumors such as melanoma, 
renal cell carcinoma (RCC) and sarcoma in their patient 
group making conclusions from subgroups analysis 
difficult to interpret. There is also no consensus on dose 
and fractionation with considerable variation throughout 
(50,51,56,57).  Commonly used schedules include  
16–24 Gy/1 fraction, 24 Gy/2 fractions, 24–27 Gy/3 fractions  
and 30-35 Gy/5 fractions (Table 2) (51,58-64). A multicentre 
randomized phase III trial comparing two dosing schedules 
for SBRT (27 Gy/3 fractions or 24 Gy/1 fraction) on long-
term 2-year locoregional control is currently underway (65). 

RTOG 0631, a randomized phase 3 trial comparing 
SBRT at 16–18 Gy/1 fraction versus cEBRT at 8 Gy/1 
for pain control and HRQOL has completed accrual. The 
phase II component has already reported the technical 

feasibility and safety of delivering SF SBRT in this group 
(66,67). The trial will stratify between radioresistant tumors 
(soft tissue sarcoma, melanoma and RCC) and all other 
types of tumors due to expected similarity of their response 
to treatment, to prevent bias of the results. Previous 
studies have suggested no difference in LC or PFS when 
radioresistant tumors have been treated with SBRT. In a 
phase I/II trial delivering 16–24 Gy/1 fraction to 61 patients 
with 63 tumors, an actuarial 18-month imaging LC rate 
of 88% with a median survival of 30 months was recorded 
for all patients. Although this trial stratified according 
to histology [24 Gy to gross tumour volume (GTV) and  
16 Gy to clinical target volume (CTV) in lesions with RCC 
histology versus 18 Gy to GTV and 16 Gy to CTV in non-
RCC], no significant difference was noted (51). Nguyen 
et al. reported on 48 patients with 55 spinal metastases 
with RCC histology who received 24 Gy/1 fraction,  
27 Gy/3 fractions or 30 Gy/5 fractions. With a median follow-
up time of 13.1 months, the actuarial 1-year tumour PFS was 
82.1% with 44% and 52% of patients pain free at 1 month and 
12 months post-SBRT (68), comparable to other studies. 

Re-irradiation 

A recent systematic review of spinal re-irradiation with 

Table 2 SBRT for de novo spinal metastases from a select series

Reference, author, year 
(Reference)

Pts treated/
tumors

Histology
Follow-up duration 

median (mos)
Tumor dose Gy/No. 

of Fx
Local control rate 
(%) (time duration)

Overall 
survival

Yamada et al., 2008 (58) 93/103 Mixed 15 18–24/1 90 (15 mos) 15 mos

Guckenberger et al.,  
2014 (59)

301/387 Mixed 11.8 24/3 90 (1 yr)
84 (2 yr)

19.5 mos

Garg et al., 2012 (51) 63/61 Mixed 20 (mean) 18/1 (GTV),  
16/1 (CTV) (non RCC)

87.2 (18 mos) 30 mos

24/1 (GTV),  
18/1 (CTV) (RCC)

Ryu et al., 2004 (60) 49/61 Mixed NR (max 24) 10–16/1 NR 74.3% (1 yr)

Folkert et al., 2014 (61) 88/120 Sarcoma 12.3 24/1; 28.5/3–6 90.8 (1 yr);  
84.1 (1 yr)

16.9 mos

Chang et al., 2012 (62) 93/131 Mixed 23.7 19.9/1 (single 
equivalent)

89 (1yr) 19 mos

Staehler et al., 2011 (63) 55/105 RCC 33.4 20/1 90.4 (2 yrs) 17.4 mos

Chang et al., 2007 (64) 22/17 Mixed NR 27–30/3–5 68.1 NR

Pts, patients; mos, months; Gy, Gray; No, number; Fx, fractions; yr(s), year(s); GTV, gross tumor volume; CTV, clinical target volume; RCC, 
renal cell cancer. 
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SBRT following cEBRT (median dose 30 Gy/10 fractions) 
identified only 9 single institution series (with only two 
prospective trials) (69-71). Overall the median 1-year LC 
rate was 76% (range, 66–90%) with an improvement in 
patients’ pain scores ranging from 65–81%. The most 
common adverse event was vertebral compression fracture 
(VCF) which developed in 12%, more common following 
SF treatment (though only three studies specifically reported 
on VCF) (69). The larger of the two prospective trials 
conducted at MD Anderson delivered 27 Gy/3 fractions 
or 30 Gy/5 fractions to 59 patients with 63 tumors (70).  
With a mean follow up of 17.6 months, both the 1-year 
radiographic LC and OS for all patients was 76%. Ninety-
two percent of those treated were free from neurological 
deterioration from any cause at 1 year. Of the 16 tumors 
that progressed following re-irradiation, 13 (81.3%) were 
within 5 mm of the spinal cord, a group perhaps more 
appropriately managed with surgery considering the 
limitations of dose escalation while maintaining spinal cord 
constraints in these cases (70). There is less data regarding 
second salvage course SBRT following initial SBRT to the 
spine. Thibault et al. using a median second SBRT total 
dose of 30 Gy/4 fractions following a first course of SBRT 
with a median total dose of 24 Gy/2 fractions and cEBRT in  
24 spinal segments demonstrated a LC of 81% at 1 year with 
median time to failure of 3 months (range, 2.7–16.7 months).  
Eleven of the 13 local failures were within the epidural 
space. This group demonstrated the feasibility and safety 
of salvage SBRT with no VCF or radiation myelopathy 
observed (72). A larger retrospective review of 162 patients 
(237 re-irradiation spine lesions) receiving SBRT (median 
dose 16 Gy/1 fraction) after at least 1 course of cEBRT or 
SBRT reported a VCF of 9.3% and one case of presumed 
radiation myelopathy (0.6%) (73). 

Post-operative SBRT

A prospective randomized trial showed that decompressive 
surgery followed by post-operative cEBRT at a dose of 
30 Gy/10 fractions is superior to radiotherapy alone with 
respect to ambulatory function in patients with metastatic 
spinal cord compression (74). There are no RCTs comparing 
SBRT to cEBRT in this setting however various published 
series currently guide management. Al-Omair et al.  
reported a LC rate of 84% at 1 year and 64% OS in a 
group of 80 patients treated with 18–26 Gy/1–2 fractions  
(35 patients) or 18–40 Gy/3–5 fractions (45 patients). 

Systemic therapy following SBRT was the only significant 
predictor of OS on multivariate proportional hazards 
analysis. Treatment with 18–26 Gy/1–2 fractions and 
postoperative epidural disease grade 0 (no epidural disease 
post-operatively) or 1 (epidural disease only compressing the 
dura) was a significant predictor of LC. The commonest site 
of failure was the epidural space likely due to under dosing 
of the tumour at this site to maintain spinal cord constraints, 
an inherent problem which can limit the efficacy of spinal 
SBRT (75). Separation surgery which decompresses the 
spinal cord by downgrading the epidural disease (74) 
potentially allows for ablative doses of SBRT to be delivered 
without risking radiation-induced myelopathy and may 
result in more durable LC. A retrospective review of 186 
patients with epidural spinal cord compression treated 
with surgical decompression followed by post-operative 
radiation at varying dose schedules (24 Gy/1 fraction;  
24–30 Gy/3 fractions or 18–36 Gy/5–6 fractions) reported 
a 1-year overall progression rate of 16%. The post-
operative radiation dose was significantly associated 
with local tumour progression with a 1-year cumulative 
local progression rate of 4.1% for patients receiving  
24–30 Gy/3 fractions, 9% for 24 Gy/1 fraction and 22.6% 
in 18–36 Gy/5-6 fractions (76). 

Toxicity of spinal SBRT

Radiat ion-induced myelopathy,  the most  morbid 
complication of SBRT, is rare with a risk of <5% quoted 
in the literature (59,61,71,75-77). Dosimetric analysis 
in patients with radiation myelopathy de novo and in the 
re-irradiation setting has recommended safe maximum 
point doses to the thecal sac with a suggested minimal 
time to re-irradiation of at least 5 months (78,79). More 
commonly encountered is radiation-induced VCF. Rates 
of 21% following 18 Gy/1 fraction and 36–39% following  
24 Gy/1 fraction suggest higher doses per fraction may 
result in increased risk (80) with fractionated SBRT 
associated with a lower overall rate of VCF. There is again 
a lack of randomized trials informing practice however a 
secondary endpoint in RTOG 0631 is to evaluate the long-
term effects of SBRT on VCF and the spinal cord (66). In 
the acute setting, a trial using prophylactic dexamethasone 
(4 or 8 mg daily) resulted in a total incidence of pain flare 
of 19% when given 1 hour before and 4 days after SBRT, 
a significant decrease when compared to this group’s 
previously steroid naïve cohort, also treated with SBRT, 
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where pain flare was reported at 68% (81,82). 

Oligometastatic disease

Does the oligometastatic state exist?

A spectrum theory of malignancy, first hypothesized in small 
breast cancers, suggested that as a tumor progresses, so too 
does its metastatic capability. In this paradigm, tumors early 
in their progression, limited in number and location, could 
potentially be cured with loco-regional treatment. This 
intermediate state of metastatic progression was termed 
oligometastases (83,84). 

Clinical evidence to support the oligometastatic state 
has been drawn mostly from surgical experience where 
aggressive resection of metastatic deposits is increasingly 
common with documented improvement in disease 
control and OS (85-89). In a surgical series of liver-
limited metastatic colorectal cancer (CRC) the 5-year OS 
ranges from 24–58%, comparable with outcomes for stage 
III disease (90-93). The International Registry of Lung 
Metastases reporting on 5,206 cases of varying histologies 
following lung metastasectomy showed a 10-year OS of 
34% in the best prognosis group (DFI ≥36 months and a 
single resectable metastases) (94). Although as early as 1982 
it was suggested that surgical outcomes may be explained 
by a biological difference in those with isolated metastases 
versus widespread disease (95), recognized throughout all 
studies is the highly select nature of this population under 
investigation. In spite of an abundance of clinical evidence, 
there are no randomized control trials to date to support 
the results. 

More robust data exits in patients with limited 
intracranial metastases. One prospective randomized 
trial concluded that surgical removal of a single brain 
metastasis followed by whole brain radiotherapy (WBRT) 
resulted in better LC with an improved survival from 15 to  
40 weeks (P<0.01) when compared to WBRT alone (96). 
The RTOG 9508 phase III randomized trial reported a 
survival advantage in patients with a single unresectable 
brain metastasis receiving stereotactic radiosurgery 
(SRS) following WBRT versus WBRT alone of 6.5 vs. 
4.9 months (P=0.0393). Although there was no survival 
advantage in patients with 2–3 brain metastases, SRS 
following WBRT improved KPS and decreased steroid use 
in this group (97). 

There is emerging data in the literature to support 

SBRT as an alternative to surgery for oligometastases, 
offering potential treatment to those patients who are not 
surgical candidates. One comparative trial has shown no 
difference in OS in patients with pulmonary oligometastases 
from various biological subtypes treated with pulmonary 
metastasectomy (PME) or SBRT if unfit for surgery. With 
a median follow-up of 43 months, the OS at 1, 3 and  
5 years was 87%, 62% and 41% for PME and 98%, 60% 
and 49% for SBRT (P=0.43) (98). It has also been suggested 
that consolidative radiotherapy may result in long-term 
disease control or even survival in patients with widespread 
metastatic disease who have largely responded to systemic 
therapy (99). A phase II randomized trial comparing local 
treatment (radiotherapy, including SBRT or surgery) 
versus maintenance therapy in patients with oligometastatic 
NSCLC (1–3 sites) with stable disease following first-line 
systemic treatment showed a PFS of 11.9 months in the 
consolidative group versus 3.9 months in the maintenance 
group (100). As a wide range of radiation doses were used 
in the trial (palliative doses, hypofractionation and SBRT) 
the question of the optimum BED for oligometastatic 
disease in NSCLC remains unanswered. Recently, 
mature results of the Surveillance or Metastasis-directed 
Therapy for Oligometastatic Prostate Cancer Recurrence 
(STOMP) trial reported. This multicentre phase II 
study randomized 62 patients with hormone sensitive 
asymptomatic biochemical recurrence of their prostate 
cancer (≤3 extracranial metastatic lesions) to surveillance or 
metastatic directed therapy (MDT) with surgery or SBRT 
to all detected lesions. Of the 31 patients receiving MDT, 
25 received SBRT. On intent to treat analysis, the median 
androgen deprivation therapy (ADT)-free survival was  
21 months versus 13 months in the MDT and surveillance 
group respectively (hazard ratio 0.60, log-rank P=0.11). An 
MDT directed approach was shown to be safe with no grade  
2–5 adverse events and no appreciable difference in 
HRQOL at 1 year. Interestingly, 35% of patients in the 
surveillance arm experienced a spontaneous decline in 
prostate-specific antigen (PSA) level without treatment. 
This result was not durable with only 20% at 1 year and 
10% at 2 years free from PSA progression suggesting 
that the natural progression of a small number of prostate 
cancers may be indolent. Further understanding of the 
intricate biological differences between tumors that 
disseminate widely and those that remain isolated with 
limited progression is needed to help pre-select patients 
suitable for MDT (101). 
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In the absence of evidence, who should we treat?

Several randomized trials treating oligometastatic disease 
with SBRT are currently underway (Table 3) (102-108) and 
are sure to provide valuable information on the durability of 
this approach across many tumour sites. The entry criteria 
vary with oligometastatic disease radiologically defined as 
anywhere between 1–5 sites. Is this an arbitrary number or 
a reflection of tumour burden? 

Drawing from surgical data, despite attempts to create 
predictive models to risk-stratify patients who may benefit 
from local treatment, no consensus exists within the 
international surgical community as to their utility or 

validity (109). Individual studies have suggested tumour 
burden is predictive of OS with the number and size of 
metastatic lesions (>3 hepatic metastases, hepatic metastases 
≥5 cm, >1 lung metastasis), extrahepatic spread, poorly 
differentiated disease, positive resection margins and a short 
DFI (<36 months) independent predictors for poor survival 
(89,110). Looking at the SBRT data, Salama et al. reported a 
longer PFS in patients with 1–3 metastatic sites versus those 
with 4–5 metastases receiving escalating SBRT doses to all 
sites of disease (111). Multivariate analysis of the RTOG 
9508 trial clearly demonstrated the best survival group was 
patients aged <65 with KPS ≥70, no extracranial disease and 

Table 3 Select randomized controlled trials (RCTs) for oligometastatic disease

Trial name 
(reference)

Histology Key inclusion criteria Treatment Target accrual

CORE 
NCT02759783, 
phase II/III (102)

Breast, 
prostate, 
NSCLC

≤3 metastases (total). 
Maximum of 2 different organ 
systems

SOC vs. SBRT + SOC (SBRT will precede SOC) 206

1:1 randomization

NCT01725165, 
phase II (103)

NSCLC ≤3 metastatic lesions Following standard induction chemotherapy, 
maintenance or surveillance vs. LCT. LCT 
includes radiotherapy (including SBRT), surgery 
or both

94

STEREO-STEIN
NCT02089100, 
phase III (104)

Breast ≤5 metastases. Controlled 
primary tumour

No specific treatment vs. SBRT 280

Hormone receptor positive 
breast cancer, HER2 negative

NRG-LU002, 
NCT03137771, 
phase II/III (105)

NSCLC ≤3 metastatic lesions Maintenance chemotherapy vs. SBRT + 
maintenance chemotherapy

300

SABR-COMET, 
NCT01446744, 
phase II (106)

Any solid 
tumour

≤5 metastases. Controlled 
primary tumour. Pt will be 
stratified by the number of 
metastases 1–3 and 4–5

SOC vs. SBRT to all sites of disease 99

1:2 randomization

SARON, 
NCT02417662, 
phase III (107)

NSCLC ≤3 metastatic lesions If brain 
metastasis present, the largest 
lesion ≤3 cm in maximum 
diameter the second lesion 
must ≤2 cm

Standard platinum-based doublet 
chemotherapy vs. standard platinum-based 
doublet chemotherapy + radical radiotherapy 
(conventional or SBRT) to primary and SBRT to 
the metastatic sties

340

NRG-BR002, 
NCT02364557, 
phase II/III (108)

Breast ≤2 metastases. Controlled 
primary tumour

SOC vs. SBRT 402

RCT, randomized controlled trial; CORE, conventional care versus radioablation (stereotactic body radiotherapy) for extracranial 
oligometastases; NSCLC, non-small cell lung cancer; SOC, standard of care; LCT, local consolidative treatment; STEREO-STEIN, Trial of 
Superiority of Stereotactic Body Radiation Therapy in Patients with Breast Cancer; SABR-COMET, stereotactic ablative radiotherapy for 
comprehensive treatment of oligometastatic tumours; SARON, stereotactic ablative radiotherapy for oligometastatic non-small cell lung 
cancer; SBRT, stereotactic body radiation therapy. 
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a controlled primary tumour (97). 
Extrapolating from these studies, key prognostic 

factors have been identified to help pre-select patients for 
treatment (Table 4) (112). Until ongoing trials report, the 
oligometastatic state whereby metastatic disease can be 
cured with SBRT remains elusive and caution is strongly 
advised when selecting patients for treatment outside of a 
trial setting. 

Conclusions

Recent improvements in technology and robust data have 
allowed the implementation of SBRT for early peripheral 
lung tumors with excellent results. However, the current 
level of evidence for SBRT in oligometastases or metastatic 
spinal disease is weak largely comprising multiple 
observational studies, pooled analyses or single arm studies 
without appropriate controls.  Though the emerging data is 

compelling, it has to be balanced with the appreciable risks 
of SBRT in the absence of tangible survival outcomes. 
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