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Stereotactic ablative radiotherapy for stage I NSCLC: Recent 
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Stereotactic ablative radiotherapy (SABR) is a technique that has rapidly entered routine care for early-stage peripheral 
non-small cell lung cancer in many countries in the last decade. The adoption of SABR was partly stimulated by advances 
in the so-called ‘image guided’ radiotherapy delivery. In the last 2 years, a growing body of publications has reported on 
clinical outcomes, acute and late radiological changes after SABR, and sub-acute and late toxicity. The local control rates in 
many publications have exceeded 90% when tumors of up to 5 cm have been treated, with corresponding regional nodal 
failure rates of approximately 10%. However, these results are not universal: lower control rates reported by some authors 
serve to emphasize the importance of quality assurance in all steps of SABR treatment planning and delivery. High-grade 
toxicity is uncommon when so-called ‘risk-adapted’ fractionation schemes are applied; an approach which involves the 
use of lower daily doses and more fractions when critical normal organs are in the proximity of the tumor volume. This 
review will address the new data available on a number of controversial topics such as the treatment of patients without a 
tissue diagnosis of malignancy, data on SABR outcomes in patients with severe chronic obstructive airways disease, use of a 
classification system for late radiological changes post-SABR, late treatment-related toxicity, and the evidence to support a 
need for expert multi-disciplinary teams in the follow-up of such patients.
non-small cell lung cancer; stage I; stereotactic ablative radiotherapy 

ABSTRACT

KEY WORDS:

J Thorac Dis 2011;3:189-196. DOI: 10.3978/j.issn.2072-1439.2011.05.03

No potential conflict of interest.

Corresponding to: Suresh Senan, MD. Department of Radiation Oncology, VU 

University Medical Center, De Boelelaan 1117, Postbox 7057, 1007 MB Amsterdam, 

The Netherlands. Tel: +31-20-444 0436; Fax: +31-20-444 0436. Email: s.senan@

vumc.nl. 

Submitted Apr 22, 2011. Accepted for publication May 17, 2011.

Available at www.jthoracdis.com

 

ISSN: 2072-1439  © 2011 Journal of Thoracic Disease. All rights reserved.

Introduction

Stereotactic ablative radiotherapy (SABR) is a form of high-
precision radiotherapy delivery, which is characterized by an 
individualized approach to account for tumor mobility and 
accurate and reproducible patient setup prior to daily treatments 
(1,2). The results of SABR for early-stage non-small cell lung 
cancer (NSCLC) arguably represent one of most significant 
breakthroughs in curative therapy of lung cancer in the past two 
decades. SABR for pulmonary tumors is typically delivered in 3-8 
daily fractions, resulting in good patient compliance and efficient 
resource utilization. Key features of SABR are summarized in 
Figure 1. The use of multiple non-coplanar radiation beams or 

volumetric modulated arcs results in highly conformal dose 
distributions, with rapid dose falloff in surrounding normal 
tissues. A typical dose distribution is shown in Figure 2, 
illustrating very high doses delivered to the target, with steep 
dose gradients and low doses to normal tissues. 

Update on clinical outcomes

Outcomes of two prospective, single-arm multicenter trials in 
Europe and North America revealed 3-year local control rates 
ranging from 92-97% (3,4). A meta-analysis of observational 
studies of SABR reported a 5-year overall survival after SABR 
that is significantly higher (42%) than the 20% achieved 
with conventional radiotherapy (5). No randomized studies 
comparing the two treatments have been reported, but SABR for 
early-stage lung tumors has nevertheless gained wide acceptance 
in countries such as Japan (6), The Netherlands (7) and United 
States (8). More compelling evidence comes from a population-
based cancer registry study of the impact of introducing 
SABR in a Dutch province, which revealed both an increase in 
radiotherapy utilization and improvement in median survival 
of elderly patients following the implementation of SABR (7). 
Excellent clinical outcomes have also been reported in elderly 
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patients with co-existent severe chronic obstructive airways 
disease (COPD) (9), and a Markov model analysis predicted 
superior overall and quality-adjusted survival at 5 years in 
patients with all grades of severity of COPD after SABR versus 
no treatment (10). 

It should be noted, however, that these results have been 
achieved in the context of rigorous quality control. The 
introduction of SABR in The Netherlands occurred in the setting 
of a pre-existing modern radiotherapy infrastructure, together 
with the introduction of quality assurance programs (11,12). 
Similarly, much of the available literature on SABR outcomes 
was derived from treatment of smaller tumors, and data on 
outcomes of SABR in larger and more centrally-located tumors is 
still relatively limited (13,14). However, SABR for treatment of 
central tumors using a ‘risk-adapted’ dose-fractionation schedule 
of 7.5 Gy (to a total dose of 60 Gy) reported high-rates of local 
control and a low incidence of sub-acute toxicity (15).

The issue of whether the excellent results of SABR for lung 
tumors can also be achieved when patients are treated outside 
pioneering academic institutions remains a pertinent one. Not 
all studies have achieved high rates of local control: one center 
reported an 2-year infield progression free probability of 65% 
(16), with a 1-year local progression-free survival of less than 
80% for lesions measuring more than 4 cm (17). Similarly, 
other investigators have reported a 2-year local control rate of 
70% for T2 tumors (18). Possible explanations for these higher 
local failure rates are failure to use 4-dimensional CT scans for 
planning, the limitation of RECIST criteria for assessment of 
local control, as well as prescribing doses to the tumor isocenter, 
rather than to the periphery of the target. Centers that prescribe 
doses to the center of the tumor volume deliver a substantially 
lower tumor dose than is the case where dose is prescribed to the 
tumor periphery (Fig 3), an approach which can compromise 

Fig 1. Key features of stereotactic ablative radiotherapy (SABR)

local control as biological effective doses of more than 100 Gy 
(BED10Gy) are required for high local control rates (19).

Update on clinical toxicity

A recent review summarized the commoner SABR-related 
toxicities, which include radiation pneumonitis, bronchial 
stenosis or necrosis, rib fractures, esophageal injury or injuries 
to the brachial plexus (13). Only updated results of the more 
common toxicities, namely chest wall pain and radiation 
pneumonitis, will be addressed in this current update. 

Severe chest wall pain has been reported in approximately 
1-2% of patients, with rates of rib fractures ranging from 3-21% 
in reports evaluating relatively small numbers of patients 
(13,20). Risk factors for developing chest wall pain are treatment 
volume and distance from the tumor to the chest wall. Improved 
planning techniques are now available to reduce chest wall 
volumes receiving doses in excess of 30 Gy (21). However, the 
reported incidence of chest wall toxicity may increase in future 
as increasingly larger lung tumors are now being treated using 
SABR (14). Nevertheless, chest wall toxicity post-SABR occurs 
less frequently than post-thoracotomy pain syndromes, which 
can manifest in about half of surgical patients (22). Up to 30% of 
post-surgical patients may continue to experience pain after 4 to 
5 years (23), although the more widespread use of video-assisted 
thoracic surgery appears to have reduced this complication (24). 

SABR delivery without a pathological diagnosis

In patients who undergo surgery for a growing, peripheral lung 
nodule suspicious for a lung cancer, a preoperative diagnosis is 
not always obtained, despite the known morbidity and mortality 
accompanying a surgical resection (25). For example, a large 
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Fig 2. Images of a patient who developed a T2N0M0 adenocarcinoma in the right upper lobe, 30 years after surgery 
and radiotherapy for a left-sided breast cancer. The lung tumor was treated using SABR in 8-fractions of 7.5 Gy. Pre- 
treatment images (A, B), the high-dose region receiving 60 Gy in colorwash (C, D), and the post- treatment images 
at 8 months (E, F) are shown. No evidence for disease progression was observed at two- and-a-half years after 
SABR.

Japanese study on 1755 operated patients reported that 26% had 
no preoperative diagnosis (26). The problem of a lack of pre-
treatment histological diagnosis is greater in medically inoperable 
patients who may be at higher risk for complications following 
a transthoracic needle biopsy. The probability of malignancy in 
a pulmonary nodule can be calculated using a combination of 
clinical, radiological and PET findings (27,28). 

A number of investigators worldwide have described 
outcomes after SABR in patients without a pathological diagnosis 
(3,15,29). With such an approach, the risk of inadvertently 
treating benign nodules is largely dependent upon the prevalence 
of benign disease in the population. Current Dutch national 

radiotherapy guidelines allow for patients without pathology to 
be accepted for SABR in patients who fulfill all of the following 
a) a new or growing lesion on CT scans with characteristics of 
malignancy; b) a high clinical risk for developing lung cancer and 
c) a FDG-PET positive lesion. This approach is based on data 
showing a benign diagnosis in less than 4.5% of Dutch patients 
who underwent surgery after a diagnosis of lung cancer was made 
based upon CT- and FDG-PET scans (30,31,32). The policy 
adopted in the Netherlands is consistent with guidelines of the 
American College of Chest Physicians, which recommends that 
a likelihood of malignancy that exceeds 60% warrants treatment 
without further diagnostic procedures (33). A recent population 
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Fig 3. Different approaches described in the literature for dose prescription in SABR.
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analysis indicated that inclusion of patients without a histological 
diagnosis could not have accounted for improvements in survival 
in an elderly population, as such patients had a poorer survival 
than patients with histological diagnosis (7).

Nevertheless, the abovementioned approach may be 
inappropriate in patients living in a region where infections, such 
as histoplasmosis, can give a false-positive PET uptake (34), thus 
reducing the specificity of PET. Another study from the United 
States reported that since institution of routine PET scans for 
lung nodules, nearly one third of resected nodules were found to 
be granulomas (35). With the availability of an effective second 
treatment alternative for patients with a clinical stage I NSCLC, 
it is clear that more effort should be directed towards obtaining a 
pathological diagnosis before initiating therapy. 

Use of SABR in patients who are fit to undergo 
surgery

Nearly a third of patients presenting with early-stage disease do 
not undergo surgery (2). The changing demographics of lung 
cancer have led to this diagnosis being increasing made in elderly 
patients in whom the mortality associated with surgery ranges 
from 5.2-7.4% (25,36). The excellent outcomes of SABR in 

frail elderly patients has challenged the assumption that surgery 
should be the preferred treatment for all potentially operable 
patients with Stage I NSCLC (7,37), and these findings are 
supported by outcomes from matched comparisons of SABR 
versus surgery (38,39). SABR is increasingly being performed 
in potentially operable patients who have fewer co-morbidities 
(40). A Markov model analysis of outcomes after either SABR or 
lobectomy for Stage I NSCLC for a 5-year time frame indicated 
that SABR may offer comparable overall survival and quality-
adjusted life expectancy as compared with surgical resection 
(41). Two single-arm phase II trials of SABR in patients who 
are fit to undergo surgery have been completed, and the mature 
results of JCOG 0403 (NCT00238875) and RTOG 0618 
(NCT00551369) are awaited. Well-powered prospective studies 
comparing surgery vs. SABR in early-stage lung cancer are 
warranted to further investigate the relative survival, quality of 
life, and cost characteristics of both treatment paradigms.

SABR and lymph node metastases

The rate of regional lymph node failure after SABR has been 
a question of substantial research interest, since the lymph 
nodes are not surgically staged. It is well-recognized that some 
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Fig 4. Serial imaging following SABR for a stage I non-small cell lung cancer. The focal radiological changes observed until 6 months were scored 
as ‘patchy consolidation’, while the late changes at 15 and 27 months were consistent with the score ‘modified conventional’ (Table 1).

patients with stage I NSCLC will have occult nodal disease not 
detectable by pre-operative staging: in a study of 715 patients 
with clinically-staged stage I disease who proceeded to resection, 
16% were found to have occult N1 or N2 disease (34). Despite 
this, rates of regional failure after SABR are low in PET-staged 
patients, reported as 10% or less in most studies, comparable 
to regional recurrence rates after lobectomy (13). For example, 
a 4% regional recurrence rate was reported after SABR 
versus 18% after wedge resection (38). The question of why 
regional recurrence rates are lower than expected after SABR 
is unanswered, but several plausible hypotheses exist. During 
SABR, regional lymph nodes near the high-dose volume receive 
incidental radiation, and as such tumor cells in these nodes may 
be sterilized (38). In addition, immune activity may play a role: 
SABR substantially increases T-cell responses in the draining 
lymphatic tissues in mice, and these T-cell responses have 
strong anti-cancer cytotoxic activity; this effect is not seen after 
standard low-dose fractionated radiotherapy (42). Although 
further research is needed to elucidate these relationships, it 
remains that regional recurrence rates after SABR are low, even 
without pathologic staging of the regional nodes.

Patients with occult N1-N2 disease detected at surgery may 
be offered adjuvant chemotherapy, and SABR does not allow 
for the identification of such patients. Approximately 66% of 
patients who are candidates for adjuvant chemotherapy after 
surgery actually receive chemotherapy (43), and in such patients, 
adjuvant cisplatin-based chemotherapy is associated with a 5.4% 
overall survival benefit at 5-years (44). However, this survival 
improvement is quickly diluted: for a cohort of 100 patients with 
stage I NSCLC undergoing resection, approximately 16 will have 
N1/N2 disease, of which 10 would receive chemotherapy, and 0.5 
extra patients would be alive after 5 years. Clearly, undertaking 
nodal dissection for the purposes of identifying chemotherapy 
candidates is unlikely to offer appreciable improvements in 
survival. Furthermore, data from patients aged ≥75 who have 
undergone a resection suggests that the survival in such patients 
is inferior to untreated controls when adjuvant chemotherapy is 
administered (45).

Follow-up after SABR

It is important to distinguish treatment-induced changes from 

Pre-SABR 4 months later

6 months later 15 months later 27 months later
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Table 1. A scoring system for acute and late CT changes after stereotactic ablative radiotherapy (SABR) for early stage lung cancer. Standardized 
classifications will allow for ease of comparisons between different radiotherapy techniques and institutions (modified from reference 46)

GGO: ground glass opacifications. 

disease progression in order to avoid both the risk of invasive 
diagnostic procedures or inappropriate salvage therapy (46). The 
application of RECIST criteria for evaluation of local response 
can be difficult because of frequent tumor fibrosis in the high-
dose area of SABR (Fig 4). Most studies therefore, have reported 
local control as an absence of local progression, which can also 
be challenging. Moderate to intense FDG uptake observed 
shortly following SABR does not necessarily indicate a residual 
tumour (47,48). 

Consequently, the evaluation of such changes by an 
experienced multi-disciplinary team of radiation oncologists, 
radiologists, nuclear medicine physicians and pulmonologists is 
essential in such a situation. Considerable experience is required 
to interpret radiological findings post-SABR , and reliable 
assessment becomes more essential now that increasingly fitter 
patients are primarily treated with SABR; many of these patients 
will be long-term survivors. Adequate follow-up imaging allows 
timely restaging and salvage treatment for local and regional 
recurrences, and also the detection and treatment of second 
malignancies that present at a rate of 2-3% per year in this 
patient population (49,50,51). We recommend re-assessment 
at 3-, 6- and 12-months after treatment, and every 6-12 months 
thereafter, with history, physical examination, and CT imaging. 

Salvage surgical resections have now been reported in 
post-SABR recurrences, which were characterized by a rapid 
enlargement of a mass within a relatively short period (52,53). 

The role of surgical salvage as a treatment option for recurrences 
post-SABR is a clinical scenario that will require further study, 
particularly as it may increase the preference for SABR in some 
patients who are fit to undergo primary surgery.
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