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Introduction
Lung cancer is the most common cause of cancer-
related death.1 The majority of patients (>80%) 
have non-small cell lung cancer (NSCLC) and 
about 20% present with localized disease.2 The 
European Society for Medical Oncology (ESMO) 

Clinical Practice Guidelines for early stage (I and 
II) disease state that ‘The cornerstone of treatment 
of potentially resectable lung cancer is surgical 
removal of the tumour’.3 The therapy recom-
mended for patients with stage I NSCLC (up to 5 
cm in diameter) who are inoperable due to 
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Abstract
Introduction: Stereotactic body (or ablative) radiotherapy (SBRT/SABR) is now a guideline-
recommended treatment for medically inoperable patients with peripherally-located, stage 
I non-small cell lung cancer (NSCLC), and for medically operable patients who decline 
surgery. The 5-year local failure rate after SBRT is about 10% and in highly selected patients, 
surgery has been used as a salvage therapy. We performed a systematic review to address 
the feasibility, safety, and outcome of salvage surgery for locally recurrent early stage NSCLC 
after SBRT.
Methods: A systematic literature search was performed according to Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. PubMed, Embase and 
Cochrane databases were searched and two authors independently assessed the articles. A 
total of seven eligible articles were identified.
Results: All seven articles were retrospective case series, representing a total of 47 patients. 
Surgery was completed in all patients. Where reported in sufficient detail, morbidity (four 
studies) was between 29 and 50% (series of two patients) and 90-day mortality (six studies) 
was between 0% (four studies) and 11% (n = 1, disease progression). Median (n = 5)/mean 
(n = 1) reported or calculated follow ups were 7–54.5/17.3 months. Median overall survival 
was reported in three studies and ranged between 13.6–82.7 months. Crude survival in three 
others was 2–35 months.
Conclusion: Limited, low-level evidence prevents firm conclusions, but based on the existing 
data, salvage surgery after local recurrence of NSCLC following SBRT appears technically 
feasible, with acceptable morbidity and mortality in appropriately selected and counselled 
patients who are fit enough and who accept the risks (level of evidence 4, strength of 
recommendation C).
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comorbidity or for other reasons, or who do not 
accept the risks of surgery, is stereotactic body (or 
ablative) radiotherapy (SBRT/SABR).3 Local con-
trol rates of about 90% at 5 years can be expected 
with SBRT.3

The use of SBRT for NSCLC has increased sub-
stantially in the last decade and has been associ-
ated with gains in population-based survival.4 
From a technical perspective, the high-dose 
region, which is most damaging to normal tissues, 
is concentrated on the tumour region with a small 
margin around it and the intermediate-low dose 
area spreads out around this.5 This helps to limit 
the toxicity, which is usually mild, even in elderly 
patients and those with severe chronic obstructive 
pulmonary disease (COPD) and limited lung 
function.6–8

The efficacy and favourable toxicity profile of 
SBRT in medically inoperable patients has led to 
interest in its use in medically operable patients.9,10 
Although there have so far been no successfully 
completed randomized trials comparing surgery 
and SBRT in operable patients, a small pooled 
analysis of the STARS and ROSEL studies con-
cluded that it could be an option for treating 
operable stage I NSCLC.11 The use of SBRT in 
operable patients highlights the needs for effective 
detection of local failure and the availability of 
effective salvage options. Curative-intent salvage 
treatment options include surgery, which is sup-
ported by current guidelines.3 We performed a 
systematic review to assess the available literature 
regarding salvage surgery for local recurrence 
after SBRT with a particular focus on feasibility 
and safety.

Methods

Study selection
A literature search was performed based on the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement.12 
Publications about recurrent NSCLC following 
stereotactic radiotherapy, were identified in the 
bibliographic databases PubMed (Supplementary 
Table 1), EMBASE.com (Supplementary Table 2), 
and the Cochrane Library (via Wiley) (Supplementary 
Table 3) from inception to 7 November 2017. 
Search terms included controlled terms (MeSH in 
PubMed and Emtree in Embase) as well as free text 
terms. Free text terms only were used in the 
Cochrane Library. Searches focused on NSCLC, 

stereotactic radiotherapy, SBRT, SABR, radiosur-
gery, recurrence and salvage. Only English lan-
guage papers were included in the review.

Following the removal of duplicates, articles were 
initially screened by title and abstract to exclude 
nonrelevant reports, and the remaining articles 
were accessed in full and further screened to iden-
tify those meeting the inclusion criteria: any type 
of original English language report (reviews and 
editorials were excluded) concerning surgery for 
local recurrence after stereotactic radiotherapy 
for NSCLC. Finally, the reference lists of relevant 
articles were searched. Debate over article selec-
tion was resolved with consensus. The full search 
strategies for all databases can be found in sup-
plementary Appendix 1.

All final studies were independently reviewed by 
three authors to extract relevant information, 
including article type, number of patients, radio-
therapy details, time between radiotherapy and 
surgery, type of surgery, morbidity, mortality, fol-
low up and survival.

Data analysis
We planned to conduct a quantitative data analy-
sis (meta-analysis) if the data reporting was suffi-
ciently homogenous [with respect to such 
parameters as time of follow up, morbidity and 
overall survival (OS)]. However, due to the small 
sample sizes and heterogeneity in the aforemen-
tioned study characteristics, pooling of data was 
not appropriate. Therefore, taking the level of evi-
dence into account, we chose to perform a quali-
tative overview of the current publications, 
summarizing the important outcome measures.

Results
The initial search resulted in a total of 2847 records: 
670 from PubMed, 2146 from Embase and 31 from 
the Cochrane Library. After removal of duplicates (n 
= 619), and screening all titles and abstracts, 2204 
records were excluded. The remaining 24 articles 
were accessed in full (Figure 1). From these, two 
were excluded from further assessment as they 
reported on salvage surgery for both early stage 
NSCLC and metastatic lung disease. Overall, one 
study reported results for NSCLC and metastases 
separately and was included.13 There were two 
author groups that published more than one paper 
or abstract on this topic. To prevent possible dou-
ble counting of patients, these papers and abstracts 
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were checked and possible duplicates were excluded 
(n = 5). Other reasons for exclusion were results 
not in the English language (n = 3), reviews/edito-
rials (n = 5), or other reasons not meeting the 
inclusion criteria (n = 2). Cross-checking the refer-
ences of relevant studies did not yield any addi-
tional articles. Finally, seven suitable articles 
remained, representing 47 patients.13–19 The key 
data are summarized in Table 1. All were retro-
spective case series. The reasons that the patients 
were not operated on, and instead received SBRT, 
are summarized in Table 2. The most common was 
patient preference (25/44 patients for whom the 
reason was reported).

All articles described the radiotherapy that had 
been delivered as ‘stereotactic’. They reported a 
range of different dose-fractionation schedules 

(Table 1) in varying levels of detail. Based on the 
available data, it would seem that all, or nearly all, 
of the patients received a biological effective dose 
to the tumour (BED10) of at least 100 Gy (i.e. 
assuming an α/β ratio for tumour of 10). This has 
been considered to be the desirable BED to 
achieve a sufficiently high probability of tumour 
ablation/control.3

Lobectomy was the most commonly described 
surgical procedure. Both minimally invasive and 
open procedures were performed. When reported, 
nearly all resections were radical (29/30) and vital 
tumour was found on pathological examination in 
41/44 patients. In the 39 patients with known post-
operative pathological staging, it can be summa-
rized as: 30/39 N0 [pT1/mic ×8; pT2 ×16; pT3 
×4; pT4 ×2 (one M1)], 2/39 N1 (pT2), 7/39 N2 

Figure 1. Flowchart depicting study selection criteria.
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(pT1 ×2; pT2 ×4; pT3 ×1). The high proportion 
of pT2+ tumours after surgery contrasts with cT1 
staging in 33 patients prior to SBRT.

Reported morbidity varied widely but reporting 
was not standardized and was not reported in all 
studies. Mortality was reported in six papers, with 
a 90-day mortality of 11% being the highest 
reported.18 This represented one patient who 
died of disease progression. OS reporting also 
varied between studies. The median reported/cal-
culated follow up in six studies was 17–54.5 
months. Median OS was reported in three stud-
ies, and ranged 13.6–82.7 months. Crude sur-
vival in three others was 2–35 months. One study 
reported a 3-year OS of 43.1%,13 and one a 5-year 
OS of 79.5%.15

Adhesions attributed to the radiation were reported 
to a various extent in four studies: 16.7%,15 56%,18 
97.3% (MD Anderson and non-MD Anderson 
patients, including patients undergoing salvage 
after SBRT for metastasis),13 and 100%.17 Overall, 
one study reported ‘no severe adhesions’.19 In two 
studies, it was reported that adhesions necessitated 

conversion in one patient each from minimally 
invasive to open surgery,15,17 and in one study a 
patient required a partial chest wall resection due 
to adhesions.17 Where described, prolonged air 
leak was reported in: 9.5% (MD Anderson 
patients, including patients undergoing salvage 
after SBRT for metastasis),13 11%,18 and 25% of 
patients.15 In total, one patient was reported to 
have had a postoperative pulmonary fistula.14 
There was one patient that was reported to have 
died from postoperative complications (acute res-
piratory distress syndrome and multiple organ fail-
ure) after bilobectomy with pulmonary arterial 
patch angioplasty,13 and one patient died of res-
piratory failure, 103 days postsurgery.19

Discussion
This systematic review identified seven studies, 
representing 47 patients treated with surgery for 
local recurrence after SBRT for early stage 
NSCLC. To the best of our knowledge this is the 
most complete review performed so far on this 
topic. All studies were retrospective case series 
representing a low level of evidence (level 4, any 

Table 2. Reason for SBRT as the primary treatment.

Author Number of 
patients

Reason not to consider surgery as the initial treatment

Antonoff13 15 Inoperable (n = 5): FEV1 or DLCO less than 40% (n = 4), considered 
inoperable in other hospital (n = 1) Operable but high risk (n = 10): 
refused surgery (n = 4), additional malignancy (n = 3), previous lobectomy 
+ anticoagulation (n = 1), previous lobectomy + borderline spirometry 
+ coronary arterial disease (n = 1), previous chemoradiotherapy for 
N2 disease without a known primary, with subsequent discovery of the 
primary nodule (n = 1)

Neri14 2 Operable but refused surgery (n = 2)

Hamaji15 12 Operable but refused surgery (n = 9) Inoperable (n = 3): ipsilateral 
thoracotomy (n = 1), previous stage IV NSCLC under chemotherapy (n = 
1), multiple organ failures (n = 1)

Taira16 2 Operable but refused surgery (n = 1) Operable but high risk (n = 1): 
COPD (n = 1)

Allibhai17 4 Inoperable (n = 4): recent stroke + aortic stenosis (n = 1), recent cardiac 
event + poorly controlled diabetes (n = 1), recent acute coronary event + 
prolonged air leak following biopsy (n = 1), severe COPD (n = 1)

Verstegen18 9 Operable but refused surgery (n = 9)

Yamasaki19 3 Not reported

COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity; FEV1, forced expiratory volume in 1 second; 
NSCLC, non-small cell lung cancer.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 10

6 journals.sagepub.com/home/tam

recommendation is therefore level ‘C’) according 
to the Oxford Centre for Evidence-Based 
Medicine.20 In addition, the amount of detail and 
the description of complications and outcomes 
was, as expected, variable in whether and how 
they were described. This prevented an individual 
patient meta-analysis. Nonetheless, the available 
results show that salvage surgery for local recur-
rence ± regional recurrence, is technically feasible 
and that it can be performed with acceptable mor-
bidity and mortality, even in patients previously 
considered medically inoperable or at high surgi-
cal risk prior to SBRT. It is important to note 
however, that the numbers of patients are small, 
and they are likely to have been highly selected. 
Therefore, any conclusions are tentative.

The articles reported varying rates of adhesions, 
however, even when present these did not preclude 
surgery, although they could require conversion 
from a minimally invasive to an open procedure or 
necessitate a more extensive resection. Whether 
there was a correlation between the location of the 
recurrence in the previously irradiated area and the 
grade of adhesions, could not be extracted from 
these studies. A study reported on the distance 
between tumour surface and pleura, as a measure 
of how central of peripheral the recurrence was 
located in the lung.14 It could be of interest for 
future investigations to study whether the tumour 
location correlates with the amount and severity of 
adhesion formation by SBRT, and whether this 
should be taken into account during surgical plan-
ning [e.g. whether to opt for open or video-assisted 
thoracoscopic surgery (VATS)].

Prolonged air leak was one of the most common 
reported complications but was manageable. 
Although the number of patients was limited, 
90-day mortality rates were low (0% in 4/7 studies, 
although in one of these a patient died at 103 days 
postsurgery) and in the study reporting a 90-day 
mortality of 11% this was due to disease progres-
sion.18 These results compare favourably with 
those for primary lung cancer resection.21 Although 
it relates to a different treatment scenario (neoad-
juvant lung SBRT followed by planned surgical 
resection), the MISSILE-NSCLC study has 
reported interim acute toxicity results in 10 
patients: the rate of grade 3–4 toxicity was 10% 
and the 30- and 90-day mortality was 0%.22 Even 
though salvage surgery is typically performed after 
a considerably longer interval, which may allow the 
development of adhesions, the results compare 
favourably with early surgical resection.

Another interesting finding is the good OS reported 
in several of the studies, which was up to almost 
80% at 5 years in one series.16 Brooks and col-
leagues have also reported in abstract that patients 
with isolated local recurrence (LR) and regional 
recurrence (RR) after SBRT for NSCLC can have 
good outcomes with salvage therapy (surgery, re-
irradiation, radiofrequency ablation, chemother-
apy and chemoradiotherapy), 5-year OS 45.2% for 
LR and 42.9% for RR, comparable with patients 
with no recurrence (53.5%, n = 569).23 These 
results are especially important because there is a 
gradual shift towards offering medically operable 
patients SBRT as first-line treatment for early 
stage NSCLC. If this continues, then multidisci-
plinary tumour boards can expect to encounter 
more patients with post-SBRT LRs, who are eligi-
ble for salvage surgery. It is worth noting that cer-
tain tumour locations (lower lobe) and histology 
(squamous cell histology) may be associated with 
an increased risk of local failure after SBRT.24–25

A lower BED may also increase the risk of LR 
and therefore the likelihood of requiring salvage 
surgery.26

While some of the patients underwent SBRT 
because they declined surgery, others had been 
considered to be medically inoperable, or to have 
too high a risk for primary surgery. This system-
atic review highlights that the perception and 
acceptance of risk may change once recurrence 
has occurred. Or that perhaps patient’s medical 
status may change over time, and so the option of 
surgical salvage should not be dismissed too 
quickly. Patients being considered for salvage sur-
gery should be discussed in an experienced lung 
cancer tumour board and operated on by a suffi-
ciently experienced surgical team.

Salvage surgery will of course not be suitable for 
patients who cannot undergo surgery. For some 
of these patients (e.g. with peripheral tumours), 
salvage with repeat SBRT may be an option.27,28 
For those patients in whom salvage surgery and 
repeat SBRT are not an option, the possibilities 
may include chemo/targeted/immune therapy 
and occasionally attempted salvage with other 
local therapies.29

An important question to be addressed is how 
tumour recurrence can be diagnosed early, pref-
erably before nodal spread has occurred. Standard 
computed tomography (CT) thorax imaging after 
SBRT is prone to inter-observer variability in 
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interpretation and distinguishing between post-
SBRT changes and recurrent tumours can be 
challenging, even with the use of fluorodeoxyglu-
cose-positron emission tomography/CT.30–32 The 
difficulty in identifying tumour recurrence and 
distinguishing it from postradiotherapy changes 
in previously irradiated lung tissue, may also 
account, at least in part, for the high proportion 
(where specified) of pT2+ tumours after surgery 
(when the majority were cT1 prior to SBRT). 
Among other strategies, improved interpretation 
of imaging data and circulating tumour cells merit 
investigation.30,33 However, at the present time, 
the potential risks of surgery mean that in general, 
cytology or histology-proven recurrence is prefer-
able prior to surgical salvage.

Conclusion
This systematic review represents a comprehen-
sive summary of English language reports of sal-
vage surgery after LR of NSCLC following SBRT 
for early stage NSCLC. From the available data it 
seems that salvage surgery may be performed 
with reasonable mortality and morbidity rates, in 
appropriately selected and counselled patients. 
However, because there are limited data availa-
ble, and the quality is variable, appropriate care 
and caution is needed with interpretation and in 
drawing conclusions.
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