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Table S4-1 Short-term mortality
Ordered by use of adjustment, extent of resection, time period

1st author year

(reference)
Source Years n Age a

CCS  

≥2 a
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nt
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dj
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d/
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fid

% 90-day mortality
 Comments

SBRT Surg P

Stokes 2018 (1) NCDB 04-13 27,200 - 17/15 b Surg c H 2.8 4.2 <.001  

Razi 2021 (2) NCDB 04-15 2,073 ≥80 d CC =0 e Lobe H 0.7 3.6 .03  VATS

Razi 2021 (2) NCDB 04-15 2,665 ≥80 d CC =0 e Lobe H 0.7 6.7 .01  Open

Chang 2021 (3) US ×1 15-17 160 69 0 Lobe M 0 0 -  VATS

Dong 2020 (4) China ×1 12-16 104 67/68 19/23 f Lobe M [0] g [2] g -  VATS

Yu 2015 (5) SEER 07-09 1,078 ≥67 d 40/42 f Lobe + SL L 2.2 6.1 .005
Verstegen 2013 (6) Dutch ×6 - 128 68/71 45/45 Lobe L 0 1.6 -  VATS

Mayne 2020 (7) NCDB 04-15 558 73/73 24/24 W H 2.9 2.9 NS  ≥90-day delayed W

Bryant 2018 (8) VA 06-15 3.435 66/71 39/39 Lobe - 1.4 3.6 -
Kasteljin 2015 (9) Dutch ×1 08-11 228 67/72 - Lobe h - 0 4 -
Stokes 2018 (1) NCDB 04-13 67,684 - 17/15 b Lobe - 2.9 3.5 -
Boyer 2017 (10) VA 01-10 8,671 67/73 b 27/38 b Lobe - 0.4 2.7 -  Open

Boyer 2017 (10) VA 01-10 3,673 67/73 b 27/38 b Lobe - 0.4 1.5 -  VATS

Hamaji 2015 (11) Japan ×1 03-09 517 74/73 - Lobe - [0] g [0] g -  VATS

Shirvani 2014 (12) SEER 03-09 7,604 ≥65 d 16/27 Lobe - 1.3 4 .008
Shirvani 2012 (13) SEER 01-07 6,655 ≥65 d 23/44 Lobe - 0.8 4.1 -
Crabtree 2014 (14) US ×1 04-10 609 66/74 36/67 Lobe+SL - [0.7] g [1.1] g NS  

Bryant 2018 (8) VA 06-15 1,083 69/71 46/39 SL - 1.4 2.5 -
Stokes 2018 (1) NCDB 04-13 23,742 - 17/15 b SL - 2.9 3.3 -
Crabtree 2013 (15) Ph II i 04-10 266 70/73 20/22 SL - 0 2.4 NS
Boyer 2017 (10) VA 01-10 3,506 67/73 b 27/38 b SL - 0.4 1.8 -  VATS

Boyer 2017 (10) VA 01-10 4,239 67/73 b 27/38 b SL - 0.4 2.5 -  Open

Shirvani 2014 (12) SEER 03-09 1,885 ≥65 d 22/27 SL - 1.3 3.7 .008
Shirvani 2012 (13) SEER 01-07 1,401 ≥65 d 36/44 SL - 0.8 4.1 -
Average j 1.1 3.2

Inclusion criteria: studies comparing 90-day mortality of SBRT vs. surgery, 2000-21, with >50 pts per arm. Light green shading highlights 
statistically significant differences (lighter shade = univariable; darker = multivariable); Red font highlights potential weakness (disparity 
between arms of ≥5 years average age or ≥10% proportion of CCS≥2). 
a, for surgery/SBRT cohort; b, for entire study cohort, not specifically this subset; c, any surgical resection, including pneumonectomy (2%); 
d, minimum age for inclusion; e, Charlson comorbidity score of 0 and recommended to have surgery but refused; f, ≥3; g, 30-day mortality 
(in brackets because not directly comparable to 90-day mortality); h, 10% pneumonectomy and 5% sublobar; i, comparison of 2 phase II 
trials (RTOG0236 2004-06 and ACOSOG Z4032 2006-10); j, Excluding 30-day results. 
CCS, Charlson comorbidity score; Confid, confidence in attribution of outcome to the intervention; H, high confidence that outcome can 
be attributed to the intervention; L, low confidence that outcome can be attributed to the intervention; NCDB, national cancer database 
(US); NS, not statistically significant; Ph, phase; SBRT, Stereotactic Body Radiotherapy; SEER, Surveillance, Epidemiology, and End 
Results database; SL, sublobar; Surg, surgery; VA, Veterans Health Administration Database (US); VATS, video-assisted thoracic surgery; W, 
wedge.
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Table S4-2A Toxicity of SBRT by post-treatment period
Ordered by post-treatment period, central/peripheral
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Short-term 
Park 2015 (16) US ×1 07-13 140 26 - 0-3 0 - - 10 - - 1.4 0 0 0.7 0 0

Taremi 2012 (17) PrCT 04-08 108 - 100 0-3 18 - 4 0 1.8 0 0.9 0.9 0 0 0 -

Mangona 2015 (18) US ×1 05-11 77 - - 0-6 0 3 2 2.1 - - 0 0 0 - - 0 -

Sun 2017 (19) PrCT 04-08 65 28 78 0-6 12 - 5 1.5 0 - - 0 0 - 0 3.1 0

Claude c 2020 (20) PrCT 09-11 106 - 100 acute 0 - 10 0.9 8.5 0 - - 0.9 0 0 0.9 -

Nestle d 2020 (21) PrCT 11-14 100 24 100 0-7.5 27 - - 3.6 13 - - - - 2.5 - 0 -

Park 2015 (16) US ×1 07-13 111 24 - 0-3 100 - - 2.7 - - 0.9 0 0.9 0 0 0

Haasbeek e 2011 (22) NL ×1 03-09 63 32 100 0-3 100 10 2 0 0 0 0 1.6 0 0 0 -

Mangona 2015 (18) US ×1 05-11 79 - - 0-6 100 10 2 1.4 - - 0 0 0 - - 0 -

Bezjak 2019 (23) PrCT 09-13 120 16 100 0-12 100 - 5 2.2 - - 3.4 - - - - - -

Intermediate-term
Park 2015 (16) US ×1 07-13 140 26 - >3 0 - - 7.9 - - 0 1.4 0 0 0 0

Taremi 2012 (17) PrCT 04-08 108 - 100 >3 18 - 6 0.9 1.8 0 0 2.8 0 0 0 -

Mangona 2015 (18) US ×1 05-11 58 - - 6-24 0 23 5 1.7 - - 1.7 0 3.4 - - 1.7 -

Nestle d 2020 (21) PrCT 11-14 100 24 100 ≥8 27 - - 1.2 13 - - - - 2.7 - 0 -

Stephans f 2018 (24) US ×1 03-12 600 - - ~24 24 - - 1.2 - - - - 0.6 g - - - -

Park 2015 (16) US ×1 07-13 111 24 - >3 100 - - 6.3 - - 0 0 0 1.8 0 0

Bezjak 2019 (23) PrCT 09-13 120 16 100 >12 100 - 22 6.5 4.3 - 1.1 - - 3.3 3.3 - -

Mangona 2015 (18) US ×1 05-11 58 - - 6-24 100 16 5 0 - - 0 3.4 0 - - 1.7 -

Unspecified term
Nagata 2015 (25) PrCT 04-08 169 7 59 - 0 - 10 6.5 8.9 2.4 - - 1.8 - - 0 0

Ball 2019 (26) PrCT 09-15 66 0 88 - 0 - 12 0 4 4 0 2 0 0 0 0 -

Singh 2019 (27) RCT 08-15 98 - 100 - 0 7 14 7 9 2 - - - - - - -

Cheung 2014 (28) PrCT 06-08 80 20 100 - 0 - - 10.1 13.8 7.5 - 6.3 1.3 0 1.3 0 -

Inoue 2018 (29) PrCT 09-14 62 5 31 - 0 - 14 9.7 9.7 - - - - - - - -

Baumann 2008 (30) PrCT 03-05 57 - 95 - 0 35 21 1.8 7 1.8 3.5 1.8 3.5 0 0 0 -

Timmerman 2010 (31) PrCT 04-06 55 15 100 - 0 31 27 16 - - 1.8 - 1.8 0 3.6 -

Fakiris 2009 (32) PrCT - 70 36 100 - 31 - 17 h 5.7 - 2.9 - - - 1.4 1.4 -

Onishi 2004 (33) PrCT 95-03 245 19 65 - - - - 2.4 - - 1.6 - 0.8 0.8 - 0.8 -

Modh i 2014 (34) US ×1 06-11 125 31 100 - 81 34 8 2.4 3.2 - - - 0.8 1.6 - - -
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Table S4-2B Overall toxicity of SBRT in operable vs. inoperable patients

Ordered by Operable/Inoperable category, central/peripheral
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Operable patients
Nagata 2015 (25) PrCT 04-08 65 3 0 - 0 - 6 4.6 4.6 0 - - 1.5 - - 0 0

Lagerwaard 2012 (35) NL ×1 03-10 177 - 0 late 19 - - 2.3 0 0 - 0 2.8 - - - -

Inoperable patients
Nagata 2015 (25) PrCT 04-08 104 9 100 - 0 - 13 8.7 11.5 1 - - 1.9 - - 0 0

Ball 2019 (26) PrCT 09-15 66 0 88 - 0 - 12 0 4 4 0 2 0 0 0 0 -

Singh 2019 (27) RCT 08-15 98 - 100 - 0 7 14 7 9 2 - - - - - - -

Baumann 2008 (30) PrCT 03-05 57 - 95 - 0 35 21 1.8 7 1.8 3.5 1.8 3.5 0 0 0 -

Timmerman 2010 (31) PrCT 04-06 55 15 100 - 0 31 27 16 - - 1.8 - 1.8 0 3.6 -

Taremi 2012 (17) PrCT 04-08 108 - 100 >3 18 - 6 0.9 1.8 0 0 2.8 0 0 0 -

Nestle d 2020 (21) PrCT 11-14 100 24 100 ≥8 27 - - 1.2 13 - - - - 2.7 - 0 -

Fakiris 2009 (32) PrCT - 70 36 100 - 31 - 17 h 5.7 - 2.9 - - - 1.4 1.4 -

Haasbeek e 2011 (22) NL ×1 03-09 63 32 100 >3 100 14 6 3.2 0 0 0 3.2 0 0 0 -

Modh i 2014 (34) US ×1 06-11 125 31 100 - 81 34 8 2.4 3.2 - - - 0.8 1.6 - - -

Bezjak 2019 (23) PrCT 09-13 120 16 100 >12 100 - 22 6.5 4.3 - 1.1 - - 3.3 3.3 - -

Inclusion criteria (Table S4-2A,S4-2B): Prospective data of SBRT toxicity by grade, 2000-2021, ≥50 patients (i.e. prospective trial or a 
prospectively collected institutional database). Light yellow shading highlights major focus of table; red font highlights potential weakness 
(accrual before 2000). 
a, pneumonitis, hypoxia, pneumonia; b, pain, rib fracture; c, excluding symptom present pre-treatment; d, 44% of lung tumors were 
metastases from extrathoracic cancer; e, central tumors treated with 8 fractions of 7.5 Gray; f, various regimens: 60 Gy/3 fx (21%), 50 Gy/5 
fx (60%), 30 Gy/1 fx (14%), 60 Gy/8 fx (5%); g, rate only among peripheral tumors; h, 10% for peripheral vs. 27% for central tumors; i many 
with BED10 <100. 
Br, brachial; Effus, effusion; f-u, follow-up; Gr, grade; NL, Netherlands; PrCT, prospective controlled trial; PS, performance status (ECOG): 
RCT, randomized controlled trial; yrs, years.
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Table S4-3 Percent change from preoperative values in lung function following SBRT
Ordered by general vs. compromised patients and study size

1st author year

(reference)

Study 

type
Years N

PFT 

Base-line

Interval to 

PFT (mo)

Absolute 
Δ a

% with relative 
decrease of

% with relative 
increase of Comments

≥25% b ≥10% b ≥10% b ≥25% b

FEV1 %
Takeda 2013 (36) Retro 05-10 141 - 12-75 c - 2 16 d 42 - -  Mostly normal patients

Stone 2015 (37) PrCT 05-12 127 67% 12 - 2 8 34 - -  

Regnery 2020 (38) Retro 12-19 107 70% 12 - 8 e - - - -  Central, ultra-central

Guckensberger 2013 (39) Retro 98-10 93 63% f 12 - 8 22 47 13 3
Mangona 2015 (18) P-DB 05-11 69 - 6-24 - 12 - - -
Stephans 2009 (40) Retro 04-07 68 50% ≥6 - 2 7 d 14 13 3 d

Baumann 2008 (30) PrCT 03-05 48 64% 14 - 3 - - - -
Mathieu 2015 (41) PrCT 10-13 45 68% 12 0 - - - -
Bral 2011 (42) PrCT 07-09 40 - 12 g - 3 15 h 33 h - -
Navarro 2016 (43) PrCT 08-12 35 62% 12 - 4 - - - -
Ferrero 2015 (44) PrCT 12-13 30 75% 10 - 11 e 37 h 53 h - -
Videtik 2013 (45) PrCT 08-09 21 62% 12 - 6 e - - - -
Stanic 2014 (46) PrCT 04-06 20 61% 24 - 6 10 49 - -
Bauman 2008 (30) PrCT 03-05 34 44% 16 0 - - - -  COPD

Takeda 2013 (36) Retro 05-10 27 - 12-75 c 0 22 d 39 - -  GOLD III, IV

Average 64% i - 4 17 39 13 3
DLCO %
Stone 2015 (37) PrCT 05-12 127 51% 12 - 5 12 37 - -
Mangona 2015 (18) P-DB 05-11 69 - 6-24 - 25 - - -
Mathieu 2015 (41) PrCT 10-13 45 63% 12 - 6 - - - -
Guckensberger 2013 (39) Retro 98-10 42 52% f 12 - 12 26 62 10 5
Stephans 2009 (40) Retro 04-07 41 57% ≥6 - 3 7 d 34 12 5 d

Bral 2011 (42) PrCT 07-09 40 - 12 g - 3 20 h 33 h - -
Navarro 2016 (43) PrCT 08-12 35 54% 12 - 1 - - - -
Ferrero 2015 (44) PrCT 12-13 30 67% 10 - 15 e 37 h 53 h - -
Videtik 2013 (45) PrCT 08-09 21 62% 12 - 17 e - - - -
Stanic 2014 (46) PrCT 04-06 13 61% 24 - 6 40 67 - -
Average 58% - 8 24 48 11 5    

Inclusion criteria: studies involving SBRT reporting a change in pulmonary function tests, published 2000-2021, ≥20 patients total; Red font 
indicates study weakness (variable and long intervals). 
a, average of absolute differences per patient from baseline to follow-up % value; b, relative difference from baseline; c, variable time period; 
d, ≥20% decrease or increase; e, unmatched (difference of the averages of cohorts with baseline and with follow-up results); f taken from 
another publication of the patients involved (47); g, 3 months data if 12 months data missing; h, unclear when (toxicity at any time); i, without 
double counting the poor PFT subsets. 
Δ, change (from baseline); COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, 
forced expiratory volume in 1 second; GOLD III, IV, global initiative for chronic obstructive lung disease class III and IV; mo, months; NS, not 
statistically significant; P-DB, analysis of prospectively collected database; PFT, pulmonary function test; PrCT, prospective controlled trial; 
retro, retrospective study. 
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Table S4-4 Toxicity in patients with ILD

SBRT Particle therapy Ablation Surgery
N studies 13 4 3 30
N patients 122 23 46 1709
% operable 29% 25% 0 100%
% non-IPF ILD 69% 50% 67% 60%
Treatment-related ILD toxicity a 25% 18% 25% 12%
Treatment-related mortality a 16% 4% 9% 2%

Data taken from a systematic review by Chen et al. (48). a, average of studies weighted by study size. ILD, interstitial lung disease; IPF id-
iopathic pulmonary fibrosis; SBRT, stereotactic body radiotherapy. 

Table S4-5A Summary of general evidence
SBRT

(v Open L)
SBRT

(v Open SL)
SBRT

(v VATS L)
SBRT

(v VATS SL)
Abl

(v SL)
Abl

(v SBRT)
Effect Conf Effect Conf Effect Conf Effect Conf Effect Conf Effect Conf

Short-term (90-day) outcomes
Mortality ↑↑ a +++ ↑↑ a +++ ↑ a +++ ↑ a +++ =/↑ 0 ↓
Morbidity ↑ a + ↑ a + ↑ a + ↑ a + =/↑ 0 ↓
QOL ↑↑ a + ↑↑ a + ↑↑ a + ↑↑ a + - - - -
Pain ↑↑ a + ↑↑ a + ↑↑ a + ↑↑ a + ↑↑ Extpol - -
Intermediate (1-2 year) outcomes

Δ FEV1 ↑ + = 0 ↑ + = 0 = 0 - -

Dyspnea ↑ + = 0 ↑ + = 0 - - - -
QOL ↑↑ + ↑↑ 0 = 0 = 0 = /↑↑ b 0 = 0
Pain ↑↑ + ↑↑ 0 = 0 = 0 = /↑↑ b 0 - -
Toxicity = a 0 = a 0 = a 0 = a 0 - - - -
Long-term (5-year) outcomes
OS ↓↓↓ +++ ↓↓ +++ ↓↓↓ +++ ↓↓ +++ ↓↓↓ + ↓ +
LCSS ↓↓↓ + ↓↓ + ↓↓↓ + ↓↓ + ↓↓↓ + - -
FFR ↓↓ + - - ↓↓ + - - - - - -
LR- FFR ↓ + - - ↓ + - - - - - -

Legend (Table S4-5A-S4-5C): Qualitative assessment of the impact of treatment approaches on various key outcome measures and the 
confidence in the evidence. Differences are categorized by degree of clinically meaningful differences (defined in insert). The reference (for 
improvement or worsening) is the treatment in parentheses.

a, data not parsed by resection extent; b, equal for VATS, better for Ablation vs. Open surgery. 
Δ FEV1, change in FEV1 ≥6 months; Abl, ablation; Conf, confidence in the evidence; Extpol, extrapolation (indirect evidence); FFR, 
freedom from recurrence (only recurrence counts as an event); Gr, grade; HR, hazard ratio; LCSS, lung cancer specific survival (only 
death due to lung cancer counts as an event); Lobe, lobectomy; LR-FFR, locoregional freedom from recurrence; OS, overall survival; PFT, 
pulmonary function tests; QOL, quality-of-life; VATS, video-assisted thoracic surgery.

Effect Confidence in/con- 
sistency of evidence↑↑↑ 2x meaningful improvement

↑↑ Meaningful improvement ++++ Very high
↑ Somewhat better +++ High
= Similar ++ Moderate
↓ Somewhat worse + Low
↓↓ Meaningful worsening 0 Very low
↓↓↓ 2x meaningful worsening Extpol Extrapolation

A clinically “meaningful” difference is defined as ≥10-unit difference, with 
“somewhat” being half of the meaningful difference. The units of measure 
(for categories in parentheses) are: normalized scale points (QOL); 5-year 
actuarial rate (OS, LCSS); actuarial rate or simple incidence (recurrence, 
FFR); incidence of Gr ≥3 treatment related complications (morbidity); 
absolute change in % FEV1 (PFTs in compromised patients). Different 
thresholds of “meaningful” are: 90-day mortality (2% difference); PFTs in 
healthy patients (20% difference in FEV1%).
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Table S4-5B Summary of evidence in older patients
SBRT

(v Open L/SL)
SBRT

(v VATS L/SL)
Abl

(v SL)
Abl

(v SBRT)
Effect Conf Effect Conf Effect Conf Effect Conf

Short-term (90-day) outcomes
Mortality ↑↑ ++ ↑↑ ++ =/↑ 0 ↓ 0
Morbidity ↑ + ↑ + =/↑ 0 ↓ 0
QOL ↑↑ Extpol ↑↑ Extpol - - - -
Pain ↑↑ Extpol ↑↑ Extpol ↑↑ Extpol - -
Intermediate (1-2 year) outcomes

Δ FEV1 - - - - - - - -
Dyspnea - - - - - - - -
QOL ↑↑ 0 = Extpol = /↑↑ b 0 = 0
Pain ↑↑ 0 = Extpol = /↑↑ b 0 - -
Toxicity = 0 = 0 - - - -
Long-term (5-year) outcomes
OS ↓↓ + ↓↓ + ↓↓↓ + ↓ +
LCSS ↓↓ + ↓↓ + ↓↓↓ + - -
FFR - - - - - - - -
LR- FFR - - - - - - - -

Table S4-5C Summary of evidence in compromised patients
SBRT

(v Open L/SL)
SBRT

(v VATS L/SL)
Abl

(v SL)
Abl

(v SBRT)
Effect Conf Effect Conf Effect Conf Effect Conf

Short-term (90-day) outcomes
Mortality ↑↑↑ Extpol ↑↑ Extpol =/↑ Extpol ↓ Extpol
Morbidity ↑↑ a Extpol ↑ a Extpol =/↑ Extpol ↓ Extpol
QOL ↑↑ a Extpol ↑↑ a Extpol - - - -
Pain ↑↑ a Extpol ↑↑ a Extpol ↑↑ Extpol - -
Intermediate (1-2 year) outcomes -

Δ FEV1 - - - - - - - -
Dyspnea - - - - - - - -
QOL ↑↑ Extpol = Extpol = /↑↑ b Extpol = Extpol
Pain ↑↑ Extpol = Extpol = /↑↑ b Extpol - -
Long-term (5-year) outcomes

OS ↓ + ↓ + ↓↓ 0 ↓ 0

LCSS ↓ + ↓ + ↓↓ 0 - -
FFR - - - - - - - -
LR- FFR - - - - - - - -
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Figure S4-1A Graphic depiction of outcomes in Table 1: SBRT vs. lobectomy.

Figure S4-1B Graphic depiction of outcomes in Table 2: SBRT vs. sublobar resection.
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Figure S4-2 Graphic depiction of outcomes in Table 5: SBRT vs. surgical resection in older patients. 
Graphic depiction of outcomes in Table 5. Figure rows correspond to the respective table rows. Also depicted is the confidence that the 
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Figure S4-4 Graphic depiction of outcomes in Table 6. SBRT vs. surgical resection in compromised patients. 
Graphic depiction of outcomes in Table 6. Figure rows correspond to the respective table rows. Also depicted is the confidence that 
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Figure S4-6 Graphic depiction of outcomes in Table 7: ablation vs. SBRT or surgical resection. 
Graphic depiction of outcomes in Table 7. Figure rows correspond to the respective table rows. Also depicted is the confidence that the 
outcomes reflect the treatment (vs. confounders), the level of clinical relevance and statistical significance. The HR reference is SBRT or 
surgical resection, i.e. HR >1 reflects worse outcome compared with SBRT or surgery. Red font indicates unadjusted survival rates. See 
legend for Figure S4-1A,B for further explanation. 



© Journal of Thoracic Disease. All rights reserved. https://dx.doi.org/10.21037/jtd-21-1826

References

1.	 Stokes WA, Bronsert MR, Meguid RA, Blum MG, Jones BL, Koshy M, et al. Post-Treatment Mortality After Surgery and 
Stereotactic Body Radiotherapy for Early-Stage Non-Small-Cell Lung Cancer. J Clin Oncol. 2018;36(7):642-51.

2.	 Razi SS, Kodia K, Alnajar A, Block MI, Tarrazzi F, Nguyen D, et al. Lobectomy Versus Stereotactic Body Radiotherapy In 
Healthy Octogenarians With Stage I Lung Cancer. Ann Thorac Surg. 2021;111(5):1659-65.

3.	 Chang JY, Mehran R, Feng L, Verma V, Liao Z, Welsh JW, et al. Stereotactic ablative radiotherapy for operable stage I non-
small-cell lung cancer (revised STARS): long-term results of a single-arm, prospective trial with specified comparison to surgery. 
Lancet Oncol. 2021;22(10):1448-57.

4.	 Dong B, Zhu X, Shu Z, Ji Y, Lu F, Wang J, et al. Video-Assisted Thoracoscopic Lobectomy Versus Stereotactic Body 
Radiotherapy Treatment for Early-Stage Non-Small Cell Lung Cancer: A Propensity Score-Matching Analysis. Front Oncol. 
2020;10:585709.

5.	 Yu JB, Soulos PR, Cramer LD, Decker RH, Kim AW, Gross CP. Comparative effectiveness of surgery and radiosurgery for 
stage I non–small cell lung cancer. Cancer. 2015;121(14):2341-9.

6.	 Verstegen NE, Oosterhuis JW, Palma DA, Rodrigues G, Lagerwaard FJ, van der Elst A, et al. Stage I-II non-small-cell lung 
cancer treated using either stereotactic ablative radiotherapy (SABR) or lobectomy by video-assisted thoracoscopic surgery 
(VATS): outcomes of a propensity score-matched analysis. Ann Oncol. 2013;24(6):1543-8.

7.	 Mayne NR, Lin BK, Darling AJ, Raman V, Patel DC, Liou DZ, et al. Stereotactic Body Radiotherapy Versus Delayed Surgery 
for Early-stage Non-small-cell Lung Cancer. Ann Surg. 2020;272(6):925-9.

8.	 Bryant AK, Mundt RC, Sandhu AP, Urbanic JJ, Sharabi AB, Gupta S, et al. Stereotactic Body Radiation Therapy Versus Surgery 
for Early Lung Cancer Among US Veterans. Ann Thorac Surg. 2018;105(2):425-31.

9.	 Kastelijn EA, El Sharouni SY, Hofman FN, Van Putte BP, Monninkhof EM, Van Vulpen M, et al. Clinical Outcomes in Early-
stage NSCLC Treated with Stereotactic Body Radiotherapy Versus Surgical Resection. Anticancer Res. 2015;35(10):5607-14.

10.	 Boyer MJ, Williams CD, Harpole DH, Onaitis MW, Kelley MJ, Salama JK. Improved Survival of Stage I Non-Small Cell Lung 
Cancer: A VA Central Cancer Registry Analysis. J Thorac Oncol. 2017;12(12):1814-23.

11.	 Hamaji M, Chen F, Matsuo Y, Kawaguchi A, Morita S, Ueki N, et al. Video-assisted thoracoscopic lobectomy versus stereotactic 
radiotherapy for stage I lung cancer. Ann Thorac Surg. 2015;99(4):1122-9.

12.	 Shirvani SM, Jiang J, Chang JY, Welsh J, Likhacheva A, Buchholz TA, et al. Lobectomy, sublobar resection, and stereotactic 
ablative radiotherapy for early-stage non-small cell lung cancers in the elderly. JAMA Surg. 2014;149(12):1244-53.

13.	 Shirvani SM, Jiang J, Chang JY, Welsh JW, Gomez DR, Swisher S, et al. Comparative effectiveness of 5 treatment strategies 
for early-stage non-small cell lung cancer in the elderly. International journal of radiation oncology, biology, physics. 
2012;84(5):1060-70.

14.	 Crabtree TD, Puri V, Robinson C, Bradley J, Broderick S, Patterson GA, et al. Analysis of first recurrence and survival in 
patients with stage I non-small cell lung cancer treated with surgical resection or stereotactic radiation therapy. J Thorac 
Cardiovasc Surg. 2014;147(4):1183-91; discussion 91-2.

15.	 Crabtree T, Puri V, Timmerman R, Fernando H, Bradley J, Decker PA, et al. Treatment of stage I lung cancer in high-risk 
and inoperable patients: comparison of prospective clinical trials using stereotactic body radiotherapy (RTOG 0236), sublobar 
resection (ACOSOG Z4032), and radiofrequency ablation (ACOSOG Z4033). J Thorac Cardiovasc Surg. 2013;145(3):692-9.

16.	 Park H, Harder E, Mancini B, Decker R. Central versus Peripheral Tumor Location: Influence on Survival, Local Control, and 
Toxicity Following Stereotactic Body Radiotherapy for Primary Non-Small-Cell Lung Cancer. J Thorac Oncol. 2015;10(5):832-7.

17.	 Taremi M, Hope A, Dahele M, Pearson S, Fung S, Purdie T, et al. Stereotactic body radiotherapy for medically inoperable lung 
cancer: prospective, single-center study of 108 consecutive patients. International journal of radiation oncology, biology, physics. 
2012;82(2):967-73.

18.	 Mangona VS., Aneese AM, Marina O, Hymas RV, Ionascu D, Robertson JM, et al. Toxicity after central versus peripheral 
lung stereotactic body radiation therapy: a propensity score matched-pair analysis. International journal of radiation oncology, 
biology, physics. 2015;91(1):124-32.

19.	 Sun B, Brooks ED, Komaki RU, Liao Z, Jeter MD, McAleer MF, et al. 7-year follow-up after stereotactic ablative radiotherapy 
for patients with stage I non-small cell lung cancer: Results of a phase 2 clinical trial. Cancer. 2017;123(16):3031-9.

20.	 Claude L, Morelle M, Mahé MA, Pasquier D, Boisselier P, Bondiau PY, et al. A comparison of two modalities of stereotactic 



© Journal of Thoracic Disease. All rights reserved.  https://dx.doi.org/10.21037/jtd-21-1826

body radiation therapy for peripheral early-stage non-small cell lung cancer: results of a prospective French study. Br J Radiol. 
2020;93(1116):20200256.

21.	 Nestle U, Adebahr S, Kaier K, Gkika E, Schimek-Jasch T, Hechtner M, et al. Quality of life after pulmonary stereotactic 
fractionated radiotherapy (SBRT): Results of the phase II STRIPE trial. Radiother Oncol. 2020;148:82-8.

22.	 Haasbeek CJ, Lagerwaard FJ, Slotman BJ, Senan S. Outcomes of stereotactic ablative radiotherapy for centrally located early-
stage lung cancer. J Thorac Oncol. 2011;6(12):2036-43.

23.	 Bezjak A, Paulus R, Gaspar LE, Timmerman RD, Straube WL, Ryan WF, et al. Safety and Efficacy of a Five-Fraction 
Stereotactic Body Radiotherapy Schedule for Centrally Located Non-Small-Cell Lung Cancer: NRG Oncology/RTOG 0813 
Trial. J Clin Oncol. 2019;37(15):1316-25.

24.	 Stephans KL, Woody NM, Reddy CA, Varley M, Magnelli A, Zhuang T, et al. Tumor Control and Toxicity for Common 
Stereotactic Body Radiation Therapy Dose-Fractionation Regimens in Stage I Non-Small Cell Lung Cancer. International 
journal of radiation oncology, biology, physics. 2018;100(2):462-9.

25.	 Nagata Y, Hiraoka M, Shibata T, Onishi H, Kokubo M, Karasawa K, et al. Prospective Trial of Stereotactic Body Radiation 
Therapy for Both Operable and Inoperable T1N0M0 Non-Small Cell Lung Cancer: Japan Clinical Oncology Group Study 
JCOG0403. International journal of radiation oncology, biology, physics. 2015;93(5):989-96.

26.	 Ball D, Mai GT, Vinod S, Babington S, Ruben J, Kron T, et al. Stereotactic ablative radiotherapy versus standard radiotherapy 
in stage 1 non-small-cell lung cancer (TROG 09.02 CHISEL): a phase 3, open-label, randomised controlled trial. Lancet 
Oncol. 2019;20(4):494-503.

27.	 Singh AK, Gomez-Suescun JA, Stephans KL, Bogart JA, Hermann GM, Tian L, et al. One Versus Three Fractions of 
Stereotactic Body Radiation Therapy for Peripheral Stage I to II Non-Small Cell Lung Cancer: A Randomized, Multi-
Institution, Phase 2 Trial. International journal of radiation oncology, biology, physics. 2019;105(4):752-9.

28.	 Cheung P, Faria S, Ahmed S, Chabot P, Greenland J, Kurien E, et al. Phase II study of accelerated hypofractionated three-
dimensional conformal radiotherapy for stage T1-3 N0 M0 non-small cell lung cancer: NCIC CTG BR.25. J Natl Cancer Inst. 
2014;106(8).

29.	 Inoue T, Katoh N, Ito YM, Kimura T, Nagata Y, Kuriyama K, et al. Stereotactic body radiotherapy to treat small lung lesions 
clinically diagnosed as primary lung cancer by radiological examination: A prospective observational study. Lung Cancer. 
2018;122:107-12.

30.	 Baumann P, Nyman J, Hoyer M, Gagliardi G, Lax I, Wennberg B, et al. Stereotactic body radiotherapy for medically inoperable 
patients with stage I non-small cell lung cancer - a first report of toxicity related to COPD/CVD in a non-randomized 
prospective phase II study. Radiother Oncol. 2008;88(3):359-67.

31.	 Timmerman R, Paulus R, Galvin J, Michalski J, Straube W, Bradley J, et al. Stereotactic body radiation therapy for inoperable 
early stage lung cancer. Jama. 2010;303(11):1070-6.

32.	 Fakiris AJ, McGarry RC, Yiannoutsos CT, Papiez L, Williams M, Henderson MA, et al. Stereotactic Body Radiation Therapy 
for Early-Stage Non–Small-Cell Lung Carcinoma: Four-Year Results of a Prospective Phase II Study. International journal of 
radiation oncology, biology, physics. 2009;75(3):677-82.

33.	 Onishi H, Nagata Y, Shirato H, Gomi K, Karasawa K, Arimoto T, et al. Stereotactic hypofractionated high-dose irradiation 
for stage I non-small cell lung carcinoma: Clinical outcomes in 245 cases of a Japanese multi-institutional study. Cancer. 
2004;101(7):1623-31.

34.	 Modh A, Rimner A, Williams E, Foster A, Shah M, Shi W, et al. Local control and toxicity in a large cohort of central 
lung tumors treated with stereotactic body radiation therapy. International journal of radiation oncology, biology, physics. 
2014;90(5):1168-76.

35.	 Lagerwaard FJ, Aaronson NK, Gundy CM, Haasbeek CJ, Slotman BJ, Senan S. Patient-reported quality of life after stereotactic 
ablative radiotherapy for early-stage lung cancer. J Thorac Oncol. 2012;7(7):1148-54.

36.	 Takeda A, Enomoto T, Sanuki N, Handa H, Aoki Y, Oku Y, et al. Reassessment of Declines in Pulmonary Function > 1 Year 
After Stereotactic Body Radiotherapy. Chest. 2013;143(1):130-7.

37.	 Stone B, Mangona VS., Johnson MD, Ye H, Grills IS. Changes in Pulmonary Function Following Image-Guided Stereotactic 
Lung Radiotherapy: Neither Lower Baseline Nor Post-SBRT Pulmonary Function Are Associated with Worse Overall Survival. 
J Thorac Oncol. 2015;10(12):1762-9.

38.	 Regnery S, Eichkorn T, Weykamp F, Held T, Dinges LA, Schunn F, et al. Progression of Pulmonary Function and Correlation 



© Journal of Thoracic Disease. All rights reserved. https://dx.doi.org/10.21037/jtd-21-1826

with Survival Following Stereotactic Body Radiotherapy of Central and Ultracentral Lung Tumors. Cancers (Basel). 
2020;12(10).

39.	 Guckenberger M, Klement RJ, Kestin LL, Hope AJ, Belderbos J, Werner-Wasik M, et al. Lack of a dose-effect relationship for 
pulmonary function changes after stereotactic body radiation therapy for early-stage non-small cell lung cancer. International 
journal of radiation oncology, biology, physics. 2013;85(4):1074-81.

40.	 Stephans KL, Djemil T, Reddy CA, Gajdos SM, Kolar M, Machuzak M, et al. Comprehensive analysis of pulmonary function 
Test (PFT) changes after stereotactic body radiotherapy (SBRT) for stage I lung cancer in medically inoperable patients. J 
Thorac Oncol. 2009;4(7):838-44.

41.	 Mathieu D, Campeau MP, Bahig H, Larrivée S, Vu T, Lambert L, et al. Long-term quality of life in early-stage non-small cell 
lung cancer patients treated with robotic stereotactic ablative radiation therapy. Pract Radiat Oncol. 2015;5(4):e365-73.

42.	 Bral S, Gevaert T, Linthout N, Versmessen H, Collen C, Engels B, et al. Prospective, Risk-Adapted Strategy of Stereotactic 
Body Radiotherapy for Early-Stage Non–Small-Cell Lung Cancer: Results of a Phase II Trial. Int J Radiation Oncology Biol 
Phys. 2011;80(5):1343-9.

43.	 Navarro-Martin A, Aso S, Cacicedo J, Arnaiz M, Navarro V, Rosales S, et al. Phase II Trial of SBRT for Stage I NSCLC: 
Survival, Local Control, and Lung Function at 36 Months. J Thorac Oncol. 2016;11(7):1101-11.

44.	 Ferrero C, Badellino S, Filippi AR, Focaraccio L, Giaj Levra M, Levis M, et al. Pulmonary function and quality of life 
after VMAT-based stereotactic ablative radiotherapy for early stage inoperable NSCLC: a prospective study. Lung Cancer. 
2015;89(3):350-6.

45.	 Videtic GM, Reddy CA, Sorenson L. A prospective study of quality of life including fatigue and pulmonary function after 
stereotactic body radiotherapy for medically inoperable early-stage lung cancer. Support Care Cancer. 2013;21(1):211-8.

46.	 Stanic S, Paulus R, Timmerman RD, Michalski JM, Barriger RB, Bezjak A, et al. No clinically significant changes in pulmonary 
function following stereotactic body radiation therapy for early- stage peripheral non-small cell lung cancer: an analysis of 
RTOG 0236. International journal of radiation oncology, biology, physics. 2014;88(5):1092-9.

47.	 Guckenberger M, Kestin LL, Hope AJ, Belderbos J, Werner-Wasik M, Yan D, et al. Is there a lower limit of pretreatment 
pulmonary function for safe and effective stereotactic body radiotherapy for early-stage non-small cell lung cancer? J Thorac 
Oncol. 2012;7(3):542-51.

48.	 Chen H, Senan S, Nossent EJ, Boldt RG, Warner A, Palma DA, et al. Treatment-Related Toxicity in Patients With Early-Stage 
Non-Small Cell Lung Cancer and Coexisting Interstitial Lung Disease: A Systematic Review. International journal of radiation 
oncology, biology, physics. 2017;98(3):622-31.

49.	 Detterbeck F, Blasberg J, Woodard G, Decker R, Kumbasar U, Park H, et al. A Guide for Managing Patients with Stage I 
NSCLC: Deciding between Lobectomy, Segmentectomy, Wedge, SBRT and Ablation. Part 1: A Guide to Decision-Making. J 
Thorac Dis. 2022.


