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No Fly Zone or Restricted Fly Zone 





SABR for Central Primary Lung Tumours: Prospective data 

Patients with peripheral tumor locations had 2-year 

freedom from severe toxicity of 83% compared with only 

54% for patients with perihilar/central tumors. Patients with 

perihilar/central tumors have an 11-fold increased risk 

of experiencing severe toxicity compared with more 

peripheral locations. In addition, four of the six deaths as 

a result of toxicity observed in the study were in patients 

with perihilar/ central tumors.

Although these data are promising, they reflect an initial report that was written 

mainly to warn clinicians of the excessive toxicities seen in patients with 

central lesion locations





Although we have addressed aspects of SBRT for centrally located tumors, and 

despite the fact that SBRT for this indication is currently practiced by the majority 

of the authors institutions, we acknowledge the fact that substantially less 

evidence is available to allow for recommendations to be made

Institutions agreed (62.5%–100%) that there are no absolute contraindications for 

lung SBRT in terms of age, Charlson Comorbidity score, chronic obstructive 

pulmonary disease (COPD) GOLD classification and pre-treatment pulmonary 

function.





60 Gy in 8 fraction regimen prescribed at the 80% PTV encompassing isodose

(BED α/β10 = 105 Gy, BED α/β3 = 210 Gy) At least 99% of the PTV volume was 

covered by the prescription isodose. Dose reductions of the PTV to spare 

overlapping critical structures were not used.

(J Thorac Oncol. 2011;6: 2036–2043)

37 patients

VU University Medical Center, 

Amsterdam, The Netherlands.



Four local failures were observed 

resulting in actuarial local control 

rates at 1, 2, and 5 years of 94.8%, 

92.6%, and 92.6%, respectively.

Survival Outcomes

For the 63 patients with central tumors, 1, 2-

and 5-year overall survival rates were 85.7%, 

69.0%, and 49.5%, respectively 

No grade 4 or 5 toxicities were reported, and no 

dose volume-constraints were provided or suggested. 



•The prescription dose was 60 Gy in 8 fractions.

•Dmax was P60 Gy in 40% of patients for PBT, 26.3% for aorta, 55% for heart,

and 1.3% for trachea.

•Esophageal maximum Dmax was 58 Gy.

•

•Mean lung V5Gy/V20Gy was 21%/8%.

• 54 patients (68%) exceeded RTOG0813 Dmax for P1 organ-at-risk (OAR), with

27 exceeding PBT Dmax

•5 of 78 patients (6.4%) with adequate follow-up information had grade 3

toxicity. Grade 4 toxicity was not observed

VU University Medical 

Center, Amsterdam, The 

Netherlands.2015

80 patients data 



Treatment-related death was considered possible (n = 3) or likely (n = 3) 

in 6 patients (7.5%). With median follow-up of 47 months, 3-year survival 

was 53%, compared with 57% for 252 peripheral tumors treated with 3/5-

fractions SABR in the same period (p = 0.369).

Although a substantial proportion of central SABR patients received P60 Gy to OARs, 

the 3-year survival was no different from peripheral SABR.



47 patients with single primary 

or recurrent ultra-central NSCLC 

treated between 2010-2015

5Gyx12 fractions 

At a median follow-up of 29.3 

months, median overall survival 

was 15.9 months, and 3- year 

survival was 20.1%.

No isolated local 

recurrences were 

observed

VU University Medical Center, 

Amsterdam, The Netherlands.2016

Definition of  ultra-central :for which a planning target 

volume  (PTV) overlaps the trachea or main bronchi



Grade ≥3 toxicity was recorded in 38%, with 21% scored as having a “possible” (n = 

2) or “likely” (n = 8) treatment-related death, at between 5.2-18.2 months post-

treatment. Fatal pulmonary hemorrhage was observed in 15% of patients.

Conclusions

Unfit patients with ultra-central tumors treated using this scheme had a high local 

control and a median survival of 15.9 months. Despite manifesting rates of a fatal 

lung bleeding comparable to that seen with conventional radiotherapy for 

endobronchial tumors, the overall rate of G5 toxicity is of potential concern. 

Additional work is needed to identify tumor/treatment factors related to hemorrhage



When 50 Gy in 4 fractions was delivered (BED α/β10 = 112.5 Gy, BED α/β3 = 258 

Gy), the local control rate at 2 years was 100% and no fatal toxicity was reported. In 

contrast, 40 Gy in four fractions was associated with poor local control (57%) 3 of 7 

patients had local recurrences when treated using 40 Gy and one patient who had 

received 40 Gy to the brachial plexus experienced severe brachial plexus neuropathy. 

27 patients

The prescribed dose of 40 Gy (n = 7) to the planning target volume was escalated to 

50 Gy (n = 20) in 4 consecutive days

Median follow-up of 17 months 

Conclusions: Image-guided SBRTusing 50 Gy delivered in four fractions is feasible 

and resulted in excellent local control.

MDACC 2008



100 patients

The tumor within a 2-cm radius of the trachea and 

bronchial tree has been considered a “no fly zone” 

(RTOG) protocol 0236

Median survival time (58 months) and local control rates 

(96% at 2 years) were comparable to those for peripheral 

lesions treated with SABR to 50 Gy in four fractions 

3-year OS rate was 70.5%. Three-year cumulative 

actuarial local, regional, and distant control rates were 

96.5%, 87.9%, and 77.2%, respectively

MDACC 2014



No grade 4 or 5 toxicities 

were reported

Patients in whom these dose-volume 

constraints could not be met were 

treated with 70 Gy in 10 fractions 

(BED α/β10 = 119 Gy, BED α/β3 = 

233 Gy), which led to similar local 

control with tolerable toxicity

One  patient with a tumour

invading the hilum treated with 70 

Gy in 10 fractions (hilar Dmax = 83 

Gy) developed fatal haemoptysis, 

which led to the recommendation 

that tumours that invade central 

structures should not be treated 

with high-BED schedules 

Conclusions: SABR for centrally 

located lesions produces clinical 

outcomes similar to those for 

peripheral lesions when normal 

tissue constraints are respected.



The Stanford group reported data of 68 patients with peripheral (n=34), central 

(n=34) and sub-classifiedcertain central tumors as “ultra-central” if their GTV 

directly abut-ted the proximal bronchial tree or trachea. (n=7) 

Dose 50 Gy in 4–5 fractions 

The Stanford group

2015  

Ultra-central”, defined to mean tumors within the zone of the trachea or proximal 

bronchial tree whose GTVs directly abutted one of the major airways

68 patients 

Central =34

Ultra-central= 7 



With a median follow-up time of 18.4 months,  2-year  overall survival and local 

failure was similar in all the groups. Reported toxicity rates were low and 

comparable between the three groups, with only two cases of grade 3 toxicity 

(chest wall pain), and one case of grade 4 toxicity (pneumonitis) observed. There 

were no symptomatic toxicities reported in treated patients with ultra-central 

tumours



2-year OS was 80.0% for ultra-central NSCLC patients, com-pared to 63.2% for the 

remaining central NSCLC patients, and 86.6%for peripheral NSCLC patients (p = 

0.62) . Two-year primary tumor control and local control in the ultra-central NSCLC 

patients were 100%, also with no significant difference compared to the remaining 

central or peripheral NSCLC patients 

Conclusion: Patients with central and ultra-central lung tumors treated with SABR (50 

Gy in 4–5 fractions)experienced few toxicities and good outcomes, similar to patients 

with peripheral lung tumors.



local control rate at 2 years was 79% .

However, severe oesophageal toxicity, including fistula in a patient with an 

oesophageal Dmax of 46 Gy, was reported. 

Six of 12 patients for whom the median oesophageal Dmax was 30 Gy developed 

grade ≥ 2 oesophagitis when the PTV overlapped the oesophagus. Two patients 

developed fatal haemoptysis, one with tumour involving the hilum and a maximum 

dose to the right bronchial tree of 47 Gy in five fractions, and the other with tumour

encasing the left superior segmental bronchus with a maximum bronchial tree dose 

of 48 Gy in five fractions 

The Memorial Sloan Kettering 

group 2014.

Conclusions: Using moderate doses, SBRT for central lung tumors achieves 

acceptable local control with low rates of severe toxicity. Dosimetric analysis 

showed no significant correlation between dose to the lungs, heart, or NFZ( no-fly 

zone) and severe pulmonary toxicity. Esophageal toxicity may be an 

underappreciated risk, particularly when PTV overlaps the esophagus

108 patients treated with SABR (mostly 

45 Gy in five fractions (α/β10 = 85.5 Gy, 

BED α/β3 = 180 Gy); 



Others have reported with similar doses (40–60 Gy in five fractions) fatal 

haemoptysis when a Dmax of greater than 50 Gy was delivered to the pulmonary 

artery and bronchus 

The Cleveland Clinic group also reported a case of oesophageal fistula when the 

oesophageal point dose exceeded 51 Gy and the V48 was >1 cm3.

Bral et al reported grade 5 toxicity in 1 out of 17 patients with central tumours after 

treatment with 60 Gy in 4 fractions 

Cleveland Clinic  2014

Brussels, Belgium 2010

Japan 2014



PTV overlap with main stem bronchus or trachea was found to be significantly 

correlated with both grade 3 or higher clinical toxicity and high grade radiographic 

toxicity. A PTV overlap was present in 33% of all patients, and in 70% of patients 

who developed grade 3 or higher pulmonary bleeding. 

42 patients with tumours close to a main stem 

bronchus (group A), and 31 patients with tumours

close to a lobar bronchus (group B

Dose limits were mandatory for the spinal cord, trachea and contralateral main 

bronchus (Dmax, EQD = 89 Gy). However, dose guidelines to the ipsilateral main 

stem bronchus were recommended but not mandated (Dmax, EQD = 112 Gy).

Patients were treated with 60 Gy in 8 fractions 

prescribed to the 65-70% isodose line

Severe toxicity of grade 3 or higher was reported in 28% of patients, and grade 4 

and 5 toxicity occurred in 19% of patients in group A and 3% in group B

Six out of the 7 grade 5 events were due to fatal lung haemorrhage.



The dose was escalated from 50 Gy to 60 Gy, in five fractions delivered every 

other day (except over weekends), with at least 40 hours between treatments 

Grade 3 or higher toxicity was 16% in the 5x11.5 Gy group and 21% in the 5x12 

Gy group. Moreover, grade 5 pulmonary bleeding occurred in 4%, with three 

out of four patients being treated in the highest dose groups of 11.5 and 12 Gy per 

fraction 

120 pts were accrued February 2009 to September 2013 from 43 participating centers

Phase I data analysis revealed that maximum tolerated dose was the highest dose 

level allowed on the study, 12 Gy/fr x 5 fractions.



5 fraction SBRT schedule ranging from 10-12 Gy/fraction (fr) delivered over 1.5-2 

weeks.

33 eligible pts were treated with 12 Gy/fx, and another 38 pts were treated on the 

preceding dose level of 11.5 Gy/fr; this is the report of efficacy based on patients in 

those two cohorts.

71 patients 



Median follow-up was 33 months (mo) for the 11.5 Gy/fr cohort and 29.8 mo for the 

12 Gy/fr cohort (49 and 31.8 mo for the surviving pts, respectively)

Late toxicities grade 3 or greater (G3+) attributed to SBRT were 2 G5 toxicities in the 

11.5 Gy/fr cohort, and in the 12 Gy/fr cohort 3 G3 (2 respiratory, 1 cardiac), 1 G4 

(esophageal perforation), and 1 G5 (pulmonary hemorrhage) toxicities

Conclusion: Observed local control at 2 yrs in 71 pts treated with the two highest 

doses levels (11.5-12 Gy/fr x 5 fr) in this multicenter trial was high, and G3+ toxicity 

rates were acceptable. Two-year OS rates of 70% in this medically inoperable 

group of elderly pts with comorbidities were comparable to pts with peripheral early 

stage tumors.



The EORTC LungTech trial NTC01795521 has recently closed to 

recruitment and will be reporting shortly 

Relevant trails that are recruiting include SUNSET (NCT03306680) 

and a phase II randomized clinical trial comparing proton versus photon-

based SABR for centrally located or recurrent lung parenchymal early 

stage NSCLC is currently ongoing (NCT01511081) 

Primary Outcome Measures :Maximally tolerated dose 

(MTD) Time Frame: Occurring within 2 years of treatment ]MTD of radiotherapy 

for ultracentral tumors. The MTD is the dose of radiotherapy associated with a 

<30% rate of grade 3-5 toxicity occurring within 2 years of treatment.





Key Question 2: When is stereotactic body radiation therapy appropriate for 

medically inoperable patients with T1-2, N0 non-small cell lung cancer: 

•With centrally located tumors

•With tumors >5 cm in diameter

•Lacking tissue confirmation

•With synchronous primary or multifocal tumors

•Who underwent pneumonectomy and now have a new primary tumor in their 

remaining lung?





SABR with ILD 



Mechanism of Lung injury by 

radiation 



SABR with ILD 

Although rates of clinically significant lung toxicity following SABR are low there is 

growing evidence that patients with underlying lung fibrosis at baseline are at 

increased risk 

The weighted proportions for treatment-related mortality and ILD-specific toxicity 

were 15.5% and 25%, respectively







For particle beam therapy, 23 patients across 4 studies were identified, including 3 

proton beam therapy and 1 carbon-ion beam therapy studies. One proton beam 

therapy study included a minority of medically-operable patients. Overall, particle 

beam therapy-related mortality and ILD-specific toxicity were 4.3% and 18.2%, 

respectively



Bahig et al reported that pre-existing radiological interstitial lung disease (ILD) was 

identified in 6% of 504 patients treated with SABR for Stage 1 lung cancer . A 4% 

rate of ≥ grade 3 radiation pneumonitis was observed in the entire cohort. 

ILD was associated with increased risk of ≥ grade 3 radiation pneumonitis (32% in 

patients with ILD vs 2% in those with no ILD, P <0 .001).

Five patients (21%) with ILD developed grade 5 radiation pneumonitis. 

Practical Radiation Oncology 

(2016)

Canada 2016 





124 Patients 

48 Gy in four fractions

Subclinical ILD was recognized in 16 (16%) of 100 patients

No significant differences were seen in either overall survival or local control rates 

between the patients with ILD and those without ILD

Conclusions: Subclinical ILD was not found to be a significant factor for Grade 2–5 

RP or clinical outcomes in the current study; however, uncommon extensive RP can 

occur in patients with subclinical ILD

Japan 2013 



Pre-existing  ILD was retrospectively identified in 20 of 157 patients treated with 

SABR in a Japanese series reported by Ueki et al. 

The incidence of ≥ grade 2 or ≥ 3 pneumonitis was significantly higher in those with 

ILD than those without (55% vs 13.3% and 10% vs 1.5% respectively)

. 

On multivariate analysis the presence of ILD and volume of irradiated lung was 

as risk factor for ≥ grade 2 or ≥ 3 pneumonitis. Despite no difference being 

observed in the disease progression or local progression rates, the overall survival 

rate tended to be worse in patients with ILD than without (3-year OS, 53.8% 

versus 70.8%; p = 0.28).

Japan J Thorac Oncol. 2015



CONCLUSIONS

Pre-existing ILD was a significant risk factor for symptomatic and severe RP. In 

addition, ILD tended to be a poor prognostic factor for survival. Prescreening for ILD 

findings is important for determining the radiation pneumonitis risk and selecting 

candidates for SBRT



In a further series of 71 primary or metastatic lung tumours, subclinical ILD was 

the only factor significantly associated with the occurrence of radiation 

pneumonitis ≥ grade 2 (p < 0.001). 2 patients with grade 5 radiation 

pneumonitis had ILD with honeycombing visible on imaging 

Japan 

Br J Radiol 2017



Japan Cancers 2018,

242 patients

❖A total dose of 40–70 Gy is administered in 4 to 10 fractions during a 4-to-25 day 

period. 

❖One, two, and three-year overall survival (OS) rates are 82.1%, 57.1%, and 42.6%, 

❖Fatal RP is identified in 6.9% of all patients. 

❖The percent vital capacity <70%, mean percentage normal lung volume receiving 

more than 20 Gy (>10%), performance status of 2–4, presence of squamous cell 

carcinoma, clinical T2 stage, regular use of steroid before SBRT, and percentage 

predicting forced expiratory volume in one second (<70%) are associated with worse 

prognoses for OS.

❖Results indicate that fatal RP frequently occurs after SBRT for stage I lung 

cancer in patients with PIC.







Although SABR may be used for peripherally located early lung cancers in patients 

with underlying ILD, patients must be appropriately counseled regarding the 

potential risks including fulminant pneumonitis which may be fatal. In addition, 

patients with subclinical ILD should be carefully monitored for the occurrence of 

severe radiation pneumonitis after SABR. 

UK SABR Consortium 



SABR as Re-radiation 



JCRT2013

9 patients 





2014 USA 



Six patients suffered a local failure after re-irradiation with a median follow-up of 17 

months. Local control on Kaplan–Meier analysis was 67% at 2 years (95% CI 38–

85%)

Four patients suffered a regional failure with a 2 year regional control rate of 83% 

(95% CI 59–93).

Excluding the eight patients with oligo-metastatic disease, distant failures were noted 

in 9 of the remaining 25 patients. Distant metastatic free survival was 58% at 2 years



At the time of this analysis, 12 of the 25 patients without metastatic disease had not 

progressed. Median PFS for these patients was 16 months (95% CI 6.6–NR).

Among the entire group, 17 of the 33 

patients have died. Median overall 

survival was 21 months (95% CI 15–51 

months). One and 2 year overall 

survival was 76% and 45%. Cause of 

death was related to cancer in 14 of the 

17 deaths with distant disease noted at 

time of death in 13 of 17 patients

Re-irradiation after EBRT with SBRT for patients with local recurrences or tumors in 

the high dose region of prior treatment offers an option for patients not candidates 

for surgical resection, and offers control rates far greater than systemic 

chemotherapy



MDACC data 2010 

36 Cases 

SBRT provided in-field local control for 92% of patients; at 2 years, the actuarial

overall survival rate was 59%, and the actuarial progression-free survival rate was 

26%, with the primary site of failure being intrathoracic relapse. Radiographic 

response to radiation was seen in all patients

Patients treated for isolated out-of-field 

relapses who had no evidence of metastatic 

disease had significantly longer 

progression-free survival time than did 

patients treated for in-field relapses or 

patients treated for out-of-field relapses with 

known metastatic disease or multiple foci of 

intrathoracic disease (p = 0.04)



Conclusions—SBRT can provide excellent in-field tumor control in patients 

who have received prior radiation therapy. Toxicity was significant but manageable. 

The high rate of intra thoracic failure indicates the need for further study to identify 

patients who would derive the most benefit from SBRT for this purpose



17 tumours in 15 patients 

Standford data 2012

J. Thorac

Oncol. 2012



Karolinska University 

Hospital, Sweden 2011

29 patients 

reirradiated with 

SBRT on 32 lung 

lesions (11 central, 21 

peripheral)



➢Kaplan–Meier estimated 

median overall survival time after 

reirradiation was 19.3 months 

(range 1–98) . 

➢The 1-, 2- and 3-year survival 

rates were 59%, 43% and 23%, 

respectively

Conclusion

Reirradiation with SBRT of pulmonary tumours is justified as a safe and effective 

procedure for a subpopulation of patients. However, reirradiation of central tumours

should only be performed after careful considerations of potential severe toxicity. 

Prospective studies are needed to specify patient selection criteria and find

dose-limiting constraints.









The estimated median survival time is 24 months (95% CI: 8-38 months). 1- and 

2-year overall survival are 80% (95% CI: 41%-95%) and 36% (95% CI: 6%-68%)

respectively

Overall local control of the retreated tumors was 92%. The sole

local recurrence occurred following 4500 cGy in 5 fractions





Peripherally located lesions received 5 

fractions of 8-10 Gy, while centrally ones 

lower doses (5 fractions of 5-8 Gy). 

Cumulative EQD2 did not exceed 198 

Gy10 and reirradiated volumes were 

rather small (median 18 cc). Local 

control was obtained for all patients 

except one and lasted medially 43 

months. Median overall survival was 40 

months from reirradiation. Only acute 

grade 1 toxicity was recorded. 

Conclusions: Reirradiation of LRLs 

with SBRT was feasible and effective. 

It is important to appropriately select 

patient and to adopt organ at risk 

constrains considering cumulative 

doses.

Italy 2015

18 patients  



At 3 years, overall survival and local control 

rates were 36 and 53%, respectively, for all 31 

patients. Four patients showed no further 

recurrence for > 5 years (63–111 months) after 

the second SBRT. Radiation pneumonitis after 

the second SBRT was grade 2 in 4 patients, 

and no grade 3 pneumonitis was observed.

Japan 2018

31 patients with in-field local relapse of 

NSCLC (n = 23) or lung metastasis (n = 8) 

underwent repeat SBRT







SBRT in Multiple Lung Tumours



J Thorac Cardiovasc Surg 1975







101 patients, 

39 synchronous, 62 metachronous (>6 months apart).

• First lesion: 29 SABR, 25 conventional RT, 42 surgery, 5 surgery + PORT

• Second lesion: 101 SABR • Treated with 50 Gy in 4 fractions (or 70 Gy in 10 

fractions if dose constraints not met)

MD Anderson Cancer 

Center,2013 

2-year and 4-year in-field local control rates were 97.4% and 95.7%.



CONCLUSIONS—SABR achieves promising long- term tumor control, survival and 

could be a potential curative treatment of early-stage MPLC

Median overall survival of 46 months, 

2- and 4-year rates of overall survival (OS) were 73.2% and 47.5% progression-free 

survival (PFS) were 67.0% and 58.0%. Patients with metachronous tumors had 

higher OS and PFS than did patients with synchronous tumors  (2-year OS 80.6% 

metachronous vs. 61.5% synchronous; 4-year OS 52.7% vs. 39.7%; p=0.047; 2-year 

PFS 84.7% vs. 49.4%; 4- year PFS 75.6% vs. 30.4%; p=0.0001)

median follow-up interval of 36 months 



VU University Medical Center, 

Amsterdam, The Netherlands.2016

London Health Sciences Centre, 

London, Ontario, Canada



The actuarial local control rates at 1 and 3 years were 96.9% and 84.7%

Median progression-free survival (PFS) was 12.0 months for all patients, 25.3 

months for patients with unilateral lesions, and 11.0 months for patients with 

bilateral lesions (p¼.059)

Patients presenting with

primary lung tumors had 

a median PFS of 15.5 

months, while this was 

11.2 months in patients 

with metastatic lesions

At a median follow-up of 28.1 months (95% CI 22.6–30.2), median OS for all 

patients was 35.4 months, with 1- to 5-year survivals being 83.2%, 62.1%, 46.3%, 

46.3%, and 38.6%



Conclusion: Severe toxicity was 

uncommon following SABR using 

VMAT for up to three lung tumors.

Further investigations of planning 

parameters are needed in patients 

presenting with more lesions.

Multivariable analysis showed that G2 RP 

was significantly associated with a primary

lung tumor (OR 0.11; 95% confidence 

interval [CI]0.01–0.97; p¼.047) and a total 

lung V35Gy of 6.5% (OR 10.85; 95% CI 

1.93–61.05; p=0.007
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