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ABSTRACT

Purpose 

To evaluate clinical pulmonary and radiographic bronchial toxicity after stereotactic ablative 

radiation therapy and hypofractionated radiation therapy for central lung tumors, and per-

form normal tissue complication probability modeling and multivariable analyses to identify 

predictors for toxicity.

Methods and materials

A pooled analysis was performed of patients with a central lung tumor treated using ≤12 

fractions at two centers between 2006 and 2015. Airways were manually contoured on 

planning computed tomography scans, and doses were recalculated to an equivalent dose 

of 2 Gy per fraction with an α/β ratio of 3. Grade ≥3 (≥G3) clinical pulmonary toxicity was 

evaluated by two or more physicians. Radiographic toxicity was defined as a stenosis or an 

occlusion with or without atelectasis using follow-up computed tomography scans. Logistic 

regression analyses were used for statistical analyses.

Results

A total of 585 bronchial structures were studied in 195 patients who were mainly treated 

using 5 or 8 fractions (60%). Median patient survival was 27.9 months (95% confidence 

interval 22.3-33.6 months). Clinical ≥G3 toxicity was observed in 24 patients (12%) and 

radiographic bronchial toxicity in 55 patients (28%), both mainly manifesting ≤12 months 

post-treatment. All analyzed dosimetric parameters correlated with clinical and lobar 

bronchial radiographic toxicity, with V130Gy,EQD having the highest odds ratio. Normal tissue 

complication probability modeling showed a volume dependency for the development of 

both clinical and radiographic toxicity. On multivariable analyses, significant predictors for 

≥G3 toxicity were a planning target volume overlapping the trachea or main stem bronchus 

(p = 0.005), chronic obstructive pulmonary disease (p = 0.034), and the total V130Gy,EQD (p = 

0.012). Radiographic bronchial toxicity did not significantly correlate with clinical toxicity 

(p = 0.663).

Conclusions

We identified patient and dosimetric factors associated with clinical and radiographic toxic-

ity after high-dose radiotherapy for central lung tumors. Additional data from prospective 

studies are needed to validate these findings. 
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INTRODUCTION 

In contrast to the established role of stereotactic ablative radiotherapy (SABR) for peripheral 

non-small cell lung cancer (NSCLC), its role in centrally located tumors is less well defined.1 

Data from prospective trials revealed severe toxicity to be uncommon for moderately central 

tumors when treated with 5-fraction SABR, and that high grade toxicity was more frequently 

observed in tumors close to the main bronchi than those close to the lobar bronchi.2–4 These 

findings are consistent with data from retrospective studies in patients with so-called “ultra-

central” tumors, defined as target volumes overlapping the main stem bronchi or trachea.5,6

SABR is increasingly used for moderately central tumors, and recent guidelines recommend 

the use of risk-adapted SABR regimens delivering 4 or 5 fractions for central located lung 

tumors and more hypofractionated regimens in 6 to 15 fractions for ultracentral tumors.7,8 

Compliance with normal organ constraints used in prospective trials (NCT01795521, 

NCT00750269) has been recommended, even though such constraints had not been vali-

dated in large populations.

Patients with centrally located tumors have been treated since 2006 at VU University Medi-

cal Center (VUmc) and Erasmus Medical Center (EMC), using both SABR and hypofraction-

ated radiotherapy in ≤12 fractions. In order to identify patient and dosimetric predictors of 

clinical pulmonary and radiographic bronchial toxicity, we performed a pooled retrospective 

analysis using clinical records and follow-up computed tomography (CT) scans.

MATERIALS AND METHODS

Patient selection and definitions

This retrospective study was approved by the institutional medical ethics committees of 

VUmc and EMC. Institutional databases were queried to identify patients treated with ≤12 

fractions for primary NSCLC at VUmc and EMC, and for lung metastasis at EMC. Patients were 

treated since 2006 (EMC) and 2008 (VUmc). Selected patients had a planning target volume 

(PTV) located ≤2 centimeter from the trachea, main stem-, intermediate-, upper-, middle-, or 

lower lobe bronchus, and at least 1 bronchial structure receiving ≥20.0 Gy (physical dose). 

Patients with thoracic irradiation before or after the index treatment were excluded. 

Risk-adapted fractionation based on tumor location and volume was used at both institu-

tions.9,10 At VUmc, patients with a PTV overlapping main bronchi or trachea were treated 

with 12 fractions of 5 Gy; other central tumors were treated using 8 fractions of 7.5 Gy 

(Supplemental Table 1).6,11 At EMC, different fraction doses have been used and changed 
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during the years with increasing experience and after introducing a Monte-Carlo based dose 

calculation algorithm. Briefly, 6 or 7 fractions were used for tumors close to the esophagus 

and 5 fractions for other centrally located tumors (Supplemental Table 1). One patient was 

treated with 3 fractions. 

Treatment planning and delivery

Treatment planning and delivery were as previously described.12–14 At VUmc, a free-breathing, 

10-phase, 4-dimensional CT (4D-CT) scan was used to delineate the internal target volume, 

which was expanded with 5 mm to generate a PTV. Dose calculations were performed on 

the average intensity projection (Ave-IP) of the 4D-CT scan, and treatment was delivered 

using volumetric modulated arc therapy (RapidArc, Varian Medical Systems, Palo Alto, USA) 

and online cone-beam CT. At least 95% and 99% of the PTV had to receive 100% and 90% 

of prescribed dose, respectively. An inhomogeneous dose distribution was planned, with 

a maximum of 110% to 140% of the prescribed dose. Planning target volume underdos-

age was permitted only to avoid exceeding dose limits to the esophagus, spinal canal, and 

brachial plexus (Supplemental Table 2). No institutional dose limits were applied for the 

heart, trachea, and main stem or lobar bronchi. However, individual physicians sometimes 

requested maximum point doses in these organs. Since 2009, contralateral lung doses were 

limited.15,16  

At EMC, gross tumor volumes (GTV) were delineated on a spiral CT scan, and PTV was 

generated by adding a 5 mm margin. Dose calculations were performed using MultiPlan 

(Accuray, Sunnyvale, CA). Patients were treated on a CyberKnife robotic radiosurgery system 

(Accuray).14 PTV dose was prescribed to the 70 to 90% isodose lines, which covered ≥95% 

of the PTV. GTV and PTV underdosage was allowed to meet dose limits of organs at risk 

summarized in Supplemental Table 2. 

Delineation

For the purposes of this analysis, the following bronchial structures were manually delin-

eated on planning CT scans: trachea, main stem and intermediate bronchi (MI), and upper-, 

middle -, and lower lobe bronchi (lobar bronchi). Both institutes randomly evaluated each 

other’s delineations. 

Dosimetric analysis

All doses were converted into a biologically equivalent dose (BED) and an equivalent dose 

of 2 Gy per fraction (EQD2), and calculated using the following formulas: BED = D x (1 + (d / 

(α/β))) and EQD2 = D x (d + α/β) / (2.0 + α/β), where D = total dose and d = dose per fraction. 

An α/β ratio of 10 was used for the tumor and a ratio of 3 for the bronchi.17 All EMC treatment 

plans which were originally calculated with Ray-Tracing were first recalculated using Monte 
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Carlo algorithm (Supplemental Table 1). Ipsilateral bronchial structures receiving ≥20.0 Gy 

at both institutes were further analyzed.

We report on maximum point doses (Dmax,EQD) and volumes receiving an EQD2 of 65 Gy 

(V65Gy,EQD), 80 Gy (V80Gy,EQD), 90 Gy (V90Gy,EQD), 100 Gy (V100Gy,EQD), and 130 Gy (V130Gy,EQD). For anal-

yses regarding clinical toxicity, the maximum point dose in all analyzed bronchial structures 

(“total Dmax,EQD”) and a total volume of all bronchial structures receiving the specified doses 

(“total V65Gy,EQD”, “total V80Gy,EQD”, etcetera), were calculated for each patient. Radiographic 

toxicity was analyzed per bronchial structure, and dosimetric parameters of separate bron-

chial structures were therefore used.

Evaluation of disease control and toxicity

Clinical follow-up was generally performed at 3, 6, 12, 18, and 24 months after treatment 

and yearly thereafter. All available patient records, including information from general prac-

titioners, were reviewed to determine disease control and high grade pulmonary toxicity. All 

cases with potential grade 3 or higher toxicity (≥G3), according to the Common Terminology 

Criteria for Adverse Events (CTCAE version 4.03), were evaluated by at least two physicians, 

and were consensus based. Potential treatment-related deaths were subclassified into 

“possible’’ (when no other likely cause was identified and treatment contribution could not 

be excluded) or “likely” (when the cause was considered to be radiation-related) treatment-

related. 

All available follow-up CT scans were used to evaluate radiographic bronchial toxicity. 

Post-treatment scans were compared with the planning CT, and the following features were 

reported if they were new or deteriorating with respect to the planning CT scan: stenosis, 

occlusion without atelectasis, or occlusion with atelectasis in the trachea, main stem, inter-

mediate, or lobar bronchi. If there was also a local recurrence at the location of a stenosis/

occlusion, this was not scored as toxicity, and that specific bronchial structure was excluded 

from analyses. High grade toxicity was defined as an occlusion with or without atelectasis. 

All CT scans were evaluated by two physicians, and scans with relevant radiological changes 

were additionally evaluated by two senior radiation oncologists. 

Statistical analysis

IBM SPSS (version 21.0, IBM, Armonk NY) and GraphPad Prism (version 7.0, Graphpad Soft-

ware, Palo Alto, CA) were used for statistics. Kaplan-Meier estimates were generated for all 

clinical outcomes. Overall survival (OS) and disease free survival were calculated using the 

first date of treatment and the date of death or disease recurrence, respectively. For patients 

without an event, the last date of follow-up visit or last date of contact with the patient 

was used. Hence, in patients without disease recurrence, no competing event by means of 
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death was present. Median follow-up times and 95% confidence intervals (95% CI) were 

calculated using the reverse Kaplan-Meier method, and Kaplan Meier curves were compared 

using the log-rank test.18 

Normal tissue complication probability (NTCP) analysis was calculated to obtain probabili-

ties for toxicity and was based on a logistic regression analysis. Dosimetric parameters with 

a p-value of <0.05 were fitted into an NTCP model. The odds were obtained and introduced 

in the equation ln(odds) for calculation of log odds: 

 

compared using the log-rank test.18  

Normal tissue complication probability (NTCP) analysis was calculated 

and was based on a logistic regression analysis. Dosimetric parameters with a p-

fitted into an NTCP model. 

calculation of log odds: ln ( p
1−p)∑ eβ0 +β ∗ Vx. 

NTCP = 100% . 19,20  

predictors for toxicity. Variables 

multivariable analysis if the p-value was ≤0.20. When more than one 

multivariable analysis. A p-value <

on clinical toxicity were excluded from all analyses regarding this endpoint. 

 

Results 

Patient and tumor characteristics 

. The following equa-

tion was used to generate an NTCP: 
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Normal tissue complication probability (NTCP) analysis was calculated 

and was based on a logistic regression analysis. Dosimetric parameters with a p

fitted into an NTCP model. 

calculation of log odds: ln ( p
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predictors for toxicity. Variables 

multivariable analysis if the p-value was ≤0.20. When more than one 

multivariable analysis. A p-value <

on clinical toxicity were excluded from all analyses regarding this endpoint. 

 

Results 

Patient and tumor characteristics 

.19,20 

A multivariable logistic regression analysis was performed to identify both clinical and 

dosimetric predictors for toxicity. Variables were first analysed in univariable analyses 

and entered into a multivariable analysis if the p-value was ≤0.20. When more than one 

dosimetric parameter had a p-value of ≤0.20 in univariable analysis, the parameter with the 

highest odds ratio (OR) was included in multivariable analysis. A p-value <0.05 was consid-

ered statistically significant. Two patients without data on clinical toxicity were excluded 

from all analyses regarding this endpoint.

RESULTS

Patient and tumor characteristics

A total of 195 patients with follow-up CT scans and treated between July 2006 and January 

2015 were eligible (Table 1). Ninety-one patients were treated at VUmc and 104 at EMC. 

Twelve patients from VUmc were treated for a primary NSCLC tumor accompanied by 1 or 2 

hilar or mediastinal lymph nodes. Three EMC patients were treated for two adjacent meta-

static tumors (n = 2) and two mediastinal lymph nodes (n = 1). Treatment was performed 

for a primary or recurrent NSCLC in 154 patients (79%), most consisting of stage I disease 

(34%). Staging fluorodeoxyglucose positron emission tomography (FDG-PET) scans were 

performed in the majority of patients (92%), and pathological diagnosis was available in 

49% of patients. Thirty-one patients (16%) had an endobronchial tumor location. Median 

PTV was 80.4 cc (range 5.2-522.6 cc), and PTV overlap with trachea or main stem bronchi (ul-

tracentral location) was present in 66 patients (33%). The majority of patients were treated 

with either 5 or 8 fractions (60%). 
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Table 1 - Baseline patient and treatment characteristics

Patient characteristics
Total - n (%) or 
median (IQR)

vUmc - n (%) or 
median (IQR)

EMC - n (%) or 
median (IQR)

Number of patients 195 91 104

Male 123 (63) 64 (70) 59 (57)

Age (years) 74 (65-81) 76 (69-83) 73 (62-80)

COPD in history 122 (63) 58 (64) 64 (62)

Gold I/II 18 (9) / 54 (28) 10 (11) / 27 (30) 8 (8) / 27 (26)

Gold III/IV 36 (19) / 9 (5) 14 (15) / 7 (8) 22 (21) / 2 (2)

Gold status unknown 5 (3) - 5 (5)
18F-FDG PET/CT staging 180 (92) 90 (99) 90 (87)

Charlson Comorbidity Index 2 (1-4) 3 (2-4) 2 (1-3)

0-2 101 (52) 31 (34) 70 (67)

3-5 78 (40) 53 (58) 25 (24)

6-9 16 (8) 7 (7) 9 (9)

Pathological diagnosis 95 (49) 55 (28) 40 (38)

Endobronchial tumor location 31 (16) 24 (26) 7 (7)

Metastasis 41 (21) - 41 (39)

Primary NSCLC 154 (79) 91 (100) 62 (60%)

Tumor histology available* 85 (55) 55 (60) 42 (68%)

Adenocarcinoma 43 (28) 13 (14) 7 (11%)

Squamous cell carcinoma 29 (19) 29 (32) 23 (37%)

NSCLC NOS 8 (5) 8 (9) -

Large cell carcinoma 1 (1) 1 (1) 12 (19%)

Undifferentiated carcinoma 1 (1) 1 (1) -

Squamous dysplasia/carcinoma in situ/
adenosquamous carcinoma

3 (2) 3 (3) -

Disease stage* (TNM 7th)

Stage IA/IB 25 (16) / 41 (27) 19 (21) / 22 (24) 6 (7) / 19 (21)

Stage IIA/IIB 34 (22) / 27 (18) 11 (12) / 15 (16) 23 (25) / 12 (13)

Stage IIIA 18 (12) 16 (18) 2 (2)

Stage IV 1 (1) 1 (1) -

Recurrent NSCLC 7 (5) 7 (8) -

Treatment characteristics**
Total - n (%) or 
median (IQR)

vUmc - n (%) or 
median (IQR)

EMC - n (%) or 
median (IQR)

Planning target volume (cc) 80.4 (43.7-149.4) 88.7 (51.3-153.1) 67.6 (36.9-134.3)

PTv overlapping main bronchus or trachea 
(ultracentral location)

66 (33) 43 (47) 23 (22)

Prescribed treatment schedules

3 fractions 1 (1) - 1 (1)

5 fractions 65 (33) - 65 (63)

6 fractions 22 (11) - 22 (21)

7 fractions 16 (8) - 16 (15)

8 fractions 52 (27) 52 (57) -

12 fractions 39 (20) 39 (43) -
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Dosimetric analysis

Dosimetric details of 89 trachea, 121 main bronchi, 67 intermediate bronchi, and 308 lobar 

bronchi were analyzed (Figure 1). Median Dmax,EQD delivered to the trachea was 63 Gy (range 

21-146 Gy, interquartile range (IQR) 38-102 Gy), 103 Gy (range 23-334 Gy, IQR 56-131 Gy) 

for the MI, and 119 Gy (range 23-416 Gy, IQR 69-142 Gy) for the lobar bronchi. 

Overall survival and disease control

Median overall survival for all patients was 27.9 months (95% CI 22.3-33.6 months), and 

median follow-up of the surviving patients was 61.6 months (95% CI 50.9-72.4 months). 

Overall survival rates were 77.4% (95% CI 72.2-84.0%), 53.3% (95% CI 46.5-60.7%), and 

41.2% (95% CI 34.1-48.5%) at 1, 2, and 3 years, respectively. Median survival rates were 

similar between VUmc and EMC patients, with 29.8 months (95% CI 16.8-42.8 months) at 

VUmc and 24.7 months (95% CI 18.9-30.5 months) at EMC (p = 0.114). Median survival for 

patients with primary tumors was 26.6 months (95% CI 17.7-35.6 months), and 28.1 months 

(95% CI 21.3-34.9 months) for patients with metastatic lesions (p = 0.748). Survival rates 

at 1, 2, and 3 years were 74.6% (95% CI 68.5-82.3%), 51.4% (95% CI 43.7-59.7%), and 

42.3% (95% CI 34.4-50.5%) for primary NSCLC, respectively. 

Median follow-up for disease control was 36.4 months (95% CI 30.7-42.1 months). Any 

disease failure was observed in 77 patients (39%), and median disease free survival was 

27.0 months (95% CI 15.5-38.5). Local, regional, and distant failure manifested in 13%, 

10%, and 30% of patients, respectively. For primary NSCLC, these rates were 10%, 8%, and 

21%, respectively. 

Table 1 - Baseline patient and treatment characteristics (continued)

Patient characteristics
Total - n (%) or 
median (IQR)

vUmc - n (%) or 
median (IQR)

EMC - n (%) or 
median (IQR)

Prescribed dose (BED10 in Gy) 100.8 (90-105) 105 (90-105) 100 (86.4-115.5)

83.3 - 90.0 75 (38) 39 (43) 36 (35)

91.0 - 100.0 26 (13) - 26 (25)

101.0 - 130.0 70 (36) 52 (57) 18 (17)

131.0 - 150.0 23 (12) - 23 (22)

>150.0 1 (0.5) - 1 (1)

PTv Dmax (BED10 in Gy) 150.7 (129.1-170.1) 160.0 (142.4-168.4) 134.8 (119.4-173.4)

*All percentages are calculated for the subgroup of patients with primary NSCLC. **All percentages are calcu-
lated for the total of analyzed planning target volumes (n = 195). Abbreviations: BED10 = biologically effective 
dose with an α/β ratio of 10; EMC = Erasmus Medical Center; IQR = interquartile range; NSCLC = non-small 
cell lung cancer; NOS = not otherwise specified; PTV = planning target volume; VUmc = VU University Medical 
Center. 
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Figure 1 - Volume parameters in 
equivalent dose of 2 Gy per fraction 
(EQD2) values (Gy) for the central air-
ways. Circles and stars refer to outli-
ers and extreme values, respectively.
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Clinical pulmonary toxicity

Details on clinical toxicity were available in 193 patients. Grade ≥3 pulmonary toxicity was 

observed in a total of 24 patients (12%) (Table 2), and the first toxicity event was observed 

within 12 months after treatment in the majority of patients (67%). Radiation pneumonitis 

was the commonest G3 toxicity (n = 10), with 50% of the latter also having a radiographic 

bronchial toxicity, including 1 patient with an occlusion and 4 with an occlusion plus at-

electasis. At the time of this analysis, 133 patients (68%) had died. No information was 

available on the cause of death in 22 patients (17%). A possible (n = 6) or likely (n = 9) 

treatment-related death was observed in 15 patients (8%). Fatal lung haemorrhage, the 

commonest treatment-related death, was considered either possible (n = 5) or likely (n = 6) 

treatment-related in 11 patients (6%). Two patients who died as a consequence of euthana-

sia were considered to have a likely treatment-related death, and the remaining two patients 

died because of a possible and likely treatment-related respiratory failure (Table 2). Four 

patients scored as having a likely fatal toxicity had also developed a previous G3 toxicity.

Grade ≥3 clinical symptoms of a bronchus obstruction were observed in two patients (1%), 

both of them having an ultracentral PTV location (Table 2). One patient developed G3 

symptoms from atelectasis of the left lung, after presenting with pretreatment occlusion 

of the main stem bronchus. The atelectasis was visible approximately 1 month before the 

clinical symptoms were recorded. Another patient with an endobronchial tumor developed 

G3 hemoptysis during treatment. Although the first follow-up scan at 4.7 months did not 

reveal any radiographic toxicities, clinical records stated that death at 11.3 months after 

treatment was a consequence of euthanasia, performed because of severe dyspnea aris-

ing from chronic obstructive pulmonary disease (COPD) and a bronchial obstruction. The 

bronchial occlusion was accompanied by atelectasis and edema of the main stem/lower 

lobe bronchus. However, only 1 follow-up CT scan was available for review. 

Grade ≥3 lung haemorrhage was observed in a total of 13 patients (7%) (Table 2). The 

Charlson comorbidity index was ≥3 in 9 of them. An endobronchial tumor was present in 

46% of this subgroup, and the PTV overlapped with the main bronchi or trachea in 70%. 

Of the 10 patients with a pathological diagnosis, 7 had squamous cell carcinoma/dysplasia. 

In 11 patients who developed a fatal lung haemorrhage, a radiographic bronchial toxicity 

was identified in two. One patient had a stenosis of the lower lobe bronchus, and the other 

a stenosis of the right intermediate bronchus with occlusion and atelectasis of both the 

middle and lower lobe bronchus. 
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Table 2 - High grade clinical pulmonary and high grade radiographic bronchial toxicity

Number of
patients (%)

Time post-
treatment 
(months)

Additional
remarks

High grade (grade ≥3) clinical pulmonary toxicity (n = 193)

Grade 3 12 (6) 0.2-14.1

Radiation pneumonitis 10 (5) 2.0-14.1

Atelectasis due to main stem bronchus 
occlusion

1 (1) 13.7

Hemoptysis 1 (1) 0.2

Grade 4 Hemoptysis 1 (1) 20.1

Grade 5 15 (8) 5.6-18.5

Possible Fatal lung haemorrhage 5 (3) 6.5-18.5

Multifactorial respiratory failure 1 (1) 5.6

Likely Fatal lung haemorrhage 6 (3) 5.2-18.2 Two patients 
also developed 
G3 RP

Respiratory failure due to radiation 
pneumonitis/pneumonia with septicaemia

1 (1) 7.7

Euthanasia performed due to disease 
progression and dyspnea

1 (1) 13.1 Patient also 
developed 
G3 RP

Euthanasia performed after severe dyspnea 
due to severe COPD, and atelectasis and 
edema, both arising from bronchial obstruction 
(main stem/lower lobe bronchus)

1 (1) 11.3 Patient also 
developed G3 
hemoptysis

Total 24 (12) 0.2-20.1

High grade (occlusion with or without atelectasis) radiographic bronchial toxicity (n = 195)

Main stem bronchi 1 (0.5) 12.2

Intermediate bronchus 2 (1) 6.6-6.9

Lobar bronchi 34 (17) 2.3-38.4

Total 36 (18) 2.3-38.4

Clinical toxicity outcomes have been previously reported for all patients from VUmc, and for a subset of pa-
tients from EMC.6,9,11 Radiographic toxicity outcomes have been previously described for all patients included 
from EMC.24 Abbreviations: COPD = chronic obstructive pulmonary disease; G3 RP = grade 3 radiation pneu-
monitis. 

Radiographic bronchial toxicity

A total of 585 bronchial structures were evaluated for radiographic toxicity. The main 

bronchus, upper lobe bronchus, and lower lobe bronchus, could not be evaluated owing to 

an in-field recurrence in three patients. Follow-up CT scans were available for ≤12 months 

post-treatment in 86 patients (44%), for 12 to 24 months in 55 patients (28%), for 24 to 

36 months in 21 patients (11%), for 36 to 48 months in 14 patients (7%), and for >48 

months in 19 patients (10%). Any grade of radiographic toxicity was observed in 9 main 

stem bronchi, 8 intermediate bronchi, and 64 lobar bronchi at follow-up scans of 55 patients 

(28%) (Figure 2, Supplemental Figure 1). No patients developed radiographic toxicity of the 
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trachea. A single bronchus was affected in 36 patients, two bronchi in 12 patients, and three 

bronchi in 7 patients. High grade radiographic toxicity developed in 41 bronchial structures 

of 36 patients (18%) and mostly in the lobar bronchi (17%) (Figure 2, Table 2). The first 

radiographic toxicity event occurred within 12 months after SABR in 39 of the 55 patients 

(71%) with any grade of radiographic toxicity (range 1.7-48.2 months), and in 25 of the 36 

patients (69%) with high grade toxicity (range 2.3-38.4 months).

Figure 2 - Radiographic toxicity in the central airways: main stem bronchi (n = 9), intermediate bronchus (n = 8), 
upper lobe bronchi (n = 25), middle lobe bronchus (n = 6), and lower lobe bronchi (n = 33).

NTCP modeling for clinical and radiographic toxicity

Univariable logistic regression analysis was performed to identify significant dosimetric 

parameters for the purposes of an NTCP model. 

All analyzed dosimetric parameters were significantly associated with clinical toxicity, and 

the total V130Gy,EQD had the highest odds ratio (OR 1.68; 95% CI 1.26-2.24; p < 0.001), which 

corresponds to ±50 Gy in 5 fractions, ±58 Gy in 7 fractions, ±61 Gy in 8 fractions, and 
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±72 Gy in 12 fractions (Figure 3, Supplemental Table 3, Supplemental Figures 2-3). A 25% 

probability of ≥G3 toxicity was observed at a total V130Gy,EQD of 2.35 cc and at a Dmax,EQD of 190 

Gy (Figure 3). Grade 5 toxicity was associated with all analyzed parameters except for the 

total V130Gy,EQD, and a 5% probability was observed at a Dmax,EQD of 84 Gy (Figure 3). Additional 

subgroup analysis for a likely or possible treatment-related death revealed that the total 

V65Gy,EQD, V80Gy,EQD, V90Gy,EQD, and V100Gy,EQD were significantly associated with a likely treatment-

related death, whereas none of the analyzed dosimetric parameters were correlated with 

possible fatal toxicity (Supplemental Table 3). 

Figure 3 - Normal tissue complication probability (NTCP) models for clinical pulmonary and radiographic bron-
chial toxicity. The x-axis shows the dose range and is divided into five equal parts (“bins”). Solid black squares 
represent the observed incidence of toxicity for each bin (%). Both the number of patients with toxicity and the 
numbers at risk in each bin are indicated. Bins not containing any patients had no square shown in the graph. 
For clinical NTCP models, the maximum point dose in all analyzed structures, and a total volume of all structures 
receiving the specified doses, were calculated for each patient. Abbreviations: CI = confidence interval; EQD = 
equivalent dose of 2 Gy per fraction; VxxGy = volume receiving xx Gy in EQD values.

Any grade of radiographic bronchial toxicity in the main stem or intermediate bronchus 

was only significantly associated with maximum point doses delivered to the MI, with a 
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25% probability at a Dmax,EQD of 193 Gy (Supplemental Table 3, Figure 3). This corresponds 

to ±63 Gy in 5, ±72 Gy in 7, ±77 Gy in 8, and ±91 Gy in 12 fractions. An additional analysis 

for the development of a stenosis did not reveal any significantly associated parameters. 

All analyzed lobar bronchial dosimetric parameters were significantly associated with any 

grade and with high grade toxicity in the lobar bronchi, and the lobar bronchial V130Gy,EQD had 

the highest OR for both (OR 2.47; 95%CI 1.52-4.00; p<0.001, and, OR 2.29; CI 1.44-3.65; 

p=0.001, respectively) (Supplemental Table 3, Figure 3, Supplemental Figure 4-5). A 25% 

probability of any grade and high grade lobar bronchial toxicity was observed at a Dmax,EQD of 

133 Gy and 168 Gy, respectively. 

Normal tissue complication probability models of the volume parameters for both clinical 

and radiographic toxicity were all comparable with each other and steeper than the models 

of the Dmax,EQD.

Univariable and multivariable regression analyses

A univariable analysis was performed using clinical factors for the purposes of a multivari-

able analysis including both clinical and dosimetric predictors of toxicity (Supplemental 

Table 4). This revealed that radiographic bronchial toxicity was not significantly correlated 

with ≥G3 clinical toxicity (OR 1.22; 95% CI 0.49-3.05; p = 0.663). PTV overlap with the 

main stem bronchi/trachea (OR 4.16; 95% CI 1.54-11.23; p = 0.005), COPD (OR 4.09; 95% 

CI 1.11-15.05; p = 0.034), and the total V130Gy,EQD (OR 1.52; 95% CI 1.10-2.12; p = 0.012), 

were significantly correlated with the development of ≥G3 clinical toxicity on multivariable 

analysis.

For high grade radiographic toxicity, univariable analysis revealed that age and PTV overlap-

ping main stem bronchi or trachea were significant clinical predictors (Supplemental Table 

4). Entering these variables into a multivariable analysis with the total V130Gy,EQD showed that 

only PTV overlapping the main stem bronchi or trachea remained as a significant predictor 

for high grade radiographic toxicity (OR 2.87; 95% CI 1.16-7.06; p = 0.022).

DISCUSSION

To the best of our knowledge, this study represents the largest to date on the treatment of 

centrally located lung tumors with either SABR or hypofractionated radiotherapy delivered 

in ≤12 fractions. Grade 3 or higher clinical pulmonary toxicity and radiographic toxicity 

were observed in 12% and 28% of patients, respectively. The majority of both toxicities 

manifested within 12 months after treatment. A fatal lung haemorrhage was the commonest 

cause of treatment-related death (6%), and most high grade radiographic toxicities occurred 
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in the lobar bronchi (17%). All analyzed dosimetric parameters were significantly correlated 

with clinical and radiographic lobar bronchial toxicity on univariable analysis, with V130Gy,EQD 

having the highest OR. Multivariable analysis revealed that PTV overlap with the trachea or 

main stem bronchus and COPD strongly correlated with ≥G3 clinical toxicity, as did the total 

V130Gy, EQD.

Rates of clinical toxicities observed in this study are consistent with ongoing prospective 

trials on central lung SABR, and with data from retrospective studies that have reported a 15 

to 24% incidence of pulmonary toxicity.2,3,21–23 Preliminary results of the Radiation Therapy 

Oncology Group (RTOG) 0813 trial reported 15% high grade toxicity, and all observed G5 

toxicity was due to a fatal lung haemorrhage (4%).3 This trial permitted a maximum point 

dose of 105% for the main bronchi, corresponding to a Dmax,EQD of ±197 Gy for a regimen 

with 5 fractions of 12 Gy. In our NTCP model, a Dmax,EQD of 190 Gy resulted in a 25% prob-

ability for ≥G3 clinical toxicity, and in a probability of 15% for fatal toxicity. The prospective 

HILUS trial included 42 patients with tumors close to a main stem bronchus (group A) and 

31 patients with tumors close to a lobar bronchus (group B).2 All patients were treated with 

8 fractions of 7 Gy. Dose limits were mandatory for trachea and contralateral main bronchus 

(Dmax,EQD = 89 Gy), and for the ipsilateral main stem bronchus only dose guidelines were 

recommended (Dmax,EQD = 112 Gy). Early toxicity analysis showed severe toxicity in 28% of 

patients, and grade 4/5 toxicity occurred more in group A (19%) than in group B (3%). Six 

out of the 7 patients with a fatal toxicity died of a lung haemorrhage (14%). The current 

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

correlated with both ≥G3 clinical toxicity and high grade radiographic toxicity. A PTV overlap 

was present in 33% of all patients and in 70% of patients who developed ≥G3 lung bleed-

ing.

There are limited data available on radiographic bronchial toxicity after SABR. The HILUS 

trial reported a rate of 28% for grade 1-2 atelectasis and an 8% rate for grade 1-2 bron-

chus obstruction/stricture, which is in line with our rates of radiographic toxicity (28%).2 

Although the specific pathophysiologic mechanism of radiation-induced bronchial damage 

is unclear, a correlation with airway diameter has been postulated.21 We observed no toxici-

ties in the trachea, and the highest rate of radiographic toxicity was observed in the lobar 

bronchi. A 25% probability of any grade of toxicity in the lobar bronchi was observed at a 

Dmax,EQD of 133 Gy, whereas a higher point dose of 193 Gy was associated with toxicity to 

the main stem and intermediate bronchi. However, radiographic bronchial toxicities were 

not significantly associated with clinical pulmonary toxicities in our series (Supplemental 

Table 4). A potential explanation could be the hypothesis that radiation damage to the lobar 

bronchi more often causes subclinical toxicity, because clinically relevant toxicity mani-

fested in only two patients with radiologic toxicity in the main stem bronchus. In addition, 
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factors besides radiographic bronchial damage, such as lung function and comorbidities, 

could play an important role in the development of clinical toxicity. We observed a volume 

dependency for the development of toxicity, consistent with previous work.24 The highest 

odds ratios for both clinical and radiographic toxicity were observed for the volumes re-

ceiving the highest doses, and the lowest OR was observed for the maximum point doses 

(Supplemental Table 4). Although the V130Gy had the highest OR for both ≥G3 clinical and 

radiographic toxicity, this parameter was not significantly associated with G5 toxicity. When 

patients were stratified into groups based on a possible or likely treatment-related death, 

dosimetric variables were found to be predictive only in patients scored to have a likely 

treatment-related death. This finding may reflect the inherent uncertainty when scoring 

G5 toxicity as “possibly treatment-related” if no other potential cause could be identified, 

leading to an over-reporting of G5 toxicity. However, our findings should be interpreted with 

caution given the small numbers of patients included in this subgroup analysis. 

A number of limitations of this study are acknowledged. Although all potential high grade 

toxicity was evaluated by at least two experienced radiation oncologists, the retrospective 

character of this pooled analysis and the variations in follow-up duration may have led 

to an under-reporting or less inaccurate scoring of toxicity. The difficulty of distinguishing 

between a recurrence and a bronchial injury in some cases may also have contributed to the 

latter. Observed dose-response relationships may have been confounded by differences in 

treatment techniques between the centers and possible discrepancies between planned 

versus delivered doses. 

In conclusion, the high grade toxicity rates observed in this pooled analysis of central lung 

tumors treated with SABR or hypofractionated radiotherapy in ≤12 fractions seem to be 

consistent with emerging data from prospective trials of central lung SABR. No significant 

correlation was observed between radiographic bronchial damage and clinically relevant 

pulmonary toxicity, and NTCP modeling confirms the volume dependency of both clinical 

and radiographic toxicity. Because an ultracentral tumor location strongly correlates with 

both radiographic and clinical toxicity, SABR for such tumors should be pursued with caution 

until more data are forthcoming.



NTCP modeling for pulmonary toxicity

107

6

REFERENCES

 1. Vansteenkiste J, De Ruysscher D, Eberhardt 

WEE, et al. Early and locally advanced 

non-small-cell lung cancer (NSCLC): ESMO 

Clinical Practice Guidelines for diagnosis, 

treatment and follow-up. Ann Oncol. 2013 

Oct;24 Suppl 6:vi89-98.

 2. Lindberg K, Bergström P, Brustugun OT, et 

al. OA24.05 The Nordic HILUS-Trial - First 

report of a phase II trial of SBRT of cen-

trally located lung tumors. J Thorac Oncol. 

2017;12(1):S340-S340. 

 3. Bezjak A, Paulus R, Gaspar LE, et al. Primary 

study endpoint analysis for NRG oncol-

ogy/RTOG 0813 trial of stereotactic body 

radiation therapy (SBRT) for centrally lo-

cated non-small cell lung cancer (NSCLC). 

Int J Radiat Oncol. 2016;94(1):5-6. 

 4. Roesch J, Panje C, Sterzing F, et al. SBRT 

for centrally localized NSCLC – What is too 

central? Radiat Oncol. 2016;11(1):157.

 5. Haseltine JM, Rimner A, Gelblum DY, et 

al. Fatal complications after stereotactic 

body radiation therapy for central lung 

tumors abutting the proximal bronchial 

tree. Pract Radiat Oncol. 6(2):e27-33.

 6. Tekatli H, Haasbeek N, Dahele M, et al. 

Outcomes of hypofractionated high-dose 

radiotherapy in poor-risk patients with 

“ultracentral” non–small cell lung cancer. 

J Thorac Oncol. 2016;11(7):1081-1089.

 7. Videtic GMM, Donington J, Giuliani M, et 

al. Stereotactic body radiation therapy 

for early-stage non-small cell lung can-

cer: Executive Summary of an ASTRO 

Evidence-Based Guideline. Pract Radiat 

Oncol. 2017;30(0):3136-3140.

 8. Ettinger DS, Wood DE, Chair Fred V, et al. 

NCCN Guidelines Version 4.2017. Natl 

Compr Cancer Netw. 2017. Available at: 

https://www.nccn.org/patients/ Accessed: 

March 4, 2017.

 9. Nuyttens JJ, Van Der Voort Van Zyp NC, 

Praag J, et al. Outcome of four-dimension-

al stereotactic radiotherapy for centrally 

located lung tumors. Radiother Oncol. 

2012;102(3):383-387. 

 10. Lagerwaard FJ, Haasbeek CJ, Smit EF, Slot-

man BJ, Senan S. Outcomes of risk-adapted 

fractionated stereotactic radiotherapy for 

stage I non-small-cell lung cancer. Int J 

Radiat Oncol Biol Phys. 2008;70(3):685-

692.

 11. Tekatli H, Senan S, Dahele M, Slotman BJ, 

Verbakel WFAR. Stereotactic ablative ra-

diotherapy (SABR) for central lung tumors: 

Plan quality and long-term clinical out-

comes. Radiother Oncol. 2015;117(1):64-

70.

 12. Underberg RWM, Lagerwaard FJ, Slotman 

BJ, Cuijpers JP, Senan S. Use of maximum 

intensity projections (MIP) for target 

volume generation in 4DCT scans for 

lung cancer. Int J Radiat Oncol Biol Phys. 

2005;63(1):253-260.

 13. Verbakel W, Senan S, Cuijpers JP, 

Slotman BJ, Lagerwaard FJ. Rapid de-

livery of stereotactic radiotherapy for 

peripheral lung tumors using volumetric 

intensity-modulated arcs. Radiother On-

col. 2009;93(1):122-124.

 14. Nuyttens JJ, van de Pol M. The CyberKnife 

radiosurgery system for lung cancer. Ex-

pert Rev Med Devices. 2012;9(5):465-475.

 15. Ong CL, Palma D, Verbakel WF a R, Slot-

man BJ, Senan S. Treatment of large stage 

I-II lung tumors using stereotactic body 

radiotherapy (SBRT): Planning consider-

ations and early toxicity. Radiother Oncol. 

2010;97(3):431-436.

 16. Bongers EM, Botticella A, Palma DA, et al. 

Predictive parameters of symptomatic 

radiation pneumonitis following stereo-

tactic or hypofractionated radiotherapy 

delivered using volumetric modulated 

arcs. Radiother Oncol. 2013;109(1):95-99. 

 17. Joiner MC, Kogel A van der. Basic Clinical 

Radiobiology; 4th ed. Hodder Arnold; 

2009. 



Chapter 6

108

 18. Schemper M, Smith TL. A note on quantify-

ing follow-up in studies of failure time. 

Control Clin Trials. 1996;17:343-346.

 19. Robertson JM, Söhn M, Yan D. Predicting 

Grade 3 Acute diarrhea during radiation 

therapy for rectal cancer using a cutoff-

dose logistic regression normal tissue 

complication probability model. Int J 

Radiat Oncol Biol Phys. 2010;77(1):66-72.

 20. Agresti A, Finlay B. Statistical Methods 

for the Social Sciences. 4th ed. Pearson 

International Edition; 2009.

 21. Karlsson K, Nyman J, Baumann P, et al. Ret-

rospective cohort study of bronchial doses 

and radiation-induced atelectasis after 

stereotactic body radiation therapy of lung 

tumors located close to the bronchial tree. 

Int J Radiat Oncol Biol Phys. 2013;87:590-

595. 

 22. Lischalk JW, Malik RM, Collins SP, Collins 

BT, Matus IA, Anderson ED. Stereotactic 

body radiotherapy (SBRT) for high-risk 

central pulmonary metastases. Radiat 

Oncol. 2016;11(1):28. 

 23. Unger K, Ju A, Oermann E, et al. CyberKnife 

for hilar lung tumors: report of clinical 

response and toxicity. J Hematol Oncol. 

2010;3(1):39.

 24. Duijm M, Schillemans W, Aerts JG, Heijmen 

B, Nuyttens JJ. Dose and volume of the 

irradiated main bronchi and related side 

effects in the treatment of central lung 

tumors with stereotactic radiotherapy. 

Semin Radiat Oncol. 2016;26(2):140-148. 



NTCP modeling for pulmonary toxicity

109

6

SUPPLEMENTAL MATERIALS

Supplemental Figure 1 – An example of a patient with an ultracentral tumor who was treated with 12 fractions 
of 5 Gy. The left panel shows two axial slices of the planning CT-scan, and the right panel shows corresponding 
slices of the follow-up CT scan 12.7 months later. Patient developed a stenosis of the left upper lobe bronchus 
(images A and B), and also an occlusion with atelectasis of the left lower lobe bronchus (images C and D). 
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Supplemental Figure 2 – NTCP models for grade 3 or higher clinical pulmonary toxicity.

Supplemental Figure 3 – NTCP models for possible or likely treatment-related death (G5 toxicity). 

Supplemental Figures 2 to 5 - Normal tissue complication probability (NTCP) models for clinical and radiographic 
toxicity. The x-axis shows the dose range and is divided into five equal parts (“bins”). Solid black squares rep-
resent the observed incidence of toxicity for each bin (%). Both the number of patients with toxicity and the 
numbers at risk in each bin are indicated. Bins not containing any patients had no square shown in the graph. 
For clinical NTCP models, the maximum point dose in all analyzed structures, and a total volume of all structures 
receiving the specified doses, were calculated for each patient.
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Supplemental Figure 4 – NTCP models for any grade of radiographic toxicity (stenosis, occlusion without atelec-
tasis, or occlusion with atelectasis) in the lobar bronchi.
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Supplemental Figure 5 – NTCP models for an occlusion without or with atelectasis in the lobar bronchi.
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Supplemental Table 1 - Institutional fractionation schedules for centrally located lung tumors

vU University Medical Center Fractionation schedule BED10 (Gy)

Central tumor adjacent to and/or with minimal overlap with 
plexus, hilus, stomach, pericardium, or mediastinum

8 fractions of 7.5 Gy 105.0

Central tumor with a substantial overlap with mediastinal 
structures and/or
Presence of pathological ipsilateral mediastinal nodes

12 fractions of 5 Gy 90.0

Erasmus Medical Center* Fractionation schedule BED10 (Gy)

Central tumor close to the esophagus

Ray Tracing 6 or 7 fractions of 8 Gy 86.4 or 100.8

Monte Carlo 7 fractions of 7 Gy 83.3 

Other central lung tumors

Ray Tracing 5 fractions of 9, 10 or 12 Gy 85.5, 100.0 or 132.0

Monte Carlo 5 fractions of 11 Gy 115.5 

*Initially, tumors were planned and treated using a Ray Tracing algorithm. Over time, the schedules used were 
changed as no severe toxicity was observed. After introduction of the Monte Carlo calculation algorithm, the 
prescriptions were again revised. Abbreviations: BED10 = biologically effective dose with an α/β ratio of 10.

Supplemental Table 2 - Institutional point dose limits (Dmax) for the organs at risk

vU University Medical Center

Organ(s) Fractionation schedule
8 x 7.5 Gy (total EQD2)

Fractionation schedule
12 x 5 Gy (total EQD2)

Esophagus (α/β = 3) 40 Gy (64) 48 Gy (67)

Heart (α/β = 3)* 44 Gy (75) 54 Gy (81)

Trachea (α/β = 3)* 44 Gy (75) 54 Gy (81)

Main stem bronchus (α/β = 3)* 44 Gy (75) 54 Gy (81)

Great vessels (α/β = 3)* - -

Spinal canal (α/β = 2) 28 Gy (39) 32 Gy (37)

Brachial plexus (α/β = 3) 36 Gy (54) 42 (55)

Erasmus Medical Center

Organ(s) Fractionation schedule
5 x 11 Gy (total EQD2)

Fractionation schedule
7 x 7 Gy (total EQD2)

Esophagus (α/β = 3) 35 Gy (70) 42 Gy (76)

Trachea (α/β = 3) 45 Gy (108) 49 Gy (98)

Main stem bronchus (α/β = 3) 55 Gy (154) 49 Gy (98)

Spinal cord (α/β = 2) 27.5 Gy (52) 32.9 Gy (55)

Brachial plexus (α/β = 3) 30 Gy (54) 35 Gy (56)

*No specific dose limit was applied when the planning target volume is adjacent to or overlapping the organ 
in question, but in practice the point Dmax was frequently constrained during planning. Abbreviations: EQD2 = 
equivalent dose in 2 Gy per fraction.
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Supplemental Table 3 – Univariable logistic regression analyses of dosimetric parameters for clinical pulmonary 
or radiographic bronchial toxicity

Clinical high grade pulmonary toxicity (total number of analysed patients = 193)*

Grade 3 or higher toxicity (number of patients with toxicity = 24)

Total Dmax,EQD Total v65Gy,EQD Total v80Gy,EQD Total v90Gy,EQD Total v100Gy,EQD Total v130Gy,EQD 

OR 
95% CI 

1.02 
1.01-1.03

1.21
1.11-1.31

1.25 
1.14-1. 4

1.28 
1.16-1.42

1.35 
1.20-1.53

1.68 
1.26-2.24

P-value 0.002 <0.001 <0.001 <0.001 <0.001 <0.001

Grade 5 toxicity (number of patients with toxicity = 15)

Total Dmax,EQD Total v65Gy,EQD Total v80Gy,EQD Total v90Gy,EQD Total v100Gy,EQD Total v130Gy,EQD 

OR 
95% CI

1.01 
1.00-1.02

1.18 
1.08-1.30

1.21 
1.10-1.34

1.23 
1.11-1.37

1.27 
1.12-1.43

1.26 
0.98-1.62

P-value 0.029 <0.001 <0.001 <0.001 <0.001 0.066

Likely G5 toxicity (number of patients with toxicity = 9)

Total Dmax,EQD Total v65Gy,EQD Total v80Gy,EQD Total v90Gy,EQD Total v100Gy,EQD Total v130Gy,EQD 

OR 
95% CI

1.01
1.00-1.02

1.20
1.08-1.34

1.23
1.10-1.38

1.25
1.10-1.42

1.28
1.11-1.47

1.22
0.90-1.65

P-value 0.184 0.001 <0.001 <0.001 0.001 0.195

Possible G5 toxicity (number of patients with toxicity = 6)

Total Dmax,EQD Total v65Gy,EQD Total v80Gy,EQD Total v90Gy,EQD Total v100Gy,EQD Total v130Gy,EQD 

OR 
95% CI 

1.01
1.00-1.02

1.11
0.98-1.26

1.13
0.98-1.30

1.14
0.98-1.32

1.16
0.98-1.37

1.25
0.90-1.75

P-value 0.053 0.114 0.091 0.09 0.084 0.183

Radiographic toxicity of the main stem and intermediate bronchi (number of analysed structures = 189)

Any grade of toxicity (number of structures with toxicity = 17) 

Dmax,EQD v65Gy,EQD v80Gy,EQD v90Gy,EQD v100Gy,EQD v130Gy,EQD 

OR 
95% CI

1.02 
1.00-1.03 

1.16
0.96-1.40 

1.16 
0.94-1.43

1.19 
0.95-1.49 

1.20 
0.93-1.56 

1.75 
0.81-3.77

P-value 0.010 0.122 0.163 0.136 0.166 0.157

Radiographic toxicity of the lobar bronchi (number of analysed structures = 311) 

Any grade of toxicity (number of structures with toxicity = 64) 

  Dmax,EQD v65Gy,EQD v80Gy,EQD v90Gy,EQD v100Gy,EQD v130Gy,EQD 

OR
95% CI

1.02 
1.01-1.02 

1.56 
1.25-1.93 

1.61 
1.28-2.01

1.62 
1.28-2.04

1.75 
1.35-2.28

2.47 
1.52-4.00

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

High grade toxicity (number of structures with toxicity = 38) 

  Dmax,EQD v65Gy,EQD v80Gy,EQD v90Gy,EQD v100Gy,EQD v130Gy,EQD 

OR
95% CI

1.02 
1.01-1.03

1.60 
1.26-2.02

1.69 
1.32-2.16

1.76 
1.37-2.28

1.96
1.47-2.61

2.29
1.44-3.65

P-value 0.021 <0.001 <0.001 <0.001 <0.001 0.001 

Bold values resemble a p-value of <0.05. *Maximum point dose in all bronchial structures (total Dmax,EQD) and 
total volume of all bronchial structures receiving a specific dose (65 Gy in EQD2, 80 Gy in EQD2, 90 Gy in EQD2, 
100 Gy in EQD2, or 130 Gy in EQD2) was calculated for each patient. Abbreviations: Dmax,EQD = maximum point 
dose in  EQD2; EQD2 = equivalent dose in 2 Gy per fraction; OR = odds ratio; 95% CI = 95% confidence interval.
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Supplemental Table 4 - Univariable and multivariable logistic regression analyses for factors predicting high 
grade clinical (n = 193) and radiographic toxicity (n = 195)

Grade 3 or higher clinical pulmonary toxicity

Univariable analysis Multivariable analysis

Characteristic ≥G3 toxicity No toxicity OR (95% CI) P-value OR (95% CI) P-value

Age 0.98 (0.95-1.02) 0.306 - -

Gender

Female n = 8 n = 64 0.82 (0.33-2.03) 0.668 - -

Male n = 16 n = 105 1

COPD

Yes n = 21 n = 96 5.03 (1.44-17.54) 0.011 4.09 (1.11-15.05) 0.034

No n = 3 n = 69 1 1

Unknown* n = 0 n = 4

Previous treatment 

Yes n = 4 n = 26 1.10 (0.35-3.48) 0.871 - -

No n = 20 n = 143 1

Histology 

Primary n = 22 n = 130 1 0.117 0.38 (0.07-2.06) 0.263

Metastastic n = 2 n = 39 0.30 (0.07-1.35) 1

PTv overlap with main stem bronchi/trachea

Yes n = 16 n = 48 5.04 (2.03-12.55) 0.001 4.16 (1.54-11.23) 0.005

No n = 8 n = 121 1 1

Any grade of radiographic bronchial toxicity

Yes n = 8 n = 49 1.22 (0.49-3.05) 0.663 - -

No n = 16 n = 120 1

High grade radiographic bronchial toxicity

Yes n = 4 n = 23 1.27 (0.40-4.05) 0.687 - -

No n = 20 n = 146 1

Total v130Gy,EQD (all bronchial structures) 1.68 (1.26-2.24) <0.001 1.52 (1.10-2.12) 0.012

High grade radiographic toxicity (occlusion with or without atelectasis) in any bronchial structure

Univariable analysis Multivariable analysis

Characteristic Toxicity No toxicity OR (95% CI) P-value OR (95% CI) P-value

Age 1.05 (1.00-1.10) 0.036 1.04 (0.99-1.10) 0.100

Gender

Female n = 4 n = 67 0.262 (0.09 – 0.79) 0.018 0.373 (0.12-1.19) 0.097

Male n = 23 n = 101 1 1

COPD 

Yes n = 18 n = 100 1.28 (0.54-3.02) 0.573 - -

No n = 9 n = 64 1

Unknown* n = 0 n = 4

Previous treatment 

Yes n = 6 n = 24 1.71 (0.63-4.68) 0.293 - -

No n = 21 n = 144 1
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High grade radiographic toxicity (occlusion with or without atelectasis) in any bronchial structure (continued)

Univariable analysis Multivariable analysis

Characteristic Toxicity No toxicity OR (95% CI) P-value OR (95% CI) P-value

Histology

Primary n = 23 n = 131 1 0.397 - -

Metastatic n = 4 n = 37 0.62 (0.20-1.89)

PTv overlap with main stem bronchi/trachea

Yes n = 16 n = 50 3.43 (1.49-7.92) 0.004 2.87 (1.16-7.06) 0.022

No n = 11 n = 118 1 1

Total v130Gy,EQD (all bronchial structures) 1.35 (1.07 – 1.71) 0.012 1.237 (0.95 – 1.62) 0.120

Bold values resemble a p-value of ≤0.20 on univariable analysis or <0.05 on multivariable analysis. Variables 
with a p-value of ≤0.20 in the univariable analysis were included in a multivariable logistic regression analysis. 
*This subgroup was not used in the analysis. Abbreviations: CI = confidence interval; COPD = Chronic Obstruc-
tive Pulmonary Disease; ≥G3 = grade 3 or higher; GOLD = Global Initiative for Chronic Obstructive Lung Dis-
ease; OR = odds ratio; PTV = planning target volume. 




