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ABSTRACT

Purpose

To correlate esophagus toxicity and dose volume histogram (DVH) parameters in order to 

assess risks, and derive a normal tissue complication probability (NTCP) model.

Methods and Materials

Patients with a central lung tumor from two centers, who underwent stereotactic or hy-

pofractionated radiotherapy (≤12 fractions), were analyzed. Doses were recalculated to an 

equivalent dose of 2 Gy per fraction with an α/β ratio of 10 (EQD2
10). The esophagus was 

manually delineated and DVH parameters (Dmax,EQD2, D1cc,EQD2, D2cc,EQD2, D5cc,EQD2 ) were analyzed 

and used for NTCP modeling based on logistic regression analysis.

Results

Two-hundred-and-thirty-one patients with 252 tumors were eligible. No acute or late grade 

3 to 5 esophageal toxicity was reported. Acute grade 1 or grade 2 esophagus toxicity was 

recorded in 38 patients (17%). All DVH parameters were significantly higher in patients with 

toxicity. NTCP models showed a 50% probability of acute grade 1-2 toxicity at a Dmax of 67 

Gy EQD2
10 and D1cc of 42 Gy EQD2

10. No difference in overall survival was observed between 

patients with and without toxicity (p = 0.428).

Conclusion

As no grade 3 to 5 esophageal toxicity was observed in our cohort, a Dmax of 56 Gy EQD2
10 

and D5cc of 35.5 Gy EQD2
10 could be delivered without high risks of severe toxicity. The NTCP 

models of this study might be used as practical guidelines for the treatment of central lung 

tumors with stereotactic radiotherapy.
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INTRODUCTION

Stereotactic body radiation therapy (SBRT), also referred as stereotactic ablative radio-

therapy (SABR), has become the standard of care for patients with early stage non-small cell 

lung cancer (NSCLC) who are medically or surgically inoperable or refuse surgery.1 Patients 

with central lung tumors are at higher risk of toxicities when treated up to a dose of 60-66Gy 

in 3 fractions.2 Although risk-adapted fractionation schedules with accompanying dose 

constraints are now implemented, both retrospective studies and prospective trials report 

radiation related complications following the treatment of central lung tumors.3-6 

While toxicity of the lung parenchyma, presenting as radiation pneumonitis, is not associ-

ated with tumor location, central tumor position is an important factor in the development of 

toxicity of the bronchi.7-8 Bronchial stenosis, occlusion and atelectasis, have been associated 

with both the Dmax and the bronchial volume receiving more than 65 Gy EQD2 (α/β of 3).9 

High grade esophagus toxicity has also been associated with high SABR doses.10-12 Painful 

dysphagia followed by death due to an esophageal ulcer five months after treatment has 

been associated with a Dmax of 50.5 Gy (94 Gy EQD2 using an α/β ratio of 3).11 Chang et al. 

suggested a limit of V30Gy ≤1 cm3 (in 4 fractions) after reporting grade 2 esophagitis in only 

4% of the patients.12 

Although many institutions have published their experiences with treating central lung 

tumors, there is currently no consensus on standard dose constraints for organs at risk.13 

Commonly recommended constraints, derived from ongoing prospective trials, have not 

been validated in large populations (NCT01795521, NCT00750269).

The goal of this study was to determine the incidence of esophageal toxicity in central lung 

tumors treated with SABR and to identify dosimetric and clinical predictors for esophageal 

toxicity. Furthermore, the odds of toxicity were calculated and a normal tissue complication 

probability (NTCP) model was derived to predict the development of esophageal toxicity.

MATERIALS AND MEHODS

We retrospectively analyzed patients from two centers, Erasmus Medical Center (EMC) and 

VU University Medical Center (VUmc), who were treated between 2006 and 2015 with SABR 

or hypofractionated radiotherapy (≤12 fractions) for primary or metastatic central lung 

tumors. Central tumors were defined as tumors located within 2 centimeters of the trachea, 

mainstem-, intermediate-, upper-, middle- or lower- lobe bronchus or the esophagus. 
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At both centers, patients were treated with risk-adaptive SABR schedules based on tumor 

location and tumor volume.14,15 At EMC, dose prescription varied over time due to changing 

dose constraints and the introduction of the Monte-Carlo based algorithm. Tumors close to 

the esophagus were treated with 6-7 fractions of 7-8 Gy, while other central tumors received 

5 fractions of 9-12 Gy, except 2 tumors which received 3 fractions of 20 Gy. At VUmc, tumors 

with a planning target volume (PTV) overlapping the trachea or main stem bronchi were 

treated with 12 fractions of 5 Gy and all other central tumors received 8 fractions of 7.5 Gy 

(Supplemental Table 1).

Treatment planning and delivery have been previously described.16-18 Briefly, at EMC the 

PTV consisted of the gross tumor volume plus 5 millimeter. The PTV dose was prescribed 

to the 70-90% isodose line covering at least 95% of the PTV. Organ at risk (OAR) dose 

constraints were given priority over PTV coverage (Supplemental Table 2). Dose calculations 

were performed using Multiplan® and patients were treated with a Cyberknife® Robotic 

Radiosurgery System (both Accuray Inc, Sunnyvale, CA). At VUmc, the PTV was generated 

using a 5 mm expansion of the internal target volume. Dose calculations were performed on 

the average intensity projection (Ave-IP) of the 4D-CT scan. At least 95% and 99% of the 

PTV had to receive 100% and 90% of the prescribed dose, respectively. An inhomogeneous 

dose distribution was planned with a PTV maximum of 110%-140% of the prescribed dose. 

A higher priority to the OAR was only given to avoid exceeding dose limits of the esophagus, 

spinal canal and brachial plexus (Supplemental Table 2). Treatment was delivered in free 

breathing using coplanar volumetric modulated arc therapy (VMAT) RapidArc™ (Varian Medi-

cal Systems, Palo Alto, USA) and online cone-beam CT based setup on the tumor.

For all patients, the esophagus was manually delineated on the planning CT scan using 

mediastinal window levels. Due to variations in the fractionation schemes, all doses were 

converted into an equivalent dose of 2 Gy per fraction (EQD2) using the following formula: 

EQD2 = D*(d+α/β)/(2.0+α/β); with D = total dose, d = dose per fraction and α/β ratio of 10 

Gy for the tumor and esophagus (the abbreviation used for an EQD2 with α/β ratio of 10 Gy 

is EQD2
10). Doses delivered to specific volumes of the esophagus (Dmax,EQD2, D1cc,EQD2, D2cc,EQD2 

and D5cc,EQD2 ) were derived from the dose volume histogram (DVH) of each patient. 

Follow-up was generally performed 3, 6, 12, 18 and 24 months following radiation and an-

nually thereafter. All patient medical records from hospitals and general practitioners were 

screened for esophageal toxicity and disease control. Esophageal toxicity was retrospec-

tively scored using the Common Terminology Criteria for Adverse Events v4.0. Toxicity was 

considered to be acute when it occurred within 3 months after the end of treatment and as 

late if it occurred thereafter. 
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Logistic regression analysis was performed to define clinical or dosimetric predictors of 

toxicity. Toxicity was dichotomized into the presence or absence of toxicity. Variables with 

a p-value of ≤0.20 in univariable analysis were entered into a multivariable analysis. When 

more than 1 dosimetric parameter had a p-value of <0.05 in the univariable analyses, the 

parameter with the highest odds ratio was included in the multivariable analysis. The NTCP 

analysis was calculated based on a logistic model. The univariable logistic regression analy-

sis was used for the correlation of toxicity with DVH parameters. Each significant dosimetric 

parameter (p <0.05) was modelled into an individual NTCP curve. The odds were obtained 

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

 

compared using the log-rank test.18  

fitted into an NTCP model. 

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

NTCP = 100% . 19,20  
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multivariable analysis. A p-value <

on clinical tox
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following equation was used to build the NTCP models: 
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Results 
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.19, 20

Overall survival was defined as the first day of treatment until the date of death, and local con-

trol was defined as the first day of treatment until the date of local recurrence. If no event was 

observed, the patient was censored at the last date of contact that the patient was still alive. 

Survival and local control were calculated using Kaplan-Meier analysis and differences between 

groups were tested with log-rank tests. Non normally distributed variables were compared us-

ing the Mann-Whitney U Test. P-values of <0.05 were considered statistically significant. All 

analyses were performed using IBM SPSS statistics version 21.0 (IBM, Armonk NY). This study 

was granted approval from the institutional medical ethics committees at both institutions.

RESULTS

A total of 231 patients with 252 tumors were identified. There were 149 males (65%) 

included and the median age was 74 years. Twenty patients had multiple tumors treated in 

a single plan, according to the following scenarios: 2 adjacent metastatic tumors (n = 3), 2 

mediastinal lymph nodes (n = 1), a primary NSCLC tumor accompanied by a lymph node (n 

= 15) or a primary NSCLC accompanied by 2 lymph nodes (n = 1). One-hundred-and-eighty-

seven patients (81%) had primary lung cancer and 44 patients (19%) metastatic lung le-

sions. The median PTV volume was 80.1 cc with an inter quartile range (IQR) of 47.1-148.7. 

The median follow up was 16.0 months (IQR 8.4 - 29.0). Additional patient characteristics 

are shown in Table 1. 
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Table 1 – Patient and tumor characteristics

Characteristics Total – n (%) or median (IQR)

Age (years) 74 (67 – 80)

Sex

Female 82 (35%)

Male 149 (65%)

Disease

Primary NSCLC 187 (81%)

Lung metastasis 44 (19%)

Charlson Comborbidity Index

0-2 119 (52%)

3-5 93 (40%)

6-9 19 (8%)

Prescribed dose*

7 x 7 Gy (69.4 Gy EQD2
10) 10 (4%)

5 x 9 Gy (71.3 Gy EQD2
10) 5 (2%)

6 x 8 Gy (72.0 Gy EQD2
10) 27 (12%)

12 x 5 Gy (75.0 Gy EQD2
10) 45 (19%)

5 x 10 Gy (83.3 Gy EQD2
10) 19 (8%)

7 x 8 Gy (84.0 Gy EQD2
10) 9 (4%)

8 x 7.5 Gy (87.5 Gy EQD2
10) 65 (28%)

5 x 11 Gy (96.3 Gy EQD2
10) 23 (10%)

5 x 12 Gy (110 Gy EQD2
10) 26 (11%)

3 x 20 Gy (150 Gy EQD2
10) 2 (1%)

PTV size (cc) 80.1 (47.1 – 148.7)

Follow-up (months) 16.0 (8.4 – 29.0)

*For detailed information about the institutional fractionation schedules, see Supplemental Table 1.
Abbreviations: EQD2

10 = equivalent dose of 2 Gy per fraction with α/β ratio of 10; IQR = inter quartile range; PTV 
= planning target volume; NSCLC = non-small cell lung cancer.

Acute or late grade 3 to 5 esophageal toxicity was not reported. Thirty-eight patients 

(16.5%) developed acute grade 1 or 2 esophageal toxicity. Grade 1 toxicity was seen in 31 

patients (13.5%) and grade 2 toxicity in 7 patients (3.0%). The number of patients that have 

experienced grade 1 or 2 toxicity for each fractionation schedule were 0 out of 2 patients, 

9/73 patients, 9/27 patients, 8/19 patients, 5/65 patients and 7/45 patients for 3, 5, 6, 7, 8 

and 12 fractions, respectively.

For all patients, the median esophagus Dmax was 29.8 Gy EQD2
10 (IQR 18.1-44.7). The median 

D1cc, D2cc and D5cc were 20.4 Gy EQD2
10, 17.7 Gy EQD2

10 and 13.2 Gy EQD2
10, respectively. 

Patients who developed acute esophageal toxicity received a significantly higher Dmax than 

those who did not develop toxicity (median 46.9 Gy EQD2
10 (IQR 39.7-55.3) versus 26.7 Gy 

EQD2
10 (IQR 16.5-40.9), respectively; p <0.001). The remaining dosimetric values, D1cc,EQD2, 

D2cc,EQD2 and D5cc,EQD2, were also significantly higher in patients who experienced toxicity 

(Table 2). 
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The univariable logistic regression analysis showed significant correlations between grade 

1-2 acute toxicity and all analyzed dosimetric parameters (Table 3). Therefore, each param-

eter was entered into a separate NTCP model, which resulted in four NTCP curves (Figure 

1-2). The NTCP model for the maximum point dose showed a 50% probability of acute grade 

1-2 esophageal toxicity at a Dmax of 67 Gy EQD2
10 (equal to ±43 Gy in 5 fractions, ±48 Gy in 

7 fractions, ±51 Gy in 8 fractions and ±55 Gy in 12 fractions). The same probability (50%) 

applied for a D1cc of 42 Gy EQD2
10 (equal to ±31 Gy, ±34 Gy, ±35 Gy and ±38 Gy in 5, 7, 8 

and 12 fractions, respectively).

Table 3 – Results of logistic regression; odds ratio of acute grade 1-2 toxicity for each dosimetric parameter

Dmax (EQD2
10) D1cc (EQD2

10) D2cc (EQD2
10) D5cc (EQD2

10)

Odds ratio 1.058 1.107 1.119 1.135

95% CI 1.034 – 1.082 1.069 – 1.147 1.077 – 1.162 1.086 – 1.187

p – value <0.001 <0.001 <0.001 <0.001

Abbreviations: EQD2
10 = equivalent dose of 2 Gy per fraction with an α/β ratio of 10; 95% CI = 95% confidence 

interval.

A univariable logistic regression was performed for the following clinical factors: age, gen-

der, Charlson comorbidity index, PTV (cc), number of given fractions and dose per fraction. 

None of these factors were significantly associated with toxicity, and only PTV size (OR 1.00; 

95% CI 1.00-1.01; p = 0.051) and female gender (OR 1.81; 95% CI 0.90-3.67; p = 0.097) 

had a p-value of <0.20. A multivariable analysis including the latter two variables and the 

dosimetric parameter D5cc,EQD2 showed that only the D5cc,EQD2 (OR 1.16; 95% CI 1.10-1.22; 

p < 0.001) and female gender (OR 3.02; 95% CI 1.30-6.99; p = 0.010) were significantly 

correlated with low grade esophageal toxicity (Supplemental Table 3). 

The overall survival rates were 73% (95% CI 67-78%), 50% (95% CI 43-56%) and 38% 

(95% CI 32-45%) at 1-, 2- and 3-years respectively, with a median overall survival of 24 

Table 2 – Dosimetric parameters in EQD2
10 for the esophagus

Dmax (EQD2
10) D1cc (EQD2

10) D2cc (EQD2
10) D5cc (EQD2

10)

All patients
(n = 231)

Median
IQR
Range

29.8
18.1 – 44.7
1.8 – 82.2

20.4
13.0 – 29.5
0.9 – 55.7

17.7
11.8 – 25.5
0.8 – 53.5

13.2
8.3 – 18.7
0.4 – 49.2

Patients with toxicity
(n = 38)

Median
IQR
Range

46.9 
39.7 – 55.3
23.4 – 62.4

32.7
23.5 – 43.3
15.9 – 53.8

28.8
20.3 – 39.4
12.7 – 52.1

21.3
14.5 – 31.5
7.6 – 43.0

Patients without toxicity 
(n = 193)

Median
IQR
Range

26.7 
16.5 – 40.9
1.8 – 82.2

18.3
11.9 – 26.6
0.9 – 55.7

16.1
10.5 – 22.9
0.8 – 53.5

11.8
7.8 – 17.1
0.4 – 49.2

p – value * <0.001 <0.001 <0.001 <0.001

*The groups with and without toxicity are compared using the Mann-Whitney U Test. Abbreviations: IQR = inter 
quartile range; EQD2

10 = equivalent dose of 2 Gy per fraction with an α/β ratio of 10.
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months. No significant difference in survival was found between patients with and without 

toxicity, with 2-year survival rates of 44% (95% CI 28-59%) and 51% (95% CI 44-58%), 

respectively (p = 0.428). Local control rates were 84% (95% CI 77-90%) and 75% (95% CI 

65-83%) at 2- and 3-years, respectively.

Figure 1 and Figure 2 - Normal tissue complication probability (NTCP) models for grade 1-2 acute toxicity in 
the esophagus. The x-axis shows the dose range and is divided into 5 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. 
Abbreviations: CI = confidence interval; EQD = equivalent dose of 2 Gy per fraction with α/β ratio of 10; VxxGy = 
volume receiving xx Gy in EQD values.

DISCUSSION

In this study of centrally located lung tumors treated with stereotactic radiotherapy, high 

grade (grade ≥3) acute or late esophageal toxicities were not observed. Acute grade 1 or 

2 esophageal toxicity occurred in 17% of patients and correlated significantly with the 

esophageal dosimetric parameters Dmax,EQD2, D1cc,EQD2, D2cc,EQD2 and D5cc,EQD2. For D5cc,EQD2, each 



NTCP modeling for esophagus toxicity 

127

7

additional gray was associated with a 13.5% increased risk of toxicity. For Dmax,EQD2, D1cc,EQD2 

and D2cc,EQD2 each additional gray was associated with a 5.8%, 10.7% and 11.9% increased 

risk of acute grade 1-2 toxicity, respectively. Multivariable analysis including both dosimet-

ric and clinical predictors showed that acute grade 1 or grade 2 esophageal toxicity was 

significantly associated with esophageal D5cc,EQD2  and female gender.

At both institutes, a maximum point dose limit was mandatory for the esophagus, ranging 

from 50 to 56 Gy EQD2
10, and depending on the fractionation schedule. Our point dose 

limits were generally consistent with those used in the HILUS trial, which recommended an 

esophageal Dmax of 52.7 Gy EQD2
10.3 However, in the phase I/II RTOG 0813 dose-escalation 

trial, a substantially higher maximum point dose was allowed; a Dmax of >105% of the pre-

scription dose was considered as a protocol violation. This equals to 89.7 Gy EQD2
10 for a 

schedule with 5 fractions of 10 Gy.4 In our cohort, the highest Dmax was 82.2 Gy EQD2
10, and 

32% of the patients with a Dmax ≥ 56 Gy EQD2
10 (8 out of 25) developed grade 1-2 esopha-

geal toxicity. The corresponding rate of esophageal toxicity in patients with a Dmax <56 Gy 

EQD2
10 was considerably lower at 15% (30 out of 207). Although the range of fractionation 

schedules makes it hard to directly compare studies, our failure to observe high grade toxic-

ity suggests that higher point dose limits may be acceptable.

Both institutes in our series did not use a volumetric dose limit, however an esophageal 

D5cc of ≤27.5 Gy in 5 fractions (35.5 Gy EQD2
10) was recommended in RTOG 0813. A D5cc ≥ 

35.5 Gy EQD2
10 was delivered to only 8 patients in our study, in whom a rate of 88% was 

reported for grade 1-2 toxicity, compared to only 14% for those with a D5cc <35.5 Gy EQD2
10. 

This observation suggests that it could be worthwhile to use volumetric parameter as well 

during stereotactic treatment planning, as D1cc,EQD2, D2cc,EQD2,and D5cc,EQD2 were all significant 

in the univariable analysis. 

Our NTCP model predicts toxicity rates that are in line with previously published retrospec-

tive data, when factoring in that our model predicted grade 1 or 2 toxicity whereas most 

previous analyses have predicted higher grades of toxicity. In a study of 125 patients 

reported by Wu et al., 12% experienced grade ≥2 toxicity within 120 days post-treatment. 

Fitted logistic regression response curves showed predicted probabilities of complication 

less than 20% for Dmax ≤44.2 Gy EQD2
10 and D5cc ≤21.9 Gy EQD2

10.21 In our model, a Dmax of 

44.2 Gy EQD2
10 corresponded to a 22% probability of toxicity, and a D5cc of 21.9 Gy EQD2

10 

to a 26% probability. Our slightly higher probability rates might be explained by the fact 

that our model predicted grade 1 and 2 toxicity, whereas Wu et al. reported grade 2 and 3 

toxicity. Another study described late grade 3 esophageal toxicity in 2 patients at a D0.01cc of 

51.5 Gy (65.0 Gy EQD2
10) and 52 Gy (65.9 Gy EQD2

10) and a D5cc of 37.3 Gy (42.7 Gy EQD2
10) 

and 21.5 Gy (21.8 Gy EQD2
10), respectively.22 However, patients were treated concurrently 
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with VEGF modulating agents, which perhaps increased the sensitivity of the organs at risk 

to radiotherapy and consequently the risk on toxicity. In our cohort, 10 patients received 

a Dmax of ≥65.0 Gy EQD2
10 without experiencing toxicity. Only two patients received a D5cc 

higher than 42.7 Gy EQD2
10 with a toxicity rate of 50% and 42 patients received a D5cc ≥21.8 

Gy EQD2
10 with a toxicity rate of 45%. Nuyttens et al. also reported esophageal SABR dose 

limits.23 The doses corresponding to a 50% probability of grade 2 complications were 67.6 

Gy EQD2
10 for Dmax, 45.5 Gy EQD2

10 for D1cc and 35.4 Gy EQD2
10 for D5cc, which are higher than 

in the current study. This difference could be explained by the inclusion of both grade 1 and 

2 in our study compared to only grade 2 in the study by Nuyttens, the higher complication 

rates in the current study (16.5% vs. 8.6%) and the different methods used to model the 

NTCP. A comparison of dose-response models based on the previously mentioned studies 

between the 50% probability of grade 2 toxicity and the 50% probability of grade 3 toxicity 

showed ±20 Gy (absolute dose in 5 fractions) difference for the Dmax and D1cc.21-23

High grade esophageal toxicity after SABR is uncommon, but was described in a few other 

reports on both pulmonary and non-pulmonary tumors treated with SABR.10,24,25 Following 

single-fraction paraspinal stereotactic radiosurgery of 16 to 24 Gy, grade ≥3 esophageal 

toxicity occurred in 6.8% of patients and a D2.5cc higher than 14.0 Gy (28.0 Gy EQD2
10) was 

a significant predictor of grade ≥3 toxicity.24 High grade toxicity was also described in 2 

patients treated with prior chemo- and/or radiotherapy before SABR. One patient with early 

stage lung cancer, who received adjuvant chemotherapy (carboplatin, paclitaxel and gem-

citabine) following 1 fraction of 25 Gy, developed a trachea-esophageal fistula 6 months 

after radiotherapy. A second patient with metastatic osteosarcoma in the 7th thoracic verte-

bra, received conventionally fractionated radiation of 40 Gy in 20 fractions with concurrent 

chemotherapy (ifosfamide and etoposide) followed by 2 fractions of 12 Gy with SABR and 

further adjuvant chemotherapy. Four months after SABR, this patient developed an esopha-

geal perforation and fatal mediastinitis. In both cases, the esophagus was within the high-

dose radiation volume. High grade adverse events occurred at (single-fraction biologically 

effective dose using α/β ratio of 3, SFBED) a Dmax of 21.0 Gy3 and D5cc of 16.5 Gy3 for the first 

patient and Dmax of 18.5 Gy3 and D5cc of 11.4 Gy3 for the second patient.10 Severe esophageal 

toxicity has also been documented in a patient receiving adjuvant chemotherapy following 

a single fraction of 25 Gy; 6 months post-SABR, trachea-esophageal and tracheavascular 

fistulas developed resulting in fatal hemoptysis.25 These studies highlight the potential role 

of prior radiotherapy or chemotherapy in severe esophageal toxicity, especially following 

very high doses of SABR. Antiangiogenic agents in combination with SABR have previously 

been associated with gastro-intestinal toxicity.26 

Female gender was the only significant clinical predictor for low grade esophageal toxicity 

in our multivariable analysis including both clinical and dosimetric factors. This association 
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was also observed in previous studies on chemoradiotherapy, however, a clear explanation 

is nevertheless lacking.27-29 

Limitations of our study include the differences in treatment techniques between centers, 

as well as possible discrepancies between planned versus delivered doses, which may 

confound the observed dose-response relationships. Other limitations are those inherent 

to retrospective toxicity scoring, especially for lower toxicity grades. Given the difficulty 

in distinguishing between radiotherapy-related esophagitis and symptoms due to factors 

such as an acute airway infection, we did not collect rates of late grade 1 and 2 esophageal 

toxicity. Of note, we did not observe acute or late grade 3 to 5 toxicity, which could gener-

ally more easily be identified in retrospective data than lower grades of toxicity due to 

the severity of symptoms and the need for hospitalization. As low grade toxicity may be 

underestimated by retrospective scoring, the thresholds identified in our study have to be 

interpreted with caution.

In conclusion, there was a low incidence of acute esophageal toxicity and high grade acute 

or late esophageal toxicity was not observed in this study of centrally located lung tumors 

treated with stereotactic or hypofractionated radiotherapy (≤12 fractions). Doses to small 

volumes of the esophagus are associated with low grade esophageal toxicity. An esophageal 

Dmax of 56.0 Gy EQD2
10 and a D5cc of 35.5 Gy EQD2

10 could be delivered without high risks 

of severe toxicity. The NTCP models described in this study might be used as guidelines for 

the stereotactic treatment of central lung tumors. Further studies are necessary to validate 

these parameters for acute esophagus toxicity.
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SUPPLEMENTAL MATERIALS

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 when the planning target volume is adjacent to or overlapping, but in practice the point 
Dmax is frequently constrained during planning. Abbreviations: EQD2 = equivalent dose in 2 Gy per fraction.




