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Introduction

Stereotactic body radiotherapy (SBRT) or stereotactic 
ablative radiotherapy, used mainly in lung cancer, is a 
highly precise local radiation treatment that delivers a high 
dose per fraction and has a short overall treatment time. 
The local control rate in early-stage lung cancer and lung 
metastases treated with SBRT is very high, 85%–95% [1]. 

Several studies have established that a dose greater 
than 100 Gy of the prescribed biological equivalent dose 
(BED) with α/β = 10 (BED10) was a predictor of local 
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control [2, 3] along with other clinical factors related to 
local control such as pretreatment performance status, 
tumor volume, total dose, and dose prescription [4-7]. 

Since the early 1990s, when SBRT was developed, 
many SBRT adverse effects have been demonstrated, 
ranging from mild fatigue and transient esophagitis 
to fatal events such as pneumonitis and pulmonary 
hemorrhage. Although there have been few severe 
adverse events reported, dosimetric factors have been 
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the significant predictors of SBRT-related complications 
[8-10]. Radiation pneumonitis (RP) is very common 
in patients with lung tumors, but few have severe 
symptoms. Yamashita et al. reported that the important 
SBRT dose-volume factors that could predict RP were the 
percentage of the lung volume covered by the minimum 
dose of 20 Gy (V20) and the mean lung dose. Rib fracture 
is rare, but there is an increased interest in being able to 
predict this. A previous study reported that the maximum 
rib dose was the best predictor of rib fracture [9]. Cardiac 
complications are also rare but occur more frequently 
in patients with a history of heart problems. Stam et al. 
discovered that the maximum dose delivered to the left 
atrium and the dose delivered to 90% of the superior vena 
cava were the significant factors associated with non-
cancer related death with lung SBRT [10].

Two preliminary studies from Ramathibodi Hospital 
regarding lung SBRT have been published [11, 12]. Both 
had the same endpoint, the tumor response, evaluated 
using World Health Organization criteria. These studies 
concluded that lung SBRT could be used acceptably.

With increasing use of SBRT, it is still unclear as 
to what factors can be used to predict outcomes. In this 
study, we reviewed the efficacy, toxicity, and predictive 
factors in patients with lung tumors treated with SBRT at 
Ramathibodi Hospital.

Materials and Methods

This retrospective cohort study was performed at 
Ramathibodi Hospital, a 900-bed tertiary care university 
hospital, and was approved by the Local Ethics Committee 
on Human Rights related to research involving human 
subjects at our institution. All patients provided written 
informed consent prior to SBRT.

Patients 

All patients diagnosed with early-stage non-small 
cell lung cancer (NSCLC) or lung metastasis treated 
with SBRT between January 2009 and September 
2018 at Ramathibodi Hospital were selected for this 
study. Inclusion criteria were histologically confirmed 
early-stage NSCLC (T1-2N0M0), lung metastasis with 
known primary malignancy, and Eastern Cooperative 
Oncology Group performance status of ≤2. Exclusion 
criteria were missing data and re-irradiation to the in-field 
region. Of the 96 patients, 37 were excluded because of 
missing records resulting from CyberKnife system failure 
(n =34) and in-field re-irradiation (n =3). The final study 
included 59 patients with 98 lung lesions (Figure 1), 
including primary NSCLC (15.3% of patients) and lung 
metastasis (84.7% of patients). 

Methods
All patients underwent SBRT using one of the three 

linear accelerators as follows:
1. CyberKnife G4 system, a lightweight linear 

accelerator mounted on a robotic arm (Accuray Inc., 
Sunnyvale, CA) with radiosurgery systems and a 

MultiPlan 2.0 planning system, as well as ray tracing as 
a treatment planning algorithm, which began being used 
in treating lung SBRT in January 2009. 

2. Varian EDGE, a gantry-based linear accelerator with 
a stereotactic radiosurgery (SRS)/SBRT-based treatment 
system (Varian Medical Systems, Palo Alto, CA) and the 
Eclipse treatment planning system with the Analytical 
Anisotropic Algorithm (AAA), which began being used 
in treating lung SBRT in June 2016.

3. Varian RapidArc, a gantry-based linear accelerator, 
and the Eclipse treatment planning system (Varian Medical 
Systems) with the AAA, which began being used in 
treating lung SBRT in 2016.

We delineated additional structures such as a 3-cm 
shell outside the planning target volume (PTV); lungs 
minus GTV, left atrium, superior vena cava, and ribs. BED 
at different points of target volumes were calculated using 
α/β =10 with dose per fraction below 15 Gy and α/β =20 
with dose per fraction higher than 15 Gy [13]. The dose 
was prescribed at the isodose line covering PTV and 
evaluated at PTV D95%.

The primary endpoint, local control rate at 1 year, and 
the secondary endpoints, including patterns of failure, 
incidence of SBRT-related toxicities, overall survival 
rate, factors predicting local failure, and SBRT-related 
complications were retrospectively reviewed from the 
medical records, imaging studies, and SBRT plans. 

A thoracic radiation oncologist and a thoracic 
radiologist evaluated tumor recurrence and SBRT-related 
toxicities on selective imaging studies or SBRT plans. 
The criteria and grading for radiation pneumonitis 
(RP) using high-risk CT features were based on a prior 
publication [14].

Statistical analysis
We performed analysis of the primary endpoint, the 

local control rate at 1 year, using Kaplan–Meier survival 
and competing risk analyses with cumulative incidence 
curves.

For the secondary endpoints, including patterns of 
failure, incidence of SBRT-related toxicities, overall 
survival rate, factors predicting local failure, and 
SBRT-related complications, continuous variables are 
shown as medians and ranges. Categorical variables are 
shown as frequencies and percentages. Univariate and 
multivariate analyses were performed using competing 
risk regression.

Competing risk analysis refers to a type of survival 
analysis that aims to precisely estimate the marginal 
probability of an event in the presence of competing 
events. Competing risks were defined as any event 
preventing the occurrence of an event of interest. In our 
study, death before the time-to-event of interest was 
considered a competing event. Cumulative incidence 
curves were estimated. Fine and Gray’s test was used to 
determine the significance between curves. A P-value of 
≤0.05 was considered a statistically significant finding. All 
statistical analyses were performed using STATA statistical 
Software version 14.2, StataCorp LP, College Station, TX
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Parameters Primary NSCLC Lung metastasis Total 
(N=15) (N=83) (N=98)

Patient characteristics
     Age, years, median (range) 80 (54–87) 61 (27–85) 61 (27–87)
Sex, N (%)
     Male 9 (60) 51 (61.4) 60 (61.2)
     Female 6 (40) 32 (38.6) 38 (38.8)
Performance status, N (%)
     ECOG PS ≤1 8 (53.3) 79 (95.2) 87 (88.8)
     ECOG PS >1 7 (46.7) 4 (4.8) 11 (11.2)
Comorbid diseases, N (%)
     None 1 (6.7) 20 (24.1) 21 (21.4)
     Heart 3 (20) 6 (7.2) 69 (70.4)
     Interstitial pneumonitis 1 (6.7) 0 9 (9.2)
     DM, HT, DLP 10 (66.7) 41 (49.4) 1 (1)
     COPD 5 (33.3) 6 (7.2) 11 (11.2)
     Secondary malignancy 7 (46.7) 31 (37.3) 51 (52)
Smoking, N (%)   
     <30 9 (60) 74 (89.2) 83 (84.7)
     ≥30 6 (40) 9 (10.8) 15 (15.3)
Tumor characteristics
Origin, N (%)
     Lung cancer 15 (100) 33 (39.8) 48 (49)
     Colorectal cancer 0 27 (32.5) 27 (27.6)
     Other 0 23 (27.7) 23 (23.4)
Histology, N (%)
     Adenocarcinoma 13 (86.7) 68 (81.9) 6.2 (0.1–134.6)
     Squamous cell carcinoma 2 (13.3) 7 (8.4) 9 (9.2)
     Others 0 6 (7.2) 6 (6.1)
Maximal diameter, cm, median (range) 3.6 (0.8–7.4) 2.1 (0.1–8) 2.3 (0.1–8)
Maximal volume, cc, median (range) 16.8 (2.2–134.6) 5 (0.1–96.4) 6.2 (0.1–134.6)
Lobe, N (%)
     Right upper lobe 4 (26.7) 17 (20.5) 21 (21.4)
     Right middle lobe 2 (13.3) 17 (20.5) 19 (19.4)
     Left upper lobe 4 (26.6) 19 (22.9) 23 (23.5)
     Right lower lobe 2 (13.4) 19 (22.9) 21 (21.4)
     Left lower lobe 3 (20) 11 (13.2) 14 (14.3)
Distribution, N (%)
     Peripheral 9 (53.3) 60 (72.3) 69 (69.4)
     Central 4 (26.7) 21 (25.3) 25 (25.5)
     Ultra-central 2 (13.3) 2 (2.4) 4 (4.1)
Treatments
Pre-SBRT treatments, N (%)
     Thoracic surgery 0 24 (28.9) 24 (24.5)
     Targeted therapy 1 (6.7) 33 (39.8) 34 (34.7)
     Chemotherapy 4 (26.7) 53 (63.9) 57 (58.2)
     Hormonal therapy 2 (13.3) 1 (1.2) 3 (3.1)

Table 1. Baseline Characteristics of the 98 Lung Tumors
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Results

For the 59 patients, the overall median follow-up time 
was 17.7 months (5.2–67.3 months) for patients with a 
primary NSCLC and 16.5 months (0.1–71.7 months) 
for those with lung metastasis. There were variations in 
demographics between patients with the two types of lung 
tumors. The primary NSCLC group had older patients, 
more comorbidities, and poorer performance status 
compared with those in the lung metastasis group. 
The majority of tumor origins and tumor histopathologies 
were primary lung cancer (49%) and adenocarcinoma 
(82.7%), respectively. The median maximal diameter of 
the tumor was 2.3 cm (0.1–8 cm). The tumor locations of 
the primary NSCLCs were more central to ultra-central 
when compared with the lung metastasis group. 
There were no differences in SBRT treatment plans 
between patients with primary and secondary lung 
tumors. No thoracic surgery was performed in patients 
with primary lung tumors because most were medically 
inoperable. None of the patients received immunotherapy 
at that time (Table 1).

3D and 4D CT simulations were used in 2009–2016 
and 2016–2018, respectively. All 4D CT simulations 
were free breathing with 10 phases of the respiratory 
motion management. The GTV, PTV, and the organ at 
risk volumes were delineated. The 3–5 mm margin of the 
GTV equaled that of the PTV. Dose prescriptions varied 
(Table in appendices).

Local control rates 
Kaplan–Meier survival analysis showed that the 

overall 1-year local control rate was 89.2%, and for 
primary and secondary lung tumors they were 91.7% and 
88.7%, respectively. In the competing risk analysis, the 
overall 1-year local control rates were 90.8% with 93.4% 
for primary lung tumor and 90.1% for patients with lung 
metastasis, respectively (Figure 2). Thus, there was no 
substantial difference between these survival analyses.

Patterns of failure
The most common pattern of failure was distant 

failure, 46.9%, of which 55.4% was found in the lung 

Parameters Primary NSCLC Lung metastasis Total
(N=15) (N=83) (N=98)

Post-SBRT treatments, N (%)
     Thoracic radiotherapy 0 14 (16.9) 14 (14.3)
     Targeted therapy 2 (13.3) 23 (27.7) 25 (25.5)
     Chemotherapy 2 (13.3) 42 (50.6) 44 (44.9)
     Hormonal therapy 2 (13.3) 1 (1.2) 3 (3.1)
Planning characteristics
     BED max, Gy, median (range) 136.2 (64.4–144.8) 130.8 (45–191.5) 131.6 (45–191.5)
     BED PTV D 95%, Gy, median (range) 100.8 (50.8–136.8) 100.8 (38.4–152.6) 100.8 (48.4–152.6)
     BED PTV mean, Gy, median (range) 114.6 (40.7–123.6) 106.8 (25.7–158) 109.4 (25.7–158)
     Total dose, Gy, median (range) 50 (37–50) 50 (25–60) 50 (25–60)
     Dose per fraction, Gy, median (range) 10 (3.7–14) 10 (4–26) 10 (3.7–26)
     Isodose line, %, median (range) 76 (70–80) 76 (63–90) 76 (63–90)
     Mean EQD2 at shell 3 cm [9], Gy 27.3 (15–32.2) 24.5 (8–49.5) 25.5 (8–49.5)
     V5 lungs, % 16.3 (6.7–37.7) 20 (0–71.4) 19 (0–71.4)
     V20 lungs, % 3.4 (1.7–12.3) 5 (0–13.5) 4.6 (0–23.1)
     MLD, Gy 3.5 (1.8–7.7) 4.7 (0–13.5) 4.5 (0–13.5)
     Maximum dose of the LA, Gy 8 (0.2–20.8) 9.4 (0–46.4) 9.3 (0–46.4)
     SVC D90%, Gy 0.7 (0.1–4.1) 0.7 (0.1–10.4) 0.7 (0.1–10.4)
     Maximum dose delivered to the rib, Gy 44.6 (31.3–61.8) 47.2 (2.5–61.8) 45.7 (2.5–61.8)

Continued Table 1.

Figure 1. Flow Diagram. SBRT, stereotactic body 
radiotherapy. 

NSCLC, non-small cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; DM, diabetes mellitus; HT, hypertension; 
DLP, dyslipidemia; COPD, chronic obstructive pulmonary disease; SBRT, stereotactic body radiotherapy; BED, biological equivalent dose; D, 
dose; EQD2, equivalent total dose in 2-Gy fraction; LA, left atrium; MLD, mean lung dose; SVC, superior vena cava.
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metastasis group. The local and regional failure patterns 
were 12.2% and 6.1%, respectively. No regional or distant 
failures in patients with primary NSCLC were detected. 
The median time for locoregional failure was 16.8 months 
(0.1–71.7 months), and 0.3 months (0.1–67.4 months) for 
distant failure.

Treatment-related toxicities
For nine lung tumors (9.2%), the pulmonary toxicity 

RP grade ≥2 was found in eight lesions (8.2%), and 
pulmonary hemorrhage grade 5 was found in one lesion 
in a patient with an ultra-central primary NSCLC. 
The definition of ultra-central tumors is tumors for which 
the PTV touches or overlaps the following organs at risk: 
central bronchial tree, esophagus, pulmonary vein, or 
pulmonary artery 15 (Figure S1 and S2 in appendices). 
Radiologic change in RP without symptoms was found 
in 90.8% of patients. Symptomatic RP grades 1, 2, 3, 
and 4 were observed in 1%, 6%, 0%, and 2% of patients, 
respectively. There was no incidence of rib fracture or of 
cardiovascular toxicity (Table 2).

Of the four patients with an ultra-central lung tumor, 
one (25%) developed a pulmonary toxicity grade 5, and 
it was determined that a pulmonary hemorrhage was 
the cause of death. Reviewing the treatment plan for 
this patient, dose-volume constraints of the lungs, the 
heart, and the superior vena cava were acceptable for all 
parameters. However, the hot spot of the maximum dose 
was at the proximal bronchial tree region abutting the 
pulmonary vessels.

Factors predicting local failure/control
In univariate analysis, maximum BED, BED PTV 

mean, prescribed dose per fraction, and pre-SBRT thoracic 
surgery were significant predictive factors of local control 
(Table 3). However, multivariate analysis showed that only 
BED PTV mean was a significant predictive factor of local 
control. The mean BED of the PTV <100 Gy had more 
local failure compared with the dose ≥100 Gy (adjusted 
subdistribution hazard ratio 5.41; 95% confidence interval 
1.14–25.69, p=0.034) (Table 4). The 1-year local failure 
rates beween mean BED of the PTV ≥100 Gy and <100 Gy 
were 3% and 15.5%, respectively, p=0.034 (Figure 3A).

Factors predicting RP
Univariate analysis showed that comorbidities such 

as diabetes mellitus, hypertension, and dyslipidemia, as 
well as tumor origin, histopathology, maximal diameter 
of the tumor, maximal volume of the tumor, V5 lungs, 
and mean lung dose were factors predicting ≥grade 
2 RP (Table 5). Multivariate analysis found that the 
only significant predictive factor for pneumonitis was 
the maximal diameter of the tumor. Patients with tumors 
with a maximal diameter ≥5 cm had a higher rate of 
≥grade 2 RP (adjusted subdistribution hazard ratio 5.34 
(95% confidence interval 1.52–18.69), p=0.009 (Table. 6). 
Incidence of RP was 18% when the maximal diameter 
of the tumor was ≥5 cm and 2% when they were <5 cm, 
p=0.009 (Figure 3B).

Overall survival 
The 1-year overall survival was 73.5%; 80% for 

patients with a primary NSCLC, and 72.3% for those with 
a lung metastasis. The median overall survival was 16.8 
months (0.1–71.7 months) (Figure 4).

Figure 2. Cumulative Incidence Failures were Plotted in Competing Risk Survival Analysis. (A) Overall 1-year local 
failure was 90.8%. (B) 1-year local failure in patients with primary NSCLC (solid line) and lung metastasis (dashed 
line) were 93.4% and 90.1%, respectively. NSCLC, non-small cell lung cancer.

Toxicity Primary NSCLC Lung metastasis Total
(N=15) (N=83) (N=98)

Pulmonary, N (%) 4 (26.7) 5 (6) 9 (9.2)
     - Radiation pneumonitis grade ≥2 3 (20) 5 (6) 8 (8.2)
     - Hemorrhage 1 (6.7) 0 1 (1)
Cardiovascular 0 0 0
Rib fracture 0 0 0

Table 2. Incidence of SBRT-related Toxicities

SBRT, stereotactic body radiotherapy; NSCLC, non-small cell lung cancer.
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Discussion

We analyzed the data using Kaplan–Meier survival 
estimates and competing risk analysis, and local control 
rates at 1 year after lung SBRT were 89.2 % and 90.8%, 
respectively. Our results were comparable with those 
from previous studies [3, 16]. Patterns of failure were 
also similar with those reported previously [4, 5, 17]. 
The most common pattern of failure was still distant 
failure (46.9%). Siva et al. [7] discussed novel therapies, 
especially immunotherapy combined with SBRT, that 
would reduce distant failure with the abscopal effect; 
however, it remained unclear as to the physio-biological 
mechanism. Radiation dose was still a factor in predicting 
local outcomes in his study.

In our study, we found that the BED PTV mean was 
the only factor predicting local failure. In 2014, Kestin et 
al. [18] studied the dose-response relationship for local 
tumor control in early-stage NSCLC by calculating the 
area under the curve of the prescribed BED, BED PTV 
mean, and BED GTV mean parameters. The first two 
highest area under the curves were the prescribed BED 
and the BED PTV mean. Thus, the study reported that 
these two parameters had the highest correlation with local 
recurrence. In 2016, a study identifying the optimal dose 
parameters predictive of local/lobar control after SBRT in 
early-stage NSCLC was conducted [19]. Using competing 
risk analysis, minimum BED PTV D95% was determined 
to be a statistically significant factor predicting local 
recurrence, while the BED PTV mean trended towards 
significance as one factor (p=0.05). Because of intensity-
modulated radiation therapy- or volumetric-modulated 
arc therapy-approached SBRT era, the dose within the 
PTV was much more homogeneous than 3D conformal 
radiotherapy (3D-CRT)-approached SBRT. Thus, they 
further analyzed the correlation between local control and 
both dose indexes, minimum BED PTV D95%, and BED 
PTV mean and found that BED PTV mean was highly 
correlated with BED PTV D95%. The conclusion was 
that both dose indexes should be considered for SBRT 
plan optimization.

Variables SHR 95% CI P-value*

Patient characteristics

Age: ≤60 as a reference

     >60 0.72 0.25–2.26 0.6

Sex: male as a reference

     Female 0.82 0.25–2.69 0.74

ECOG PS: ≤1 as a reference

     >1 0.64 0.08–5.04 0.67

Comorbidity: no as a reference

     Heart 0.65 0.33–1.27 0.2

     Interstitial pneumonitis N/A N/A N/A

     DM, HT, DLP 1.24 0.4–3.84 0.7

     COPD 0.52 0.12–2.22 0.37

     Secondary malignancy 0.48 0.13–1.81 0.28

Smoking: <30 as a reference

     ≥30 1.05 0.24–4.60 0.94

Tumor characteristics

Type: primary lung tumors as a reference

     Secondary lung tumors 2.23 0.28–17.51 0.45

Origin: lung as a reference

     Colorectal cancer 0.43 0.09–2.10 0.29

     Others 0.75 0.32–1.63 0.46

Tumor characteristics

Pathology: adenocarcinoma as reference

     Squamous cell carcinoma 1.35 0.16–11.32 0.78

     Others 1.29 0.43–3.86 0.65

Maximal diameter: <5 cm as reference

     ≥5 cm 2.87 0.77–10.69 0.12

Maximal volume: ≤16 cc as reference

     16 cc 11.7 0.37–3.66 0.79

Lobe: upper lobes as reference

     Lower lobes 0.59 0.16–2.23 0.44

Distribution: peripheral as reference

     Central 0.32 0.04–2.54 0.28

     Ultra-central 1.7 0.78–3.71 0.19

Pre- and post-SBRT treatments

Pre-SBRT treatments: no as reference

     Thoracic surgery 3.55 1.12–11.32 0.03*

     Targeted therapy 1.31 0.45–4.43 0.56

     Chemotherapy 1.18 0.32–.35 0.8

     Hormonal therapy N/A N/A N/A

Post-SBRT treatments: no as reference

     Thoracic radiotherapy 1.67 0.52–5.34 0.39

     Targeted therapy 0.99 0.30–3.24 0.99

     Chemotherapy 0.95 0.51–1.78 0.8

     Hormonal therapy N/A N/A N/A

Planning characteristics

BED max: ≥115 Gy as reference

     <115 Gy 3.94 1.19–13.10 0.03*

BED PTV D95%: ≥100 Gy as reference

     <100 Gy 2.06 0.65–6.59 0.22

Variables SHR 95% CI P-value*

Planning characteristics

BED PTV mean: ≥100 Gy as reference

     <100 Gy 7.02 1.54–31.98 0.01*

Dose per fraction: ≥10 Gy/fx as reference

     <10 Gy/Fx 4.33 1.41–13.32 0.01*

Isodose line: ≤69% as reference

     >69% 0.34 0.04–3.02 0.33

Shell 3 cm: ≥20.8 Gy as reference

     <20.8 Gy 1.4 0.45–4.36 0.57

Table 3. Univariate Analysis of Factors Predicting Local 
Failure

Continued Table 3.

*P<0.05; Considered Statistically Significant. SHR, subhazard ratio; 
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology 
Group performance status; SBRT, stereotactic body radiotherapy; BED, 
biological equivalent dose; PTV, planning target volume; NSCLC, 
non-small cell lung cancer; DM, diabetes mellitus; HT, hypertension; 
DLP, dyslipidemia; COPD, chronic obstructive pulmonary disease; 
SBRT, stereotactic body radiotherapy; D, dose; EQD2, equivalent total 
dose in 2-Gy fraction; LA, left atrium; SVC, superior vena cava.
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Most patients tolerated SBRT-related toxicity. 
The incidence of RP grade ≥2 was 8.2%, which was 
comparable to the historical data [3]. In reviewing the 
treatment plan of the patient who developed grade 4 RP, 
V20 lungs and mean lung dose were higher than the dose 
constraints in the reviewed literature [3], but they were not 
found to be predictive factors of symptomatic RP grade 
≥2. In our study, we found that the maximal diameter of a 
tumor was a statistically significant factor predicting RP, 
which correlated with the historical data in that the larger 
the tumor, the higher the incidence of RP [20, 21]. A study 
in 2018 reported that tumor size might not impact RP 
directly but that it correlated with the ipsilateral lung dose 
that was most strongly correlated with symptomatic RP 
[22]. Thus, further study will be needed to understand 
these confounding correlations.

There have been several reports exploring the cause 
of death in patients with ultra-central lung tumors [2, 23]. 
Pulmonary hemorrhage and cardiac condition, such as 
myocardial infarction and congestive heart failure, were 
common causes of death. However, one study found 
that a high-risk indicator for grade 5 treatment-related 
mortality was administering a maximum BED3 ≥180 
Gy3 at the proximal bronchial tree [23]. In our study, 
of the four patients with ultra-central lung tumors, three 
received a proximal bronchial BED3 <160 Gy; however, 
the fourth patient who died received a dose of 243.9 Gy 
at the proximal bronchial tree area, which may have been 
the cause of their grade 5 pulmonary toxicity.

Limitations of the study 
Our study had some limitations. This was a 

retrospective study, and data for several patients were 
missing. In addition, the sample size was small with a 
limited number of events that made it difficult to predict 
outcomes accurately.

In conclusions, the local control rate of early NSCLC 
and lung metastasis using SBRT was high. Our results were 
comparable to historical data with acceptable toxicities. 
We found that BED PTV mean was the best predictive 
factor of local tumor control and that tumors with a 
maximal diameter ≥5 cm might lead to a RP grade ≥2. 

Variables Adjusted SHR 95% CI P-value*
Pre-SBRT thoracic surgery: yes as a reference
     No 6.15 1.00–37.58 0.05
BED max: ≥115 Gy as a reference
     <115 Gy 0.86 0.15–4.87 0.87
BED PTV mean: ≥100 Gy as a reference
     <100 Gy 8.26 1.76–38.68 0.007*
Dose per fraction: ≥10 Gy/Fx as a reference
     <10 Gy/Fx 1.05 0.89–1.24 0.58

Table 4. Multivariate Analysis of Factors Predicting Local Failure

P<0.05; considered statistically significant. SHR, subhazard ratio; CI, confidence interval; BED, biological equivalent dose; PTV, planning target 
volume.

Figure 3. Cumulative Incidence Curves of Factors Predicting Local Failure and Radiation Pneumonitis Grade ≥2. (A) 
Mean BED PTV ≥100 Gy (solid line) and <100 Gy (dash). (B) Maximal diameter of the tumor <5 cm (solid) and ≥5 
cm (dashed line). BED, biological equivalent dose; PTV, planning target volume.

Figure 4. Kaplan–Meier Survival Analysis of Overall 
Survival in Patients with Primary NSCLC (solid line) 
and Lung Metastasis (dashed line). NSCLC, non-small 
cell lung cancer;
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Because there was the possible risk of developing grade 
5 treatment-related mortality, SBRT should be used with 
caution for ultra-central lung tumors.
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