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OBJECTIVE

To evaluate the results of stereotactic body radiotherapy (SBRT) in early-stage lung cancer, lung metas-

tasis, and recurrent lung cancer.

METHODS

Fifty-nine cases that underwent lung SBRT due to early-stage lung cancer, lung metastasis, or lung can-
cer recurrence at our Radiation Oncology Department between 2016 and 2019 were retrospectively
evaluated. The factors affecting overall survival (OS) and progression-free survival (PFS) after SBRT
were investigated.

RESULTS

After SBRT, the median PFS was 12 (0-40) months, whereas OS was 16 (3-44) months. The median dura-
tion of OS and PES were 15 (5-44) and 12.5 (3-40) months, respectively for early-stage lung cancer, 19
(3-28) and 12 (0-27) months, respectively for recurrent lung cancer, and 14 (5-25) and 8 (5-25) months,
respectively, for lung metastasis. During the 16-month median follow-up after SBRT, eight cases (13.6%)
died of cancer, and cancer progressed in 16 cases (27.1%). The factors affecting OS after SBRT were age
(p=0.041), KPS (=80) (p=0.019), and maximum tumor diameter (<3 cm) (p=0.033) according to uni-
variate analysis, and KPS (280) (p=0.011) and maximum tumor diameter (>3 cm) (p=0.007) according to
multivariate analysis, and the variables affecting PFS after SBRT were GTV (p=0.011) and BED10 (>100)
(p=0.043) for the former, and GTV (p=0.011) for the latter. No patient developed >3 radiation pneumonia.

CONCLUSION

Following lung SBRT, OS was better in younger patients, those with >80 KPS or with a tumor diameter
of <3 cm while PFS was higher in cases with a small GTV volume and those that received BED10>100
radiotherapy dose.
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Introduction

Lung cancer is the leading cause of cancer-related
deaths worldwide.[1] Although the majority of pa-

tients have local advanced-stage or metastatic disease
at the time of diagnosis, the reported incidence of
early-stage non-small-cell lung carcinoma (NSCLC)
is expected to increase with the wider use of thorax
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computed tomography (CT) scans.[2] Stereotactic
body radiotherapy (SBRT), also known as stereotac-
tic ablative radiotherapy, is a very effective treatment
option in patients for whom surgery carries a high
risk due to the presence of comorbidities and in those
that refuse surgical treatment. SBRT is a conformal
technique that can deliver a very high dose (i.e., abla-
tive dose) to the target area in one to five fractions.[3]
Lung metastasis is very common in cancer patients.
In a study of 1,000 patients, during the autopsy, it was
found that 50% of deaths due to malignancies were
associated with pulmonary metastases.[4] In a large
series evaluating survival after metastasectomy in
patients with lung metastasis, an unexpected 15-year
survival rate of 22% was achieved in stage 4 cases.
[5]. Although metastasectomy is considered to be
the standard treatment for lung metastasis, surgical
treatment is not performed in patients with medical
comorbidities, presence of extrathoracic disease, un-
resectable metastasis, or short-term disease-free sur-
vival. SBRT is an effective treatment option in these
cases where surgery is not possible.[6]

Recurrence in lung cancer is the main cause of
death regardless of tumor histology, cancer stage, and
treatment option.[7] In local advanced-stage NSCLC,
the rate of locoregional recurrence was reported to be
85%.[8] Surgery is the first choice for resectable recur-
rences, with SBRT being recommended by the National
Comprehensive Cancer Network NCCN Guidelines in
cases where surgery is not indicated.[9]

This study aimed to evaluate 59 cases that under-
went lung SBRT at the Radiation Oncology Depart-
ment of Eskisehir Osmangazi University Faculty of
Medicine between 2016 and 2019.

Materials and Methods

Patients

A total of 59 cases that underwent lung SBRT at the Ra-
diation Oncology Department of Eskisehir Osmangazi
University Faculty of Medicine between 2016 and 2019
were included in this study. The inclusion criteria were
being aged >18 years, having a Karnofsky Performance
Status score (KPS) of 260, having completed treat-
ment, and regularly attending the follow-up sessions.
In the early-stage lung cancer group, SBRT was not
performed in patients with a tumor larger than 5 cm
or T3 mediastinal region invasion, local lymph node
or distant metastasis, history of radiotherapy in the
planned volume, or ultracentral tumor; thus, these pa-
tients were excluded from this study.
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The cases with a hilar and/or mediastinal lymph
node of <1 cm in size with clinically negative Positron
Emission Tomography-CT (PET-CT) results, as well
as the cases with a >1 cm lymph node with a negative
pathology result but the presence of abnormal involve-
ment on PET-CT were accepted as having no cancer in
nearby lymph nodes (NO). All patients were evaluated
at the Chest Diseases Oncology Council, and SBRT
was recommended for malignant/recurrent/metastatic
cases and patients that were considered to be medically
inoperable based on the presence of the first-second
forced expiratory volume (FEV1) of <40%, expected
postoperative FEV1 of <30%, carbon monoxide diffu-
sion capacity of <40%, hypoxemia/hypercapnia, severe
pulmonary hypertension, end-organ damage, diagno-
sis of diabetes mellitus, severe cerebral, cardiovascular
and peripheral vascular disease, and severe chronic
heart disease. Biopsy could not be performed in some
of the patients that were considered to be medically
inoperable due to the risk of morbidity and mortal-
ity. After the follow-up thoracic, CT revealed that the
mass had grown and hypermetabolic activity was seen
on PET-CT, these cases were evaluated in a multidis-
ciplinary manner, and SBRT was planned. In line with
the recommendation given in the RTOG 0915 study,
for the cases that did not undergo a biopsy, PET-CT
was undertaken within eight weeks before SBRT.[10]

Stereotactic Body Radiotherapy

The planning CT of the patients was obtained as 3D or
4D scans. The patients were immobilized in the supine
position by raising their arms above their heads on the
T-bar/Wingboard specifically designed for lung treat-
ments. Using a Siemens Somatom Definition AS® CT
device, a 1-3-mm image was obtained covering the
area between the cricoid cartilage and the upper border
of the L2 vertebra.

In cases undergoing a 3D-CT, the scan was per-
formed in normal respiration, deep inspiration, and
deep expiration, and the gross tumor volume (GTV)
was contoured on all three CTs, and the fusion of all
GTVs was achieved. For the planning target volume
(PTV), the margins for GTV were set at 0.5 axially and
1 cm craniocaudally. The external respiratory monitor-
ing system [Real-time Position Management (RPM)
System, Varian ® Medical Systems, Palo Alto, CA, USA]
was used to perform 4D-CT. The RPM system uses an
infrared tracking camera that monitors the external
marker placed in the upper abdomen of the patient
to determine the phases of the respiratory cycle. The
breathing cycle is divided into 10 segments (10% each)
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and consists of expiration and inspiration phases. The
number of phases and which phases to be selected in
the treatment were determined by the physician dur-
ing the contouring stage. After GTV contouring in the
phases to be used in the treatment, the fusion of all
GTVs was obtained, and PTV was obtained by setting
the margin to 0.5 cm in all directions.

In 3D-CT and 4D-CT scans, GTV was contoured
using a lung window, and a soft tissue window was also
utilized to prevent the inclusion of vascular, atelecta-
sis, or mediastinal and chest wall structures adjacent
to GTV. The lungs, heart, main vessels, trachea, ipsilat-
eral bronchial system, skin, ribs, brachial plexus, spinal
cord, esophagus, and other organs at risk depending on
tumor localization, such as the liver and stomach were
contoured.

The most commonly used SBRT scheme is 50 Gy
in 5 fractions. The median radiotherapy dose was 50
(30-60) Gy, the median fraction dose was 10 (4-12) Gy,
and the median number of fractions was five (5-13).
Normal tissue dose constraints are given in Table 1.

Evaluation of the Treatment Response and Follow-up
A thoracic CT was performed within one to three
months after radiotherapy, and the PET-CT was un-
dertaken three months after radiotherapy. The patients’
responses to treatment were evaluated using a multi-
disciplinary approach. As recommended in the RTOG
0915 study, a second PET-CT was performed at the end
of the first-year follow-up.[10]

Statistical Analysis

SPSS v. 21.0 for Windows was used in statistical analy-
ses. The Shapiro-Wilk test was conducted to investi-
gate the suitability of the data for normal distribution.
Parametric tests were employed for the analysis of the
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normally distributed data and non-parametric tests for
those that did not fit the normal distribution. The in-
dependent samples t-test was used for the comparisons
between the groups, and the non-parametric Wilcoxon
signed-rank test for the evaluation of the pre- and post-
test data. The Kaplan-Meier survival analysis was per-
formed to calculate the inter-group survival durations,
and the differences were determined using the log-rank
statistics. The Cox proportional regression method was
utilized to investigate the effects of prognostic variables
on survival. Frequency tables were generated to display
numbers and percentages, and the data were summa-
rized as mean+SD and median (Q1; Q3) values. P<0.05
was considered statistically significant.

Results
The median age was 69 (48-85) years. Patient charac-

teristics are summarized in Table 2. Thirty-two of the

Table 2 Patient characteristics

Characteristic n (%)

Age Median: 69 (48-85)
KPS Median: 70 (60-100)
Gender

Female 11 (18.6%)

Male 48 (81.4%)
History of smoking

No 12 (20.3%)

Yes 47 (79.7%)
History of chronic disease

No 17 (28.8%)

Yes 34 (57.6%)

Multiple 8(13.6%)

KPS: Karnofsky Performance Scale

Table1  Normal tissue dose constraints
Tissue Volume Volume max (Gy) Max point dose (Gy)
Spinal cord <0.25 cc

<0.5 cc 22.5 Gy (4.5 Gy/fx) 13.5 Gy (2.7 Gy/fx) 30 Gy (6 Gy/fx)
Ipsilateral brachial plexus <3cc 30 Gy (6 Gy/fx) 32 Gy (6.4 Gy/fx)
Skin <10 cc 30 Gy (6 Gy/fx) 32 Gy (6.4 Gy/fx)
Lung (Right&left) 1500 cc 12.5 Gy (2.5 Gy/fx)
Lung (Right&left) 1000 cc 13.5 Gy (2.7 Gy/fx
Esophagus, nonadjacent wall <5cc 27.5 Gy (5.5 Gy/fx) 105% of PTV prescription
Heart/pericardium <15 cc 32 Gy (6.4 Gy/fx) 105% of PTV prescription
Great vessels, nonadjacent wall <10 cc 47 Gy (9.4 Gy/fx) 105% of PTV prescription
Trachea and ipsilateral bronchus, nonadjacent wall <4 cc 18 Gy (3.6 Gy/fx) 105% of PTV prescription
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cases had early-stage lung cancer, 21 had recurrent
lung cancer, and six had lung metastasis. Of the six
cases with lung metastases, two cases were primary la-
ryngeal cancer, two cases were primary breast cancer,
and the remaining two cases were primary colorec-

Table3  Tumor characteristics
Characteristic n (%)
Diagnosis
Early-stage lung cancer 32 (54.2%)
Recurrent lung cancer 21 (35.6%)
Lung metastasis 6 (10.2%)
Pre-SBRT biopsy
Yes 9(15.3%)
No 50 (84.7%)

Localization
Left lung upper lobe
Left lung lower lobe

11 (18.6%)
11 (18.6%)

Right lung upper lobe 14 (23.7%)

Right lung middle lobe 6(10.2%)

Right lung lower lobe 17 (28.8%)
T-stage

Tla 1(1.7%)

T1b 12 (20.3%)

Tlc 10 (16.9%)

T2a 7 (11.9%)

T2b 2 (3.4%)
Tumor diameter (maximum) (mm) Median: 20 (5-54)
GTV (cc) Median: 8.4 (0.2-72)
PTV (cc) Median: 24 (2.3-88.2)

SBRT: Stereotactic body radiotherapy; GTV: Gross tumor volume;
PTV: planning target volume
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tal cancer. The tumor characteristics are presented in
Table 3. Nine patients had a centrally located lesion.
Eleven patients had lesions close to the chest wall.

The median radiotherapy dose was 50 (30-60) Gy,
the median fraction dose was 10 (4-12) Gy, and the
median number of fractions was five (5-13). The bio-
logically effective dose (BED) was calculated according
to the formula of n x d (1+d/(a/B)) (n: number of frac-
tions, d: fraction dose, a/p: 10), and the median BED10
was found to be 100 (min: 48, max: 132) Gy.

The first response of the patients was evaluated
using the Response Evaluation Criteria in Solid Tu-
mors (RECIST) criteria [11] using the CT performed
at one to three months after SBRT. According to these
criteria, complete response was seen in four patients
(6.8%), partial response in 41 patients (69.5%), stable
disease in nine patients (15.3%), and progressive dis-
ease in five patients (8.5%). In cases with a pre-SBRT
PET-CT, the median of the maximum standardized
uptake value (SUVmax) was 5, while the post-SBRT
median SUVmax was reduced to 2.3. In the 16-month
follow-up after SBRT, 51 patients (86.4%) survived and
eight cases (13.6%) died of cancer. Following SBRT, the
median progression-free survival (PFS) was 12 (0-40)
months and the overall survival was 16 (3-44) months.
Progression was observed in a total of 16 cases (27.1%)
throughout the follow-up period.

The factors affecting the overall survival after SBRT
were found to be age (p=0.041), KPS (=80) (p=0.019),
and maximum tumor diameter (<3 cm) (p=0.033) ac-
cording to the univariate analysis, and KPS (p=0.011)
and maximum tumor diameter (p=0.007) in the multi-

Table4  Post-SBRT overall survival and Cox regression results
Variable Univariate analysis Multivariate analysis
OR 95% Cl p OR 95% Cl p
Age 1.104 1.004-1.215 0.041 1.077 0.956-1.214 0.222
Gender 1.440 0.177-11.736 0.732
KPS 0.855 0.750-0.975 0.019 0.752 0.604-0.936 0.011
History of smoking 0.036 0.000-77.067 0.203
History of chronic disease 0.715 0.144-3.551 0.682
Diagnosis (early-stage lung cancer/other) 7.182 0.0864-59.707 0.068
Maximum tumor diameter 4.587 1.135-18.529 0.040 0.090 0.015-0.522 0.007
GTV (cc) 1.019 0.963-1.079 0.511
PTV (cc) 1.011 0.983-1.039 0.444
Radiotherapy dose 1.055 0.917-1.213 0.454
Fraction dose 0.845 0.614-1.163 0.301
BED 1.809 0.429-7.625 0.420

KPS: Karnofsky Performance Scale; GTV: Gross tumor volume; PTV: Planning target volume; BED: Biologically effective dose
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Table5  Post-SBRT progression-free survival and Cox regression results
Variable Univariate analysis Multivariate analysis
OR 95% Cl p OR 95% Cl p
Age 1.024 0.955-1.099 0.502
Gender 0.736 0.205-2.649 0.7638
KPS 1.031 0.960-1.107 0.402
History of smoking 1.684 0.524-5.417 0.376
History of chronic disease 1.925 0.237-15.659 0.540
Diagnosis (early-stage lung cancer/other) 2.139 0.736-6.222 0.163
Maximum tumor diameter 0.436 0.154-1.233 0.108
GTV (cc) 1.048 1.011-1.086 0.011 1.048 1.011-1.086 0.011
PTV (co) 1.018 0.998-1.038 0.077
Radiotherapy dose 0.999 0.911-1.096 0.982
Fraction dose 0.864 0.679-1.098 0.225
BED 2973 1.037-8.522 0.043 1.974 0.616-6.320 0.252

KPS: Karnofsky Performance Scale; GTV: Gross tumor volume; PTV: Planning target volume; BED: Biologically effective dose

variate analysis. The mean age was 67+7.8 years in the
surviving cases and 72+7.4 years in those that died. The
results of the Cox regression analysis for the overall
survival after SBRT are summarized in Table 4.

The variables affecting PFS after SBRT were GTV
(cc) (p=0.011) and BED10 (=100) (p=0.043) in the
univariate analysis, and GTV (cc) (p=0.011) in the
multivariate analysis. The mean GTV (Q1-Q3) was 6.7
(1.8-14.7) cc among the surviving patients and 17.3
(4.4-27.8) cc in the mortality cases. Table 5 presents the
results of the Cox regression analysis of the variables
affecting PFS after SBRT.

During the follow-up, the pre- and post-treatment
PET-CT scans were available for 34 cases, for which the
low post-SBRT PET-CT tumor SUVmax values were
found to be associated with PFS (p=0.011). The median
(Q1-Q3) PET-CT SUVmax value was calculated as 4.1
(1.3-6.9) in patients that had progressive disease and
2.2 (0.3-3.2) that did not have progression.

During follow-up, none of the patients had grade
>3 toxicity.

Discussion

Approximately 30% of newly diagnosed NSCLC cases
are stage I or II, in which the main treatment is indi-
cated as surgery if there are no contraindications, while
SBRT is the primary alternative in cases where surgical
resection cannot be performed.[12] The population of
patients diagnosed with NSCLC is generally medically
inoperable considering the comorbidities they present
with. These patients are treated with SBRT, which has

been shown to be safe and effective in prospective stud-
ies.[13] Some medically inoperable patients have low
lung reserves that do not allow for a diagnostic biopsy,
given the risk of pneumothorax and even death. In this
patient group, SBRT is applied based on radiological/
clinical diagnosis without a biopsy.[14] Furthermore,
although metastasectomy is the standard treatment for
lung metastases due to different types of cancer, surgery
is not possible because of medical comorbidities, ex-
trathoracic disease, and unresectable metastases, and
SBRT also presents as a good treatment option in these
cases.[15]

Despite the efficacy of external beam radiother-
apy (EBRT) and good oncological outcomes of SBRT,
intrathoracic recurrences are observed in many cases
after radiotherapy.[16] The treatment options for re-
current NSCLC are generally limited. Resection may
not be appropriate depending on the location and ex-
tent of the recurrence and lung function of the patient.
SBRT may be a good treatment option in selected cases
after weighing its potential benefits and possible risks.
[17] In the 2017 consensus of the American Society of
Radiation Oncology, the role of SBRT in salvage ther-
apy were discussed in relation to the following three
scenarios after recurrence: conventional fractionated
radiotherapy, SBRT, and sublobar resection.[3] In all
three scenarios, the quality of evidence from available
studies was considered to be low, and personalization of
treatment for each patient was recommended. In cases
where conventional fractionated EBRT is applied before
recurrence, SBRT can be undertaken because it causes
radiation damage with different biological mechanisms
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Table6  Summaries of the studies
Study Study Sample Selection SBRT Results
design size (n) criteria scheme
Baumann et al. 12 2009 Prospective 57 *Medically 22 Gyx3 fr *PFS at 3 years: 52%
inoperable *OSand CSSat 1,
or those who 2,and 3 years:
refused to 86%, 65%, 60%,
undergo surgery and 93%, 88%, 88%.
*Stage |, T1- *The estimated
T2NOMONSCLC risk of all failure
was increased in
patients with T2
Onishi et al. 21 2007 Retrospective 257 T1NOMO or *18to 75 Gy *For all treatment
T2NOMO primary (1-22 fr) methods and
lung cancer *Median BED10: schedules, the local
111 Gy (range, control and survival
57-180 Gy) rates were better
with a BED of 100
Gy or more
compared with less
than 100 Gy.
Zachary at al. 24 2015 Retrospective 211 Biopsy-proven *9-10 Gyx5 fr *SUVmax >3.0 was
T1-T2NOMO NSCLC (Central tumors) associated with
*12 Gyx4 fr worse survival and
(Lesions within 1 cm a greater
of the chest wall) propensity for local
*18-20 Gyx3fr recurrence and
(Peripheral tumors.) distant metastasis
after SBRT for NSCLC
Koshy et al. 30 2015 Retrospective 498 T1-T2NOMO *20 Gyx3 (34%), *Higher doses
inoperable *12 Gyx4 (16%), (>150 Gy BED)
lung cancer *18 Gyx3 (10%), are associated
*15 Gy % 3 (10%), with a significant
*16 Gy X 3 (4%). survival benefitin
patients with
T2 tumors.
Allibhai et al.32,2013 Prospective 185 Medically *48 Gy in 4 fr *Tumor size was
inoperable (£3cm) associated with
patients with *54-60 Gy in 3 fr regional failure
early (T1-T2NOMO) (larger tumors) and distant failure
NSCLC *60 Gy in 8 fr, *Poorer OS, DFS,
50 Gy in 10 fr and CSS were
(tjmor adjacent associated with
<2 cm to mediastinal tumor size.
structures)
Baumann et al. 33, 2009 Prospective 138 Medically 30-48 Gy in *Local failure was
inoperable 2-4 fractions associated with

stage | NSCLC

tumor size, target
definition and
central or pleura
proximity.

NSCLC: Non-small cell lung cancer; fr: fraction; PFS: Progression-free survival; OS: Overall survival; CSS: Cancer-specific survival; DFS: Disease-free survival



280

and prevents potential radiation resistance.[18] How-
ever, since re-radiotherapy will bring additional toxic-
ity, the benefits and risks should be properly weighed.
[19] In cases of recurrence after resection, SBRT is a
lung-sparing treatment compared to salvage surgery
that usually involves lobectomy or pneumonectomy.
However, in these cases, it is necessary to pay attention
to toxicity, considering that the lung reserve is reduced
after surgery.[20] In the presented series, the median
duration of survival was 19 months in patients that un-
derwent SBRT after recurrence.

Although there are many studies showing that local
control rates after SBRT are very good, the time inter-
val to evaluate tumor response by imaging methods is
not certain.[21,22] In addition, radiographic changes
occur in the lung parenchyma after high-dose radio-
therapy, and asymptomatic radiographic radiation
pneumonia is reported to occur at a rate of 60-100%
in some studies.[22] [18F] -fluoro-2-deoxy-glucose
(FDG) PET-CT is frequently used for tumor staging
and post-treatment evaluation in early-stage NSCLC.
SUVmax is a quantitative measure of tumor glucose
metabolism.[23] Some studies have shown an associ-
ation between pre-treatment SUVmax and overall sur-
vival. [24,25] In the current study, the lower PET-CT
SUVmax values after treatment was found to be asso-
ciated with PES in 34 cases (p=0.011). FDG PET-CT
is often used to assess post-treatment tumor response,
but the findings may be difficult to interpret due to
FDG uptake in the tumor site caused by radiation-in-
duced pneumonia, inflammation, and fibrosis.[26,27]
In addition, it has been shown that SUVmax elevation
after SBRT may persist or increase, possibly due to ra-
diation-induced pneumonia and fibrosis.[28]

In a study conducted with 39 patients that under-
went SBRT, complete response was reported in 3% of
the patients, partial response in 43%, and stable disease
in 54% using the CT scan undertaken at 1.5 months
after SBRT, and when CT was evaluated at the fourth
month, these rates were 15%, 38%, and 46%, respec-
tively.[29] In the current study, the RECIST evalua-
tion performed by CT within one to three months af-
ter SBRT revealed complete response in four patients
(6.8%), partial response in 41 patients (69.5%), stable
disease in nine patients (15.3%), progressive disease in
five patients (8.5%).

While the applicability of the BED calculation in
large doses per fraction is not clear, Onishi et al., who
used this calculation to compare dose and fractiona-
tion schemes for SBRT, reported that BED10>100 Gy
had a significant oncologic outcomes.[21] Koshy et al.

Turk J Oncol 2020;35(3):274-82
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also investigated the contribution of increased dose to
the overall survival using the BED calculation. Five
different SBRT schemes (cohort ratios) were applied
to 489 NSCLC patients with T1-T2NOMO: 20 Gyx3
(34%), 12 Gyx4 (16%), 18 Gyx3 (10%), 15 Gyx3 (10%)
and 16 Gyx3 (4%) fractions. The BED calculation was
performed using the linear-quadratic formula of a /
B=10. The patients were divided into high-dose SBRT
and low-dose SBRT groups with the BED values being
above and below 150 Gy. The calculated median BED
was 150 (106-166) Gy. The three-year overall survival
rates in high-and low-dose SBRT groups were 55% and
46%, respectively (p=0.03).[30] There are also studies
showing that BED10<100 dose schemes reduce the lo-
cal control rate.[21] In the current study, the univari-
ate analysis indicated that PFS was statistically signif-
icantly higher in cases with BED102=100 compared to
those with BED10<100 (p=0.043).

There are studies evaluating the contribution of tu-
mor size to prognosis. In a retrospective study of 40
patients, the two-year local control rates were 90% and
70% for T1 and T2 tumors, respectively.[31] In lung
SBRT studies, large tumors have been associated with
non-local recurrences and poor survival.[32] In the
present study, tumor size was associated with the over-
all survival according to both univariate (p=0.033) and
multivariate (p=0.007) analyses, and the overall sur-
vival was lower in patients with large tumors. However,
in the literature, tumor volume appears to be a safer
criterion than cross-sectional measurements to evalu-
ate the overall survival and perform better than T-stage
in evaluating tumor burden by reflecting tumor shape
and biology more accurately.[12,32] In some studies,
GTV was found to correlate with local recurrence.
[32,33] Higher tumor volume is also considered to
reduce the overall survival associated with increased
local recurrence.[24] In the current study, GTV was
associated with PFES after SBRT in both univariate and
multivariate analyses (p=0.011), but no correlation was
found between GTV and the overall survival. The stud-
ies are summarized in Table 6.

Stereotactic body radiation therapy (SBRT) is an
effective and well-tolerated treatment. The high doses
used in thoracic SBRT may sometimes cause ad-
verse effects ranging from mild fatigue and transient
esophagitis to fatal events, such as pneumonitis or
hemorrhage [34]. In this study, during follow-up, none
of the patients had grade >3 toxicity.

Patients with early-stage lung cancer, recurrent dis-
ease and lung metastases were analyzed together and
this is the limitation of this study.
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Conclusion

SBRT is a new and effective treatment option for ear-
ly-stage lung cancer, lung metastasis, and lung cancer
recurrence that cannot be operated. For better local
control in cases treated with SBRT, BED10 should be
>100. The risk of local and distant recurrence should
be considered in patients presenting with large tumors.
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