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Abstract
Stereotactic body radiotherapy (SBRT) uses hypofractionated and more precise irradiation meth-
ods, and has the advantages of shorter duration, better outcomes, and fewer side effects than con-
ventional radiotherapy. However, the optimal dosage remains unclear. The purpose of the 
study was to analyze our preliminary treatment results and safety. We retrospectively analyzed 
32 patients (primary cancer, 22 ; metastatic cancer, 10) who underwent SBRT for pulmonary 
tumors at our hospital from April 2015 to June 2020. SBRT was performed with escalated dose 
prescriptions (up to 55Gy in 4 fractions/64Gy in 8 fractions for peripheral/central lesions, respec-
tively). We evaluated the local control rate (LC rate), overall survival (OS), progression-free 
survival (PFS), disease-specific survival (DSS), and adverse events. The target lesions com-
prised 22 primary lung cancers and 13 metastatic lung cancers. The 2-year LC, OS, PFS, and 
DSS rates were 82.5%, 68.3%, 50.5%, and 88.0% for primary lung cancer patients and 83.1%, 
29.9%, 23.1%, and 48.6% for metastatic lung cancer patients, respectively. Five cases of radia-
tion pneumonitis of grade 2 or higher, one of grade 1 dermatitis and 1 of esophagitis were 
observed as adverse events. We showed that the treatment outcomes of SBRT for primary and 
metastatic lung cancers were mostly acceptable.
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apy (SBRT), also known as stereotactic ablative radio-

therapy (SABR), in which a large dose of radiation of 7.5-

20 Gy per fraction is delivered to a body lesion for image-

guided, confirmed, and corrected precise position of the 

target lesion, while sparing the normal organs surround-

ing the target. In contrast, conventional irradiation 

methods only deliver 1.8-2 Gy dose per fraction. SBRT 

has advantages over three-dimensional conventional ra-

diotherapy, including shorter treatment duration, higher 

local control (LC) rate, and lower frequency of adverse 

events1). Currently, SBRT is used worldwide for various 

malignant tumors, including primary and metastatic lung 

cancer2), liver cancer, pancreatic cancer, and prostate can-

Introduction

Advancements in irradiation technology and the wide-

spread use of devices facilitate “pinpoint” radiotherapy 

by ensuring high positioning accuracy and the application 

of radiation beams from several directions. This afore-

mentioned method is termed stereotactic body radiother-
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cer.

Some reports have demonstrated a good treatment 

outcome of SBRT for primary and metastatic lung can-

cer. In the treatment of early-stage lung cancer without 

lymph metastasis, SBRT had a higher control rate and 

fewer adverse events than conventional irradiation3). A 

prospective phase II trial of SBRT in Japan for inoperable 

cases of T1 lung cancer reported a 3-year LC rate of 

87.3%, a 3-year overall survival (OS) rate of 59.9%, an 

adverse event (below Grade 4) rate of 12.5%, and no 

Grade 5 events4). For metastatic lung cancer, a Japanese 

multicenter retrospective study of SBRT showed a 

3-year LC rate of 81.3% and a 3-year OS of 60.3%5). On 

the other hand, a retrospective analysis of 149 cases of 

conventional irradiation for inoperable stage I lung cancer 

reported a 3-year LC rate of 57% and a 3-year OS rate of 

34%6). A randomized controlled trial of SBRT versus 

conventional RT for early-stage lung cancer reported 

that esophagitis was significantly more common with 

conventional RT, and other adverse events such as pneu-

monia, dyspnea, and pulmonary fibrosis also tended to be 

more common3). While the clinical features of SBRT are 

favorable, there is no established dose prescription. Our 

institution has been using the highest possible prescrip-

tion dose within the dose constraints of normal tis-

sue. This is because higher doses are more effective in 

SBRT for lung cancers7,8). SBRT applies an ablative 

dose to a narrow area, thus necessitating ensuring and 

evaluating the positioning and treatment planning tech-

niques at each institution.

We initiated SBRT for primary lung cancer and lung 

metastasis at our hospital since 2015. We aimed to ret-

rospectively analyze the treatment outcomes and adverse 

events in these patients.

Materials and Methods

This retrospective study was approved by the institu-

tional review board of the Akita University Graduate 

School of Medicine (approval number : 2170).

Patients

A total of 34 patients underwent SBRT for primary or 

metastatic lung cancers at the Akita University Hospital 

from April 2015 to June 2020. Primary lung cancer in-

cludes clinically diagnosed lung cancer without pathologi-

cal evidence, which comprises tumors with a consistent 

tendency to increase in size on computed tomography 

(CT) or those with highly suspicious ground-glass nodule 

(GGN), pleural involvement, or spicula on imaging as pri-

mary malignancies of the lung. It also includes tumors 

with failed or unavailable biopsy of the lung mass because 

of medical reasons and unknown histology. Two patients 

with no clinical follow-up after treatment were exclud-

ed. Eventually, we included 32 patients with 35 lung 

cancers in this retrospective study. Their medical infor-

mation was obtained from the medical record system and 

radiation information system.

Treatment Techniques

SBRT was planned with Eclipse version 11.0 (Varian 

Medical System, USA), a three-dimensional radiotherapy 

planning system. Radiation planning CT images were 

acquired as four-dimensional (4-D) CT under respiratory 

synchronization using Aquilion LB (Canon Medical Sys-

tems Corporation, Japan). The irradiation system was 

TrueBeamSTX (Varian Medical System, USA). SBRT 

was performed with 6 MV or 10 MV X-ray of a linear ac-

celerator. The respiration synchronizing intercept irra-

diation method was performed using Real-time Position 

Management (Varian Medical System, USA) sys-

tem. Dose calculation was performed using AcruosXB 

or analytical anisotropic algorithms.

Radiotherapy planning was based on the 2016 or 2020 

Japanese Society for Radiation Oncology guidelines for 

Radiotherapy Treatment Planning9,10). Briefly, the clini-

cal target volume (CTV) was equal to the gross tumor 

volume, detected as a pulmonary lesion on planning CT 

images. The internal target volume (ITV) was based on 

merged CTV of 4-D CT images. The planning target 

volume (PTV) was created by adding 5 mm to the ITV in 

all directions. We set a leaf margin of 5 mm or 0-3 mm 

in case of an isocenter prescription method or volume 

prescription method to PTV, respectively, in all direc-

tions.

Dose prescription was guided by the isocenter pre-

scription method from April 2015 to June 2018 and by the 

volume prescription method in which the prescribed dose 
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covered 95% of the target volume from July 2018 on-

wards.

The prescribed irradiation doses were different for the 

peripheral and central lesions, with 42-55 Gy in 4-5 frac-

tions and 56-64 Gy in 7-8 fractions, respectively. Cen-

tral tumors were defined according to a previous report11).

While determining the prescription dose from April 

2015 to June 2018, the dose was initially set at 48 Gy and 

56 Gy in 4 and 8 fractions for peripheral and central tu-

mors both guided by isocenter prescription, respective-

ly. Starting from July 2018, the dose was set at 42 Gy 

and 56 Gy in 4 and 8 fractions for peripheral and central 

tumors guided by volume prescription and isocenter pre-

scription, respectively. Dose prescription of 48Gy in 4 

fractions guided by isocenter prescription and 42Gy in 4 

fractions guided by volume prescription are approximate-

ly equivalent12). These dose prescriptions were in ac-

cordance with previous reports4,13,14), and were defined as 

the standard dose. In central lesions, since important 

organs such as the trachea, bronchus, aorta, heart, and 

esophagus are close to the irradiation site, the number of 

irradiation fractions was increased and the amount of 

each single dose was reduced to maintain therapeutic ef-

ficacy. The standard dose was used from April 2015 to 

June 2018. The maximum dose was escalated to 55 Gy 

and 64 Gy in 4 and 8 fractions, respectively, in accordance 

with the results of phase I studies14-16). These doses 

were defined as the escalated dose, and within the range 

of dose constraints for healthy organs. The basic irradi-

ation method for peripheral tumors involved 4-5 frac-

tions. However, for cases with a history of thoracic irra-

diation or relatively large lesions adjacent to organs at 

risk, a larger number of fractions and a lower dose must 

be reluctantly adopted. In such cases, irradiation was 

performed at 48-49 Gy dose in 7-8 fractions. These 

dose prescr ipt ions are  def ined as  the reduced 

dose. This was in accordance with central tumors in 

consideration of the tolerable dose.

All patients did not receive chemotherapy or immuno-

therapy in combination with SBRT. However, in pa-

tients with metastatic lung cancer, SBRT was adminis-

tered af ter primary treatment, such as surgery, 

radiotherapy, and chemotherapy, for the primary tumor.

Statistical Analysis and Assessments

We evaluated adverse events and the LC rate as pri-

mary endpoints for both primary and metastatic lung can-

cer. We also compared the OS, progression-free surviv-

al (PFS), and disease-specific survival (DSS) with those 

in previous studies and examined the prognostic fac-

tors. LC was defined as a state of similar or reduced tu-

mor volume compared with that at the beginning of treat-

ment. OS was defined as the time from the initiation of 

treatment until all deaths by current disease or other 

reasons. PFS was defined as the time from treatment 

initiation until disease worsening (local growth or metas-

tasis) or death without progression. DSS was defined as 

the time from the beginning of treatment to death from 

current disease.

Treatment effects associated with SBRT were as-

sessed by CT based on the Japanese version of the Re-

sponse Evaluation Criteria in Solid Tumors version 1.1. 

as translated by the Japan Clinical Oncology Group 

(JCOG)17). We assessed adverse events by CT and 

physical assessment based on the Japanese version of the 

Common Terminology Criteria for Adverse Events (CT-

CAE) version 5.0 translated by the JCOG18).

To compare the effects of various dose prescriptions 

and dose fractionation, we calculated the biological effec-

tive dose (BED) based on a linear-quadratic model19) as 

described previously7). BED was defined as nd(1+d/α/
β) ; where n is the number of fractions and d is the dose 

per fraction. α/β is set at 10 to evaluate anti-tumor 

effects ; BED is marked as BED10, and the unit is 

Gy. The BED10 corresponding to each dose prescription 

used in SBRT for pulmonary cancers at our institution is 

shown in Figure 1.

We used the Kaplan-Meier method to plot the survival 

curves. We also assessed the prognostic factors for LC, 

OS, PFS, and DSS rate. We divided the patients into 

two groups according to sex, age, tumor size, and BED10 

for each individual lesion and examined the differences in 

the LC, OS, PFS, and DSS rate using the log-rank 

test. For primary lung cancers, we divided the patients 

into two groups according to whether the lung cancer 

was GGN or not. For metastatic lung cancers, we divid-

ed the patients into two groups based on disease-free in-
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terval (DFI). DFI was defined as the time between the 

completion of treatment for the primary tumor and the 

identification of metastasis or recurrence.

All statistical analyses were performed in BellCurve 

for Excel version 3.21 (Social Survey Research Informa-

tion Co., Ltd. Tokyo, Japan). Statistical significance was 

set at p<0.05.

Results

Patients

A total of 32 patients were eligible for the study, and 

this comprised 35 lesions. Table 1 summarizes the pa-

tient characteristics. The participants comprised 17 

men and 15 women. The median age was 77 years 

(range 51-89). While 22 patients had primary lung can-

cer, 10 had metastatic lung cancer. The number of 

treated lesions was one in 30 patients, two in 1 patient, 

and three in 1 patient. In patients with primary lung 

cancer, all 22 patients had one treated lesion. In pa-

tients with metastatic lung cancer, 8 patients had 1 treat-

ed lesion, 1 male patient had 2 treated lesions, and 1 fe-

male patient had 3 treated lesions. In metastatic lung 

cancers, 3 patients with esophageal cancer were treated 

with chemotherapy or immune checkpoint inhibitor (ICI) 

therapy for local or distant recurrence after SBRT. The 

chemotherapy and ICI therapy regimens included 

cisplatin+5-fluorouracil (5-FU), nedaplatin+5-FU, 

docetaxel, paclitaxel, tegafur-gimeracil-oteracil, irinote-

can, and nivolumab, several of which were used sequen-

tially.

Table 2 summarizes the tumor and treatment charac-

teristics of the study participants. Of the 22 primary 

lung cancers, 9, 2, and 11 lesions were adenocarcinoma, 

squamous cell carcinoma (SCC), and clinically diagnosed 

lung cancer without histological proven data, all in re-

Figure 1. Biological effective dose in α/β=10 (BED10).
The BED10 based on the linear-quadratic model for each prescription dose. BED was defined as nd(1+d/α/β), 
where n is the number of fractions and d is the dose per fraction. α/β is set at 10 to evaluate anti-tumor 
effects. BED at α/β=10 is marked as BED10, and the unit is Gy. 48Gy/4Fr and 56Gy/8Fr are defined as the stan-
dard dose, while 50Gy/4Fr, 55Gy/4Fr, 56Gy/7Fr, 60Gy/8Fr, and 64Gy/8Fr are defined as the escalated dose. 
48Gy/8Fr and 49Gy/7Fr are defined as the reduced dose.  BED10 at 60 Gy/30 Fr, which is used in conventional 
radiotherapy, is shown on the far left.
BED, biological effective dose.  Gy, Gray.  Fr, Fractions.
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spective order. The T classifications of clinical stages in 

primary lung cancers according to the Union for Interna-

tional Cancer Control classification eighth edition were 

Tis, T1mi, T1a, T1b, T1c, and T2a with 1, 2, 3, 3, 8, and 5 

lesions, respectively. Of the 22 primary lung cancers, 5 

were GGNs and 17 were solid tumors. Thirteen meta-

static lung cancers consisted of 8 lesions spread from 

SCC in esophageal cancer, 2 from papillary thyroid can-

cer, 2 from sarcoma, and 1 from uterine/ovarian can-

cer. The lesions comprised 29 peripheral tumors and 6 

central tumors. Isocenter and volume dose prescription 

was performed for 14 and 21 lesions, respectively. Eight 

and 13 peripheral lesions were administered the standard 

dose and escalated dose, respectively. In other lesions, 

including central lesions and those with a history of chest 

irradiation, 10 lesions were administered a standard dose, 

and 2 lesions each were administered an escalated dose 

and reduced because of dose constraints.

Local Control Rate and Adverse Events

The median follow-up was 15 months (range 1 to 34 

months). The 2-year LC rates for primary and meta-

static tumors were 82.5% and 83.1%, respectively (Fig-

ure 2), with no significant difference (p=0.8014). Of the 

32 patients treated with SBRT, there were 10 recurrenc-

es of primary lung cancer and metastatic lung cancer (five 

cases each) comprising 5 cases of local enlargement, 3 

cases of mediastinal lymph node recurrence, 1 case of 

distant lymph node recurrence, and 1 case of carcinoma-

tous lymphangiomatosis. Twenty-two cases of primary 

Table 1. Patient characteristics (N=32).

Characteristics n

Age, years, median (range) 77 (51-89)

Sex

male 17

female 15

Performance Status (ECOG)

0 26

1 5

2 1

Origins of the tumor

Primary 22

Metastasis 10

Number of targets

1 29

2 1

3 1

Any chemotherapy/ICI therapy after SBRT in patients with metastatic lung cancer

Yes 3

Cisplatin+5-FU/Nedaplatin+5-FU 1/2

Docetaxel/Paclitaxel 1/2

Tegafur-gimeracil-oteracil 1

Irinotecan 1

Nivolumab 1

No 7

5-FU : fluorouracil
ECOG : Eastern Cooperative Oncology Group
ICI : immune checkpoint inhibitor 
SBRT : Stereotactic body radiotherapy
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lesions comprised five (22.7%) cases of recurrences, in-

cluding three (13.6%) local enlargement of the irradiated 

lesions and two (9.1%) mediastinal lymph node metasta-

ses. Thirteen cases of metastatic lesions comprised five 

(38.5%) cases of recurrences : two (15.4%) were en-

largement of the irradiated lesions ; one (7.7%), medias-

tinal lymph node metastasis ; one (7.7%), distant lymph 

node metastasis ; and one (7.7%), carcinomatous lymph-

angiomatosis.

Radiation pneumonitis was the most frequently ob-

Table 2. Tumor and treatment characteristics (N=35).

Tumors n

Histologic type

Primary Lung Cancer 22

Adenocarcinoma 9

Squamous Cell Carcinoma 2

Clinical Lung Cancer (unknown histology) 11

Metastasis (type of primary cancer) 13

Esophageal squamous cell carcinoma 8

Thyroid Papillay Carcinoma 2

Sarcoma 2

Uterine/Ovarian carcinoma 1

T factor of clinical stage in primary lung cancer (UICC classification 8th edition)

Tis 1

T1mi/a/b/c 2/3/3/8

T2a 5

Ground-glass nodule in primary lung cancer

Yes 5

No 17

Location of tumors

Peripheral 29

Central 6

Dose Prescription Method

isocentric prescription 14

volume prescription 21

Dose Prescription

Peripheral lesions

Minimum dose (48Gy/4Fr or 42Gy/4Fr) 8

Escalated dose (48-55Gy/4Fr) 13

Central lesions / Lesions with history of chest irradiation

Minimum dose (56Gy/8Fr) 10

Escalated dose (60-64Gy/8Fr,56Gy/7Fr) 2

Reduced dose (48Gy/8Fr, 49Gy/7Fr) 2

BED10 in Gy

＜ 100 7

≧ 100 28

BED : Biological Effective Dose 
Fr : Fraction
UICC : Union for International Cancer Control
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served adverse event following SBRT for pulmonary tu-

mors. Grade 1 and 2 radiation pneumonitis was identi-

fied in 22 (64.7%) and 3 (8.3%) lesions, respectively.    

Two patients (6%) had grade 5 pneumonitis. One pa-

tient was a septuagenarian woman undergoing SBRT for 

three metastatic lung cancers following radical chemora-

diation therapy (CRT) for esophageal cancer. SBRT was 

administered to each pulmonary tumor at dosages of 48 

Gy, 56 Gy, and 56 Gy in 8 fractions each. The absorbed 

dose in the lung field was high, and the V20 Gy of the 

lung (volume percentage when irradiated with ≥20 Gy in 

a volume of the total lung) was 46.7% of the total 

dose. The other case involved a man in his 60s who was 

irradiated with 55 Gy in four fractions for one lesion of 

primary lung cancer, and the V20 Gy was 7.71%. How-

ever, a shadow suspicious for idiopathic pulmonary fibro-

sis was observed in the CT before irradiation.

Radiation dermatitis was not observed, excluding one 

case. One case of grade 1 dermatitis post-SBRT oc-

curred after radical CRT for esophageal cancer, i.e., 60 

Gy irradiation to the chest, and dermatitis occurred in ar-

eas where the total dose exceeded 80 Gy. However, it 

Figure 2. Kaplan-Meier curves of the local control, overall survival, progression-free survival, and disease-spe-
cific survival rates of patients with primary and metastatic lung cancer.
The figure depicts the LC (A), OS (B), PFS (C), and DSS (D) rates of patients with primary and metastatic lung 
cancer. Vertical lines indicate censoring. The 1-year and 2-year LC rates for primary and metastatic tumors are 
90.0% and 83.1% and 82.5% and 83.1%, respectively, none of which reached the median. The 1-year and 2-year 
OS rates for primary and metastatic tumors are 80.2% and 53.9% and 68.3% and 29.9%, respectively, with a median 
OS of 34 months and 17 months, respectively. The 1-year and 2-year PFS rates for primary and metastatic 
tumors are 70.6% and 30.8% and 50.5% and 23.1%, respectively. While the median PFS rate for primary lung 
cancer has not reached the median, that for metastatic lung cancer is 7 months. The 1-year and 2-year DSS rates 
for primary and metastatic tumors are 94.7% and 87.5% and 88.0% and 48.6%, respectively. While the median 
DSS rate for primary lung cancer has not reached the median, that for metastatic lung cancer is 22 months. LC, 
local control. OS, overall survival. PFS, progression-free survival. DSS, disease-specific survival.
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was resolved shortly afterwards.

We also identified one case of grade 1 esophagitis post-

SBRT. Esophagitis occurred after the irradiation of a le-

sion localized in the left lung apex adjacent to the esopha-

gus. Nonetheless, it was resolved shortly afterwards.

Survival and Prognostic Factors

The 2-year OS, PFS, and DSS rates of 22 primary le-

sions and 13 metastatic lesions were 68.3%, 50.5%, and 

88.0% and 29.9%, 23.1%, and 48.6%, respectively (Figure 

2).

Table 3. One and 2-year LC, OS, PFS, and DSS rates for primary (n=22) and metastatic lung cancers (n=13)

Characteristics n

1-year 2-year 1-year 2-year 1-year 2-year 1-year 2-year

LC rate 
(%)

LC rate 
(%)

P value OS (%) OS (%) P value PFS (%) PFS (%) P value DSS (%) DSS (%) P value

Primary 

Lung Cancer 22

Sex

male 12 100  90.1 0.4875  80.0 57.1 0.3481 60.6 48.5 0.7766 100 85.7 0.6813

female 10 100  74.1  80.0 80 80.0 50 88.9 88.9

Age, years

<75 8 100 100 0.1525  70.0 70 0.4883 87.5 52.5 0.4981 100 100 0.1705

≥75 14 100  71.4  75.5 67.1 59.8 49.9 90.1 53.9

Tumor size, cm

<3 20 100  88.9 0.2643  78.0 53.6 0.3213 67.4 51.3 0.9361 94.1 72 0.5104

≥3 2 100 50 100 100 100 50 100 100

BED10, Gy

<100 2 100 100 0.5759 100 100 0.3483 100 100 0.2924 100 100 0.5104

≥100 20 100  80.8  78.0 54.2 67.4 46.2 94.1 71.9

GGN

Yes 5 100 100 0.3173 100 66.7 0.4631 100 66.7 0.2641 100 100 0.3044

No 17  86.7 77  73.7 53 60.9 44.4 92.9 66.9

Characteristics n

1-year 2-year 1-year 2-year 1-year 2-year 1-year 2-year

LC rate
 (%)

 LC rate 
(%)

P value  OS (%)  OS (%) P value PFS (%) PFS (%) P value DSS (%) DSS (%) P value

Metastatic

Lung Cancer 13

Sex

male 6  83.3 NR 0.9566  66.7 0.0 0.9784 33.3 NR 0.9373 100 37.5 0.8435

female 7  80.0  80.0  42.9 42.9 28.8 28.6 75.0 75.0 

Age, years

<75 8  87.5 NR 0.6383  62.5 0.0 0.7925 37.5 NR 0.3983 83.3 33.3 0.3173

≥75 5  66.7  66.7  40.0 40.0 20.0 20.0 100 100 

Tumor size, cm

<3 12  81.5  81.5 0.6595  58.3 32.4 0.5638 33.3 25.0 0.9695 100 55.6 0.0115*

≥3 1 0 NR 0 NR 0 NR 0 NR

BED10, Gy

<100 5  80.0 NR 0.5184  40.0 0.0 0.1935 0 NR 0.0032** 100 50.0 0.7697

≥100 8  87.5  87.5  62.5 46.9 50.0 37.5 83.3 62.5 

DFI, months

<15 8  87.5 NR 0.8695  25.0 0.0 0.0132* 12.5 NR 0.0609 66.7 33.3 0.2452

≥15 5  80.0  80.0 100 50.0 60.0 60.0 100 50.0 

LC : loca l  con t ro l ; OS : overa l l  sur v iva l ; PFS : progress ion- f ree  sur v iva l ; DS S : d i sease- spec i f i c 
survival ; BED : biological effective dose ; DFI : disease-free interval ; NR : not reached. *P < 0.05 ; **P < 0.01.
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Table 3 summarizes the prognostic factor analysis.    

Regarding primary lung cancers, no prognostic factors 

were identified. There was no significant difference in 

each outcome between GGN and other solid tumors, al-

though the solid tumors showed a trend toward lower 

LC, OS, PFS, and DSS rates. Regarding metastatic lung 

cancers, smaller tumor size, higher BED10, and longer 

DFI were associated with better DSS, PFS, and OS rates 

(Figure 3). Particularly, patients with tumor size ≥3 cm 

had poorer DSS than those with tumor size <3 cm 

(p=0.0115) ; those with a BED10 >100 Gy had better 

PFS than those with a BED10 <100 Gy (p=0.0032), and 

those with a DFI <15 months had poorer OS than those 

with a DFI >15 months (p=0.0132).

Discussion

We identified five cases of radiation pneumonitis ≥ 

grade 2 and one case each of grade 1 dermatitis and 

esophagitis. Of the ten recurrent cases, only five in-

volved local recurrence. In addition, smaller tumor size, 

higher BED10, and longer DFI were associated with bet-

ter outcomes for metastatic lung cancers.

The 2-year LC rates were 82.5% and 83.1% for prima-

ry lung cancer and lung metastasis, respectively. A Jap-

anese prospective phase II trial of SBRT for stage IA 

Figure 3. Kaplan-Meier curves of disease-specific survival in metastatic lung cancer with tumor size <3 cm and 
≥3 cm (A), progression-free survival in metastatic lung cancer with BED10 <100 Gy and ≥100 Gy (B), and overall 
survival in metastatic lung cancer with DFI <15 months and ≥15 months (C).
The figure depicts the DSS (A), PFS (B), and OS (C) rates of patients with metastatic lung cancer with tumor size 
<3 cm and ≥3 cm (A), BED10 <100 Gy and ≥100 Gy (B), and DFI <15 months and ≥15 months (C), respectively. 
Vertical lines indicate censoring. In the log-rank tests of the Kaplan-Meier curves, there was a significant differ-
ence in DSS between patients with tumor size ≥3 cm and those with tumor size <3 cm (p=0.0115), in PFS 
between patients with a BED10 ≥100 Gy and a BED10 <100 Gy (p=0.0032), and in OS between patients with a DFI 
<15 months and those with a DFI ≥15 months (p=0.0132).
LC, local control. OS, overall survival. PFS, progression-free survival. DSS, disease-specific survival. DFI, 
disease-free survival.
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non-small cell lung cancer (JCOG0403) reported 3-year 

LC rate of 85.4% and 87.3% for operable and inoperable 

cases, respectively4). For lung metastasis, an American 

prospective phase I/II multi-center study found a 2-year 

LC rate of 96%20). In Japan, a large multi-center retro-

spective study of 1,387 patients with lung oligometasta-

ses treated with SBRT reported a 3-year LC rate of 

81.3%5).    Despite the differences in patient characteris-

tics among these studies, the LC rates of irradiated le-

sions we noted was similar to those in previous studies 

for both primary lung cancer and lung metastasis. The 

2-year LC rate was not significantly different between 

primary and metastatic lung cancer. In a Japanese retro-

spective study of SBRT for GGN, including pathologically 

unconfirmed cases, a 3-year LC rate of 98.8%21) was re-

ported, which compared favorably with the results in pri-

mary and metastatic solid lung cacners5,7). In addition to 

these cases where better LC rate was expected, this 

study included relatively large solid primary pulmonary 

tumors of more than 2 or 3 cm in size. In such solid tu-

mors, the results showed a trend toward relatively lower 

LC rates and survival rates compared with those of 

GGNs. Several studies have reported that LC rate de-

creases with tumor size22-24), and phase I dose escalation 

studies for larger tumors have been conducted to confirm 

the safety of SBRT15,16). A phase III trial is currently 

conducted to compare normal and escalated doses13). In 

metastatic lung cancer, higher doses are associated with 

favorable LC rates8). Thus, escalating doses may be ap-

propriate for improving the LC rate.

SBRT is linked to fewer adverse events than conven-

tional irradiation1). However, radiation pneumonitis, 

dermatitis, rib bone fracture, intercostal neuralgia, bron-

chial hemorrhage, and esophagitis are major adverse 

events following SBRT for pulmonary tumors. In this 

study, two patients died due to grade 5 radiation pneumo-

nitis (6%), and three patients had grade 2 radiation pneu-

monitis (8.3%). One patient each (3%) had grade 1 radi-

ation dermatitis and esophagitis. Radiation pneumonitis 

is most frequently observed and can become fatal. The 

frequency of grade 2 and 3 radiation pneumonitis post-

SBRT was reported to be 10% and 2-4%25), respective-

ly. Grade 5 radiation pneumonitis was observed in 0.5% 

cases in the 2006 and 2008 national surveys in Ja-

pan26). Risk factors for ≥grade 2 radiation pneumonitis 

include female sex, high or low cumulative smoking his-

tory, tumor size ≥3 cm, high V20 Gy of the lungs, a his-

tory of lung resection27,28), and interstitial pneumonia de-

tected on pretreatment CT29,30). Therefore, the risk of 

radiation pneumonitis and the benefits of SBRT should 

be carefully considered in patients with the aforemen-

tioned risk factors. Moreover, these patients require 

close follow-up post-SBRT. In this study, one of the pa-

tients with grade 5 pneumonitis was administered with 

high V20 Gy (46.7%) owing to a history of definitive 3-D 

conventional irradiation for chest malignancy. More-

over, SBRT was performed for three lung cancers. In 

the other patient with grade 5 pneumonitis, a shadow of 

suspected idiopathic pulmonary fibrosis in the CT before 

irradiation was noted. Excluding these high-risk pa-

tients, no serious side effects were reported, and we ob-

served a significant correlation between the prescribed 

dose and outcome. Therefore, dose escalation within 

the dose constraints of healthy organs appeared to be a 

reasonable approach.

In this study, tumor size of less than 3 cm, BED10 of 

more than 100 Gy, and DFI of more than 15 months for 

metastatic lung cancers were associated with better DSS, 

PFS, and OS, respectively. Smaller tumor size31) and 

higher BED10 (≥100 Gy)7) have been associated with fa-

vorable LC rate for primary lung cancer. Moreover, 

higher BED10 was associated with favorable LC rate for 

lung metastasis8). An improvement in the LC rate of 

lung cancer/metastasis may necessitate the escalation of 

the radiation dose to at least BED10=100 Gy within a safe 

range for a radiation exposure of the surrounding or-

gans. Thus, it is necessary to escalate the dose within a 

reasonable range. Longer DFI is correlated with better 

prognosis for lung metastasis32,33). The European Soci-

ety for Radiotherapy and Oncology/European Organisa-

tion for Research and Treatment of Cancer recommends 

classifying oligometastases into two groups, namely syn-

chronous oligometastatic diseases and metachronous 

oligometastatic disease, based on the time from the initial 

diagnosis of primary lesion to recurrence is within 6 

months or longer34). In the consensus recommendation, 

synchronous oligometastatic diseases display more ag-

gressive disease phenotype and worse prognosis than the 
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metachronous type. In this study, a DFI of >15 months 

was associated with better prognosis. Previous studies 

have reported an association between longer DFI (≥36 

months32) and ≥30 months33)) and better prognosis. De-

spite no consensus on an appropriate DFI to predict the 

OS after SBRT, longer DFI is favorable for the consider-

ation of SBRT in patients with lung metastases.

In the prognostic analysis of primary lung cancer, male 

patients had a worse 2-year OS than female patients, de-

spite having a better 2-year LC rate. The median age of 

eligible patients in this study was 77 years, which is close 

to the life expectancy of both males and females in Japan 

(81.41 years and 87.45 years, respectively35)). The out-

comes of the 12 male and 10 female patients with primary 

lung cancer were similar, with survival in 7 patients and 

deaths of 2, although there were 3 deaths from other dis-

eases in the male patients compared with 1 in the female 

patients. The lower 2-year OS in male patients may be 

due to age and comorbidities. Primary lung cancer pa-

tients with a tumor size of less than 3 cm had a better 

2-year LC rate than those with a tumor size of more than 

3 cm, although those with a tumor size of less than 3 cm 

had a worse 2-year OS than those with a tumor size of 

more than 3 cm. A previous study has reported that 

larger tumor size is a prognostic factor for worse out-

comes22), and the results of this study were the opposite 

to what was expected. There were no deaths from oth-

er diseases in the group with a tumor size of more than 3 

cm, while the group with a tumor size of less than 3 cm 

included 3 cases of death from other diseases. This may 

have caused a discrepancy between LC rates and OS.

In regard to the optimal dose of SBRT for peripheral 

tumors, on the basis of an early study7), 48 Gy in 4 frac-

tions (or 42 Gy in 4 fractions in the volume prescription) 

is the most common dose prescription currently given in 

Japan9). In an effort to improve the control rate, a phase 

III trial comparing 42 Gy in 4 fractions and 55 Gy in 4 

fractions is currently ongoing13). In the U.S., the maxi-

mum tolerated dose was set at 60 Gy in 3 fractions 

(BED10 180 Gy) in phase I trials36,37), which comprises 

higher doses and more hypofractionation than that in Ja-

pan. For lung cancer with a clinical stage of T2 or high-

er, it has been suggested that better LC rates and OS can 

be obtained with a BED10 of 150 Gy or more38), which is 

equivalent to 60 Gy in 4 fractions or 54 Gy in 3 

fractions ; however, a phase I study in Japanese patients 

with clinically classified T2 lung cancer indicated that a 

dose prescription of 60 Gy in 4 fractions would be difficult 

to meet existing dose constraints15). For peripheral tu-

mors, it is necessary to explore the optimal dose for each 

stage of disease. In SBRT for central tumors, it is com-

mon to use many fractions to reduce adverse events9).    

In the Japanese phase I trial of SBRT for central lesions, 

the recommended dose was 60 Gy in 4 fractions, not be-

cause higher dose caused higher toxicity, but because pa-

tients could not be included due to dose constraints and 

study time limitation14). A phase I/II trial in the U.S. for 

central lesions used a dose prescription of 57.5 Gy in 5 

fractions (BED10 123.6 Gy) and 60 Gy in 5 fractions 

(BED10 132.0 Gy), which resulted in good LC and surviv-

als comparable to SBRT for peripheral lesions. Howev-

er, Grade 5 adverse events occurred in approximately 4% 

of patients in these high-dose groups39). For central le-

sions, dose escalation in the safe range should be consid-

ered. Prescribed doses of SBRT for metastatic lung 

cancer are set according to those for primary lung cancer.    

Better LC tends to be achieved with a higher dose, and it 

has been suggested that at least 48 Gy in 3 fractions 

(BED10 124.8 Gy) or higher is required to achieve a 

2-year LC rate of 90%40). Lung metastases from prima-

ry colorectal cancer (CRC) had a significantly lower LC 

rate than other primary cancers5), although lung metasta-

ses from primary CRC tended to have a higher LC rate 

with a higher BED10
8). Optimal doses needs to be ex-

plored based on the histology, as well as the location of 

the tumor.

This study had a few limitations. First, we conducted 

a single-center, retrospective study with a limited sample 

size. Second, some of the treated patients demonstrat-

ed a short observation period. However, it was impor-

tant to analyze the initial results after treatment initiation 

to evaluate and improve the quality of radiotherapy, par-

ticularly SBRT, which requires accurate treatment plan-

ning, advanced positioning, and irradiation tech-

niques. Therefore, further studies examining more 

patients at a longer observation period should be carried 

out in the future.
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Conclusion

The results of SBRT for pulmonary tumors performed 

at our institution were mostly acceptable. The frequen-

cy of adverse events, such as radiation pneumonitis, was 

low. Thus, dose escalating within the constraints was 

considered reasonable. However, the treatment of pa-

tients with high-risk factors for adverse events, such as 

those with a history of thoracic irradiation and intestinal 

pneumonitis, should be carefully determined. Smaller 

tumor size, higher BED10, and longer DFI were correlat-

ed with more favorable outcomes.
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