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Abstract. Background/Aim: To investigate the clinical
outcomes of stereotactic body radiotherapy (SBRT) in
patients with early-stage non-small cell lung cancer
(NSCLC). Patients and Methods: Among consecutive
patients with early-stage NSCLC who received SBRT
between November 2009 and September 2019, those with
cT1-2NOMO staged by the UICC TNM classification and
staging system for lung cancer were retrospectively analyzed.
Results: Fifty-three patients with early-stage NSCLC
received SBRT. The median follow-up period was 29 months
(range=2-105 months). Twenty-one lung tumors were
clinically diagnosed as early-stage primary lung cancers
without histological confirmation. Histological examinations
revealed adenocarcinoma in 24 patients and squamous cell
carcinoma in 8. Two- and 5-year local control, cancer-
specific survival, progression-free survival (PFS), and
overall survival (OS) rates were 944 and 94.4%; 94.6 and
90.8%; 69.0 and 43.3%; and 80.0 and 59.3%, respectively.
In a univariate analysis, the T stage, histology, and type of
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pulmonary nodule correlated with PFS and OS. Conclusion:
Good clinical outcomes were achieved by patients with
early-stage NSCLC who received SBRT.

Lung cancer accounts for the highest number of cancer
deaths worldwide including the United States and Japan (1,
2). Surgical intervention is the gold standard treatment for
patients with stage I/IIA non-small-cell lung cancer
(NSCLC) (3). Population aging has resulted in a steady
increase in the number of patients with comorbidities (4),
and, as a result, stereotactic body radiotherapy (SBRT) is
now the treatment of choice for patients with early-stage
NSCLC. SBRT is able to deliver a very high dose of
radiation over a small number of fractions while minimizing
the dosage to the surrounding normal tissues. Previous
studies demonstrated that the local control (LC) rate of
SRBT was high and the incidence of severe toxicities was
low (5-8); therefore, SRBT is a viable option with curative
intent for inoperable cases (9). However, there is a
significant lack of homogeneity in the dose fractionation
schedules used by different institutions, ranging from 20 to
60 Gy and from 1 to 15 fractions. In the present study, we
retrospectively investigate the clinical outcomes and
prognostic factors of early-stage NSCLC patients treated
with SBRT using common doses and fractionations.

Patients and Methods

Patients. Among consecutive patients with early-stage NSCLC who
received SBRT between November 2009 and September 2019, those
with ¢T1-2NOMO, staged by the 8™ edition of the UICC TNM
classification and staging system for lung cancer (10), were
retrospectively analyzed. The absence of a previous history of lung
cancer treatment (surgery, radiation, or chemotherapy) and a
performance status of 0-2 were also used as selection criteria in the
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present study. Patients lost to the follow-up within 1 month were
excluded from the analysis. Biopsy is a standard diagnostic protocol
at our institution; however, some patients refused to provide
consent, while others were unable to undergo the procedure due to
technical or clinical difficulties. Since these patients underwent
examinations without histological confirmation, the lung cancer
board clinically diagnosed NSCLC based on the clinical data
obtained, including an elevated maximum standardized uptake value
measured on (18F) fluorodeoxyglucose positron emission
tomography/computed tomography (13F-FDG PET/CT), continual
increases in tumor volumes on CT images, and increases in tumor
marker levels. Carcinoembryonic antigen, carbohydrate antigen 19-
9, sialyl Lex-I antigen, squamous cell carcinoma (SCC)-related
antigen, and cytokeratin 19 fragment levels were monitored in all
patients. The ground-glass nodule (GGN) type of pulmonary
nodules on thin-section computed tomography (TSCT) was defined
as a pure ground-glass opacity (GGO) or GGO in which the
maximum diameter of the consolidation to the tumor diameter ratio
(C/T ratio) of the solid component was <0.5. The solid nodule type
was defined as a purely solid tumor or GGO in which the C/T ratio
of the solid component was =0.5. The type of pulmonary nodule on
TSCT was evaluated by one experienced radiologist. Written
informed consent was obtained from all patients prior to the
initiation of treatment. The present study was approved by the
National Hospital Organization Nagasaki Medical Center Review
Board (N0.2021123).

Treatment. All patients were treated in the supine position using a
customized vacuum Vac-Lok™ immobilization device. During
treatment planning, we performed deep-inspiration breath-holding
CT of the chest to decrease the internal target volume (ITV). Among
patients unable to perform a sufficient deep inspiration breath hold,
abdominal compression was utilized to minimize the range of tumor
motion. Assessments of the planning target volume (PTV) were
conducted by the addition of a 6- to 8-mm margin to the ITV. SBRT
was delivered using three-dimensional (3D) non-coplanar beams
until March 2018, after which intensity-modulated radiotherapy
(IMRT) was performed. Regarding dose prescriptions, 48-52 Gy at
the isocenter in 5 fractions was prescribed for peripherally located
lesions and 60 Gy at the isocenter in 10 fractions for centrally
located lesions until March 2018. Since April 2018, 40-42 Gy to
95% of the PTV in 5 fractions has been prescribed for peripherally
located lesions and 50 Gy to 95% of the PTV in 10 fractions for
centrally located lesions.

Follow-up. Patients were followed up 1, 3, 6, 9, and 12 months after
SBRT in the first year, every 3 months between years 2 and 5, and
then every 6 months. Chest CT was performed every 3 months for
the first 12 months. Recurrence within the PTV, in the ipsilateral
hilar or mediastinal lymph nodes, or at sites other than the PTV or
ipsilateral hilar and mediastinal lymph nodes was classified as local,
regional, or distant, respectively.

LC was defined as the absence of local recurrence. Cause-
specific survival (CSS) accounted for deaths due to lung cancer.
Progression-free survival (PFS) was defined as the time from SBRT
to the last day of the follow-up or the date of death or tumor
progression (local-regional recurrence and/or distant metastases).
Overall survival (OS) was calculated from the first day of SBRT to
the day of death or final clinical follow-up. Tumor progression was
detected in each case based on histological or radiological features,
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Figure 1. Flow diagram of the selection process.

Table 1. Patient and tumor characteristics.

Patient and tumor characteristics n=53
Median age (range) 81 (58-90)
Sex
Male, n (%) 36 (67.9)
Female, n (%) 17 (32.1)
Clinical T stage
la, n (%) 7(13.2)
1b, n (%) 17 (32.1)
le,n (%) 22 (41.5)
2a,n (%) 7(13.2)
2b, n (%) 0 (0)
Histology
Squamous cell carcinoma, n (%) 8 (15.1)
Adenocarcinoma, n (%) 24 (45.3)
Histologically unproven, n (%) 21 (39.6)
Median follow-up duration (month) (range) 29 (2-105)

including continual increases in tumor volumes on CT images
and/or increases in standard uptake values on 8F-FDG PET/CT.
Toxicity data were prospectively collected and evaluated
according to the National Cancer Institute Common Terminology
Criteria Version 5.0. The follow-up period was defined as the first
day of SBRT to the day of death or the final clinical follow-up.

Statistical analysis. LC, CSS, PFS, and OS rates were calculated
using the Kaplan—Meier method. Univariate analyses using the
Cox proportional hazards model were performed to identify which
of the following factors influenced LC, CSS, PFS, and OS rates
after SBRT: age (<81 or =81 years), sex (male or female), T stages
(Tla/1b or Tlc/2a), histology [SCC, adenocarcinoma (ADC), or
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Figure 2. Kaplan—Meier plot for the local control (LC) (A), cause-specific survival (CSS) (B), progression-free survival (PFS) (C) and overall

survival (OS) (D).

histologically unproven], histological confirmation (histologically
proven NSCLC or histologically unproven NSCLC), the type of
pulmonary nodule on TSCT, and external beam radiotherapy
techniques (3D non-coplanar beams or IMRT). Categorical
variables were described as absolute values and percentages,
which were compared with Fisher’s exact test. All statistical
analyses were performed with the software JMP (SAS Institute,
Cary, NC, USA), and a p-value <0.05 was considered to be
statistically significant.

Results

Eligible patients and tumors. Eighty-two early-stage NSCLC
patients who received SBRT were retrospectively enrolled.
Ten patients with a previous history of lung cancer treatment
were excluded. Among the remaining patients, 53 patients
were followed up for at least 1 month. Figure 1 shows a flow
diagram of the selection process, and Table I patient and
tumor characteristics. Twenty-one patients were clinically
diagnosed with early-stage primary lung cancer without
histological confirmation. Regarding the type of pulmonary
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nodule on TSCT, the GGN type was observed in 16 patients
and the solid nodule type in 37.

Treatment outcomes. Tumor progression was detected in 11
patients during the follow-up period: local recurrence in 3,
regional recurrence in 2, and distant metastases in 6. Two-
and 5-year LC, CSS, PFS, and OS rates were 94.4 and
94.4%, 94.6 and 90.8%, 69.0 and 43.3%, and 80.0 and
59.3%, respectively (Figure 2).

In univariate analyses, the T stage, histology, and type of
pulmonary nodule were significant factors affecting PFS and
OS (Table II). Five-year PFS and OS rates were 61.2 and
79.6% for T1a/l1b, 21.1 and 27.5% for T1c/2a, 0 and 0% for
SCC, 42.3 and 53.3% for ADC, 58.3 and 75.6% for historically
unproven NSCLC, 69.3 and 69.3% for the GGN type, and 25.1
and 52.2% for the solid nodule type, respectively.

Toxicities. Three patients developed grade 3 radiation
pneumonitis after SBRT. Neither grade 4 nor 5 radiation
pneumonitis was detected.
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Table II. Univariate analysis of progression-free survival (PFS) and overall survival (OS).

PFS (6N
HR 95%CI1 p-Value HR 95%CI1 p-Value

Age

<81 1 1

=81 0.88 0.35-1.84 0.60 0.87 0.32-2.35 0.78
Sex

Male 1 - - 1 - -

Female 0.44 0.17-1.13 0.09 045 0.14-1.39 0.16
Tumor diameter

la/lb 1 - - 1 - -

Ic/2a 294 1.20-7.24 0.02 3.88 1.28-11.8 0.02
Radiotherapy technique

3D non-coplanar beams 1 - - 1 - -

IMRT 0.92 0.21-4.13 0.92 1.56 0.33-7.44 0.58
Histology

Squamous cell carcinoma 1 - - 1 - -

Adenocarcinoma 0.31 0.11-0.89 0.03 0.26 0.07-0.90 0.03

Histologically unproven NSCLC 0.21 0.06-0.60 0.01 0.26 0.07-0.91 0.04
Histological proof

Histologically proven NSCLC 1 - - 1 - -

Histologically unproven NSCLC 0.46 0.18-1.14 0.09 0.64 0.22-1.85 041
Type of pulmonary nodule

GGN type 1 - - 1 - -

Solid nodule type 4.5 1.51-133 0.01 3.58 1.02-12.5 0.04

HR: Hazard ratio; CI: confidence interval; IMRT: intensity-modulated radiotherapy; NSCLC: non-small cell lung cancer; GGN: ground-glass nodule.

Table III. Summary of recent studies on stereotactic body radiotherapy for patients with early-stage non-small cell lung cancer.

Author Year Prescription dose 2-year LC rate 2-year OS rate
Temming et al. (5) 2018 51 Gy/3 fr. (Median) 88% 77%
Hiroshima et al. (6) 2022 55 Gy/4 fr. for peripheral tumors 100% 54.6%

60 Gy/10 fr. for central tumors
Hayashi et al. (7) 2022 52 Gy/4-10 fr. (Median) 91.9% 84.8%
Iwata et al. (8) 2017 45 Gy, 50 Gy or 55 Gy/4 fr. 97% 82%
Present study 40-52 Gy/4 fr. for peripheral tumors 94% 80%

50 or 60 Gy/10 fr. for central tumors

LC: Local control; OS: overall survival; fr.; fractions.

Discussion

SBRT for NSCLC. Recent studies that have employed common
doses and fractionations have reported mature follow-up data
on SBRT for early-stage NSCLC, the findings of which are
summarized in Table III. Two-year LC and OS rates in these
studies were 91.9-100 and 54.6-84.8%, respectively (5-8).
Two-year LC and OS rates in the present study were 94.4 and
80.0%, which are consistent with these findings.

In the present study, two patients developed local
recurrence or new primary lung cancer and lung metastasis
or new primary lung cancer, respectively, and were treated
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with repeat SBRT. Subsequently, they were diagnosed with
grade 5 and 3 radiation pneumonitis, respectively (11).
Radiation pneumonitis is frequently observed after repeat
SBRT. Watanabe et al. previously showed that a mean lung
dose and lung volume spared from low-dose irradiation may
be useful in predicting radiation pneumonitis after repeat
SBRT (12). Therefore, we plan to introduce deformable
image registration and perform cumulative dose summation
to evaluate the safety of the reirradiation.

Prognostic factors. Tumor size has been identified as an
important prognostic factor in patients with lung cancer. The
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UICC TNM classification uses a cut-off diameter of 30 mm
to differentiate between T1 and T2. T1 and T2 in the 8™
edition of the UICC TNM classification for lung cancer are
divided into the following subgroups: Tla (<10 mm), T1b
(10-20 mm), T1c (20-30 mm), T2a (30-40 mm), and T2b
(40-50 mm). Tumors with diameters >50 mm are classified
as T3. Factors affecting the prognosis of patients with
clinical stage I NSCLC who underwent complete resection
were examined by The Japanese Joint Committee of Lung
Cancer Registry (13). Clinical stage IA patients with tumor
diameters <20 mm had a better prognosis, based on which
tumor size was considered to be an independent prognostic
factor in these patients. Kameyama et al. previously
investigated 1,532 patients who underwent surgical
interventions for NSCLC (14). Five-year OS rates
significantly differed between Tla/lb and T2c (82.6% vs.
73.3%, respectively). In the Nordic SBRT trial, the 3-year
failure rate in Tla/lb patients was 0%, which was
significantly better than that in T1c/2a/2b patients (40.8%)
(15). Tumor diameter was also identified as a significant
prognostic factor after SBRT in the present study, with 20
mm being a better threshold for a good prognosis following
the completion of SBRT than 30 mm.

In the present study, tumor histology was identified as a
significant prognostic factor. SCC was previously identified
as a poor prognostic factor and histologically unproven
NSCLC as a good prognostic factor (16, 17). This difference
has been attributed to SCC being radioresistant and
histologically unproven NSCLC including benign lesions. In
the present study, PFS and OS were worse in patients with
SCC than in those with ADC and histologically unconfirmed
NSCLC. No significant differences were observed between
histologically confirmed and unconfirmed NSCLC,
suggesting that the clinical diagnosis by the tumor board in
our institution was correct.

The type of pulmonary nodule on TSCT was also a
significant prognostic factor, with the GGN type having a
better prognosis than the solid nodule type, which may have
been due to ADC being more common in the GGN type and
SCC in the solid nodule type. Except for histologically
unproven NSCLC, the numbers of SCC with the GGN type
and solid nodule type were 0 (0%) and 8 (100%),
respectively, whereas these numbers were 11 (45.8%) and 13
(54.2%), respectively (p=0.03), in ADC.

In the present study, we report the clinical outcomes of
SBRT for early-stage primary lung cancer. Additionally, SBRT
is also performed for lung metastases. Previous studies have
reported that SBRT administered for a limited number of lung
metastases results in an excellent long-term LC rate (18).
However, the LC rate following SBRT for lung metastases
from colorectal cancer appears to be less favorable when
compared to those for early-stage primary lung cancer or for
lung metastases from other types of cancer (19).
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Limitations. The limitations of this study were its small
sample size and the retrospective nature of the analysis,
which may have a selection bias.

Conclusion

Good clinical outcomes were achieved in patients with early-
stage NSCLC who received SBRT, which is consistent with
previous findings. The present study identified tumor
diameter, histology, and the type of pulmonary nodule as
significant prognostic factors after SBRT.

Conflicts of Interest

The Authors have no conflicts of interest to disclose in relation to
this study.

Authors’ Contributions

Yutaro Tasaki: Conceptualization, formal analysis, writing. Kazuto
Ashizawa: Validation, writing. Daisuke Nakamura: Software.
Tatsuya Takeda: Methodology, investigation. Takashi Mizowaki:
Formal analysis. Seiji Nagashima: Validation. Toshifumi Fujimoto:
Validation. Masataka Uetani: Formal analysis, resources,
supervision, validation, investigation. All Authors have read and
agreed to the published version of the manuscript.

References

1 Global Burden of Disease Cancer Collaboration, Fitzmaurice C,
Abate D, Abbasi N, Abbastabar H, Abd-Allah F, Abdel-Rahman
O, Abdelalim A, Abdoli A, Abdollahpour I, Abdulle ASM, Abebe
ND, Abraha HN, Abu-Raddad LJ, Abualhasan A, Adedeji IA,
Advani SM, Afarideh M, Afshari M, Aghaali M, Agius D,
Agrawal S, Ahmadi A, Ahmadian E, Ahmadpour E, Ahmed MB,
Akbari ME, Akinyemiju T, Al-Aly Z, AlAbdulKader AM, Alahdab
F, Alam T, Alamene GM, Alemnew BTT, Alene KA, Alinia C,
Alipour V, Aljunid SM, Bakeshei FA, Almadi MAH, Almasi-
Hashiani A, Alsharif U, Alsowaidi S, Alvis-Guzman N, Amini E,
Amini S, Amoako YA, Anbari Z, Anber NH, Andrei CL,
Anjomshoa M, Ansari F, Ansariadi A, Appiah SCY, Arab-Zozani
M, Arabloo J, Arefi Z, Aremu O, Areri HA, Artaman A, Asayesh
H, Asfaw ET, Ashagre AF, Assadi R, Ataeinia B, Atalay HT, Ataro
Z, Atique S, Ausloos M, Avila-Burgos L, Avokpaho EFGA,
Awasthi A, Awoke N, Ayala Quintanilla BP, Ayanore MA, Ayele
HT, Babaee E, Bacha U, Badawi A, Bagherzadeh M, Bagli E,
Balakrishnan S, Balouchi A, Birnighausen TW, Battista RJ,
Behzadifar M, Behzadifar M, Bekele BB, Belay YB, Belayneh
YM, Berfield KKS, Berhane A, Bernabe E, Beuran M, Bhakta N,
Bhattacharyya K, Biadgo B, Bijani A, Bin Sayeed MS, Birungi C,
Bisignano C, Bitew H, Bjgrge T, Bleyer A, Bogale KA, Bojia HA,
Borzi AM, Bosetti C, Bou-Orm IR, Brenner H, Brewer JD, Briko
AN, Briko NI, Bustamante-Teixeira MT, Butt ZA, Carreras G,
Carrero JJ, Carvalho F, Castro C, Castro F, Catala-Lépez F, Cerin
E, Chaiah Y, Chanie WF, Chattu VK, Chaturvedi P, Chauhan NS,
Chehrazi M, Chiang PP, Chichiabellu TY, Chido-Amajuoyi OG,
Chimed-Ochir O, Choi JJ, Christopher DJ, Chu DT, Constantin
MM, Costa VM, Crocetti E, Crowe CS, Curado MP, Dahlawi



CANCER DIAGNOSIS & PROGNOSIS 3: 201-207 (2023)

SMA, Damiani G, Darwish AH, Daryani A, das Neves J, Demeke
FM, Demis AB, Demissie BW, Demoz GT, Denova-Gutiérrez E,
Derakhshani A, Deribe KS, Desai R, Desalegn BB, Desta M, Dey
S, Dharmaratne SD, Dhimal M, Diaz D, Dinberu MTT, Djalalinia
S, Doku DT, Drake TM, Dubey M, Dubljanin E, Duken EE,
Ebrahimi H, Effiong A, Eftekhari A, El Sayed I, Zaki MES, El-
Jaafary SI, El-Khatib Z, Elemineh DA, Elkout H, Ellenbogen RG,
Elsharkawy A, Emamian MH, Endalew DA, Endries AY, Eshrati
B, Fadhil I, Fallah Omrani V, Faramarzi M, Farhangi MA, Farioli
A, Farzadfar F, Fentahun N, Fernandes E, Feyissa GT, Filip I,
Fischer F, Fisher JL, Force LM, Foroutan M, Freitas M, Fukumoto
T, Futran ND, Gallus S, Gankpe FG, Gayesa RT, Gebrehiwot TT,
Gebremeskel GG, Gedefaw GA, Gelaw BK, Geta B, Getachew S,
Gezae KE, Ghafourifard M, Ghajar A, Ghashghaee A, Gholamian
A, Gill PS, Ginindza TTG, Girmay A, Gizaw M, Gomez RS,
Gopalani SV, Gorini G, Goulart BNG, Grada A, Ribeiro Guerra
M, Guimaraes ALS, Gupta PC, Gupta R, Hadkhale K, Haj-
Mirzaian A, Haj-Mirzaian A, Hamadeh RR, Hamidi S, Hanfore
LK, Haro JM, Hasankhani M, Hasanzadeh A, Hassen HY, Hay
RJ, Hay SI, Henok A, Henry NJ, Herteliu C, Hidru HD, Hoang
CL, Hole MK, Hoogar P, Horita N, Hosgood HD, Hosseini M,
Hosseinzadeh M, Hostiuc M, Hostiuc S, Househ M, Hussen MM,
Ileanu B, Ilic MD, Innos K, Irvani SSN, Isech KR, Islam SMS,
Islami F, Jafari Balalami N, Jafarinia M, Jahangiry L, Jahani MA,
Jahanmehr N, Jakovljevic M, James SL, Javanbakht M,
Jayaraman S, Jee SH, Jenabi E, Jha RP, Jonas JB, Jonnagaddala
J,Joo T, Jungari SB, Jiirisson M, Kabir A, Kamangar F, Karch A,
Karimi N, Karimian A, Kasaeian A, Kasahun GG, Kassa B, Kassa
TD, Kassaw MW, Kaul A, Keiyoro PN, Kelbore AG, Kerbo AA,
Khader YS, Khalilarjmandi M, Khan EA, Khan G, Khang YH,
Khatab K, Khater A, Khayamzadeh M, Khazaee-Pool M, Khazaei
S, Khoja AT, Khosravi MH, Khubchandani J, Kianipour N, Kim
D, Kim Y]J, Kisa A, Kisa S, Kissimova-Skarbek K, Komaki H,
Koyanagi A, Krohn KJ, Bicer BK, Kugbey N, Kumar V, Kuupiel
D, La Vecchia C, Lad DP, Lake EA, Lakew AM, Lal DK, Lami
FH, Lan Q, Lasrado S, Lauriola P, Lazarus JV, Leigh J, Leshargie
CT, Liao Y, Limenih MA, Listl S, Lopez AD, Lopukhov PD,
Lunevicius R, Madadin M, Magdeldin S, El Razek HMA, Majeed
A, Maleki A, Malekzadeh R, Manafi A, Manafi N, Manamo WA,
Mansourian M, Mansournia MA, Mantovani LG, Maroufizadeh
S, Martini SMS, Mashamba-Thompson TP, Massenburg BB,
Maswabi MT, Mathur MR, McAlinden C, McKee M, Meheretu
HAA, Mehrotra R, Mehta V, Meier T, Melaku YA, Meles GG,
Meles HG, Melese A, Melku M, Memiah PTN, Mendoza W,
Menezes RG, Merat S, Meretoja TJ, Mestrovic T, Miazgowski B,
Miazgowski T, Mihretie KMM, Miller TR, Mills EJ, Mir SM,
Mirzaei H, Mirzaei HR, Mishra R, Moazen B, Mohammad DK,
Mohammad KA, Mohammad Y, Darwesh AM, Mohammadbeigi
A, Mohammadi H, Mohammadi M, Mohammadian M,
Mohammadian-Hafshejani A, Mohammadoo-Khorasani M,
Mohammadpourhodki R, Mohammed AS, Mohammed JA,
Mohammed S, Mohebi F, Mokdad AH, Monasta L, Moodley Y,
Moosazadeh M, Moossavi M, Moradi G, Moradi-Joo M, Moradi-
Lakeh M, Moradpour F, Morawska L, Morgado-da-Costa J,
Morisaki N, Morrison SD, Mosapour A, Mousavi SM, Muche AA,
Muhammed OSS, Musa J, Nabhan AF, Naderi M, Nagarajan AJ,
Nagel G, Nahvijou A, Naik G, Najafi F, Naldi L, Nam HS, Nasiri
N, Nazari J, Negoi I, Neupane S, Newcomb PA, Nggada HA,
Ngunjiri JW, Nguyen CT, Nikniaz L, Ningrum DNA, Nirayo YL,
Nixon MR, Nnaji CA, Nojomi M, Nosratnejad S, Shiadeh MN,

206

Obsa MS, Ofori-Asenso R, Ogbo FA, Oh IH, Olagunju AT,
Olagunju TO, Oluwasanu MM, Omonisi AE, Onwujekwe OE,
Oommen AM, Oren E, Ortega-Altamirano DDV, Ota E,
Otstavnov SS, Owolabi MO, P A M, Padubidri JR, Pakhale S,
Pakpour AH, Pana A, Park EK, Parsian H, Pashaei T, Patel S, Patil
ST, Pennini A, Pereira DM, Piccinelli C, Pillay JD, Pirestani M,
Pishgar F, Postma MJ, Pourjafar H, Pourmalek F, Pourshams A,
Prakash S, Prasad N, Qorbani M, Rabiee M, Rabiee N, Radfar A,
Rafiei A, Rahim F, Rahimi M, Rahman MA, Rajati F, Rana SM,
Raoofi S, Rath GK, Rawaf DL, Rawaf S, Reiner RC, Renzaho
AMN, Rezaei N, Rezapour A, Ribeiro A, Ribeiro D, Ronfani L,
Roro EM, Roshandel G, Rostami A, Saad RS, Sabbagh P, Sabour
S, Saddik B, Safiri S, Sahebkar A, Salahshoor MR, Salehi F,
Salem H, Salem MR, Salimzadeh H, Salomon JA, Samy AM,
Sanabria J, Santric Milicevic MM, Sartorius B, Sarveazad A,
Sathian B, Satpathy M, Savic M, Sawhney M, Sayyah M,
Schneider 1JC, Schottker B, Sekerija M, Sepanlou SG,
Sepehrimanesh M, Seyedmousavi S, Shaahmadi F, Shabaninejad
H, Shahbaz M, Shaikh MA, Shamshirian A, Shamsizadeh M,
Sharafi H, Sharafi Z, Sharif M, Sharifi A, Sharifi H, Sharma R,
Sheikh A, Shirkoohi R, Shukla SR, Si S, Siabani S, Silva DAS,
Silveira DGA, Singh A, Singh JA, Sisay S, Sitas F, Sobngwi E,
Soofi M, Soriano JB, Stathopoulou V, Sufiyan MB, Tabarés-
Seisdedos R, Tabuchi T, Takahashi K, Tamtaji OR, Tarawneh MR,
Tassew SG, Taymoori P, Tehrani-Banihashemi A, Temsah MH,
Temsah O, Tesfay BE, Tesfay FH, Teshale MY, Tessema GA,
Thapa S, Tlaye KG, Topor-Madry R, Tovani-Palone MR, Traini
E, Tran BX, Tran KB, Tsadik AG, Ullah I, Uthman OA, Vacante
M, Vaezi M, Varona Pérez P, Veisani Y, Vidale S, Violante FS,
Vlassov V, Vollset SE, Vos T, Vosoughi K, Vu GT, Vujcic IS,
Wabinga H, Wachamo TM, Wagnew FS, Waheed Y, Weldegebreal
F, Weldesamuel GT, Wijeratne T, Wondafrash DZ, Wonde TE,
Wondmieneh AB, Workie HM, Yadav R, Yadegar A, Yadollahpour
A, Yaseri M, Yazdi-Feyzabadi V, Yeshaneh A, Yimam MA, Yimer
EM, Yisma E, Yonemoto N, Younis MZ, Yousefi B, Yousefifard
M, Yu C, Zabeh E, Zadnik V, Moghadam TZ, Zaidi Z, Zamani M,
Zandian H, Zangeneh A, Zaki L, Zendehdel K, Zenebe ZM,
Zewale TA, Ziapour A, Zodpey S and Murray CJL: Global,
regional, and national cancer incidence, mortality, years of life
lost, years lived with disability, and disability-adjusted life-years
for 29 cancer groups, 1990 to 2017: a systematic analysis for the
Global Burden of Disease Study. JAMA Oncol 5(12): 1749-1768,
2019. PMID: 31560378. DOI: 10.1001/jamaoncol.2019.2996
Torre LA, Siegel RL and Jemal A: Lung cancer statistics. Adv
Exp Med Biol 893: 1-19, 2016. PMID: 26667336. DOI:
10.1007/978-3-319-24223-1_1

Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR,
Bharat A, Bruno DS, Chang JY, Chirieac LR, D’Amico TA,
Dilling TJ, Dowell J, Gettinger S, Gubens MA, Hegde A,
Hennon M, Lackner RP, Lanuti M, Leal TA, Lin J, Loo BW Jr,
Lovly CM, Martins RG, Massarelli E, Morgensztern D, Ng T,
Otterson GA, Patel SP, Riely GJ, Schild SE, Shapiro TA, Singh
AP, Stevenson J, Tam A, Yanagawa J, Yang SC, Gregory KM
and Hughes M: NCCN Guidelines insights: Non-small cell
lung cancer, version 2.2021. J Natl Compr Canc Netw /9(3):
254-266, 2021. PMID: 33668021. DOI: 10.6004/jncen.
2021.0013

Ganti AK, Shostrom V, Alorabi M, Zhen WK, Marr AS, Trujillo
K, Islam KM, Lackner RP and Kessinger A: Early stage non-
small-cell lung cancer in octogenarian and older patients: a



Tasaki et al: SBRT for Early-stage NSCLC

SEER database analysis. Clin Lung Cancer 17(4): 285-291,
2016. PMID: 26725852. DOI: 10.1016/j.cllc.2015.11.014
Temming S, Kocher M, Stoelben E, Hagmeyer L, Chang DH,
Frank K, Hekmat K, Wolf J, Baus WW, Semrau R, Baues C and
Marnitz S: Risk-adapted robotic stereotactic body radiation
therapy for inoperable early-stage non-small-cell lung cancer.
Strahlenther Onkol 794(2): 91-97,2018. PMID: 28812120. DOI:
10.1007/s00066-017-1194-x
Hiroshima Y, Tamaki Y, Sawada T, Ishida T, Yasue K, Shinoda K,
Saito T, Kaburagi T, Kiyoshima M, Okumura T and Sakurai H:
Stereotactic body radiotherapy for stage I lung cancer with a new
real-time tumor tracking system. Anticancer Res 42(6): 2989-2995,
2022. PMID: 35641279. DOI: 10.21873/anticanres.15782
Hayashi K, Suzuki O, Shiomi H, Nakai M, Fujiwara K, Nakanishi
E, Tatekawa S, Hirata T, Tamari K, Hirata H, Funaki S, Seo Y,
Takeda Y, Isohashi F, Shintani Y and Ogawa K: Stereotactic
ablative radiotherapy using CyberKnife for stage I non-small-cell
lung cancer: a retrospective analysis. Anticancer Res 42(1): 321-
327,2022. PMID: 34969740. DOI: 10.21873/anticanres.15488
Iwata H, Ishikura S, Murai T, Iwabuchi M, Inoue M, Tatewaki
K, Ohta S, Yokota N and Shibamoto Y: A phase I/II study on
stereotactic body radiotherapy with real-time tumor tracking
using CyberKnife based on the Monte Carlo algorithm for lung
tumors. Int J Clin Oncol 22(4): 706-714, 2017. PMID:
28429140. DOI: 10.1007/s10147-017-1123-0
Boily G, Filion E, Rakovich G, Kopek N, Tremblay L, Samson
B, Goulet S, Roy I and Comité de 1’évolution des pratiques en
oncologie: Stereotactic ablative radiation therapy for the
treatment of early-stage non-small-cell lung cancer: CEPO
review and recommendations. J Thorac Oncol 10(6): 872-882,
2015. PMID: 26001140. DOI: 10.1097/JTO.0000000000000524
10 Brierley JD, Gospodarowicz MK and Wittekind C: TNM
Classification of Malignant Tumours. John Wiley & Sons, 2017.
11 Tasaki Y, Ashizawa K, Nakamura D and Mizowaki T: Radiation
pneumonitis after repeat stereotactic body radiation therapy for
early-stage non-small cell lung cancer: A case series of two
patients. Journal of Case Reports and Images in Oncology 8(2):
10-14, 2023. DOI: 10.5348/100109Z10YT2022CS
12 Watanabe S, Yamazaki H, Kimoto T, Suzuki G and Yamada K:
Repeated stereotactic body radiotherapy for lung malignancies:
Toxicity can be reduced by sparing lung irradiation. Anticancer
Res 42(5): 2701-2709, 2022. PMID: 35489736. DOI: 10.21873/
anticanres.15748

207

13 Koike T, Tsuchiya R, Goya T, Sohara Y and Miyaoka E:
Prognostic factors in 3315 completely resected cases of clinical
stage I non-small cell lung cancer in Japan. J Thorac Oncol 2(5):
408-413, 2007. PMID: 17473656. DOI: 10.1097/01.JTO.
0000268674.02744 .19

14 Kameyama K, Takahashi M, Ohata K, Igai H, Yamashina A,

Matsuoka T, Nakagawa T and Okumura N: Evaluation of the

new TNM staging system proposed by the International

Association for the Study of Lung Cancer at a single institution.

J Thorac Cardiovasc Surg /37(5): 1180-1184, 2009. PMID:

19379988. DOI: 10.1016/j.jtcvs.2008.09.030

Baumann P, Nyman J, Lax I, Friesland S, Hoyer M, Rehn

Ericsson S, Johansson KA, Ekberg L, Morhed E, Paludan M,

Wittgren L, Blomgren H and Lewensohn R: Factors important for

efficacy of stereotactic body radiotherapy of medically inoperable

stage I lung cancer. A retrospective analysis of patients treated in
the Nordic countries. Acta Oncol 45(7): 787-795, 2006. PMID:

16982541. DOI: 10.1080/02841860600904862

sseldijk MA, Shoni M, Siegert C, Wiering B, van Engelenburg

KCA, Lebenthal A and Ten Broek RPG: Survival after

stereotactic body radiation therapy for clinically diagnosed or

biopsy-proven early-stage NSCLC: a systematic review and
meta-analysis. J Thorac Oncol 74(4): 583-595, 2019. PMID:

30721798. DOI: 10.1016/].jtho.2018.12.035

Abel S, Hasan S, White R, Schumacher L, Finley G, Colonias A

and Wegner RE: Stereotactic ablative radiotherapy (SABR) in

early stage non-small cell lung cancer: Comparing survival
outcomes in adenocarcinoma and squamous cell carcinoma.

Lung Cancer /28: 127-133, 2019. PMID: 30642444. DOI:

10.1016/j.lungcan.2018.12.022

Janssen S, Kdsmann L, Rudat V and Rades D: Stereotactic body

radiotherapy provides excellent long-term local control of very few

lung metastases. In Vivo 30(2): 155-157,2016. PMID: 26912828.

19 Kobayashi N, Abe T, Noda SE, Kumazaki YU, Hirai R, Igari M,
Aoshika T, Saito S, Ryuno Y and Kato S: Stereotactic body
radiotherapy for pulmonary oligometastasis from colorectal
cancer. In Vivo 34(5): 2991-2996, 2020. PMID: 32871842. DOL:
10.21873/invivo.12130

15

16

17

18

Received December 29, 2022
Revised January 18, 2023
Accepted January 19, 2023



