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放射線治療の近年の進歩	 

1970年代以前	 

1980年代	 

1990年代	 

2000年代	 

CTを用いた治療計画	 

X線透視による治療計画	 

対向二門照射	 

３次元原体照射	

定位放射線治療（頭部）	 
	 

IMRT	

粒子線治療	

小線源治療	

定位放射線治療（体幹部）	 

IGRT	

（画像誘導治療）	 

コバルト60遠隔照射装置	 

リニアックX線装置	 

背景	

コンピュータ演算速度の向上	

画像診断技術の向上	

装置の小型化	

マンパワーの充足	 

放射線治療患者数	 



１）　コンピュータ演算速度の向上	  
以前は少し複雑な計算でも一晩かかっていたのが、最近ではIMRTの自動

最適化計算も30分程で出来るようになった。	  
	  
２）画像診断技術の向上	  
MRI,	  PET-‐CTなどの技術の開発とともに、異なった画像を重ねあわせられ
る(Fusion)ようになった。画像誘導放射線治療も進歩した。	  
	  

３）装置の小型化	  
装置の小型化によってリング型のガントリーも登場し、操作性、安定性
も良くなり、技術の進歩の端緒となった。	  
	  

４）マンパワーの充足	  
医師、技師の数的充足とともに、医学物理士が登場して、複雑な技術を
要する高精度放射線治療の遂行に貢献してくれるようになった。	 

背　景	  



2-‐D	  Radiation	  	  
Treatment	 

3-‐D	  (Volumetric)	  	  
Radiation	  Treatment	 



¡ 放射線治療計画の際のIGRT	  
¡ 放射線治療中のIGRT	  
X線	  
X線CT	  
赤外線	  
超音波	  
電磁波	  
MRI	  
¡ 放射線治療計画への応用（adaptive	  RT)	 











自由呼吸下のCT	 4D-‐CT	 

４DCTとは	 
従来の３DCTに時間軸を加えた撮影法で、3次元的な呼吸性変動の把握が可能。	 
腹壁の呼吸性変動をモニタリングしながら撮影し、位相分けを行い呼吸フェーズ	 
毎の3DCT画像（4DCT）を作成。	 
	 



http://www.kogures.com/hitoshi/history/super-‐computer/	 



CyberKnife	 

TomoTherapy	 

Vero-4DRT	 

小型加速管を搭載した	

治療装置の例	
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画像誘導	 

放射線治療	  
IGRT	  

(Image-‐guided	  Radiation	  Therapy)	 

強度変調放射線治療	 

IMRT	  

(Intensity-‐modulated	  
Radiation	  Therapy)	 

定位放射線治療	 

SRT	  
(Steretactic	  Radiotherapy)	 

Cyberknife,	  Vero-‐4DRT	 Tomotherapy,	  Vero-‐4DRT	 

Cyberknife,	  Tomotherapy,	  Vero-‐4DRT	 



¡ 長所	  
§ 治療期間が短い	  
§ 局所制御率が高い	  
§ 有害事象が少ない	  

¡ 短所	 
§ 直列臓器の有害事象	 
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Gammaknife	 CyberKnife	 Linac-‐Based	 

Metastases	 Acoustic	  Neuroma	 Pituitary	  Adenoma	 



Uematsu M. Int J Radiat oncol Biol Phys. 2001;51:666-70.	


 operable patients	


 overall patients	


Uematsu	  Study	  

Uematsu	  M.	  Int	  J	  Radiat	  oncol	  Biol	  Phys.	  2001;51:666-‐70.	  

孤立性肺腫瘍の定位放射線治療	 
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Survival	


Time (years)	


BED* > 100 Gy (n=82)	

5-y OS (95%CI): 72.0% (60.8-83.3%)	


BED < 100 Gy (n=24)	

5-y OS (95%CI): 49.6% (26.2-73.0%) � P < 0.05	


Onishi(2006)	  BED:	  Biologically	  Effective	  Dose	 



Nagata	  et	  al.	  	  IJROBP	  (2015)	 

59.9%	 

76.5%	 
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randomised by the trial offi  ce at the Netherlands Cancer 
Institute. Patients were subsequently randomly assigned 
in a 1:1 ratio with the TENALEA randomisation system to 
receive SABR or surgery. Randomisation was done with 
the minimisation method, stratifi ed by institute, histo-
logical type (squamous cell, non-squamous cell, or other), 
and WHO performance status (0, 1, or 2). No allocation 
sequence was generated in advance. Each participant was 
randomised separately at the time of enrolment. 

Procedures
For patients randomly assigned to receive surgery, 
acceptable surgical techniques included anatomic 
lobectomy by open thoracotomy or video-assisted 
thoracotomy. All accessible hilar (level 10) lymph nodes 
had to be dissected from the specimen. All patients who 
had a lobectomy also underwent dissection or sampling 
of mediastinal lymph nodes in both trials (for right-sided 
lesions, including levels 4R, 7, and 9; for left-sided 
lesions, including 5, 6, 7, and 9). 

In the STARS protocol, the CyberKnife system (Accuray, 
Sunnyvale, CA, USA) was used for all radio therapy 
sessions for patients randomly assigned to receive SABR. 

Implanted fi ducial markers were used to verify and track 
tumour motion. Patients with peri pherally located lesions 
(ie, those located >2 cm in any direction from the proximal 
bronchial tree, major vessels, oesophagus, heart, tracheal, 
vertebral body, pericardium, mediastinal pleural, and 
brachial plexus) received a total radiation dose of 54 Gy in 
three 18 Gy fractions (BED 151·2 Gy), calculated with a 
Monte Carlo or equivalent algorithms or its equivalent 
dose if other algorithms were used and heterogeneity 
correction. For central lesions (ie, those within 2 cm of 
these structures), 50 Gy in four 12·5 Gy fractions (BED 
112·5 Gy) was used. The SABR dose was prescribed to the 
highest isodose line, which was required to cover 100% of 
the gross tumour volume (defi ned as visible disease in CT 
images with use of lung window) and more than 95% of 
the planning target volume (defi ned as the gross tumour 
volume plus a 3 mm margin). Coverage of 100% of the 
planning target volume by at least the prescription dose 
was encouraged. The normal tissue constraints were met 
for all cases. Treatment delivery was recommended to be 
complete within 5 days of its initiation.

In the ROSEL protocol, linear-accelerator-based SABR 
from multiple vendors was used for patients randomly 

Figure !: Study design for STARS and ROSEL trials
SABR=stereotactic ablative radiotherapy.
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1 died within 
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7 alive at 3 years 
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20 to receive SABR 16 to receive surgery 11 to receive SABR 11 to receive surgery 

31 in SABR group included
in pooled analysis 

27 in surgery group included
in pooled analysis 

36 enrolled and randomly assigned 

234 patients screened in STARS trial 

22 enrolled in ROSEL trial and randomly assigned 

 54 opted for surgery
 9 opted for radiotherapy
 3 opted for no treatment
 20 previous malignancy <5 years
 21 not surgical candidate
 72 did not meet eligibility criteria
 19 other

STARS ROSEL

Chang	  J.	  Lancet	  Oncol	  (2015)	 
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associations between two categorical variables. We used 
the Wilcoxon rank sum test to evaluate the diff erence in 
a continuous variable between two patient groups. We 
used the Kaplan-Meier method to estimate overall 
survival and recurrence-free survival, and time to local 
recurrence, regional recurrence, and distant metastasis, 
and used log-rank tests to evaluate diff erences in time-
to-event outcomes between surgery and SABR with two-
sided p values. We classifi ed p values less than 0·05 as 
statistically signifi cant. We also calculated hazard ratios 
(HRs) with 95% CIs with a Cox proportional hazards 
model. We used statistical software SAS 9.1.3 and S-Plus 
8.0 for the analyses. Complete statistical methods are 
given in the appendix.

Both trials are registered with ClinicalTrials.gov 
(STARS: NCT00840749; ROSEL: NCT00687986).

Role of the funding source
This analysis was designed by the principal and 
coprincipal investigators of both trials. The STARS trial 
was funded by Accuray and the ROSEL study by the 
Netherlands Organisation for Health Research and 
Development, but beyond providing fi nancial support, 
neither funder was involved in accessing the raw data, 
collection, analysis, or interpretation of the data, or 

writing of the report. The corresponding author had full 
access to all of the data and the fi nal responsibility for the 
decision to submit for publication.

Results
58 patients were enrolled and randomly assigned in the 
combined studies (31 to SABR and 27 to surgery; fi gure 1). 
We did not note any diff erences in age, sex, performance 
status, histology, T stage, or tumour location between the 
two treatment groups (table) or between the two trials 
(appendix). Median follow-up for all patients was 
40·2 months (IQR 23·0–47·3) in the SABR group and 
35·4 months (18·9–40·7) in the surgery group. All 
patients had stage I NSCLC (<4 cm), and were thought 
medically operable for lobectomy with performance 
status of 0 to 2. ¹⁸F-FDG-PET was used for the staging 
but information about maximal standardised uptake 
value was not collected because of substantial variation 
in the PET procedures. Of the 27 patients who received 
surgery, 19 had open lobectomies, fi ve had video-assisted 
thora cotomy lobectomies, one had video-assisted 
thoracotomy biopsy (mediastinal lymph node biopsy 
positive for metastatic lung cancer), one had open wedge 
resection (benign lung nodule), and one had an aborted 
resection during the surgery due to disease progression. 
In the STARS trial, 16 patients had peripherally located 
lesions and so received 54 Gy in three fractions, and four 
had central lesions and so received 50 Gy in four 
fractions. In the ROSEL trial, six patients received 54 Gy 
in three 18 Gy fractions over 5–8 days, and fi ve patients 
received 60 Gy at fi ve 12 Gy fractions over 10–14 days due 
to variation in centre protocol.

Pooled estimated overall survival at 1 year and 3 years 
was 100% (95% CI 100–100) and 95% (95% CI 85–100) 
in the SABR group, and 88% (95% CI 77–100) and 79% 
(95% CI 64–97) in the surgical group (fi gure 2). The 
diff erence in overall survival between the two groups 
was statistically signifi cant (log-rank p=0·037; HR 0·14 
[95% CI 0·017–1·190]). The diff erence in overall survival 
between two groups was signifi cant in STARS alone 
(log-rank p=0·0067) but not in ROSEL alone (log-rank 
p=0·78; appendix). Seven patients died during study 
follow-up: six in the surgery group (two from cancer 
progression, one from secondary primary lung cancer, 
one from a surgical adverse event, and two from 
comorbidities) and one in the SABR group (from cancer 
progression). Median overall survival was not reached 
for either treatment group.

We did not fi nd any signifi cant diff erences in frequency 
of local, regional, or distant metastasis or in recurrence-
free survival between the treatment groups (fi gures 2, 3). 
At 3 years, 96% (95% CI 89–100) of patients in the SABR 
group were free from local recurrence (only one patient 
had local recurrence) compared with 100% (95% CI 
100–100) of patients in the surgery group (log-rank 
p=0·44). Four patients in the SABR group developed 
regional nodal recurrence (90% [95% CI 80–100] free 

Figure !: Overall survival (A) and recurrence-free survival (B)
One patient died and fi ve had recurrence in the SABR group compared with six 
and six patients, respectively, in the surgery group. SABR=stereotactic ablative 
radiotherapy. HR=hazard ratio.
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