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Multimodalit
y imaging for 
TVD in SBRT 

Patel et al. Radiation 

Research 2012 
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From 
imaging to 
margins 
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SBRT  

LUNG 

SBRT  

LIVER 

SBRT  

SPINE 

SBRT 

PROSTATE 
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From 
imaging to 
margins  
in SBRT 
(ICRU 50-62) 
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ITV 
PTV 

Pro-Lok 
Civco 

Body-
fix 

 
Setup-
errors 
manageme
nt in SBRT 
 
 

CDR 
System 
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IMAGING IN SBRT 
LUNG  AND LIVER 
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Tumor 
motion 
managemen
t 
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Lung volume 
(Expiration) 

Lung volume 
(Inspiration) 

Mobility 
increases  

on passing 
from upper 

to  
lower lobe 

≈mm 

1-3 cm 

LUNG Motion 

LIVER Motion 

Dieleman et al. IJROBP 2007 

Inspiration 

Expiration 

Esophagus Motion 

7 mm LL 
 6 mm AP 

 
9 mm LL 
 8 mm AP 

5 mm LL, AP 
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Organ 
motion 
managemen
t 
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Imaging CT  
for mobile 
tumors: 
artifacts 
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Bettinardi et al. Seminars in 

NM 2012 

Split of the organ  
in two pieces 

Discontinuity in the  
liver anatomy 

Imaging PET  
for  mobile 
tumors: 
artifacts 
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Increased mobility 

Optimal activity 
threshold:  
• motion  
• object volume 
• source-to-
background  
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Imaging 
PET/CT  
for  mobile 
tumors: 
artifacts 
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Bettinardi et al. Seminars in 

NM 2012 

Tumor 
motion 
strategies 
in SBRT 
(AAPM TG 
76) 

1. Motion-encompassing 
 4D-CT 
 Slow CT 
 Inhale/exhale breath-hold CT  
 
2.     Motion compensating 
       Respiratory gating 
       Respiration-synchronized (tracking) 
 
3.     Motion restrictive 
       Breath-hold  
       Forced shallow-breathing with AC 
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Tumor 
motion 
strategies 
in SBRT 
(AAPM TG 
76) 

1. Motion- encompassing  
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Motion 
encompassi
ng  
strategies 
for TVD 

Tumor 

Volume to be irradiated 

MIP 
Slow CT I/E BH CT 

4D-CT 
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Motion 
encompassi
ng  
strategies  
for TVD 

Underberg et al. R&O 2004 

Nakamura et al. Med. Phys 2008 

4D-CT vs Fast 
CT 

4D-CT vs  Slow 
CT 
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Motion 
encompassi
ng  
strategies 
for TVD 
 

4D-PET/CT MIP VOLUMES  
CONSISTENT 

WITH 4D-CT MIP VOLUMES 

G.d.L. SBRT AIFM    
S.Clemente 

Callahan et al. 

IJROBP 2013 
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Tumor 
motion 
strategies 
in SBRT:  
motion 
compensatin
g 
(AAPM TG 
76) 

2. Respiratory gating methods 
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Tumor 
motion 
strategies 
in SBRT:  
motion 
compensatin
g 
(AAPM TG 
76) 

2. Respiratory tracking methods 
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Tumor 
motion 
strategies 
in SBRT: 
motion 
restrictive 
(AAPM TG 
76) 

3. Breath-hold methods 
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To maximize organ 
stabilty,  

reproducibility and 
comfort  

for the patient 

Tumor 
motion 
strategies 
in SBRT: 
motion 
restrictive 
(AAPM TG 
76) 

3. Forced shallow breathing with AC 
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Heinzerling et al. IJROBP 

2008 

37,5

% 

 49,2

% 

39,0% 

47,1% 

Tumor motion Organ motion 

Diaphram motion 

AC
M 

AC
H 
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Tumor  
motion 
strategies 
in SBRT:  
motion 
restrictive 
(AAPM TG 
76) 

Eccles et al. IJROBP 

2010  

Liver 
deformations in 

patients 
undergoing 

SBRT under  AC 
were small (< 

5mm) 
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CBCT 
1 

CBCT 
5 

CBCT 
6 

Planning 
CT  

Imaging 
protocol  for 
TVD in SBRT 
Lung 

G.d.L. SBRT AIFM    
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LUNG  (RTOG 813 and 915-EORTC as 
guidelines ) 

Patient position  

stable and 
reproducible: body 

frames+AC 

CT SIM 

IV contrast, ≤3mm, 
PTV=GTV+5mm+1cm 

(CC) 

4D-CT SIM 

PTV=ITV+5mm 
(uniformly) 

Gating 

if motion >5mm, 

 if  breathing pattern  

is  regular & 
reproducible 

MARGINS 

IMAGING 
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Imaging 
protocol  for 
TVD in SBRT 
Liver 

G.d.L. SBRT AIFM    
S.Clemente 

LIVER  (RTOG 438 as guidelines ) 

Patient position 

stable and 
reproducible: 

body frames 
+AC+BH 

Internal fiducial (3-
5) 

markers for tracking 

CT SIM 

CTV=GTV or CTV=GTV+3-
5mm 

PTV=CTV+SM 

4D-CT SIM 

PTV=ITV+SM  

MARGINS 

IMAGING 

IMAGING IN SBRT  
SPINE 
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Imaging 
SBRT Spine 

Feasibility and accurate use of SRS to treat 
spinal metastases, with rigorous quality control 

Imaging for  
TVD in SBRT 
Spine Cauda equina 

Target 

V100 

Tumor progression 
4 months after SBRT 

L
3 



15 

Imaging for 
TVD in SBRT 
Spine 

Suboptimal visualization 

Imaging for 
TVD in SBRT 
Spine 

G.d.L. SBRT AIFM    
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Variable location (d) of 
the spinal cord/cauda 
equina relative to the 
anterior wall  of the 

spinal canal 

Dural sac 

Anterior wall  
Spinal cord 

d 
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Imaging MRI 
3T for TVD in 
SBRT 
Spine 

G.d.L. 
SBRT 
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Imaging 
protocol  for 
TVD in SBRT 
Spine 

G.d.L. SBRT AIFM    
S.Clemente 

SPINE cases (RTOG 613 as 
guidelines ) 

Patient position  

stable and reproducible: 

 body frames 

CT SIM 

IV contrast, ≤2.5-3mm,  

PTV (+2-3/0-1 mm for the beam penumbra) 

MRI T1W/T2W 

MARGINS 

IMAGING 
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IMAGING IN SBRT 
PROSTATE 

Imaging for 
TVD in SBRT 
Prostate 

CT scans overestimate prostate volume by 35% vs MRI 

Hentschel  et al. Strahlenther Onkol 2011 
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Imaging for 
TVD in SBRT 
Prostate 

Hentschel  et al. Strahlenther Onkol 2011 
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SVI identified by MRI  

% SVI using MRI  less than % SVI using 
Roach–Diaz  

Imaging for 
TVD in SBRT 
Prostate 
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SBRT FOR 
PROSTATE  

the 
“current 
passion”  

TOTAL 
DOSE 
 

DOSE Fx 
 

N. Fx OTT 
(Days) 

EHF 33.5-50Gy 6.7-10Gy 4-5 4-29 days 

MFH 51-72Gy 2.63-3.64Gy 14-30 19-45 days 

G.d.L. SBRT AIFM    
S.Clemente 

 
 
Fractionatio
n schemes in 
SBRT  
Prostate 
 
 
 

G.d.L. 
SBRT 

EHF= Extreme Hypofractionation (<5 fx) 
MHF= Moderate Hypofractionation (<35 fx) 
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EHF MHF 

4.8 y -bRFS Low 86-100% 50-100% 

Intermediate 86-100% 
 

56-100% 

High 78-100% 31-99% 

Tox GU≥G2 Acute 1-45% 0-47% 

Late 1-20% 0-45% 

Tox GI≥G2 
 

Acute 0-21% 4-38% 

Late 0-28% 0-33% 
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Clinical 
outcome in 
SBRT  
Prostate 
 

G.d.L. 
SBRT 

? 
Correlation of outcome  

with technical aspect  
such as imaging, immobilization, 

margins…  
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Device and 
technique in 
SBRT  
Prostate 

G.d.L. 
SBRT 
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Set-up  and 
frames in 
SBRT 
Prostate 

G.d.L. 
SBRT 
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Set-up  and 
frames in 
SBRT 
Prostate 

G.d.L. 
SBRT 

 
Rate of bRFS 

higher 
if frames were 

used 
 

G.d.L. SBRT AIFM    
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G.d.L. 
SBRT 

Great care has to be 
taken to compensate 

for prostate swelling if 
segmentation was 

performed with MRI-
only 
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G.d.L. 
SBRT 
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Margins in 
SBRT  
Prostate 

G.d.L. 
SBRT EHF 

MHF 
0-4 mm 

7-15 mm 

EHF 

MHF 

4-5 mm 
2-3 mm (post) 

7-20 mm 
3-10 mm (post) 

Rate of Tox lower  
and bRFS higher 
if margins<5mm 
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Organ 
motion: 
preparation 
in SBRT 
Prostate 

Boubaker et al. 

JBIOMECH 2009  

 
Rate of late ≥G2 GU Tox  

lower if preparation 
 

G.d.L. 
SBRT 
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Imaging 
during 
treatment in 
SBRT  
Prostate 

G.d.L. 
SBRT 

Daily imaging 
and tracking have  

a good impact  
on Tox and bRFS 
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Imaging 
protocol  for 
TVD in SBRT 
Prostate 

Patient 
positioning 

stable, 
reproducible, 

supine 

Rectum (empty) and 
bladder (250-500mL) 

preparation 

EHF: CT SIM  

≤3mm, PTV=CTV(P)+0-
4mm  

or + 4-5mm/2-3mm post 

MHF: CT SIM 

≤5mm, PTV=CTV (P+SV)+7-
15mm 

or  + 7-20mm/3-10mm post 

Diagnostic 
Imaging: 

MRI≤3mm 

Frames:  

body+(knee, 
ankle,feet) 

support 

Internal fiducial 
markers (3-4) for 

tracking 

PROSTATE 

G.d.L. 
SBRT 

MARGINS 

IMAGING 
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