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Evolu.on'in'Radia.on'Oncology'

Radiosurgery 



Biochemical'outcome'from''
the'most'relevant'dose'escala.on'trials'



…but!at!the!expense!and!inconvenience!of!!
delivering!!a!large!number!of!fracAons,!oCen!>!40!!

2009 



 
 

•  FASTER!Less!distressing!for!elderly!!
!!populaAon!with!Pca!
!
• 'CHEAPER!M!Reduced!treatment!costs!
!!!!!!!!!!!!!!!!!!!!!M!Shorter!waiAng!lists!
!
• !BETTER!Biologically!worths!!!unusual!
radiobiology!of!PCa!
 

Hypofrac.ona.on'for'PCa'



Cancer Treatment Reviews 36 (2010) 

Unusual!Radiobiology!of!PCa!



Hypofrac.ona.on'&'Therapeu.c'Ra.o'

Ritter et al Cancer J 2009 



Two!approaches:!
!
1) Normal!Assue!deMescalaAon!of!total!dose!

while!maintaining!constant!predicted!tumour!
control.!

!
2)!Tumour!biological!dose!escalaAon!!!!!
!!!!!with!constant!predicted!normal!Assue!!
!!!!!late!effects.!

RiVer,!Sem!Rad!Onc!2008!



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Is'α/β'ra.o'really'low'in'PCa?'

2012 

2010 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
“Hypofractionation for prostate cancer is 
biologically the best strategy” provided the 
α/β ratio for prostate tumors (~1,5) is less 
than α/β ratio for late complication (~3 for 
rectum)” 
 
 
  
“If α⁄β ratio of tumor is the same or less 
than that of the critical normal tissue, then 
a  l a r g e r  d o s e  p e r  f r a c t i o n 
(hypofractionation) is preferred.” 
 
 
 
 

J.Fowler 

D.Brenner 

Hypofrac.ona.on'for'PCa'





Rules'for'Hypofrac.ona.on'1.'

   Courtesy of J. Fowler 



Rules'for'Hypofrac.ona.on'2.'

                    80                               ~2% 

   Courtesy of J. Fowler 

If Late NTD >70 Gy, or BED3 >117 Gy, look up  Rectal 
constraints,  so late complic’s not >2 bleeding 



Rules'for'Hypofrac.ona.on'3.'

Courtesy of J. Fowler 



Clinical!Data!!
Moderate!HypofracAonaAon!for!Pca!

 



NON'Randomized'Trials'
 

Author 
 

Pts 
Fractionation  

 
Schedule 

RT 
 

Technique 

 
NTD2/1.5  

 
NTD2/3 

 

Median 
 

FUP 

% 
 

bRFS 

 
>G2 
GI 

 
>G2  
GU 
 

Fontayne 
2012 

102 
LIH 

 
56 Gy/3.5 Gy/16 f 

 
IMRT 

 
77 Gy 

 
70.4 Gy 

 
47 mo 

 
94 

 
1% 

 
2% 

Thomson 
2012 

30 H 
30 H 

60 Gy/3 Gy/20 f 
57 Gy/2.85 Gy/20 f 

IMRT 77.1 Gy 
70.8 Gy 

72 Gy 
66.7 Gy 

84 mo 50 
58 

0 
0 

0 
0 

Zilli 
2011 

82 
LIH 

 
56 Gy/4 Gy/14 f 

 
IMRT 

 
88 Gy 

 
78.4 Gy 

 
48 mo 

 
77.5-91.3 

 
1% 

 
0 

Ritter 
2011 

100 LI 
100 LI 
100 LI 

64.7 Gy/2.94 Gy/22 f 
58.1 Gy/3.63 Gy/16 f 
51.6 Gy/4.3 Gy/12 f 

 
IMRT/TOMO 

82.1 Gy 
85.1 Gy 
85.5 Gy 

76.9 Gy 
77 Gy 

75.3 Gy 

56 mo 
37 mo 
28 mo 

91.5 
96.1 
98.7 

 
3% 

 
0 

Faria 
2011 

 
89 I 

 
66 Gy/3 Gy/22 f 

 
3D CRT 

 
85 Gy 

 
79.2 Gy 

 
51 mo 

 
95.4 

 
2% 

 
7% 

Leborgne 
2009 

52 LIH 
87 LIH 

60 Gy/3 Gy/20 f 
63 Gy/3.15 Gy/20 f 

3D CRT 77.1 Gy 
83.7 Gy 

72 Gy 
77.5 Gy 

49 mo 85-96 5.5% 5.6% 

Kupelian 
2007 

 

770 
LIH 
 

 
70 Gy/2.5 Gy/28 f 

 

 
IMRT 

 
80 Gy 

 
77 Gy 

 
45 mo 

 
72-94 

 
1.3% 

 
0.1% 

Martin 
2007 

 

92 
LIH 

 
60 Gy/3 Gy/20 f 

 
IMRT 

 
77.1 Gy 

 
72 Gy 

 
38 mo 

 
97 

 
1% 

 
0 



Randomized'Trials'

 
Trial 

 
Pts 

Fractionation  
 

Schedule 

RT 
 

Technique 

 
NTD2/1.5  

 
NTD2/3 

 

Median 
 

FUP 

% 
 

5y-
bRFS 

CANADA 
JCO 2005 

470 T1-2 
466 T1-2 

66 Gy/2 Gy/33 f 
52.5 Gy/2.62 Gy/20f 

2D-3D CRT 66 Gy 
62 Gy 

66 Gy 
59 Gy 

47.5 mo 52.9 
59.9 

AUSTRALIA 
IJROBP 

2011 

109 T1-2 
108 T1-2 

64 Gy/2 Gy/32 f 
55 Gy/2.75 Gy/20 f 

2D-3D CRT 64 Gy 
66.8 Gy 

64 Gy 
63.3 Gy 

62.5 mo 56 
57 

USA 
IJROBP 

2010 

102 LI 
102 LI 

75.6 Gy/1.8 Gy/42 f 
72 Gy/2.4 Gy/30 f 

IMRT 71.3 Gy 
80.2 Gy 

72.6 Gy 
77.8 Gy 

40 mo 92 
96 

USA 
IJROBP 

2011 

152 LIH 
151 LIH 

76 Gy/2 Gy/38 f 
70.2 Gy/2.7 Gy/26 f 

IMRT 76 Gy 
84.2 Gy 

76 Gy 
80 Gy 

60 mo 85.6 
86.1 

UK 
Lancet 

Oncol  2012 

153 LI 
153 LI 
151 LI 

74 Gy/2 Gy/37 f 
60 Gy/3 Gy/20 f 
57 Gy/3 Gy/19 f 

IMRT 74 Gy 
77.1 Gy 
73.3 Gy 

74 Gy 
72 Gy 
68.4 Gy 

50.5 mo - 

ITALY 
IJROBP 

2012 

85 H 
83 H 

80 Gy/2Gy/40 f 
62 Gy/3.1 Gy/20 f 

3D CRT 80 Gy 
81.5 Gy 

80 Gy 
74 Gy 

70 mo 74 
85 



 
Trial 

 
Pts 

RT 
 

Technique 

 
NTD2/1.5  

 
NTD2/3 

 

Median 
 

FUP 

 
%GI 

 
%GU 

 
CANADA 
JCO 2005 

470 T1-2 
466 T1-2 

2D-3D 
CRT 

66 Gy 
62 Gy 

66 Gy 
59 Gy 

47.5 mo G3 1.3 
G3 1.3 

 G3 1.9 
 G3 1.9 

AUSTRALIA 
IJROBP 

2011 

109 T1-2 
108 T1-2 

2D-3D 
CRT 

64 Gy 
66.8 Gy 

64 Gy 
63.3 Gy 

62.5 mo similar in both 
groups 

USA 
IJROBP 

2010 

102 LI 
102 LI 

IMRT 71.3 Gy 
80.2 Gy 

72.6 Gy 
77.8 Gy 

40 mo G3 1 
G3 3 

G3 1 
G3 0 

USA 
IJROBP 

2011 

152 LIH 
151 LIH 

IMRT 76 Gy 
84.2 Gy 

76 Gy 
80 Gy 

60 mo ≥ G2 4.1 
≥ G2 5.9 

≥ G2 8.9 
≥ G2 13.8 

UK 
Lancet 
Oncol  
2012 

153 LI 
153 LI 
151 LI 

IMRT 74 Gy 
77.1 Gy 
73.3 Gy 

74 Gy 
72 Gy 
68.4 Gy 

50.5 mo ≥ G2  4.3 
≥ G2  3.6 
≥ G2  1.4 

≥ G2  2.2 
≥ G2  2.2 
≥ G2    0 

ITALY 
IJROBP 

2012 

85 H 
83 H 

3D CRT 80 Gy 
81.5 Gy 

80 Gy 
74 Gy 

70 mo ≥ G2  17 
≥ G2  16 

≥ G2  14 
≥ G2  11 

Randomized'Trials'

! 



FFBF 

FFLF 

FFDF 

2012 



OS CSS 

2012 



2012 



 
•  methodology!employing!3D!rather!than!IMRT:!!!
!!!aVracAve!in!the!context!of!expecAng!hypofx!!!!!
!!!to!radiobiologically!improve!the!therapeuAc!!!!!!
!!!raAo!
 
•  support!the!issue!that!apha/beta!for!PCa!is!!
!!!truly!low!even!for!high!risk!disease!

2012 



Dose!response!curve!of!the!5My!bRFS!vs!equivalent!
dose! at! 2Gy/fracAon! (EQD2)! assuming! an! α/β! of!
1.5Gy!for!PCa!



Forest Plot of HRs for BF 

2012 



Ongoing'Trials'



Open'Issues''

• !Tumor!Hypoxia!!!
!!!!!M!May!decrease!the!efficacy!of!hypofracAonaAon!(Carlson!et#al.#IJROBP#2011)##
!!!
• !Hormonal!Therapy!
!!!

• !Time!factor!for!PCa!



LR 

IR 

HR 

p= 0.011 

p= 0.005 

p= 0.90 

At 5 years follow-up biochemical failures 
increase of 6% for a 1-week increase in 
overall time! 

2010 



In the belief that no time factor exists, randomized 
hypofractionation trials have not only increased fraction size 
but have reduced overall treatment time too in their 
experimental arms ! two variables have been changed at 
once !  
 
1.  If the experimental (hypofractionation) arms of these trials 

produce better local tumour control, then it will be unclear 
whether this was achieved by hypofractionation or by 
reducing overall time. 

2.  If these experimental regimens produce greater delayed 
rectal in jury then i t wi l l not be clear whether 
hypofractionation was responsible or whether an increase 
in early reactions due to over rapid RDA is responsible. 

2010 



Clinical!Data!!
Extreme!HypofracAonaAon!for!PCa!



SBRT'for'PCa'='Virtual'Prostate'Brachytherapy'

• NonMinvasive!procedure!!!
#!
• !Similar!dose!distribuAons!“peripheral!loading”!
!

• !Similar!toxicity!profile!(urinary!toxicity)!

SBRT: 4 x 9.5 Gy = 38 Gy 

Cyberknife®: 45-90min/fx 

Fuller et al.: IJROBP; 70, 2008 

EBRT+HDR-BT46Gy + 2 x 9.5Gy 

Zwahlen et al.:  

Brachytherapy; 9, 2009 

SBRT-10X FFF: 5 x 7Gy = 35 Gy 

TrueBeam®: 2 min/fx 

Alongi et al.: ESTRO 2013 



SBRT'for'PCa'

36.25 Gy in 5 fx (2 wks) vs 51.6 Gy in 12 fx (2.5 wks) 



Study Treatment # of 
patients 

Risk 
group(s) 

Median follow-
up (months) 

Late Grade 3 
GU Toxicity 

Late Grade 3 GI 
Toxicity FFBF 

GANTRY-BASED SYSTEMS 

Madsen et al.  33.5 Gy in 5 fx 40 low 41 None None 90% 4-years actuarial 

Boike et al. 45-50 Gy in 5 
fx # 45 low & int 30, 18, 12 4% 2% plus 

1 Grade 4 100% 

Mantz et al. 40 Gy in 5 fx # 80 low 36 None None 100% 

CYBERKNIFE 

King et al. 36.25 Gy in 5 
fx ‡ 67 low 32 3.5% None 97% 

Friedland et al.  35 Gy in 5 fx 112 low, int, & 
high 24 < 1% None 98% 

Katz et al.  35 – 36.25 Gy 
in 5 fx 304 low, int & 

high 48 2% None 97, 93, 75% 4-year 
actuarial 

Freeman et al.  7-7.25 Gy in 5 
fx 41 low 60 < 1% None 93% 5-year actuarial 

Bolzicco et al.  35 Gy in 5 fx 46 low, int 20 None 2% 100% 

Jabbari et al.  38 Gy in 4 fx  
† 38 low & int 18 5% None 100% 

McBride et al. 36.25-37.5 Gy 
in 5 fx 45 low 44 < 1% None 100% 

Fuller et al.  38 Gy in 4 fx † 54 low & int 36 4% None 98% 

Kang et al.  32-36 Gy in 4 
fx 44 low, int & 

high 40 None None 100%, 100%, 90.9% 

Hypofrac.ona.on'Trials:'Schedules'and'NTD2'



SBRT'for'PCa:'Features'

 
Very large dose per fractions 

 
 

Highly focused RT beams  
 

Special devices  
to minimize toxicity 

(SpaceOAR) 
 

Image Guidance 
(allowing minimal  
CTV-PTV margin)  

 



��������������
�����

NTD2'OK'for'controlling'low'and'intermediate'risk'disease'and'late'tox!!

PHASE I-II STUDY OF HIGH DOSE 
SBRT FOR LOW – INTERMEDIATE 

RISK PROSTATE CANCER 

Humanitas Protocol 



CT 

MRI 

Prostate 

Rectum Femoral Heads 

Imaging'and'target'defini.on''



CT 

MRI 

Imaging'and'target'defini.on''



35 Gy in 5 fractions  
2 arcs with 10 FFF beams 
1076+1094 MU 
BOT=121sec 
 

T2, iPSA 8,       
   GS 3+4 

Planning''



Calcifica.ons'as'surrogates'of'fiducials'

….CalcificaAons!could!be!reliable!markers!of!prostate!posiAon!
and!allow!for!precise!image!guided!with!lowMimaging!dose!



Use of calcifications for repositioning 
 

Treatment'verifica.on''



Space'OAR''



pre 

SpaceOAR SpaceOAR 

Anterior rectal wall  
sparing 

pre- gel injection 

post- gel injection 

Space OAR  



pre 

Space OAR  

Rectum 

Rectum 
with SpaceOAR 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N. of patients 40 
Recruitment Feb 2012-Jan 2013 
Median Age [year] 70 [56, 80] 
Median Initial PSA [ng/mL] 6.25 [0.50, 13.43] 
Median Gleason Score  6 [6, 7] 
NCCN  Low Risk Class  26 
NCCN  Intermediate Risk Class 14 
Median F-UP [days] 230 [40-360] 
N. of patients with SpaceOAR ™ 9 

Pa.ents'Characteris.cs''

!!!Alongi!et!al.!ESTRO!2013!
!



Acute'Toxicity''

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!!Alongi!et!al.!ESTRO!2013!
!



Late'Toxicity''

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!!Alongi!et!al.!ESTRO!2013!
!



Quality'of'Life''

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!!Alongi!et!al.!ESTRO!2013!
!



!!!Katz!et!al.!!
RO!2012,!7:194!
!



Open'Issues''

• !RaAonale!mainly!depending!upon!the!extrapolaAon!from!!
!!results!obtained!by!the!moderate!!hypofracAonaAon!which!
!!have!not!yet!been!fully!established)!
!
• !UncertainAes!on!the!validity!of!the!linear!quadraAc!model!!
!!for!predicAng!the!tumour!response!to!large!dose!fracAons!



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2012 

SBRT'for'PCa'



“For prostate tumors, hypofractionation is not only 
biologically best, it is ethically wrong not to use it for 

the patients’ best chance of cure”. 

COMMENT ON ‘‘MAGICAL PROTONS?’’ EDITORIAL BY 
GOITEIN (INT J RADIAT ONCOL BIOL PHYS 2008;70:654–656) 


