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Ipofrazionamento nel carcinoma prostatico
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...but at the expense and inconvenience of
delivering a large number of fractions, often > 40!

e FASTER Less distressing for elderly
population with PCa

* CHEAPER - Reduced treatment costs
- Shorter waiting lists

* BETTER (?) Biologically works =
unusual radiobiology of PCa
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Cancer Treatment Reviews 36 (2010)

Ritter et al Cancer J 2009
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Two approaches:

1) Normal tissue de-escalation of total dose
while maintaining constant predicted tumour
control.

2) Tumour biological dose escalation
with constant predicted normal tissue
late effects.

Ritter, Sem Rad Onc 2008

2012
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‘Hypofractionation for prostate cancer Is
biologically the best strategy” provided the
o/p ratio for prostate tumors (~1,5) is less
than o/p ratio for late complication (~3 for

rectum)”

“If off ratio of tumor is the same or less
than that of the critical normal tissue, then
a larger dose per fraction
(hypofractionation) is preferred.”
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Fractionation RT Median
Author NTD2/1.5 | NTD2/3
Schedule Technique FUP

Fontayne 102
2012 LIH 56 Gy/3.5 Gy/16 f

Thomson  30H 60 Gy/3 Gy/20 f 50
2012 30H 57 Gy/2.85 Gy/20 f 58
Zilli 82
2011 LIH 56 Gy/4 Gy/14 f IMRT 71.5-91.3

Ritter 100 LI 64.7 Gy/2.94 Gy/22 f 91.5
2011 100LI 58.1Gy/3.63Gy/16f IMRT/TOMO 96.1
100LI  51.6 Gy/4.3 Gy/12 f 98.7

Faria
2011 891 66 Gy/3 Gy/22 f 95.4 2% 7%

Leborgne 52 LIH 60 Gy/3 Gy/20 f 85-96 5.5% 5.6%
2009 87 LIH 63 Gy/3.15 Gy/20 f

Kupelian 770
2007 LIH 70 Gy/2.5 Gy/28 f

Martin 92
2007 LIH 60 Gy/3 Gy/20 f
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No assumptions about the a/f ratio of PCa

Trial Pts Schedule RT % | %
. Gl | GU

CANADA* 470 T1-2 66 Gy/2 Gy/33 f 2D-3D 19 13
JCO2005  466T1-2 52.5 Gy/2.62 Gy/20f G3 G3

AUSTRALIA® 109 T1-2 64 Gy/2 Gy/32 f 70% similar
NROBP 2011 108 T1-2 55 Gy/2.75 Gy/20 f 2D

* hypothesis: BF in the hypofractionated arm no worse than the conventional arm by 7.5%
hypothesis: to detect a 20% difference in mild late tox in favour of hypofx arm

o

Explicit assumptions about the a/f ratio of PCa

Schedule NTD2 | Median
3
(Gy) FUP

USA 102 LI 75.6 Gy/1.8 Gy/42 f 71.3 72.6 92 2G25.1 2G2 16.5

[

IJROBP 102 LI 72 Gy/2.4 Gy/30 f M 80.2 77.8 40 mo 96 2G2 10 =2G2 15.8
2010 R
T

ITALY 85H 80 Gy/2Gy/40 f 80 80 74 2G2 17 2G2 14

IJROBP 83 H 62 Gy/3.1 Gy/20 f 3D 815 74 70 mo 85 2G2 16 2G2 11
2012

USA 152 LIH 76 Gy/2 Gy/38 f
JCO 2013 151LIH 70.2 Gy/2.7 Gy/26 f

76 76 786 =2G2225 2G2134
84.2 80 68.4mo 767 =2G2181 =2G2215
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Assumption of a/f ratio of PCa = 1.5 Gy

N

USA 102 LI 75.6 Gy/1.8 Gy/42 f ; 2 G2 16.5
IJROBP 102 LI 72 Gy/2.4 Gy/30 f b 2G2 15.8

2010
+9 Gy+5 Gy

HYPOTHESIS
to detect a 20% difference in biochemical failure at 5 -y

in favour of hypo arm

Assumption of a/p ratio of PCa = 1.5 Gy

Pts Schedule RT | NTD2 | NTD2 | Median % %Gl
. 3
(Gy) FUP 5y-
bRFS
80 79
. 74 85
6 G

85 H 80 Gy/2Gy/40 f 2G2 17

83 H 62 Gy/3.1 Gy/20 f 3D 70 mo 2G2 16

HYPOTHESIS

hypo arm would result in similar disease control and

fewer (less than a half) late complications
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Assumption of a/f ratio of PCa = 1.5 Gy

Trial Schedule RT | NTD2 | NTD2 | Median %Gl %GU
Sy-
bRFS

USA 152 LIH 76 Gy/2 Gy/38 f 786 =2G2225 2G2134
JCO2013 151 LIH 70.2Gy/2.7 Gy/l26f M 2G218.1 2G2215

R
T+ 8 Gy+4 Gy

HYPOTHESIS
to test whether hypofx would improve FFBF from 70% to

85% at 5 —y, without increasing late complic’s

Statistical insignificance in_a superiority study does not imply
that treatments are equivalent, only that the data are

insufficient to conclude that the treatments are different
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Assumption of a/p ratio of PCa = 1.5-2.5 Gy

Schedule NTD2 | Median
K]
(Gy) FUP
74
72

UK 153 LI 74 Gy/2 Gy/37 f 74
Lancet 153 LI 60 Gy/3 Gy/20 f 77.1 50.5

Oncol  151LI 57 Gy/3 Gy/19f 733 684 mo

HYPOTHESIS

non-inferiority margin set at 6%

2G2 2.2
2G2 2.2
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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 !
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— All Randomized Trials

Schedule

CANADA 2D-3D 66 Gy/2 Gy/33 f . G326 G35
JCO 2005 52.5 Gy/2.62 Gy/20f G34.1 G39
AUSTRALIA 2D-3D 64 Gy/2 Gy/32 f _ “almost doubled”
IJROBP 55 Gy/2.75 Gy/20 f _
2006
USA IMRT  75.6 Gy/1.8 Gy/42 f
IJROBP 72 Gyl2.4 Gy/30 f
2010

ITALY 80 Gy/2Gy/40 f 2G2 20 2G2 35
IJROBP 62 Gy/3.1 Gy/20 f >G2 31 2G2 41

2010 P=0.01

USA 76 Gy/2 Gy/38 f 77  =2G28
|JROBP 70.2 Gy/2.7 Gy/26 f 55 26218

2006

“slightly more” P = NS

At 5 years follow-up biochemical failures increase
of 6% for a 1-week increase in overall time!
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Sir Laurence Olivier (Hamlet, 1948) was treated in 1967 for prostate cancer
with a hypofractionated 6-fraction protocol, reported no major sequelae, and
lived a further 22 years

Non-invasive procedure

Similar dose distributions “peripheral loading”

Similar toxicity profile (urinary toxicity)

SBRT:4x9.5Gy =38 Gy EBRT+HDR-BT46Gy + 2 x 9.5Gy SBRT-10X FFF: 5 x 7Gy = 35 Gy
Cyberknife®: 45-90min/fx Zwahlen et al.: TrueBeam®: 2 min/fx

Fuller et al.: IJROBP; 70, 2008 Brachytherapy; 9, 2009 Alongi et al.: ESTRO 2013
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Very large dose per fractions Highly focused RT beams

Image Guidance
(allowing minimal
CTV-PTV margin)

Additional devices
to minimize toxicity
(spacer hydrogel)

# of Risk Median follow- Late Grade 3 Late Grade 3 GI

Treatment patients group(s) up (months) GU Toxicity Toxicity

GANTRY-BASED SYSTEMS

Madsen et al. 335Gyin5fx 90% 4-years actuarial

2% plus

Boike et al. 1 Grade 4

45'5‘1:5,)’ in5 Jow & int 30, 18, 12

Mantz et al. 40Gyin5fx* None

CYBERKNIFE

36.25Gyin5

King et al. £

low . 97%

low, int, &
high

35 -36.25 Gy low, int & 97, 93, 75% 4-year
in5fx high actuarial

Friedland et al. 35Gyin5fx 98%

Katz et al.

7-7.25Gyin5

Freeman et al.
fx

low 93% 5-year actuarial

Bolzicco et al. 35Gyin 5 fx low, int 100%

Jabbari et al. 38 Gyfin 4fx

low & int 100%

36.25-37.5 Gy

McBride et al. 5 fx

low 100%

Fuller et al. 38Gyin4fxt low & int 98%

Kang et al. 100%, 100%, 90.9%

32-36 Gy in4 low, int &
fx high
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1100 patients
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Katz et al.
RO 2012, 7:194
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» Optimal duration of treatment

Every day/Every other day?

* Late toxicicy

Accurate evaluation of long term tolerance and toxicity, >of the urethra, an
unavoidable organ at risk in the irradiation of prostate cancer

» Patients selection

Mostly low and intermediate risk patients
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Ci sono soltanto due possibili
conclusioni: se il risultato conferma le
ipotesi, allora hali appena fatto una
misura; se il risultato e contrario alle

ipotesi, allora hal fatto una scoperta.

E. Fermi
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