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PHASE I-II STUDY OF HYPOFRACTIONATED 

SIMULTANEOUS INTEGRATED BOOST WITH 

TOMOTHERAPY FOR PROSTATE CANCER ( ACUTE

AND LATE TOXICITY)

PHASE I-II STUDY OF HIPOFRACTIONATED ( 58 GY /20

FR) ADJUVANT TOMOTHERAPY FOLLOWING PR+PL

( ACUTE AND LATE TOXICITY)



Volumes Low risk NCCN

Intermediate risk 
NCCN 

Roach formula 
<15%

High risk NCCN
Roach formula  15%

D/fr Dtot D/fr Dtot D/fr Dtot

PTV1
(LN+P+VSI)*

1.85 51.8 1.85 51.8

PTV2(P+VSI) 2 56 2.2 61.6 2.34 65.5

PTV3(P+ VS1/3) 2.2 61.6 2.34 65.5 2.65 74.2

P TV4 (P) 2.55 71.4 2.65 74.2 2.65 74.2

P OVERLAP 2.34 65.5 2.34 65.5 2.34 65.5

TARGET DOSE



HYPOFRACTIONATION

 Considering  / = 3

 EQD2 for / ranging from 1.5 to 15.5

VOLUME D/fr Nominal D EQD2/1.5 EQD2/ 3 EQD2/10 EQD2/15.5

PELVIS 1.85 51.8 49.6 50.2 51.1 51.4

VS 2 56 56 56 56 56

2.2 61.6 65.1 64.1 62.6 62.3

VS/P

OVERLAP

2.34 65.5 71.9 70 67.4 66.8

P/VS 1/3

PROX

2.55 71.4 82.6 79.3 74.7 73.6

2.65 74.2 88 83.8 78.2 77



TREATMENT PLANNING

•

Target-OAR Dose- Costraints 

PTV1-3 V95% > 98 %; Dmax < 105 %

PTV4 ( not including rectum 
overlap)

V95% > 98 %; Dmax < 105 %

Rectum Overlap V65.5 Gy > 99 %; V72 < 5 %

Rectum : V50Gy < 35 %; V60Gy < 25 %; V65Gy < 15 %

Bladder : V60Gy < 35 %

Femoral head : Dmax < 35 Gy

Bowel Minimizing volume of bowel receiving 20Gy maintaining good
coverage of PTV

Cauda equina sacrum
(considering in case of pelvic
limphnodal irradiation)

Dmax < 45 Gy



TOMOSIB ( NO LNFs )

Bladder

Femoral 

head
Rectum

Bulb



TOMOSIB ( + LNFs )

Rectum PTV SV

Bowels out
Bowels out 

of N

Femoral 

head



<20 Gy

<20 Gy

<30 Gy

<30 Gy

TOMOSIB ( + LNFs )







RectumBulb

TomoSIB Bulb-Sparing TomoSIB    BULB-SPARING

Mean dose range  21.7-29.5 Gy

Compared to 3DCRT  better 

sparing  if the structure is very 

close to PTV 



MV-CT : RECTAL DISTENSION



MV-CT : RECTAL EVACUATION



ACUTE TOXICITYACUTE TOXICITY

RESULTSRESULTS
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ACUTE TOXICITY
RESULTS

RTOG GU LGI UGI

G0 35 71 72

G1 38 28 25

G2 25 1 3

G3 2 0 0
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100 pts median follow up : 32.2 months (8.4-47m)



LATELATE TOXICITYTOXICITY

RESULTSRESULTS
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LATELATE TOXICITYTOXICITY

RESULTSRESULTS

05G3

915G2

2223G1

6957G0

LGIGURTOG

0

10

20

30

40

50

60

70

G0 G1 G2 G3

GU

LGI(rectum)

100 pts median follow up :  37.2 months ( 8.4- 47m)



bDFS median follow up 3y (7-47 months) 

97%



Updated results 

(median follow-up 57 months) 

of a Phase I-II study

of hypofractionated (58 Gy/20 fr) 

adjuvant Tomotherapy following PL+RP

Jan 2005  March 2006

50 node-negative, HR (ECE/R1) patients 

- 12 pT2 R1

- 32 pT3a (11 R1)

- 3 pT3b (1 R1)



 CTV 1 : prostatic bed + vesicles bed (for pT3b only)

 CTV 2 : prostatic bed 

* EQD2 per / = 3

Volume Fractionation 
Gy/fr

# fractions Nominal dose EQD2

CTV1/PTV1 2.65 20 53 60*

CTV2/PTV2 2.90 20 58 68-70*

Volumes and doses

Prescription and 2-Gy equivalent doses 

Radiother & Oncol 2008 

Corresponding EQD2 for / ranging from 1.5 to 10

68 Gy73 GyCTV2/PTV2

If / = 10If / = 3

(sperimental hypothesis)

If / = 1.5Volume

62 Gy



Thompson et al., JAMA 296 : 2329-2335, 2006



3DCRT

n=175*

TOMO

n=50

p

Median FU 94 months 57 months < 0.0001

Median iPSA 9 ng/mL 7 ng/mL 0.12

pT2 / pT3 26%/74% 32%/68% 0.40

Positive SM 67% 48% 0.01

Gleason score 8-10 18% 22% 0.52

Adjuvant HORM 18%
(median 12 mos)

14%
(median 20 mos)

0.50

Hypofractionated TOMO vs 
conventionally fractionated (1.8 Gy/fr), 

high-dose (68-72Gy) 3DCRT.
Patient characteristics 

*pT2R1 and pT3a only



3DCRT

n=175

TOMO

n=50

p

Median FU 73 months 57 months < 0.0001

Late proctitis 2 5% 2% 0.35

Late TOX GU  2 20% 26% 0.36

Late TOX GU 3 6.5% 10% 0.41

5-years bRFS 84% 96% 0.05

hfTOMO vs cf3DCRT (68-72Gy):
TOX and clinical outcome







IJROBP, 2009 



IJROBP, 2009 

Median RT 

dose 70 Gy

Median RT 

dose 66 Gy

+ 12%

+ 6%



IJROBP, in press 



 CTV 1 : prostatic bed + vesicles bed (for pT3b only)

 CTV 2 : prostatic bed 

* EQD2 per / = 3

Volume Fractionation 
Gy/fr

# fractions Nominal dose EQD2

CTV1/PTV1 2.65 20 53 60*

CTV2/PTV2 2.90 20 58 68-70*

Volumes and doses

Prescription and 2-Gy equivalent doses 

Radiother & Oncol 2008 

Corresponding EQD2 for / ranging from 1.5 to 10

68 Gy73 GyCTV2/PTV2

If / = 10If / = 3

(sperimental hypothesis)

If / = 1.5Volume

62 Gy



Volume Fractionation

Gy/fr

# fractions Nominal dose Corresponding 

EQD2

PTV1 2.9 20 58 >>68-70*

Phase III Trial 

Postoperative hfTOMO vs cf 3DCRT 

in high-risk node-negative CaP patients

Volume Fractionation

Gy/fr

# fractions Nominal dose Corresponding 

EQD2

PTV1 1.8 40 72 68-70*

Hypofractionated Tomotherapy

High-dose, conventionally fractionated RT

* for a/b ratio < 3 ®

Next step 



Power  From To N1 N2 @

80% 0.05 96% 88% 204 204 3 yr

80% 0.05 93% 85% 204 204 5 yr 

90% 0.05 96% 88% 264 264 3 yr

90% 0.05 93% 85% 264 264 5 yr 

Endpoint

+8% 3- and 5-year bRFS

Sample size estimate



Esperienza HSR TOMO ADV

65.8 Gy in 28 frazioni

• 111 pazienti trattati tra 5/2006 – 12/2008

• 76 pN0 / 35 pN+

• Follow-up mediano intera casistica : 35.7 

mesi

• Dei 76 pN0 : 2/76 recidive LN, entrambe in 

LN LA



Esperienza HSR TOMO ADV

65.8 Gy in 28 frazioni

Tossicità

GU GE PROCT

Grado 2 6% 2% -

Grado 3 - - -A
C

U
T
A

GU GE PROCT

Grado 2 6% 2% 1%

Grado 3 2% - -L
A

T
E



Conclusions

• The treatment is well tolerated and convenient for the patient (significant reduction 
of treatment time and cost, both direct / indirect)

• GU Tox :

Acute: results comparable to those reported in many conventional fractionation 
series and in other hypofractionated trials

Late: Increase tox expected ,but at the moment acceptable

• GI TOX 

Acute rectal : excellent sparing of the rectum ( only G1 acute toxicity)

Late rectal :  No G3, only few  G2. Excellent late toxicity profile

uGI  acute: no patients reported acute toxicity greater than G1 thanks to the 
dramatic reduction of the fraction of the intestinal cavity receiving between 20 and  
50 Gy

Late: No G3, only few G2.  Excellent late toxicity profile

• bDFS

Promising data



Conclusions 

• Moderately hypofractionated postoperative Helical Tomotherapy in 

high-risk, node negative, CaP patients is feasible and safe.

• The slightly increased risk of Grade ≥ 2 GU sequelae suggest the 

need to careful select patients candidates to hypofractionated 

regimens.

• The promising 5-year 98% bRFS is strongly suggestive of an a/b 

ratio for residual CaP after  RP very close to 1 Gy.

• A Phase III trial comparing hypo- vs conventionally fractionated 

high-dose RT is warranted.


