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Ruolo	della	Risonanza	Magnetica Multiparametrica  
negli adenocarcinomi prostatici 

•   Maggiore precisione diagnostica (localizzazione e volumi della neoplasia)	

•   Maggiore accuratezza stadiativa  
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Ruolo della Risonanza Magnetica Multiparametrica  
negli adenocarcinomi prostatici 

• 		riduzione volume CTV prostata 

Perna et al, Radiother Oncol 2009 



INTRODUZIONE	

Ruolo della Risonanza Magnetica Multiparametrica  
negli adenocarcinomi prostatici 

• 		riduzione della dose agli OAR 

Prostate cancer radiotherapy

Sparing the penile bulb in the radical irradiation of clinically localised prostate
carcinoma: A comparison between MRI and CT prostatic apex definition
in 3DCRT, Linac-IMRT and Helical Tomotherapy

Lucia Perna a, Claudio Fiorino a,*, Cesare Cozzarini b, Sara Broggi a, Giovanni Mauro Cattaneo a,
Francesco De Cobelli c, Paola Mangili a, Nadia Di Muzio b, Riccardo Calandrino a

a Medical Physics, S. Raffaele Institute, Milano, Italy
b Department of Radiotherapy, S. Raffaele Institute, Milano, Italy
c Department of Radiology, S. Raffaele Institute, Milano, Italy

a r t i c l e i n f o

Article history:
Received 1 October 2008
Received in revised form 2 April 2009
Accepted 4 April 2009
Available online 4 May 2009

Keywords:
MRI treatment planning
Erectile dysfunction
Prostate radiotherapy
3DCRT
IMRT
Tomotherapy

a b s t r a c t

Background and purpose: To assess the impact of using MRI and Helical Tomotherapy (HT) compared to
3DCRT and dynamic IMRT on the dose to the penile bulb (PB).
Materials and methods: Eight patients diagnosed with prostate cancer entered a treatment protocol

including CT and MRI simulation. The prostate apex was defined on both MRI and CT. Treatment plans
(HT, Linac-IMRT, 3DCRT and conventional technique), were elaborated on both MRI and CT images. A
dose of 71.4 Gy (2.55 Gy/fraction) was prescribed; it was requested that PTVs be covered by 95% isodose
line. The mean dose and V50 of PB were evaluated.
Results: PTV-MRI plans reduced PB mean dose and V50 compared to PTV-CT plans. This improvement,
deriving also from the treatment modality, was 89% for 3DCRT, 99% for Linac-IMRT and 97% for HT
(p < 0.01), considering V50. Conventional plans resulted in a significantly higher mean PB dose/V50 com-
pared to 3DCRT-PTV-CT (+27%/+38%), Linac-IMRT-PTV-CT (+42%/+57%) and HT-PTV-CT (+32%/+48%)
(p < 0.01). The comparison between conventional and PTV-MRI techniques showed a still larger increase:
+73%/+93% 3DCRT; +86%/+99% Linac-IMRT; +56%/+99% HT (p < 0.01). The PB mean dose reduction with
Linac-IMRT compared to 3DCRT was 24% (p = 0.034) and 40% (p = 0.027) for PTV-CT and PTV-MRI, respec-
tively. This gain remained significant even when comparing Linac-IMRT to HT: 21% (p = 0.07) PTV-CT and
68% (p = 0.00002) PTV-MRI. HT was superior to 3DCRT with respect to PTV-CT (average gain 4%,
p = 0.044), whereas it resulted to be detrimental considering PTV-MRI (26 Gy vs 16.5 Gy), possibly due
to the helical delivery of HT; however, in a patient where the distance bulb-PTV <1 cm, HT provided bet-
ter PB sparing than 3DCRT (29.5 Gy vs 45.2 Gy).
Conclusions: MRI allowed efficient sparing of PB irrespective of the treatment modality. Linac-IMRT was
shown to further reduce the dose to the bulb compared to 3DCRT and HT.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 57–63

Prostate cancer is the most common malignant neoplasm in
men. Since radiation therapy efficacy has improved over time,
the issues related to post-therapy quality of life and sexual func-
tioning have become very important in those cancer patients. Stud-
ies of erectile dysfunction (ED) after radiation therapy (RT) have
shown that the rates of post-therapy impotence range from 20%
to 90% depending on radiation technique, the method used to eval-
uate ED, hormonal therapy, the use of anti-impotence drugs, the
definition of potency and the follow-up time [1–13].

A number of studies [14–20] on the aetiology of post-radiation
erectile dysfunction correlated impotence with dose to critical struc-

tures such as penile bulb, corpus cavernosum and the internal
pudental artery; evidence from these studies supports the hypothe-
sis that the most likely mechanism for radiation-induced impotence
seems to be damage to the pelvic vasculature and penile bodies.

Assuming a predominant vascular component in the occurrence
of post-radiation erectile dysfunction, a decrease of the radiation
dose to the pelvic vasculature and penile bodies might likely result
in a decrease of impotence. These structures may be better defined
by Magnetic Resonance Imaging (MRI), which has been demon-
strated to be superior to computed tomography (CT) for the imag-
ing of erectile tissue and defining of the prostate apex [21–30].
Although CT scan is widely used to plan radiotherapy treatment,
this imaging technique has several limitations. Whereas the ante-
rior, posterior and lateral border of the prostate can often be clearly
seen on CT, the apex of the prostate is generally undistinguishable
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MATERIALI	E	METODI	
•  Popolazione: 35 pazienti radiotrattati per adenocarcinoma della prostata in        
sede. 

 Ogni paziente ha eseguito: 

§ TC di simulazione (GE Prospeed®) 

§ RM multiparametrica della pelvi 
(Philips® 1,5 Tesla) 

Le immagini RM sono state fuse con le 
scansioni della TC di simulazione. 

Gleason score 
medio 

7 

Dose erogata 76-78 Gy 

iPSA 7,7 ng/dl 

Classe di rischio 

Basso 7 pz 

Medio 8 pz 

Alto 20 pz 



MATERIALI	E	METODI	
Sono stati contornati:  
q   CTVRM su immagini RM fuse con la TC di simulazione. 
q   CTVTC   restrospettivamente basato su immagini della TC di 
simulazione 
q   OAR: vescica, bulbo penieno, teste femorali, retto 
 
 
    Per ognuno dei due CTV (prostata +/- vescichette seminali) è       

     stato elaborato un piano di cura. 
 

	
	



MATERIALI	E	METODI	
 
 Il CTVRM è stato confrontato con il CTVTC  
	
	



RISULTATI	

Volumi medi 
CTVTC: 56.51 cc (29.57-96.06) 
CTVRM: 44.43 cc (20.94-76.70)  

Diminuzione del 
22.90% (12.88 cc) 
del volume CTVRM 
rispetto al CTVTC 



RISULTATI	
Piano TC 

Piano RM  



RISULTATI	

RM CT p-value 

Bulbo penieno 

V50 (%)  4.37  29.54 <0.05 

D50 (Gy)  13.65 35.69  <0.05 

Retto  

V70  (%)  3.43  4.61 0.06 

V60 (%)   9.64  11.72 <0.05 

V40 (%)  29.58  33.78  <0.05 

Vescica 

Dose media (Gy) 22.89  20.22  

V50  (%) 15.20  18.82  0.066 

V65 (%) 12.04 14.63  0.058 

Dal confronto dei piani di cura elaborati immagini RM-fuse 
e TC è emerso: 
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CONCLUSIONI	

Nella nostra esperienza, in accordo con la letteratura, le 
immagini RM nella pianificazione del trattamento 

radioterapico hanno permesso: 
		

§  una riduzione del volume del CTV. 
 

§  una diminuzione della dose erogata al bulbo 
penieno e al retto. 
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