










Riduzione delle dosi ai tessuti sani 

Concomitant/Simultaneous 
 integrated boost 

Dose escalation 
Riduzione del tempo totale di trattamento 

IMRT 
alternativa 

alla  
brachiterapia 



applicatore Fletcher CT-compatibile  
 
1) corretta localizzazione del target 
2) limitare internal movement  
    del tumore e degli organi a rischio  

BT-HDR IMRT  

For these examples, the treatment 
plan parameters were to deliver 3800 cGy total dose to 
the target, and limit the bladder and rectum dose to no  
more than 3800 cGy, based on 6 intracavitary insertions. 





Copertura target: vantaggio IMRT 
 tossicità: vantaggio IMRT 

“patient repositioning will occur with the applicator substitute placed in the 
Vagina and uterus” 



Autore N pts Dose 
pelvi 
Gy 

Gy/fr 
IMRT 

Gy/fr 
BT 

PTV 
margin 
IMRT  

Target 
Copertura 
Dose (BED) 
IMRT    BT 

retto 
 
IMRT  BT 

Vescica 
 
IMRT    BT 

Roeske 
2000 

 
10 

 
45 

 
34/6 

3DCRT 
34/6 
 

 
10 mm 

                3DCRT 

 
79  Gy  79 Gy 

            3DCRT 
V50 
 62       93 

            3DCRT 
V50 
 75         95 

Wahab 
2004 

10 30.6 57.6/2 39/6.5 Fletcher 
5 mm 

90%      82% 
     83.2 Gy  

2.2% 4.1% 
<40 Gy 

61% 16.6% 
<45Gy 

Assenholt 
2008 

6 45 28/4 28/4 HR-CTV 
3 mm 

98%      74% 300  550 
      V60           

82       90 
      Gy 

Shwetha 
2011 

10 nd 30/5 30/5 103% 104% 77%  87% 81%    88% 

IMRT vs BT  



Autore N pts Dose 
pelvi 
Gy 

Gy/fr 
IMRT 

Gy/fr 
BT 

PTV 
margin 
IMRT  

Target 
 
IMRT    BT 

retto 
 
IMRT  BT 

Vescica 
 
IMRT    BT 

Aydogan 
 2006 

10 45 21/3 21/3 CTV 
5 mm 

108%   241% 72%   84% 66%    74% 

IMRT vs BT 
  

IMRT vs BT 
Post-isterectomia 

  



treatment Dose 
pelvi 

Dose 
 boost 

Dose 
tumore 

BED 
(Gy10) 
tumore 

BED  
(Gy3) 
OAR 

WPI+IMRT 
 
WPI+HDR 
 
SIB IMRT 

45 
45 
45 

1.8 x25 
1.8 x25 
1.8 x25 

17.5 
30 
31.4 

2.5x7 
6x5 
1.26x25 

62.5 
75 
76.4 
 
 

 
 
3.06X25 

68.7 
88 
88.1 

72.0 
94.5 
91.6 



25 frazioni 45 Gy pelvi     SIB  
  60 Gy cervice 
   70 Gy cervice 
   80 Gy cervice 

GTV bowel 

rectum bladder 

 
80 Gy: increased toxicity for  
rectum and vescica 

“A dose of 60 to 70 Gy can be safely  
prescribed  for an SIB IMRT schedule” 
 

COMPARAZIONE CON BT NO High-tech 

Studi dosimetrici 



Pelvi IMRT  45 Gy  
    boost  7 Gy x4 

IMRT IG-HDR BT vs 





IC-BT combined IMRT 
 

Applicatore in situ 
Margini PTV 3 mm 
IMRT 7 campi 

45 Gy pelvi  IMRT seguita da HDR-BT gec-estro 7 Gyx4 









Autore 
Pt
s 
(n) 

Disease type Radiosurgery  
technique 

PTV 
Margin 
mm 

Dose range Toxicity SBRT results 

Kunos et 
al. (2008) 3 Vulva Robotic none 8 Gy × 3 3 grade 2 skin 

1 year target control; 
0 out of 3 (0%), non-
SBRT target 
geometric miss in 3 
patients 

Kunos et 
al. (2009) 3 

1 cervix, 2 
endometrial, 
2 ovary 

Robotic 5 5–8 Gy × 3 
3 grade 2 
diarrhea, 1 
grade 2 urgency 

2 year target control; 
5 out of 5 (100%) 

Molla et al. 
(2005) 16 7 cervix, 9 

endometrial 
Dynamic arc or 
IMRT 10 5–8 Gy × 3 1 grade 3 rectal 

bleed 
1 year target control; 
15 out of 16 (94%) 

Jorcano et 
al. (2010) 26 9 cervix, 17 

endometrial 
Dynamic arc or 
IMRT 10 7 Gy × 2 

23% grade 2 
urinary, 35% 
grade 2 
gastrointestinal 

3 year target control; 
25 out of 26 (96%) 

Guckenbe
rger et al. 
(2010)  

19 12 cervix, 7 
endometrial IMRT 5 5 Gy × 3 

Grade 4 ileus 
(1), grade 4 
enterovaginal 
fistula (2), grade 
2 diarrhea (2), 
grade 3 dysuria 
(1) 

2 year target control; 
16 out of 19 (81%) 

Deodato 
(2009) 11 

4 cervical, 3 
endometrial 
4 ovarian 

ESRT 10 4-6 Gy x 4-5 None G3 2 year target control: 2 
out of 11 (89%)  

Higginson 
(2011) 5 

1 endometrial 
2 vaginal 
1cervix 1 
bladder 

Robots none 5 Gy x 5 

G3 rectal 
bleeding 

G2 acute cystitis 
 

1 year 80% 



CTV espanso di 6-10 mm= PTV 
 
12 IMRT isocentro singolo 5-15 campi 
2 IMRT 2 isocentri  8-12 campi 
1 tecnica con arco dinamico 
 
12 postoperatorio 7 Gyx 2 ogni 4-7 giorni 
3 radicale 4 Gy x5 2 vv/settimana 
1 re-irradiazione 2 Gyx8 5 day/week  4 Gyx10 2 vv/week 

45-50.4 pelvi 
Boost su fondo vaginale, utero-parametri 
residuo o recidiva 
 



Follow-up 12.6 mesi (range 6-26)  
1 recidiva centrale dopo 12 mesi in pz postoperatoria 

1/16 (6.25%) 



 HDR-BT 2D 
 7 Gy x2  

SRT (IMRT e arco-dinamico)  
CTV 3 cm di vagina e 5 mm di mucosa vaginale 
PTV=CTV+6-10mm 
arco-dinamico  
singolo isocentro 1 arco (240°-120°)  

               2 archi (240°-320° e 40°-120°) 
IMRT singolo isocentro e 7 campi co-planari 

SRT 
Migliore omogeneità di dose 
Riduzione della dose max al retto 

BT 
Vantaggiosa per la vescica 



Hypofractionated extracranial stereotactic radiotherapy boost 
for gynecologic tumors: a promising alternative to High-dose 
Rate brachytherapy 

     Jorcano, Technol Can Res Treat 2010 

26 pts    45-50.4 pelvi 
7 Gyx2  Boost su CTV=3 cm da apice vagina 

 PTV=CTV + 6-10 mm, dynamic arc 
 IR-guided system 
 Endorectal probe, no filler bladder control 
 Alprazolam x os 

late GI G2-3                      3 pts  (11%) 
Late sexual  G2-3              5 pts (19%) 
                                 FFS    3-yrs  96% 
                                  OS     3-yrs  95% 
 

Median follow-up 
47 mesi (range 4-77) 





4-6 soft tissue fiducial markers 
PTV: GTV + 5 mm margin 18.5cc-217cc 
Prescrizione 70%-80% 
Overall treatment time 72-104 min 

  



4-6 soft tissue fiducial markers 
PTV: GTV + 5 mm margin 18.5cc-217cc 
Prescrizione 70%-80% 
Overall treatment time 72-104 min 

  



“In our practice, we have used Cyberknife SBRT when patients have 
no reasonable option to receive brachytherapy” 



“As an alternative option if brachytherapy (either intracavitary or interstitial) 
is impossible, SBRT may be substituted for brachytherapy, much like  
3D conformal EBRT and IMRT” 
 

geometric miss 



geometric miss 

Autore Pts 
(n) 

Disease 
type 

Radiosurgery  
technique 

CTV 
Margin 
mm 

Dose range Toxicity SBRT results 

Kunos et 
al. (2008) 3 Vulva Robotic none 8 Gy × 3 3 grade 2 skin 

1 year target control; 
0 out of 3 (0%), non-
SBRT target 
geometric miss in 3 
patients 

“While targeting accuracy through the course of treatment was  
addressed by continuous monitoring of digitally reconstructed  
orthogonal radiographs to confirm 3-D orientation of implanted 
fiducial markers” 

…suggests that geographic miss 
due to insufficient irradiated margin.. 
Therefore , we suggest expanding the tumor 
target dimensions by 0.5 cm to create a  
PTV to assist in sterilizing occult 
microscopic disease surrounding the GTV 



protoni 

25 pts stadio IIB-IVA 
 
Pelvi fotoni 50.4 Gy schermo centrale  a 25 Gy 
 
Boost Protoni 
CTV= GTV+5-10 mm di margine 
2.5-4 Gy/settimana  
dose totale 86 Gy (71-101 Gy)  

Markers metallici  per treatment set-up 

PROTONI 



Actuarial rates of late complications for grades 1, 2, and 4 at 5 years were 43%,  
26%, and 4%,respectively  



Copertura target= simile 
dose a intestino > per IMPT 

protoni IG-HDRBT 



 
 

 Le sorgenti sono posizionate internamente, in stretta prossimità 
     al tumore,  
 
con indubbi vantaggi dosimetrici 
 
con riduzione massima dell’ interfraction e intrafraction movement 
 

Brachiterapia vs EBRT 
 



Dose distribution 
  

HDR BT 7 Gy x 5  
Point A 
Isodosi  150%, 125%, 100%, 75%, 50% e 25% 

IMRT 7 campi co-planari 
Sliding windows 
Target : isodose 100% BT 



Dose distribution 
  

BT  
minore dose  
a retto e vescica 
Dose: ripido falloff 
          > dose massima 

CI IMRT:0.97 



EBRT and Bt are fundamentally different with regard 
to need of margins that take set-up uncertainties into account 
 
Any study that compares BT and EBRT should take into account  
that the dose sholud be delivered to a larger volume with 
EBRT (CTV + margins) than with BTV (CTV) 

Organ motion 
Interfraction 

 intrafraction 



Interfractional motion margin 
Fundus 1-4 cm 
Canal 1-2.5 cm 
Os 1-1.5 cm 



Interfractional motion margin 
Fundus 1-4 cm 
Canal 1-2.5 cm 
Os 1-1.5 cm 

Intrafractional motion margin 
Fundus 1 cm 
Canal 0.5 cm 
Os 0.5 cm 



Intrafractional movements 
of cervix 

Mediolateral 
(mm) 

Antero-posterior 
(mm) 

Cranio-caudal 
(mm) 

Lee, 2004 10 16 8 

Yamamoto,2004 1.9-2.5 1.4-3.4 2.4-4.2 

Raj, 2005 ND 1.4-5.1 2.9-3.9 



mean deformation across all daily images 
for all patients was 3.9 mm (range 0-27.5 mm) 
 
Distortions grather that 10 mm in 17% of patients 
 
 



MARGINS 
GTV              CTV 
Ant 12 mm    24 mm 
Post 14 mm    17 mm 
Dx 12 mm      12 mm 
Sn 11 mm      16 mm 
Sup 4 mm       11 mm 
Inf 8 mm        8 mm 



BRACHYTHERAPY 
 
NO Internal margin 
No Set-up margin 



ADAPTIVE RADIOTHERAPY 



Image guided adaptive 
brachytherapy 

IGABT 
diagnosi I BT 

Target adattato al tumore 
successive frazioni  

Brachiterapia  



Image-guided 
adaptive  

brachytherapy 

Dose escalation > 10%  con tossicità< 5% 
Guadagno sopravvivenza 10-20% 

   Potter, 2007 

 
CCR               90% 
LC                  82% 
G3-G4              2% 

    3-yrs 
 



Image-guided 
adaptive  

brachytherapy 
 
CCR               90% 
LC                  82% 
G3-G4              2% 

   3-yrs 
 

high-tech  
EBRT 

??? 



Image-guided 
adaptive  

brachytherapy 
 
CCR               90% 
LC                  82% 
G3-G4              2% 

   3-yrs 
 

high-tech  
EBRT 

NECESSARI STUDI DI CONFRONTO 

SBRT 
 una “ragionevole” 

 alternativa alla  
 Brachiterapia 3D 

 



Alternativa? 
HIGH TECH BT HIGH TECH EBRT 



    INTEGRAZIONE  
high-tech EBRT con high tech BT 

con 
Brachiterapia 

IGABT 



INTEGRAZIONE  
high-tech EBRT con high tech BT 

 

autore N° 
pts 

CHT Dose  
Gy 

target BT toxicity 

Marnitz, 
Strahl Oncol2010 
 

20 CDDP 50.9 
59.6 

GTV 
CTV=GTV+5 mm 
PTV=CTV+10mm 

HDR RMbased 
5 Gyx5 

GI G3=0 

Schwartz 
Int J Rad Oncol Biol Phys 2010 

24 CDDP 
No CHT 

51.2 PTV nodal 
PTV vaginal with 
Vaginal dilatator 

HDR 3Gyx6 GI G3=14% 

Chang 
Int J Rad Oncol Biol Phys 2011 

15 CDDP 50 
70 

CTV 
PTV=CTV+7mm 

HDR RM based 
6.5 Gy x 6 

GI G3=7% 

Chen-Hsi Hsieh 
Rad onco 2009 

10 CDDP 50.4 CTV 
PTV=CTV+7mm 

HDR 
6Gyx5 

GI G3=0 
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