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Fuks et al, MSKCC

1980s,       2-D planning

Local control vs. dose: the influence of 

«physics, technology, and imaging»

1990s,         3-D planning

2000s,         IMRT 



Increasing the dose (up to 80 Gy) with 

standard 3D-CRT…

Better bDFS figures, but higher 

risk of late effects.

Pollack, Zietman, Sathya, Dearnaley, & Al-Mangami



Is there a dose limit for dose escalation?

J. Fowler et al,  IJROBP 2003



Dose escalation with intensity 

modulated RT (IMRT)?



Grade ≥ 2 late rectal toxicity in 1575 patients treated with RT

 IMRT

5% risk



Images helping to plan



Chen et al, Cancer 2000



PET-MRI (multiparametric)



Tools helping to treat right



«view and shoot» the target with daily 

corrections of the beam according to the 

random motion of the internal organs 

(i.e. «catch of the day»)

Image guided radiotherapy 

(IGRT)



Treatment set-up and organ 

motion uncertainties: 

endorectal balloons



QLRAD®

QLRAD® - endorectal balloon

100 cc inflated balloon



Endorectal balloon (QLRAD®)



Treatment set-up and organ 

motion uncertainties: 

fiducial markers 



Image guided radiotherapy 
(IGRT)



GPS seeds for treatment monitoring & 

repositioning 

CALYPSO®





4D Console

4D Tracking Station

4D Electromagnetic Array

Optical System

with 3 Infrared Cameras

Implanted Beacon®

Electromagnetic Transponders



Spacer transperineal implant



Reabsorbable spacer between the 

rectum and the prostate

 Hyaluronic acid (RESTYLANE®) 

 Hydrogel (AUGMENIX®)

 Biodegradable balloon (BIOPROTECT®) 





Hypofractionation: 

translational radiobiology



The LQ model                   

(the good?)

Overall

treatment time 

(the bad?)

Treatmet

fraction time 

(the ugly?)





Single fraction equivalent dose (SFED); >6 Gy  

Universal survival curve 

(USC) and DT, transition 

between dose range at 

which linear quadratic

(LQ) model is valid and 

dose range at which

multitarget model (MT) 

is valid

(LQ model)

(MT model)



Irradiation with high

doses per fraction 

induces indirect death

in tumor cells likely

due to radiation-

induced vascular

dammage



The proliferation factor





HDR-BT and the LQ model





a/b = 95% CI: - ∞ , ∞ !!

Results



Even a small

underdosage of 

the target may

have a negative

influence on 

outcome

(especially true

for low a/b

tumors).



SBRT?  What else…
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1110 pts



Reimbursement in Switzerland (Tarmed):

EBRT + HDR-BT  vs. IMRT vs. SBRT

- EBRT (45 Gy) + HDR-BT (3 x 7 Gy): 18’184 CHF

- IMRT (42 x 2 Gy = 84 Gy): 22’687 CHF

- SBRT (5 x 7.25 Gy): 13’544 CHF



A significantly (*) 

increased GU toxicity 

(mostly urethral-related) 

with less expensive SBRT 

(696 pts) was observed 

compared with standard 

IMRT (1392 pts) in a 

national sample of 

Medicare beneficiaries.



Madrid

Barcelona

Geneva

Amsterdam

Turku

Istanbul

Sheba

The Novalis Circle Prostate SBRT Trial 

Porto

Aalst

170 patients recruited in three

years; trial closed on 31.12.15



Chen et al, Cancer 2000

7.25  Gy x 5 =               

91 Gy/EQD1.5

6.5 Gy x 5 =                     

62 Gy/EQD3

6.5 Gy x 5 =                  

74 Gy/EQD1.5



Summary of the Novalis circle trial

ADT 6 mo if risk factors 

(2 mo neoadjuvant + 4 mo concomitant/adjuvant)



Dose distribution

Urethral PRV

Urethral PRV

PTV= CTV + 5mm, 

except posteriorly (3mm)



Novalis Circle SBRT Trial: TCP & NTCP



IPSS and QoL

IPSS scores: mild: 1-7; moderate: 8-19; severe: 20-35



Conclusions

• Dose escalation with hypofractionated IGRT techniques is

a promising option to treat prostate cancer with RT.

• Available clinical evidence is consistent with a low α/β

value for prostate cancer cells (dose/fraction ≈2.5 - 4 Gy).

• Cure after HDR-BT +/- EBRT may be limited by dose

inhomogeneity and geographical misses.

• Extreme HF (SBRT, dose/fraction ≥7 Gy) with 5 (or less)

fractions is still a clinical (though very exciting!) research

matter.



J. Fowler S. Roberts J.H.Hendry E. Zubizarreta R. Miralbell
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