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The  technological evolution
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J Natl Cancer Inst 2004;96:1358-67 
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Men in the prostatectomy group were significantly more likely than those in the radiotherapy

group to report having erections insufficient for intercourse at 2 years (odds ratio, 3.46; 95%

CI,1.93 to 6.17) and 5 years (odds ratio, 1.96; 95% CI, 1.05 to 3.63) (Table 2).

Erectile dysfunction was nearly universal at 15 years, with 87.0% of those in the

prostatectomy group and 93.9% of those in the radiotherapy group reporting an inability to

achieve an erection sufficient for intercourse.

There was no significant between-group difference in the adjusted odds for erectile

dysfunction at 15 years (odds ratio, 0.38; 95% CI, 0.12 to 1.22).



10

Long-Term Effects of Prostate-Cancer Treatment
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N Engl J Med 2016;375:1415-24.
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ProtecT:  Survival

N Engl J Med 2016;375:1415-24.
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“Of the three treatments, prostatectomy had the greatest negative effect on sexual function and

urinary continence, and although there was some recovery, these outcomes remained worse in the

prostatectomy group than in the other groups throughout the trial.

The negative effect of radiotherapy on sexual function was greatest at 6 months, but sexual

function then recovered somewhat and was stable thereafter; radiotherapy had little effect on

urinary continence. Sexual and urinary function declined gradually in the active-monitoring group”.
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ProtecT:  Outcomes for Sexual Function

JL Donovan et al. 2016; 375:1425-37 
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JL Donovan et al. 2016; 375:1425-37 

ProtecT:  Outcomes for Sexual Function
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ProtecT:  QoL

JL Donovan et al. 2016; 375:1425-37 
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The delivery of curative radiotherapy is always associated with a certain risk
of serious side effects. Thus, to raise the therapeutic ratio, new treatments
should improve tumour control without adding new side effects to the
treatment.
To increase the therapeutic index of radiation, two different strategies have
been studied: the first one based on physics and technology, and the second
one based on biology.



From 3D-RT  to VMAT

3D-RT

IMRT

VMAT
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Volumetric Modulated Arc Therapy (VMAT)



Cone Beam CT

Simulation CT

kV CB-CT



• PTV margins substantially decreased

• Substantial reduction in irradiated volume

• Better sparing of organ at risk

• Higher doses to the tumor

• Increases the possibility to use non 

conventional fractionation  (SBRT)

Improves local 

control rates 

Decreases Toxicity

IGRT advantages
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EAU – ESTRO – SIOG Guidelines on Prostate Cancer 2017



HYPOFRACTIONATION FOR PROSTATE CANCER

Ritter et al.,   Cancer J   2009:15, 1-6

Increasing therapeutic advantage

with increasing hypofractionation

bDFS rates versus equivalent doses 

from six  hypofractionation studies
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Contemporary RCTs of moderate hypofractionation

D. Dearnaley, E Hall. Transl Androl Urol 2017; 6:134-136 
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The evidence base for hypofractionation in prostate cancer has been
strengthened by publications from four randomised controlled trials within the
last 12 months.

In total, 6357 patients have been randomised to receive treatment with either
conventional fractionation or modestly hypofractionated schedules.

Across the studies, patients with low-, intermediate and high-risk prostate
cancers have been included, treating with or without additional androgen
deprivation therapy (ADT). The four trial designs are complementary and have
addressed different hypotheses. All have reported 5 year efficacy outcomes
(time to biochemical or clinical failure) as well as early and late toxicity
profiles.
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EAU – ESTRO – SIOG Guidelines on Prostate Cancer 2017

Definitive Radiation Therapy
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HYPRO  Study
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HYPRO  Study



2013

SBRT requires a high level of accuracy for all phases of the treatment process:

� effective patient immobilization

� precise target localization

� highly conformed dosimetry

� image guided systems for treatment verification

The implementation of SBRT in routine requires a careful considering of organ motion. Gating and

tracking are effective ways to do so, and less invasive technologies “fiducials free” have been

developed.

Due to the hypofractionated scheme, the physician must pay attention to new dosimetric

constraints in organ at risk and new radiobiological models are needed to assess the optimal

fractionation and dose schemes.

Stereotactic Body Radiation Therapy



SBRT and extreme Hypofractionation for prostate cancer
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SBRT Monotherapy Series
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SBRT Monotherapy Series
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SBRT in prostate cancer: Humanitas Experience



Simulation and Target definition

- Simulation CT

- Simulation MRI

- CT/MRI registration

CTV: prostate (+ SV in the case of 

intermediate risk disease)

PTV: CTV + 5 mm margin in each direction



Treatment planning

Red: Target

Brown: rectum

Green: bladder

Blue: femoral heads

Yellow: penile bulb



SBRT in prostate cancer: Humanitas Experience

2 arcs with 10 FFF beams

1077+1076 MU

BOT=120 sec

Schedule: [5 x 7 Gy = 35 Gy] delivered in 5 alternative days



41

Freedom from Biochemical Failure

Median Follow-up 48 months (range 10-67) 

Overall 4y-FFBF: 94.2%

4y-FFBF: 
• GG1: 97.7%
• GG2: 95.0%
• GG3: 72.9%    (p = 0.028)

HR: 3.67 (95% C.I.: 1.07 – 12.55; p= 0.037)                       

D’Agostino et al. ESTRO 2018



Patients’ Reported QoL in EPIC Questionnaires
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ERECTILE FUNCTION AFTER SBRT
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PENILE BULB
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NEUROVASCULAR   BUNDLE
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BALANCE OF CURE AND QUALITY OF LIFE
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VESSEL-SPARING RADIATION

There are two key elements in vessel-sparing

radiation.

First, accurate definition is needed for the

prostate and its inferior extent or apex. Axial,

coronal, and sagittal T2-weighted MRI

sequences are obtained and registered to the

CT simulation to define the prostate.

Second, definition is needed for the internal

pudendal artery with non-contrast time-of-

flight sequence as well as the erectile tissue of

the corpus cavernosa with MRI.

Unquestionably, the accurate definition of the

prostate is essential to directly spare erectile

tissue by maximising separation, and also to

limit external sphincter radiation and its long-

term consequences.
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The toxic effect profile of prostate radiotherapy seems comparable
or possibly even favorable, with respect to that of other treatment
modalities. Data on the adverse effects of prostate radiotherapy
relate to treatment as it was delivered in the past. Recent technical
advances, such as intensity modulation and image guidance, will
hopefully further improve the toxicity profile of prostate
radiotherapy. Furthermore, our ability to predict an individual’s
risk of radiotherapy toxicity will improve, and will aid treatment
individualization.


