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The challenge of preserving the 
surrounding organs

❖The routine implementation of prostate specific antigen (PSA) has
resulted in a raising number of new cases of patients  with a 

remarkable drop in the median age at diagnosis  (Ninety-five percent 
diagnosed  between 45 and 89 years.)

Most are asymptomatic

❖Prostate cancer is usually a slowly growing tumor and several
patients are longer survival



Prostate cancer is the most common cancer in men;  
is estimated that in the United States, every Year

over 220,000  patients are diagnosed

Is the second most common cause of cancer-
related mortality in males (about 28.000 for year) 

Incidence and mortality



HOW LOW-INTERM. RISK PROSTATE 
PATIENTS ARE TREATED IN EUROPE?

Surgery
54%

Watchful Waiting
6%

Brachytherapy
4%

EBRT
22%

Cryotherapy
1%

HIFU
2%

Hormone Therapy
11%

More therapeutic options with different toxicity



The surgeon point of view

The radiation oncologist point of view

Illusion or reality

Int J Radiat Oncol Biol Phys.

1995 Dec 1;33(5):1311-20.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantification+of+organ+motion+during+conformal+radiotherapy+of+the+prostate+by+three+dimensional+image+registration


Image guidance has been playing a decisive role throughout the 
history of radiotherapy



IMRTpre-IMRT IGRT

Radiation Field

Radiation therapy technique

Best Evidence: dose escalation can be accomplished by improving

the physichal delivery of the radiation

Cyberknife

Efforts to achieve greater precision in prostate organ targeting in 
order to reduce the dose to the adjacent rectum and bladder have 
risen from new technological advancements



System is tracking the target directly

Cyber Knife

A  New Reality 

The robotic-based radiosurgery 
system is able to track the 

neoplastic target  using 
intrafractional orthogonal 

kilovoltage images taken every 15–
30 seconds, and can make 

adjustments for any intrafraction
motion during treatment 



Cyberknife Radiosurgery :
clinical rationale

Accuracy and Precision

Reduced Side Effects

Technological advances such as Cyberknife combined with optimum 
immobilization and organ localization may allow refinements in dose 
delivery precision to achieve the goal of minimal margins around the 
target structure while permitting dose acceleration

http://www.canwetreatwithoutimageguidance.com/


Stereotactic Body Radiation Therapy (SBRT) has been defined in an 
ASTRO practice guideline as an emerging non invasive radiotherapy

procedure allowing the delivery of high ablative doses of radiation to the 
target with a high degree of precision while sparing the surrounding

normal tissue with surprisingly minimal morbidity

• Stereotactic Radiosurgery was a term coined by Leksell

• Describes an approach utilizing:
-multiple convergent beams
-precise localization with stereotactic coordinate system
-single fraction treatment



➢ Recent analyses of clinical tumor control data have argued for a low

alpha/beta ratio for prostate cancer on the order of 1-3 Gy

The alpha-beta ratio is a parameter that describes 

the response of organs to radiation. 

The smaller the alpha-beta ratio, the more 
responsive the organ is to a larger fraction size 

while conversely, the larger the alpha-beta ratio, 
the more sensitive the organ is to fractionation. 



During the last decades, tremendous advances in pre-treatment 
imaging, treatment-planning, delivery and verification, combined with 

mature results from moderately hypofractionated randomized 
controlled trials reassuring on the sensitivity of PC to larger fraction 

sizes, have implemented the opportunity of using fewer large dose per 
fraction delivered in a short treatment duration.

Beyond the obvious advantages in terms of patient convenience and 
health economics, the unique radiobiology of PC  along with the 

evidence that dose-escalation yields better outcomes seems to favour
this strategy, widely known asstereotactic body radiation therapy 

(SABR).

For patients with prostate cancer, hypofractionation would 
have a greater increase of biologically equivalent dose 

(BED) to the tumor than the normal tissue, improving the 
therapeutic ratio



Int.J.Radiation.Oncology Biol Phys. Vol 56, 2003

➢ SF = exp(ad-bd2)

➢ n fractions of dose d            (SF)n

➢ SF (fractions of d) = SF (at 2 Gy fractions)

➢ Dose in 2 Gy/fraction = Dose in d Gy/fraction Equivalent dose in 2 Gy



Dose fractionation, late genito-urinary (GU) and 
Gastrointestinal (GI) toxicity, and biochemical disease-

free survival (DFS) by risk groupings in HDR monotherapy
series.

Brachytherapy prostate 
cancer treatment 



Clinical Oncology (1991) 3:127-132

Hypofractionated EBRT was first used for management of prostate cancer in 
the United Kingdom in the 1960s.

From 1964–1984, 233 patients were treated to 36 Gy in 6 fractions using a 2-
dimenstional technique with acceptable clinical outcomes and toxicity 

At the end of treatment the majority of patients
developed some frequency of micturition and 

tenesmus, which settled within a period of two to 
three weeks with the appropriate medication

Up to October 1986 there had been no long-term 
urological or bowel morbidity apart from the 
development of rectal strictures in two patients, 
one in 1965 and one in 1971 when larger fields of 
irradiation were used than normally planned.

Early Morbidity
Late Morbidity



RTOG  Acute Toxicity

RTOG  Late Toxicity

Int.J.Radiation.Oncology Biol Phys. Vol 67. 2007

The actuarial 48-month biochemical 
freedom from relapse was 70%

Median time to PSA nadir was 18 months with the 
majority of nadirs less than 1.0 ng/mL.

Virginia Mason Medical Center, Seattle

Phase I/II trial of SHARP performed for localized prostate cancer using 33.5 Gy in 5 fractions, 
calculated to be biologically equivalent to 78 Gy in 2 Gy fractions (alpha/beta ratio of 1.5 Gy).



Patient characteristics

41 patients March 03 – December 06

Age Median 66 yrs (48 – 82)

Psa median 5.6 (0.7-12.2)

Biopsy Gs                                         3+3 (28 pts); 3+4 (13 pts)

T-stage T1c (28 pts); T2a (12 pts); T2b (1 pt)

Cyberknife treatment Schema        5 x 7.25 Gy (36.25 Gy) BED: 95 Gy

Follow up                                         Median 33 months (6 – 45)

Int. J. Radiation Oncology Biol. Phys., pp. 1–6, 2008Stanford University School of Medicine



Int. J. Radiation Oncology Biol. Phys., pp. 1–6, 2008

Stanford University School of Medicine



The 5-years  biochemical relapse
free survival rate was 93% 

Radiother Oncol. 2013 Nov;109(2):217-21

PSA relapse-free survival rates after SBRT 
compare favorably with other definitive 
treatments for low and intermediate risk 
patients. The current evidence supports 

consideration of SBRT among the therapeutic 
options for these patients.



Eligible patients included men with 
prostate adenocarcinoma with Gleason 
score 6 with PSA ≤ 20 or Gleason 7 with 

PSA ≤ 15 and clinical stage ≤ T2b. For 
the phase I portion of the study patients 
in cohorts of 15 received 45, 47.5, or 50 

Gray (Gy) in five fractions. Since the 
maximally tolerated dose was not met 
in the phase I study, an additional 47 

patients received 50 Gy in five fractions 
in the phase II study.

doses greater than 47.5 Gy in five 
fractions led to increased severe late 

toxicity.

University of Texas Southwestern Medical Center, USA



Practical Radiation Oncology (2018) 8, 185–202

The evidence for SBRT in HR patients in this review is based on observational studies with relatively 
few patients and short follow-up (level III evidence). Based on these data and the principles 

surrounding treatment, SBRT boost should ideally be validated in clinical trials. 
SBRT monotherapy should be used cautiously in highly selected HR patients outside of a clinical trial.



Anwar et al. Radiation Oncology 2014, 9:42

Patients treated with SBRT experienced a lower PSA nadir and tended to a continuously 
greater rate of decline of PSA for duration 2, 3 and 4 years than CF‐EBRT. 
The improved PSA kinetics of SBRT leaded to favorable BCF‐free survival.

SBRT (Cyberknife): 9.5 x 4 dft: 38 Gy VS                 EBRT: 72-78Gy 



Stereotactic body radiation therapy produce lower nPSAs than IMRT

Because nPSA is a validated predictor of long-term outcome, these data not only 
suggest a distinct radiobiological effect with SBRT , but also predict for clinical 

outcomes that might equal or surpass those of IMRT.

In turn, lower nPSAs are associated with reduced incidence of, and 
longer time to, biochemical failure.



The EPIC-26 and SF-12 surveys were collected at baseline, 1–2 months, 6 ,12, and 24 months

IMRT Brachy therapy SBRT

Urinary 25% 45% 18%

Bowel 30% 25% 11%

Sexual 33% 35% 20%

Radiother Oncol. 2015 Aug;116(2):179-84. doi: 10.1016/j.radonc.2015.07.016. 11.

https://www.ncbi.nlm.nih.gov/pubmed/26276528


Int J Radiation Oncol Biol Phys, Vol. 104, No. 4, pp. 778e789, 2019

A systematic search leveraging Medline via PubMed and EMBASE for original articles 
published between January 1990 and January 2018 was performed. 

All prospective series assessing curative-intent prostate SBRT for localized prostate cancer 
reporting bRFS, physician-reported toxicity, and patient-reported quality of life with a 

minimum of 1-year follow-up were included.

Thirty-eight unique 
prospective series were 

identified comprising 6116 
patients.

University of Michigan, Ann Arbor



Int J Radiation Oncol Biol Phys, Vol. 104, No. 4, pp. 778e789, 2019

Meta-analysis using random effects model of 5-year brfs

Overall, 5- and 7-year bRFS rates were 95.3% (95% 
confidence interval [CI], 91.3%-97.5%) and 93.7% 

(95% CI, 91.4%-95.5%), respectively

Increasing dose of SBRT was associated with 
improved biochemical control (P = .018)



Int J Radiation Oncol Biol Phys, Vol. 104, No. 4, pp. 778e789, 2019

Estimated late grade 3 genitourinary and 
gastrointestinal toxicity rates were 2.0% (95% CI, 

1.4%- 2.8%) and 1.1% (95% CI, 0.6%-2.0%)

Increasing dose of SBRT was associated with 
improved worse late grade 3 GU toxicity 

(P = .014).

Prostate SBRT has substantial prospective evidence 
supporting its use, with favorable tumor control, 

patient-reported quality of life, and levels of toxicity
demonstrated. SBRT has sufficient evidence to be 

supported as a standard treatment option for 
localized prostate cancer while ongoing trials assess 

its potential superiority.

Late meta-analysis using random effects model of late grade 3 gi and gu toxicity



Radiotherapy treatment options

From Cyberknife User’s Meeting. San Francisco 2011



Report of the 8 th European Myltidisciplinary Conference on 
Urological Cancer

Milano 24-27 Novembre 2016



Transl Androl Urol 2016;5(6):966-967 

No benefit either on relapse free survival or failure rate was observed and the difference is 
observed on the side effects rate. Despite the use of IMRT for 95% of cases and the use of fiducial
markers for daily image guidance (not performed in the CHHiP trial), the cumulative incidence of 

grade 2 or worse is significantly higher in the hypofractionated arm as well as the overall grade 3 or 
worse genitourinary toxic side effects (19% vs. 13%): conclusions of authors are as clear as those 

drawn by Dearnaley but opposite: hypofractionated radiotherapy cannot be regarded as a 
standard of care. 

Hypofractionated regimens for prostate cancer has never been 
demonstrated as superior as conventional arm and toxicity have 

always been the limiting factors 

We could consider this regimen as an option: perhaps for small prostate volume, at least 

intermediate risk group in order to not expose low risk patient to exceed of toxicity and 
without intent to increase the biological efficiency but only with the aim to shorten the 

overall treatment time and decrease the overall cost of treatment. 



Lancet Oncol ;



A open-label, randomised, phase 3 non-inferiority trial done in 12 centres in Sweden and 
Denmark, that recruited 1200 men up to 75 years of age with intermediate-to-high-risk 

prostate cancer and a WHO performance status between 0 and 2.

Patients were randomly assigned to ultra-hypofractionation (42·7 Gy in seven fractions, 3 
days per week for 2·5 weeks) 

Or
conventional fractionated radiotherapy (78·0 Gy in 39 fractions, 5 days per week for 8 

weeks).

The lancet.com Vol 394 August 3, 2019



ultra-hypofractionation is non-inferior to standard fractionated radiotherapy in terms of 
failure-free survival. 

Due to the short overall treatment time for ultra-hypofractionation, both physician-
recorded and patient-reported acute toxicity was more intense compared with 

conventional fractionation.
However, late toxicity was similar in both treatment arms.

Cumulative incidence of physician-reported acute urinary and bowel toxicity of 
grade 2 or worse

Failure-free survival

The lancet.com Vol 394 August 3, 2019



RTOG GI and GU acute toxicityTrial design

Similar acute toxicity for ultra-hypofractionation compared with standard fractionation

The lancet.com September 17, 2019



What hypofractionated protocols
should be used for prostate cancer ? 

Which patients benefit from SBRT ?

Forthcoming randomized trials will allow us to 
better compare SBRT outcomes with 

alternative treatment modalities, as well as 
optimize radiotherapy dose, schedule, and 

volumes.

Stereotactic body radiotherapy, which is a form 
of extreme hypofractionation, delivered with 

high precision and conformality typically over 1 
to 5 fractions, offers a more contemporary 

approach with several advantages including 
being non-invasive, cost-effective, convenient 

for patients, and potentially improving 
outcomes

Technology in Cancer Research & Treatment Volume 17: 1-13 ª 2018







Minimum PTV prescription dose coverage of 95%
(A 5 mm volume expansion in all direction, except posteriorly 3 mm,

With 1 cm extension in SV in intermedie and high risk Group)

G 3
Set of Circular Collimators

Int. J. Radiation Oncology Biol. Phys., pp. 1–6, 2008



The major 
differences 

between the 
techniques were 
mainly related to 

dose delivery 
characteristics of 

the CK system, 
resulting in 

higher maximum 
doses in the

target and larger 
low dose 

volumes in the 
studied OARs 

The dosimetric properties were relatively similar.
The comparison of the delivery systems in clinical 

practice should focus on factors such as dose delivery 
accuracies, beam-on and delivery times, and the 

compensation of inter- and intrafractional positional 
errors.



EUROPEAN UROLOGY 6 5 ( 2 0 1 4 ) 4 6 7 – 4 7 9

In current practice systemic hormonal therapy (androgen
deprivation, ADT)  or a  combination of ADT with 

chemotherapy is almost always the only approach 
proposed to the patient



➢ There is now convincing evidence that biochemical control is
improved with higher cumulative doses of radiation

➢ Significant differences in late rectal toxicity were seen
between HDRT and CDRT groups

Int.J.Radiation.Oncology Biol Phys. Vol 74. 2009



When real-time imaging is not available, some 
authors advocate repeating an IGRT procedure 

every 5 minutes 



Linear 
Accelerator

Manipulator

Image
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IMAGING
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ROBOTIC
DELIVERY
SYSTEM

TARGETING SOFTWARE

The advantage of  Cyberknife tracking sistem is the ability to verify real time tumor position during
treatment delivery and to adjust beam delivery  moving the  robotic arm for optimal radiation therapy

treatment outcomes

System is tracking the target directly



During Treatment with SBRT ,in addition to sophisticated treatment 
planning and treatment delivery systems, image guided radiation therapy 

(IGRT) is an essential component of ensuring accurate treatment 

SBRT procedures require images be taken of the prostate prior to each 
treatment, which can performed using the gantry linear accelerator 

using a gantry-mounted cone beam computed tomography (CBCT) scan 
as on devices made by Varian, Elekta, or Novalis TxTM, CT on rails, or 
radiofrequency transponders, such as the Calypso® (Varian; CA, USA) 

real-time tracking device, that are additionally able to provide 
intrafraction image guidance 



Cyberknife prostate tracking



Advanced in Technology: IGRT - ready Machines

True-
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