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The aim of this review is to present the available radiobiological, technical and clinical data about
extreme hypofractionation in primary prostate cancer radiotherapy. The interest in this technique is
based on the favourable radiobiological characteristics of prostate cancer and supported by advantageous
logistic aspects deriving from short overall treatment time. The clinical validity of short-term treatment
schedule is proven by a body of non-randomised studies, using both isocentric (LINAC-based) or non-
isocentric (CyberKnife -based) stereotactic body irradiation techniques. Twenty clinical studies, each
enrolling more than 40 patients for a total of 1874 treated patients, were revised in terms of technological
setting, toxicity, outcome and quality of life assessment. The implemented strategies for the tracking of
the prostate and the sparing of the rectal wall have been investigated with particular attention. The urin-
ary toxicity after prostate stereotactic body irradiation seems slightly more pronounced as compared to
rectal adverse events, and this is more evident for late occurring events, but no worse as respect to con-
ventional fractionation schemes. As far as the rate of severe acute toxicity is concerned, in all the available
studies the treatment was globally well tolerated. While awaiting long-term data on efficacy and toxicity,
the analysed studies suggest that the outcome profile of this approach, alongside the patient convenience
and reduced costs, is promising. Forty-eight ongoing clinical trials are also presented as a preview of the

expectation from the near future.

© 2016 Published by Elsevier Ltd.

Abbreviations: AIRO, Italian Association of Radiation Oncology; BT, brachyther-
apy; bRFS, biochemical relapse free survival; CT, computed tomography; CTV,
clinical target volume; ERB, endorectal balloon; EBRT, external beam radiotherapy;
EPIC, expanded prostate cancer index composite; GU, genitourinary; HDR, high
dose-rate; IGRT, image-guided radiotherapy; IMRT, intensity modulated radio-
therapy; IPSS, International Prostatic Symptoms Score; kV, kilo-voltage; LINAC,
linear accelerator; MRI, magnetic resonance imaging; MU, monitor unit; MV, mega-
voltage; PC, prostate cancer; PTV, planning target volume; QoL, quality of life; RT,
radiation therapy; SBRT, stereotactic body radiation therapy; USC, universal
survival curve.
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Introduction

Prostate cancer (PC) is the most common male malignancy in
the Western countries and the second most frequently diagnosed
cancer among males worldwide [1,2]. Approximately 80% of men
with newly diagnosed PC will have organ-confined disease.
Evidence-based and scientifically approved conventional treat-
ment options for prostate-confined cancer include radical prosta-
tectomy, external beam radiotherapy (EBRT), brachytherapy (BT)
and active surveillance [1,3]. Since head-to-head comparison of
different options is not available, the choice is based on the tumour
stage and characteristics, patient general conditions and prefer-
ences and the centre expertise [1,4,5]. Radiation therapy (RT) is
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Table 3

Stereotactic body radiation therapy trials: definition of the Regions of Interest (ROIs).

Region of Definition Reference
Interest (ROI)
CTV Prostate [Aluwini 2013] [Mcbride 2012] [King 2012][Loblaw 2013][Madsen

Rectum

Bladder

Urethra

Bowel

Prostate (LR PC); Prostate + SV (IR and HR PC)

Prostate + SV (1 cm) + 3 mm (1 mm posteriorly)

Prostate + SV (1/3)

Prostate (LR PC); Prostate + SV (2 cm, IR and HR PC)

Prostate + SV

Prostate + 2 mm (0 mm posteriorly, LR PC) or + 5 mm (0 mm posteriorly, IR PC).
Prostate + proximal SV

Prostate + involved SV

Prostate (LR PC); Prostate + SV (1 cm, IR and HR PC)

CTV +3 mm
CTV +5 mm (3 mm posteriorly)

CTV +4 mm (2 mm posteriorly)
CTV +2 mm

CTV +2.5mm

CTV+4 mm

CTV +2-3 mm

CTV +3-5mm

Anterior rectal wall + rectal mucosa

Solid organ from the anus to the sigmoid

The rectal wall has been divided and separately contoured into anterior, lateral,
and posterior walls in the region of the PTV

From recto-sigmoid flexure to anal verge

Constant bladder filling of 1000 cc (obtained using a Foley catether)
Outer 5 mm of the entire bladder contour
Solid organ from base to dome

Defined using Foley catheter
Indwelling catheter and/or urethrogram.
MRI based delineation, without catheter

Space within the peritoneal cavity that could contain bowel

2007]*[Kim 2014] [Boike 2011]*
[Kang 2011][Alongi 2013]*
[Freeman 2011]

[Bolzicco 2013][Chen 2013]
[Oliai 2013]

[Arscott 2014]

[Fuller 2014]

[Janowsky 2014][Ju 2013]

[Lee 2014]

[Tree 2014]

[Aluwini 2013] [Arscott 2014] [Boike 2011]*

[Mcbride 2012][King 2012][Bolzicco 2013] [Chen 2013] [Janowsky
2014][Tree 2014][Katz 2014] [Ju 2013]

[Kang 2011]

[Freeman 2011]

[Lee 2014]

[Loblaw 2013]

[Kim 2014]*

[Alongi 2013]*

[Aluwini 2013]
[Madsen 2007]*
[Kim 2014]" [Boike 2011]*

[Tree 2014]

[Aluwini 2013]
[Kim 2014]° [Boike 2011]°
[Tree 2014]

[Aluwini 2013] [Fuller 2014][Kim 2014]
[McBride 2011] [Bolzicco 2013]
[Katz 2014]

[Tree 2014]

The description of the definition of femoral heads, penile bulb, sigmoid/bowel is never detailed in the analysed articles, even in those generally declaring that these ROIs had

been contoured.

In the study by Boike et al. [68] an endorectal balloon was used.
Abbreviations: HR = high risk; IR = intermediate risk; LR = low risk; PC = prostate cancer; SV = seminal vesicles.
@ LINAC based treatment, with or without non-coplanar fields.
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Table 4

Constraints adopted in the available studies on prostate stereotactic body radiation therapy.

Region of Interest (ROI)

Constraints

Reference Author Year [Reference]

PTV

Rectum

Bladder

Urethra

Femoral Heads

Bowel/Sigmoid

Vioox = 95%; Dmax < 150%

Vioox = 95% (prescribed at the isodose of 70-90%)
Vioox = 95% (prescribed at the isodose of 77-80%)
Vioox = 95% (prescribed at the isodose of 88-92%)
Vioox = 95% (prescribed at the isodose of > 75%)
Vioox = 95% (prescribed at the isodose of 75-85%)
D1oox = 90%

Vioox = 95%; Dmax < 150%

Vioox > 95%

Voss > 99%; Dmax < 105%

Vioox > 95%

Vosy > 95%

Vioox = 95% (prescribed at the isodose of 83-87%)
Vosyx > 95% (prescribed at the isodose of 91-94%)

Dmax < 38 Gy (anterior rectal wall); Dycm3 < 32.5 Gy (85% of the PD)
Viecy <1 cm?

ALARA; Dpax < 100%; Dsoy, < 50%

Vsox < 50%; Vioy < 20%; Vaoy < 10%; Vigoy < 5%; Vasgy < 1 cm?.

Vs < 50%; Vgoy < 20%; Voo, < 10%; Vigoy < 5%.

Dsz < 38 Gy (mean 50 cm®)

Vsox < 50%; Vyss < 25%; Vgoy < 20%; Voo < 10%; Vigoy < 5%; Vaegy < 1 cm?
Vsox < 50%; Vgoy < 20%; Vooy < 10%; Vigox < 5%

V3ecy < 1 cm?; Posterior wall: Diax < 50%

ALARA

Dimax < 100%; Rectal mucosa®: Dyax < 75%

Dsox < 50%; D1oox < 5%

Vascy < 40%; Vaagy < 33%

Anterior wall: D.x < 105%; Lateral walls: D3cy3 < 90%; Posterior wall:
Dmax < 45%.

Dsox < 18.1 Gy; Daoy < 29 Gy; D1oy < 32.6 Gy; Dsy < 36.25 Gy; Vaecy < 1 cm’®
Viscy < 35%; Vascy < 10%; V3acy < 5%; D1y <35 Gy

Dmax < 41.8 Gy; D1 cm3 < 38 Gy

V375 oy <5 cm’®

V7 gy <5 cm?®; V 100 < 10%; V 505 < 40%

Dio cm3 <37 Gy

ALARA

V37 6y < 10 cm?®

Vsoy < 40%; Vipox < 10%

Dsg < 40 Gy

Dinax < 120%

V3y gy < 40%

Outer 5-mm wall: Dpax < 105%; D1o em3 < 18.3 Gy
Daox < 18.1 Gy; Diox < 36.25 Gy; Va7 y < 10 cm®
D15 <35 Gy.

Dsy < 45.5 Gy; Dioy < 42 Gy; Dsox < 40 GY; Dmax < 45.6 Gy.
Vag cy <10%

Dsy or 2 cm3 < 40 Gy

V37 gy < 50%

Dmax < 133%

Dimax < 120%

Dmax < 105%

ALARA

No urethral constraint

Dmax < 24 Gy
Vaoy < 5%
Dasy < 25 Gy
Vias gy <5%
ALARA

Dpmax < 28.5 Gy
Vi gy <1 cm?
Vi1 gy <5 cm®
ALARA

Aluwini 2013 [77]

McBride 2012 [73]

Kang 2011 [75], Bolzicco 2013 [78]
Freeman 2011 [74], King 2012 [76]
Chen 2013 [79], Arscott 2014 [82], Janowsky 2014[84]
Oliai 2013 [81]

Madsen 20077 [87]

Fuller 2014 [72]

Lee 2014 [85]

Loblaw 2013 [47]

Kim 2014 [89], Boike 20117 [69]
Alongi 20137 [88]

Katz 2014 [83]

Ju 2013 [80]

Aluwini 2013 [77]

McBride 2012 [73], Oliai 2013 [81]
Kang 2011 [75]

Freeman 2011 [74]

King 2012 [76]

Bolzicco 2013 [78]

Chen 2013 [79], Janowsky 2014 [84]
Katz 2014 [83]

Oliai 2013 [81]

Madsen 2007 [87]

Fuller 2014 [72]

Lee 2014 [85]

Loblaw 2013 [47]

Kim 2014% [86], Boike 2011°% [69]

Tree 2014 [86]
Alongi 2013" [88]

Aluwini 2013 [77]

McBride 2012 [73],

Chen 2013 [79], Janowsky 2014 [84]
Oliai 2013 [81]

Kang 2011 [75]

Freeman 2011 [74]

King 2012 [76], Chen 2013 [79], Katz 2014 [83]
Bolzicco 2013 [78]

Fuller 2014 [72]

Loblaw 2013 [47]

Kim 2014 [89], Boike 20117 [69]
Tree 2014 [86]

Alongi 2013" [88]

Aluwini 2013 [77]

McBride 2012 [73]

Bolzicco 2013 [78]

Arscott 2014 [82], Chen 2013 [79]
Janowsky 2014 [84]

Fuller 2014 [72]

Kim 2014" [89], Boike 20117 [69]
Alongi 2013" [88]

Katz 2014 [83]

Aluwini 2013 [77]

King 2012 [76], Katz 2014 [83]
Bolzicco 2013 [78]

Tree 2014 [86]

Alongi 2013" [88]

Aluwini 2013 [77]

Chen 2013 [79], Janowsky 2014 [84]
Tree 2014 [86]

Alongi 20137 [88]

(continued on next page)
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Table 4 (continued)

Region of Interest (ROI)  Constraints Reference Author Year [Reference]
Penile Bulb Vags gy < 50% McBride 2012 [73], Chen 2013 [79], Janowsky 2014 [84]
Dysy < 29 Gy; Bolzicco 2013 [78]
Vao gy < 90% Loblaw 2013 [47]
Vag5 gy < 50% Tree 2014 [86]
ALARA Alongi 20137 [88]
Testes Doz <2 Gy Chen 2013 [79], Janowsky 2014 [84]

In the study by Boike et al. [69] an endorectal balloon was used.
In the study by Alongi et al. [88] a spacer was injected before SBRT in some selected cases.
Abbreviations: ALARA = as low as reasonably achievable; PD = prescribed dose.
Dxx < Y%: The dose received by the X% of volume is < of the Y% of the prescription dose.
Dxy < Y Gy: The dose received by the X% of volume is < of Y Gy.
DX cm® < Y%: The dose received by the X cm® of volume is < of the Y% of the prescription dose.
DX cm? S Y Gy: The dose received by X cm? of volume is < of Y Gy.
Dax: maximum dose.
Vxx < Y%: The X% of the prescription dose is received by < of the Y% of the volume.
Vxx < Y cm?: The X% of the prescription dose is received by < of Y cm® of volume.
Vx cy < Y%: The dose of X Gy is delivered to < of the Y% of the volume.
Vx ¢y < Y cm®: The dose of X Gy is delivered to < of Y cm® of volume.
@ LINAC based treatment, non-coplanar fields.
b The rectal mucosa was defined as a solid structure formed by a 3-mm contraction of the rectal wall.
¢ This constraint was applied to the membranous urethra, while no constraints were applied on the prostatic urethra.
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