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Keys to Successful Treatment

• Goal: high dose to prostate, spare surrounding normal tissue 
(ie, precision)

• Treatment Planning

• Treatment Delivery

• Buzz words: 3D Conformal, IMRT, IGRT



Progression of Technology
Don’t forget the past!!

1970-80s –
• Treatment designed using Xrays and lead blocks

• Poor soft tissue delineation

• RT doses in range of 60Gy

1980-90s –
• CT based treatment planning

• Outlining prostate, SV, rectum, bladder, femoral head

• RT doses around 70Gy

21st Century – IMRT
• New way of delivering photons

• Allowed increase of dose in 76-81Gy range



Why IMRT??

3DCRT IMRT



Why IMRT??

Safety – IMRT allows us to….

•Decrease bowel toxicity and sexual dysfunction (Namiki 2006)

•Decrease bowel toxicity (Sanguineti 2006)

•Reduce bowel treated to high dose in WPRT (Ashman 2005)

•Spare penile structures and potentially reduce sexual dysfunction (Kao 2004)

Efficacy –
•Dose escalation leads to better PSA relapse free survival

Zietman et al, JAMA 2005, Peeters et al, JCO 2006



What have we learned?

IMRT can deliver higher doses in prostate cancer safely

Higher dose demonstrates better control rates



Verification

Clinical Aspects

Radiobiological Aspects

Planning

Delivery

IMRT in Prostate Cancer

Things to consider..
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Patient Set-up: 
Most vital but often the most neglected part of beam direction..

• Supine position, hands on chest

• Laxatives a night before CT simulation (rectum as empty as possible)

• Void urine and drink 250-500ml water, starting 30mins before CT sim (reproducibility)

• CT –
3mm slice thickness
From L4/5 to 3cm below ischial tuberosity
No rectal contrast

• CEMRI Prostate -

IMRT in Prostate Cancer..



Distended Rectum at Simulation



Superimposed Scans post Rectal Emptying



Prostate contour Repeat CT

Prostate contour Ist CT



Sagittal view, Distended Rectum



Seminal Vesicles off contour



Structure delineation in Prostate Radiotherapy
The Tricks..

• Identifying prostate apex and its relevance

•Anterior Fibromuscular Stroma (AFS) at mid prostate level

•Contouring errors at prostate base

• SV as target – When and How much??



Delineation of Prostate Apex

McLaughlin PW, IJROBP 2005, 63(2): 479-91



McLaughlin PW, IJROBP 2005, 63(2): 479-91



Image 1 Image 2

Axial T2 MRI 

Crura of Corpus Cavernosa

Penile Bulb

Urethra

Rectum

Level: Penile Bulb



Image 3 Image 4

Axial T2 MRI 

Rectum

Note the penile bulb ends and the GU Diaphragm (GUD) begins.

Urethra

Level: Penile Bulb/ GUD transition



Image 5 Image 6

Axial T2 MRI 
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GUD
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Level: GUD

Note the thickness of the External Sphincter muscle.  The circular shape of the 
GUD suggests prostate but this is still 1 cm below the prostate.  Also note
the Pudendal Canal is clear near the GUD level.  



Image 7 Image 8

Axial T2 MRI 

Rectum

GUD

Note the convex shape of the Levator Ani at the upper GUD (Image 7).
On image 8 the concave shape of the Levator Ani  marks the transition 
to the prostate apex.
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Image 9 Image 10

Axial T2 MRI 

Rectum

Prostate apex

Note the external sphincter commonly extends into the prostate apex.  

prostate

External
Sphincter

Level: Prostate Apex  

Levator Ani 
muscle



Image 2Image 1

Coronal T2 MRI 
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The distance    between the prostate apex and the penile bulb is visible on the
coronal images.  Also note, the external sphincter extends through the GUD

and into the prostate.    

Level: Mid-Prostate



Image 3 Image 4

Sagittal T2 MRI 
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Note the urethra is visible through the center of the prostate in image 4.  Also, the 
definition of the apex is less distinct on sagittal than on coronal.  Sagittal views 
often clarify the prostate base/ seminal vesicle region.

Level: Mid-Prostate

AFS



Note the transition from concave levator ani
at the apex versus convex just below the apex.

MRI Apex to GUD Transition

Concave 
levator ani

Convex 
levator ani



Summary of GUD Shape

Note the change in shape of the GUD: just above the penile bulb it is triangular in shape, 
near the mid-diaphragm it is circular, then hourglass shaped.  These shapes are often 
visible in subtle form on CT.  

Image 1. 
just above 
penile bulb

Image 2

Image 3 Image 4. apex



3 D View- contouring  GUD as prostate 

rectum

The same figure with the 
MRI prostate shown in light 
blue.

3D view of Prostate contoured on 
CT to include round GUD and 
external sphincter often mistaken 
for prostate.

rectum

GUD contoured as 
prostate



3 D View- contouring prostate with rectum as 
reference 

3D view of Prostate contoured to 
the edge of the rectum on CT

The same figure with the 
MRI prostate shown in light 
blue

rectum
rectum

Prostate contoured 
to the edge of 
rectum 



Contouring errors at apex, mid & base



Seminal Vesicles Inclusion in Prostate Radiotherapy

Incidence of SVI is decreasing in PSA era

Expansion of CTV in post-lat direction with inclusion of SV

Higher rectal dose and risk of acute and late toxicities



Predicting risk of SV involvement

• Partins Nomograms, Roach Equation
Partin AW, Urology 2001, Roach M3rd, J Urol 1993

• Risk Stratification

Risk of SVI (%)

Authors No. of pts Low Risk Group Intermediate Risk 
Group

Katcher et al 368 8 22

D’Amico et al 749 2 17

Pisansky TM et al 2959 <10 -

Zlotta Ar et al 1283 <5 -

Kestin L et al 344 1 15

Schultz et al 5079 4 13



Proportion of SV in CTV?





Seminal Vesicles Inclusion in Prostate Radiotherapy

• No consensus on extent as well as dose to SV

• Proximal 2cm of SV to be included if risk of SVI>15%

• Dose – 60Gy – 78Gy (? Volume reduction)



Take Home Message

• IMRT is the de facto standard of care in prostate radiotherapy

• Image guidance imperative to ensure accurate and safe delivery of radiation

• Learning curve involved in structure delineation, treatment verification 
procedures


