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Abstract

The last decade has seen several new treatment technologies being incorporated into the radiation treatment of
localised prostate cancer. More established treatment modalities, such as external beam radiation therapy, are being
constantly refined by improvements in imaging, planning software and delivery systems. Newer modalities, such as
brachytherapy and proton radiation therapy, are emerging as alternatives to conventional external beam radiation

therapy, and will no doubt play a larger part in the treatment of localised prostate cancer in the near future.

Radiation therapy for localised prostate
cancer

Localised prostate cancer can be subdivided into
low, intermediate and high risk groupings. These risk
groups enable the tailoring of treatments according to
biochemical, pathological and clinical parameters. This,
together with assessment of patient co-morbidities, life
expectancy and patient preferences, enables the most
appropriate treatments to be recommended to men with
localised prostate cancer.

The National Comprehensive Cancer Network guidelines
classify localised prostate cancer into four groups
according to the risk of recurrence,’ as follows (see table
1 for T stage definitions):

1. Low risk must have all of the following:

W stage T1-T2a

l Gleason score < 6

B PSA <10 ng/mi

2. Intermediate risk must have any one of the following:
B T2b-T2c or

M Gleason score 7 or

B PSA 10.1-20 ng/mi

3. High risk must have any one of the following:
W stage = T3a or

M Gleason 8-10 or

B PSA > 20 ng/ml

4. Very high risk
B T3b or T4

Radiation therapy has an important role in the management
of patients within all risk groups and has been a standard,
curative treatment for prostate cancer for many decades.

Table 1: (AJCC TNM classification for prostate cancer)

X Primary tumour cannot be assessed

TO No evidence of primary tumour

T1 Qlinigally inapparent tumour not palpable nor visible by
imaging

T1a Tumour incidental histologic finding in 5% or less of

tissue resected

T1b Tumour incidental histologic finding in more than 5% of
tissue resected

T1c Tumour identified by needle biopsy (eg. because of
elevated PSA)

T2 Tumour confined within prostate

T2a Tumour involves 50% or less of one lobe

T2b Tumour involves more than 50% of one lobe but not
both lobes

T2¢c Tumour involves both lobes

T3 Tumour extends through the prostate capsule

T3a Extracapsular extension (unilateral or bilateral)

T3b Tumour invades seminal vesicle(s)

T4 Tumour is fixed or invades adjacent structures other

than seminal vesicles - bladder neck, external sphincter,
rectum, levator muscles and/or pelvic wall.

In recent years there has been increased interest and
experience in more specialised forms of radiation therapy
such as brachytherapy, along with significant refinements
in the delivery of external beam photon radiation (image
guidance, intensity modulated radiation therapy) and
increasing use of particle therapy such as the application
of protons.

Types of radiation therapy used to treat prostate cancer
include:

B external beam radiation therapy (EBRT)
M high dose rate (HDR) brachytherapy
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B low dose rate (LDR) brachytherapy/ or seed brachytherapy
B proton radiation therapy.

Low risk prostate cancer

In general, the curative treatment options available for low
risk prostate cancer include:

| active surveillance — for a select group of low risk patients?
B surgery (radical prostatectomy)
B DR brachytherapy

W external beam radiation therapy (EBRT) (including 3D
conformal radiation therapy [3D-CRT] and intensity
modulated radiation therapy [IMRT] techniques).

Less commonly used radiation treatment modalities
include proton RT and stereotactic body RT.

RT for low risk prostate cancer in Australia takes two main
forms — EBRT and LDR brachytherapy (always delivered
with 1'2° seeds in Australia). In the US and other countries
where the facilities are available, proton radiotherapy and
stereotactic RT are increasingly being used to treat low
risk prostate cancers.

LDR (seed) brachytherapy

Low dose rate brachytherapy is a standard treatment
option for patients with low risk disease, and for some
patients with intermediate risk disease. Although no head-
to-head randomised control trials have been completed
comparing surgery to LDR brachytherapy

LDR brachytherapy involves the insertion of radioactive
seeds directly into the prostate through the perineum
under local, spinal or general anaesthetic using transrectal
ultrasound guidance. Approximately 80-140 seeds
(depending on the size of the prostate) are placed in
the prostate using a standardised template and an
individualised treatment plan (see figures 1, 2 and 3).

Figure 1 and 2: Pre-plan for I'*> LDR brachytherapy
showing placement of seeds on axial ultrasound images taken
during the planning volume study (including no. of seeds in
each strand) and resultant dose distribution. The printouts are
used to guide seed placement in the operating theatre.
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Figure 3: Brachytherapy planning - seed positioning in 3D
(red volume = prostate, blue volume = planning treatment
volume. The planning treatment volume is usually the
prostate with a margin of 4-56mm to encompass any areas of
extracapsular tumour extension).

LDR brachytherapy is generally well tolerated with the
main side-effects being acute and sub-acute irritative
voiding symptoms. These usually settle within a few
months as the radiation effect is largely limited to the first
6-10 months (the half-life of ' is about two months).

EBRT

External beam radiation therapy for prostate cancer is
usually given as a fractionated course of treatment with
megavoltage photons delivered in daily treatments, five
days a week for a period of seven to eight weeks.

Major advances in the planning and delivery of EBRT for
prostate cancer have occurred in the past 5-10 years.
These include:

B 3D conformal RT (3D-CRT)
B Intensity modulated radiation therapy (IMRT)
B Volumetric modulated arc therapy (VMAT)

B Image guided RT (eg. with the use of implanted fiducial
markers, cone beam CT).

3D-CRT combines modern imaging (CT, MRI) with
computerised planning to optimise prostate localisation,
delineation and dose distribution. Complex shielding
allows better conformation of the radiation dose to the
treatment target, enabling tighter margins around the
treatment volume and hence lower doses to surrounding
normal tissues (see figure 4 and 5).

Figure 4: A 3D-CRT external beam radiation plan for treatment of prostate cancer, showing doses to the target (prostate —
within the blue planning treatment volume) and normal tissues such as the rectum (outlined in brown), bladder (outlined in

yellow) and femoral heads (outlined in pink and orange).
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Figure 5: Coronal CT planning image showing three gold
seed fiducial markers (in white) within the prostate.

IMRT is a form of 3D-CRT where the intensity of the radiation
beam is adjusted throughout the course of treatment. By
dividing the beam into multiple beamlets of non-uniform
intensity, a more conformal dose distribution around irregular
targets is enabled, with greater sparing of organs such
as the rectum and bladder. This, in turn, can allow safer
dose escalation to the target (ie. the prostate) to improve
biochemical outcomes.®® IMRT can potentially be improved
further by delivering the beam with a gantry that is moving
rather than static. This technique is still in its early stages of
development, however shows great promise in improving
external beam radiation treatment of prostate cancer.™

Image guided radiation therapy (IGRT)

Improvements in imaging with CT, MRI and PET scanning
have allowed better localisation of tumour volumes and
more accurate treatment planning. This has been further
enhanced by the ability to combine these different kinds
of images.

IGRT is the use of daily imaging (for example with x-rays
and/or CT) to track the location of the prostate and
surrounding normal tissues during treatment. Commonly
used methods include gold seed fiducial markers with daily
portal x-rays, cone beam CT and ultrasound (see figure 6).

The main aim of image guidance is to improve treatment
accuracy, enabling dose escalation and smaller treatment
margins with lower doses to surrounding normal tissues.
Long-term data is needed to determine the effects of
image guidance and its consequent improvements in
treatment accuracy on side-effects and cancer outcomes.

Proton radiation therapy

Protons are a form of particle RT, as opposed to
conventional photon RT described above. The physical
properties of protons mean that most of the radiation
dose is deposited at the end of the particle track (called
the Bragg peak), with rapid reduction in the radiation dose
after this peak. This provides a sharp dose drop-off at the
junction of the prostate with surrounding normal tissues
such as the bladder and rectum.

Although proton therapy has been applied successfully
to brain and spinal tumours for many years, it has only
relatively recently begun to be used to treat prostate
cancer. Long-term outcome data is limited and includes
patients from multiple risk groups.™

The main current drawbacks of proton RT are its cost,
cost effectiveness and limited availability. It has also not
been shown to be superior to current external beam
treatment methods such as IMRT.

Stereotactic radiotherapy to the prostate

Stereotactic RT is another form of targeted RT that
delivers higher doses per fraction (hypofractionation), to
exploit the radiobiological properties of prostate cancers.
This technology is still in its infancy with only limited early
data published to date.' The larger fractional doses of
such therapy do risk inducing higher rates of normal tissue
complications, and reliable formal studies of the toxicity
are yet to be published.

Intermediate and high risk prostate cancers
Curative treatment options include:

B Surgery (radical prostatectomy +/- lymph node dissection)
B EBRT

B HDR brachytherapy in combination with EBRT

B HDR monotherapy

B DR (seed) brachytherapy with EBRT.

Hormone treatment is often used in combination with
EBRT and HDR brachytherapy in these risk groups.
Short durations of hormonal therapy (eg. six months)
are favoured for patients with intermediate risk disease,
whereas longer courses of hormonal therapy (eg. two to
three years) are favoured for those with high risk disease.

Figure 6: Portal x-ray taken of a patient on treatment,
showing matching of planned field and treatment fields
using fiducial markers.
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HDR brachytherapy with EBRT

Although there have been no randomised control trials to
compare EBRT with or without HDR brachytherapy, the
addition of HDR brachytherapy as a boost to a shorter course
of EBRT has become commonplace. The advantages of
HDR brachytherapy include a higher dose per fraction, and
rapid reduction in dose outside of the prostate.

HDR brachytherapy is performed by placing catheters
through the perineum into the prostate, under anaesthetic,
with transrectal ultrasound image guidance. These
catheters are placed positioned with a standardised
template which is fixed to the perineum (see figures 7
and 8). Planning is based on a CT scan taken with the
catheters in situ (see figure 9). Radioactive sources (for
example, Ir'2) are introduced into the catheters for fixed
periods using a remote afterloader unit (see figure 10).

Figure 7: Set-up for HDR brachytherapy including
transrectal ultrasound probe within rectum and template for
guidance.

Figure 8: Brachytherapy catheters in situ and template
stitched to perineum.

i i -

Figure 9: Axial CT image of HDR brachytherapy catheters
in the prostate (bold red outline). The rectum is outlined in
purple, the urethra in yellow. Note that urethra is spared the
highest doses.

Figure 10: Catheters connected to remote afterloader on
right (Ir'®2 source is within the afterloader and moves in and
out via yellow tubes shown,).

A recent review of the literature included patients in the
low, intermediate and high risk groups treated with HDR
brachytherapy.”™® Rates of freedom from biochemical
relapse for patients with intermediate risk disease were
88-100% at five years and 82-92% at 10 years; and for
patients with high risk disease were 67-97% at five years,
62-74% at 10 years.

HDR monotherapy

HDR brachytherapy without the use of EBRT s
increasingly being used to treat localised prostate cancer.
However, the follow-up from such series is still short and
further research is needed before this technique can be
recommended for wider use.™

Post prostatectomy RT

External beam radiation therapy after radical prostatectomy
is generally well tolerated and worthy of consideration

CancerForum Volume 34 Number 1 March 2010



in several specific situations. It can be given either
immediately following prostatectomy when the PSA is
undetectable in the serum (adjuvant), or delayed until the
biochemical failure when PSA becomes detectable in the
serum (salvage).

The patients who might benefit from postoperative
radiation therapy include those with:

B positive surgical margins

W evidence of extracapsular extension (pT3a)

I evidence of seminal vesicle involvement (pT3b)
M rising PSA post prostatectomy.

The advantages of adjuvant RT are that a lower total
dose is required (60Gy) than for salvage radiation, and
the possibility of increasing cure rates for men with
positive margins or pT3 disease. Studies have shown
significant improvements in freedom from biochemical
relapse, metastasis-free survival, and long-term follow-
up of one study showed better overall survival.'*'51
However, adjuvant RT involves over-treatment of those
whose cancer was destined never to recur even without
further treatment.

Technologies such as 3D-CRT and IMRT, discussed
above, can also be used to improve the delivery of
radiation after prostatectomy.

Whether adjuvant RT or early salvage radiation therapy
is superior, will be determined by the RAVES trial being
conducted in Australia and New Zealand by the Trans
Tasman Radiation Oncology Group, in collaboration with
the Australian New Zealand Urogenital and Prostate
Cancer Trials Group Ltd, and in the UK by the MRC-led
Radiotherapy and Androgen Deprivation in Combination
after Local Surgery (RADICALS) study.

Conclusion

Radiation therapy, in its many forms, has an important role
to play in the management of localised prostate cancer.
Recent advances in imaging, planning and delivery of
radiation therapy are aimed at improving outcomes and
reducing toxicity for treatment of prostate cancer. Ideally
all prostate cancer patients should be referred to a
radiation oncologist to further discuss their radiotherapy
options and new developments in the field of RT and
to facilitate the multidisciplinary management of this
common malignancy.
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