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Introduction

External Beam Radiotherapy has been commonly
employed for the management of advanced localised
prostate cancer. Recent developments in conformal
radiotherapy (CFRT) and now intensity modulated
radiotherapy (IMRT) permit the safe introduction of
high dose treatments and phase III trials have given
an improved understanding of the benefit and role of
both short and long course hormonal therapy. While
these studies have given good evidence that androgen
suppression improves outcome when added to radio-
therapy, controversy remains concerning the appro-
priate dose, fractionation and radiotherapy treatment
volumes. Additionally, many men presenting with
locally advanced disease will be well palliated with
hormone therapy alone. Valuable guidance concerning
the additional role of radiotherapy will come from
the current collaborative trial between the National
Cancer Institute of Canada (NCIC) (PR3) and UK
Medical Research Council (MRC) (PRO7) which is
addressing this issue by randomising men with locally
advanced disease to either hormonal therapy alone
or to combined modality treatment. This article will
review evidence relating to these different aspects of
management strategy highlighting recent results to
mform current practice.

Definition of locally advanced disease

Localised prostate cancer can be divided into low, in-
termediate and high risk prognostic groups. There are
two commonly used systems which show considerable
overlap. The Memorial Sloan Kettering group [1,2]
define low risk as T1 or T2 disease, Gleason score of
6 or less and an initial PSA of <10 ng/ml. Intermediate
risk patients have one of the prognostic indicators with
a higher value and unfavourable prognosis is given for
men with two or more indicators with higher values.
D’ Amico [3] has defined low risk as Stage Tlc/T2a
and PSA level <10ng/ml and Gleason score <6;
mtermediate risk as T2b or Gleason 7 or PSA level
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10 — €20ng/ml; high risk as T2¢ or PSA >20ng/ml
or Gleason score >=8. Locally advanced disease
may include some patients in the intermediate and
unfavourable groups as well as patients with T3 or
greater disease or evidence of pelvic lymph node
involvement. Patients with various combinations of
poor rigk features have been included in studies of
patients with "advanced" localised prostate cancer
and interpretation of results in any particular patient
sub-group needs to be considered with care.

Patient and tumour assessment

All patients should have appropriate clinical examina-
tion including digital rectal examination, histopathol-
ogy assessment using the Gleason scoring system and
serum Prostate Specific Antigen (PSA) measurement
in addition to routine haematological and biochemical
parameters. The purpose of additional imaging is to
more precisely define likely patterns of disease spread
in an individual patient so as to customise treatment.
There have been considerable advances and continuing
new developments in imaging techniques. Currently,
Magnetic Resonance Imaging (MRI) is the preferred
method of pelvic assessment recommended by The
Royal College of Radiologists in the UK [4]. Imaging
is unlikely to detect abnormalities in men with lower
presenting PSA levels and Gleason Grades [5] but
more recent studies are showing increased sensitivity
and specificity for MRI particularly if images are
read by specialist radiologists [6]. Prostate cancer
staging using MRI is more closely related to survival
outcome than clinical staging [7]. In the future, MR
spectroscopy and dynamic contrast enhanced MRI
may increase precision further [8,9]. Risk of lymph
node involvement may be estimated from clinical
stage, Gleason grade and presenting PSA level [10].
Computed Tomography (CT) and conventional MRI
can detect enlarged lymph nodes (upper limit of
normal 10mm [11]) but for patients with a high
risk of lymph node involvement; currently surgical
lymph node sampling remains the definitive diagnostic
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technique and the laparascopic approach, in expert
hands, can reduce morbidity [12]. However, full
sampling of the lymph node areas at risk is not
possible [13,14] and in the future more accurate, non-
mvasive lymph node assessment using MRI with ultra-
small para-magnetic iron oxide contrast agents [15,16]
may prove the evaluation of choice.

Technetium bone scans are the standard method
for detecting skeletal involvement and are recom-
mended for patients with intermediate risk disease or
more [17]. Our own practice is now to perform MRI
looking for spinal bone marrow metastases [18] in
men presenting with very unfavourable characteristics
such as high grade pathology and high presenting
PSA levels (e.g. over 30ng/ml) or pelvic lymph node
mvolvement. Such evaluation would be limited to
men in whom high dose radiotherapy techniques were
being considered in addition to long term androgen
suppression and is not yet routinely available.

Results of conventional dose radiotherapy alone

The long term outcome of patients with T1-T3
prostate cancer treated with external beam therapy
alone during the 1970s and 80s in the pre-PSA
era has been documented by the USA Patterns of
Care (POC) Study Group, Radiation Therapy On-
cology Group (RTOG) randomised studies and other
large single institutional series [19—24]. The POC and
RTOG study group results represent national outcome
averages for the USA and provide reasonable esti-
mates of treatment outcomes following conventional
conformal beam radiotherapy. Local tumour control
becomes increasingly poor as stage increases with
reported rates of tumour local control of 83% for T1,
65—68% for T2 but falling to 44—75% for T3 disease.
Tumour size can also influence local control rates.
Analysis of the earlier RTOG studies revealing that
tumours >25cm’ have control rates of less than 50%
compared o 75% for <25cm? [25]. The advent of
PSA testing led to the realisation that conventional
radiotherapy (<70 Gy) gave unsatisfactory results for
men with advanced disease. Hanks et al. [26] reported
a study of 120 patients followed for a mean of 12.6
years showing biochemical control of only 28% in
T3 disease compared to 54% and 72% i T2 and
T1 disease [26]. Additionally, high Gleason score
correlated with poor outcome with PSA control rates
of only 18% for Gleason score 7 and 0% of men
with Gleason sum 8 or 9 cancers. More contemporary
series using a mean dose of 69 Gy showed 5 year PSA
control rates of 81%, 68%, 51% and 31% for men with

initial presenting PSA levels of <10, 10-20, 20—<30
and >30ng/ml respectively [27].

It is clear from these results that for men with
bulky local disease, high grade cancers or PSA levels
>20ng/ml that conventional dose radiotherapy alone
gives poor long term disease control and strategies to
improve outcome are required. Randomised controlled
trials have given us important information document-
ing how improved radiotherapy technique permits
higher doses of radiation to be safely delivered, on
the value of either short course or longer treatment
with adjuvant hormonal therapy and the use of pelvic
as well as prostate radiotherapy to improve results in
patients with advanced disease. (Table 1).

Radiation dose escalation using conformal or
intensity modulated techniques

Over the last 15 years, radiotherapy technology
has advanced considerably. The high dose radiation
volume can be shaped much more precisely around
the prostate and surrounding structures using confor-
mal radiotherapy methods (CFRT). The usual dose
limiting toxicity of radiation is proctitis and in a
study undertaken at the Royal Marsden Hospital and
Institute of Cancer Research, the rate of Grade 2
or more complications was reduced from 15% to
5% using CFRT rather than conventional radiotherapy
techniques [28]. This result has given the foundation
for subsequent dose escalation studies using CFRT or
intensity modulated radiotherapy (IMRT) techniques.
Radiation dose is an independent determinant of
biochemical outcome following prostate radiotherapy
in several large series [43—48]. However, the patients
receiving higher doses were treated more recently than
those receiving conventional doses, and the stage and
grade migration that have been observed in recent
years are important confounding factors in such retro-
spective analyses. The trend towards a more favourable
case mix has contributed to improvements in the
outcome of both radiotherapy and of prostatectomy
over the last 10 years, even within defined prognostic
groups [49]. Confirmation that dose escalation does
improve biochemical control rates comes from the re-
sults of the MD Anderson randomised trial conducted
between 1993 and 1998 [29]. Over 300 men with
localised prostate cancer (T1-T3) received radical
radiotherapy to the prostate and seminal vesicles and
were randomised to either conventional dose (70 Gy)
or high dose (78 Gy) treatment. With a median follow
up of 60 months, the biochemical control rates for the
70 and 78 Gy arms at 6 years were 64% and 70%,
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Table 2
Phase III randomised controlled trials of high dose conformal
radiotherapy in prostate cancer

Trial group No. of Status Dose
patients

MD Anderson 305 Reported 70 vs 78 Gy
ICR/RMH: Pilot 126 Reported 64 vs 74 Gy (+LHRHa)
MRC RTO1 850 Completed 64 vs 74 Gy (+LHRHa)
NKI 600 Completed 68 vs 78 Gy (+LHRHa)
France FNC LCC 300 Completed 70 vs 78 Gy
Mass/Loma Linda 393 Completed 70 vs 78 Gy

RTOG 1520 Commenced 72 vs 78 Gy

respectively (p=0.03). Subgroup analysis suggested
that the benefit of dose escalation was greater for
those with a pretreatment PSA >10ng/ml. In this
subgroup the biochemical control rate was 43% for
those who received 70 Gy versus 62% for the 78 Gy
arm (p=0.01).

A recently reported phase III pilot study of dose
escalation undertaken at the Royal Marsden Hospital/
Institute of Cancer Research showed broadly similar
results. 126 men were randomised and treated with
radiotherapy using either 74 Gy or 64 Gy following 3—
6 months of initial androgen suppression. 5 year PSA
control was 71% in the 74 Gy group compared to 59%
m the 64 Gy group (p=0.1) and the hazard ratio for
failure was 0.64 in favour of the high dose treatment
group (p=0.1). The median PSA in this trial was
14 ng/ml and 71% of patients had a moderate or high
risgk of seminal vesicle involvement [30]. Although
there was improved biochemical control in both of
these studies, side effects of treatment were also
increased, Grade 2 or more rectal toxicity increasing
from 12% to 26% in the MD Anderson and from 11%
to 18% in the RMH/ICR trial. Preliminary results for
a trial combining external beam radiotherapy to the
prostate and seminal vesicles (50.4 Gy) plus a proton
beam boost of either 19.8 or 28.8 Gy equivalent have
recently been reported in a group of 393 patients [50].
Overall, there was an 18% improvement in 5 year
biochemical failure rates (increasing from 63% to
81%, p=0.00001). This difference held true for both
low or intermediate risk disease. Morbidity in this trial
was very low. None of these three trials has, as yet,
sufficient follow up to show that improved biochemical
control necessarily translates into an impact on overall
survival. However, a retrospective analysis from the
RTOG which included 1465 men treated between
1975 and 1992 found that men treated with high
grade cancer who recetved higher radiation doses

(=66 Gy versus <66 Gy) had a 27% increase in overall
mortality.

Over 3000 men will be randomised in ongoing
phase III studies of dose escalation (Table 2) in the UK
(MRC RTO1 trial) [51], the Netherlands, France and
North America and together these will give very much
more accurate information on the relative advantages
of dose escalation in different risk groups. However,
currently, dose escalation seems to be most certainly
of benefit in those patients with more advanced or high
grade presentations.

Radiobiology and fractionation studies in prostate
cancer

Estimation of the alpha/beta ratio for prostate cancer
from brachytherapy series suggests the value may
be low (<£1.5Gy) [52-56] although this remains
controversial [57]. A recent review suggests that the
alpha/beta ratio for radiation induced proctitis may be
relatively high at 5.4 Gy [58]. These two estimates
for tumour and late normal tissues suggest that
hypo-fractionated treatments may confer a therapeutic
advantage.

A phase III trial in 936 men has compared
52.5Gy in 20 fractions with 66 Gy in 33 fractions.
Preliminary results show a 7% reduction in PSA
control rate (49% vs 56%) in the 20 fraction arm
with hazard ratio for failure (short to long) of 1.20
(95%CT: 1.0-1.44). Late toxicity was similar in the
two arms (Grade 3/4=3%) [32]. A second, small,
RCT including 120 men compared a dose of 64 Gy
in 32 fractions with 55Gy in 20 fractions. After a
median follow up of 44 months, 4 year PSA control
rates were similar (86.2%/85.4% for hypo and standard
fractionation respectively); there was a slight excess
of rectal bleeding in the hypofractionated group [31].
Comparison of a large single institute series in which
705 men were treated to a dose of 50 Gy in 16 fractions
gave similar PSA control rates to schedules of 65—
70Gy in 1.8-2.0Gy fractions with a low toxicity
profile [59]. All of these studies are compatible with
an alpha/beta ratio for prostate cancer of <1.5. In the
pre-PSA era, 36 Gy in 6 fractions in 3 weeks was
reported as giving acceptable results without major
early or late morbidity [60]. Presently there is no
long term data using higher dose hypofractionated
radiotherapy, a preliminary report from the USA [61]
suggested that a dose of 70Gy m 2.5Gy fractions
was at least as effective as 78 Gy in 2 Gy fractions.
Phase I studies using 3 Gy fractions have recruited in
Manchester (57 Gy, 60 Gy) [62], Toronto (up to 66 Gy)
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Table 3
Target volumes for trials using high dose conformal radiotherapy *

Trial SV involvement Target + Margin (mm)° Dose? (Gy)
Risk® (%) Phase T Phase 1T Phase Il Phase 1 Phase [T  Phase IT1  Total
Dutch Low (<10) P+10 P+5/0 - 68 0,10 - 68, 78
Mod (10-25) P+SV+10 P+10 P+5/0 50 18 0,10 68, 78
High (>25) P+SV+10 P+5/0 - 68 0,10 - 68, 78
Involved P+SV+10 P+SV+5/0 - 68 0,10 - 68, 78
Protect Low (<15) P+bSV+10/5 P+0 - 56 18 - 74
High (>15) P+SV P+0 - 56 18 - 74
RT 01 Low (<15) P+bSV+10 P+0 - 64 0,10 - 64, 74
High (>15) P+SV P+0 - 64 0,10 - 64, 74
EORTC All P+SV+10+£Nodes P+bSV+10 P+5/0 46 24 0,4,8 70, 74, 78
22991 (not
randomised)
RTOG All P+SV+10/5 P+10/5 - 58 15, 24 - 73, 82
P-0126
RTOG Low (<15) P+5-10 P+5-10 - 68 0,6, 11 - 68, 74, 79
9406 High (>15) P+SV+5-10 P+5-10 - 56 12, 8,23 - 68, 74, 79
Tnvolved P+SV+5-10 . . 68,74, 79 - . 68, 74, 79
MSKCC  All P+SV+10/6 P+SV+10/6 - 65, 70, 0,0,0,5 - 65, 70, 76,
Rectal block 76, 76 81
CHHIP® Low (<15) P+bSV+10 P+10/5 P+5/0 56 16 4 74
High (>15) P+SV+10 P+10/5 P+5/0 56 16 4 74

2 SV: Seminal Vesicle; bSV: base of Seminal Vesicle; P: Prostate.
b Risk of SV based on Roach formula and Partin tables.

c
d

¢ Conventionally fractionated arm.

and Japan (69 Gy) [63] and a phase III randomised trial
(CHHIP) is recruiting in the UK comparing 74 Gy in
2 Gy fractions with 60 and 57 Gy in 3 Gy fractions. If
these trials show an equivalence or an advantage for
the shorter fractionation schedules, then this would not
only be more convenient for patients but make better
use of radiotherapy resource.

Radiotherapy and target margins

The radiotherapy target volume may include the
prostate, all or part of the seminal vesicles and pelvic

lymph nodes. A ‘ safety margin’ needs to be placed

around these structures on CT planning images to
allow for microscopic spread of disease, day to day
uncertainties in the accuracy of treatment as well as
any movement in the structures being treated. A single
small study has evaluated the appropriate margin
around the prostate using conformal radiotherapy
techniques. In this trial, 126 men were randomised to
have either a 1.0cm or 1.5 cm margin. There was no
difference in the PSA control rate but the larger margin
was associated with a short lasting increase in acute

¢ /> indicates margin: all around prostate/prostate—rectum interface.
Multiple figures in each risk group indicate different dose arms of trials.

side effects affecting bowel and bladder as well as
an increase in late rectal side effects with > Grade 2
toxicity being recorded in 21% of patients compared
to 13% (p=0.05) [30]. It therefore seems that margins
of more than 1cm are unnecessary and should not
be used. Some trial protocols now specify a reduced
posterior margin so as to keep the dose to rectum as
low as possible [64]. This is particularly important if
using high dose treatments. Doses and margins used
in current protocols are summarised in Table 3.
Seminal vesicles (SV) are included in the treat-
ment volume if they are clinically or radiologically
involved. They are also frequently treated if they
are at a high risk of being microscopically involved
based on the Roach formula (risk of seminal vesicle
invasion = PSA + [(Gleason score — 6) x 10]) [65]. No
studies have been undertaken to evaluate the clinical
benefit from including seminal vesicles within the
target volume but unless the seminal vesicles are
specifically outlined, they are not reliably included
in the high dose volume [66]. Pathological data [67]
has suggested 3 patterns of seminal vesicle invasion:
(i) umour spread along ejaculatory ducts, 35% of
cases; (i) direct extension through capsule, 61%
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of cases; and (ii1) the presence of isolated tumour
deposits, 12% of cases. One series [68] showed that
the median distance from the prostate of seminal
vesicle invasion was 1 ¢m and that in 90% of cases,
mvolvement was limited to the proximal 2 cm. They
advocate mcluding the proximal 2.0cm in the CTV
when it is desired to treat the seminal vesicles. Davis
et al. [69] however found that tumour was found
within 0.5cm of the tip of the seminal vesicles in
40% of patients with seminal vesicle involvement,
and advocated treating the seminal vesicles in their
entirety. Our practice is to include the entire seminal
vesicles for stage T3 tumours, or if the risk of
seminal vesicle involvement is >15%, provided that
the predicted dose to rectum is acceptable. If the
rectal dose 1s unacceptable then the tips of the seminal
vesicles are excluded, but we treat the proximal 2 cm.
Strategies for including the seminal vesicles in current
trials are shown in Table 3.

Pelvic radiotherapy is frequently used in patients
with locally advanced prostate cancer but evidence
for benefit has, until recently, been lacking although
some retrospective studies have shown a potential
advantage [70]. The only previous randomised trial
performed by the RTOG in the pre-PSA era in patients
with T1 and T2 cancers failed to show an advantage
for lymph node irradiation [34] and without evidence
of benefit, many clinicians omitted whole pelvic
irradiation in view of its high risk of complications.
RTOG trial 94-13 [35] recruited 1323 patients who
had an estimated risk of lymph node involvement
of >15%. Patients were randomly assigned to whole
pelvic radiotherapy or prostate only treatment with
a second randomisation to 4 months neoadjuvant
or adjuvant androgen suppression. After a five year
follow up pelvic radiotherapy was associated with a
4 year progression free survival of 54% compared with
47% in patients treated with prostate only radiotherapy
(p=0.02). It is not yet certain that this progression free
difference will translate into an overall survival
benefit. A detailed analysis of the toxicity of pelvic
radiotherapy in this trial is not yet available. However,
the benefit of pelvic radiotherapy seems similar to
that of regional lymph node irradiation in breast
cancer [71]. In general, the use of lymph node
irradiation 1s limited to between 44 and 50Gy to
avoid side effects which is probably a sub-optimal
dose to destroy micrometastases. Pre-clinical studies
have shown that IMRT techniques can substantially
reduce the bowel and bladder volume irradiated during
pelvic radiotherapy. Bowel and colon irradiated to
the 90% isodose level is reduced from 24% using
convenional radiotherapy to 18% using conformal

techniques but only 5% reaches this dose level using
IMRT [72]. Subsequently, the Royal Marsden Hospital
group have developed a phase I/IT trial of dose
escalated pelvic lymph node irradiation. Preliminary
results show low levels of both acute and late toxicity
with target lymph node doses of 50, 55 and 60 Gy [73].
Further follow-up and studies will be required to
confirm the low level of toxicity and potential benefit.

Technological advances in imaging, tumour locali-
sation, treatment planning, delivery of complex CFRT
and IMRT treatments as well as improvements in
verification and the accuracy of treatment using, for
example, portal imaging devices potentially leads to
more effective and safer treatments [74]. It iS now
clear that dose volume complication relationships exist
and these have been most well demonstrated for rectal
toxicity. Although different groups of researchers have
used different methodologies, it is possible to draw up
guidelines and dose constraints for rectum, bladder and
bowel [29,75-84]. Table 4 shows the dose constraints
currently in use at the Royal Marsden Hospital and
for the on-going trial of high dose hypofractionated
radiotherapy (CHHIP).

Table 4
Normal tissue dose constraints

Dose for 2 Gy/# Dose Max vol

Prescribed dose (%) (% or cc)
Rectum 50 68 60%

60 81 50%

65 88 30%

70 95 15%

74 100 3%
Bladder 50 68 50%

60 81 25%

74 100 5%
Femoral heads 50 68 50%
Bowel 50 68 17cc

Brachytherapy and external beam radiotherapy

An alternative strategy is to combine brachytherapy
with external beam radiotherapy to produce a high
dose conformal boost. Brachytherapy may be given
using either low dose rate permanent seed implants
with Todine-125 or Palladium-103 or high dose rate
temporary implants with Iridium-192. The fall off in
dose from the implanted sources is rapid following an
inverse square law so that treatment of extra capsular
disease is unreliable. Monotherapy brachytherapy is,
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therefore, suitable for good risk patients only where
long term results are similar to those of prostatectomy
or external beam radiotherapy [85—88]. The Seattle
Group have used Iodine-125 seeds to give an implant
dose of 120 Gy with pelvic external beam radiotherapy
to a dose of 45Gy in 25F [87]. The Mount Sinai
Group have treated high rigk patients [PSA >15ng/ml,
Gleason =8, T2¢-T3) with implant, pelvic radio-
therapy and nine months of androgen suppression
achieving 86% biopsy negative results at two years
and also 86% freedom from biochemical failure at 5
years [88,89]. Critz and colleagues [90] have followed
seed implantation by external beam irradiation and
report 10 year disease free survival (PSA <0.2 ng/ml)
of 61% for men with high risk features at presentation.
Morbidity in these studies has generally been low [91]
and in a recent matched pair analysis late rectal
toxicity was decreased by 15% using Palladium-103
seeds and external beam radiotherapy in comparison
to external beam radiotherapy alone with similar late
genito-urinary side effects [92]. However, Sarsody [93]
reported a significantly higher rate of side effects
using combined modality treatments compared to
brachytherapy alone including need for TURP (5% vs
14.5%, p=0.03), rectal bleeding (15.5% vs 36%,
p=0.002) and the need for faecal (7%) or urinary
diversion (3%) neither of which were recorded after
brachytherapy alone. Such data reinforce the caution
that 1s needed and strict adherence to quality agsurance
and technique when using combined modality treat-
ments.

High dose rate brachytherapy potentially takes
advantage of the low alpha-beta ratio or prostate
cancer (see above). Combined therapies usually use
external beam radiotherapy to a dose of 4650 Gy but
have used a range of brachytherapy dose and treatment
fractionation [94—97] which may be interdigitated
during the external beam radiotherapy treatment. In
a multi-institute review [95] 359 high risk patients
were treated with external beam radiotherapy (46—
50 Gy) and high dose rate (HDR) boost of 15 Gy x 2
(Kiel), 3-4Gy x 3 (Seattle) or 5.5Gy x4/11 Gy x 2
(William Beaumont). Results were similar from the
different institutions with a PSA control rate of
69% at 5 years and 95% cause specific survival.
The Michigan Group [96] have enrolled 207 men in
dose escalation trials using 5.5Gy x 3 to 11.5Gy x 3
mterdigitated with external beam radiotherapy to a
dose of 46 Gy. For intermediate and high risk patients,
5 year PSA control was 74% overall and 50% for
the highest risk group. Results appeared to improve
with higher doses. Grade 3 or more genito-urinary
and rectal side effects were reported in 8% and 1%

of men respectively. Broadly similar results have
been obtained by Brazilian and Swedish Groups.
Pellizzon and colleagues [97] describe a 74% 4 year
biochemical control rate for intermediate/high risk
patients with 12% and 5% Grade 1-2 genito-urinary
and bowel toxicity respectively using external beam
radiotherapy to 45 Gy and HDR of 4-5 Gy x 4. Astrom
and colleagues [94] report a 61% 5 year PSA control
rate for intermediate/high rigsk patients using 50 Gy
external beam radiotherapy and HDR of 10 Gy x 2F.
Moderate genito-urinary complications were seen in
36% of men and gastro-intestinal side effects in
17%. There have been no randomised comparisons
between these combined modality treatments and high
dose external beam radiotherapy alone - both are
satisfactory ways of delivering high dose treatment and
the choice is principally dependent on local facilities,
skills and interest. Randomised trials are required and
have been initiated in the UK [98].

Use of neoadjuvant and adjuvant hormonal
therapy in combined modality treatment with
radiotherapy

The first convincing demonstration of an overall
survival benefit for adjuvant androgen deprivation in
men receiving radical radiotherapy for prostate cancer
was given in the report of EORTC trial 22863 by
Bolla and colleagues in 1997 [99]. Since then our
understanding of the appropriate use of hormone
therapy as an adjuvant to radiation has been informed
by the results of several important randomised trials
using short course neoadjuvant (approx 6 months)
or longer courses (=2 years) of adjuvant androgen
suppression.

Short course or neoadjuvant androgen
suppression

RTOG 86-10 randomised 470 men with locally
advanced disease to radiotherapy with or without
4 months neoadjuvant total androgen suppression [36].
With a median follow-up of 8.7 years, there was a non-
significant trend towards improved overall survival
for the group receiving both radiation and hormone
therapy (8-year survival: 53% versus 44%, p=0.10).
A statistically significant survival advantage was seen
in the subgroup of 129 men with Gleason 2-6
disease, in whom 8-year overall survival was 70% for
combined treatment versus 52% for radiation alone
(p=0.015). More recently a Canadian trial comprising
481 men with T2-3 disease [37] has shown a benefit
of short course neoadjuvant androgen deprivation
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prior to radiotherapy as compared to radiotherapy
alone with 7 year biochemical failure free survival
of 66% with hormones compared to 42% without
(p <0.01). In this study there was no advantage for
the 12 month rather than 6 month course of androgen
suppresston. D> Amico and colleagues [38] randomised
206 patients with intermediate or high risk localised
disease between radiotherapy alone and radiotherapy
and a 6 month course of androgen suppression starting
2 months before radiotherapy. After a median follow-
up of 5 years, an overall survival advantage was seen
with the addition of hormonal treatment (88% vs 78%
p=0.04) with an increase in 5 year survival free of
salvage rate from 57% to 82% (p=0.002) with the
addition of hormonal treatment. The optimal timing of
short course hormonal therapy has been addressed in
RTOG study 94-13 [35]. In this study, patients with an
estimated risk of lymph node involvement of >15%
were randomised to 4 months androgen suppression
either before and during or after radiotherapy. There
was an advantage for the initial hormone treatment ap-
proach in men who additionally had pelvic irradiation.
The acceptability of short term androgen suppression
has been assessed in a substantial Australian trial
undertaken in over 900 men [39]. In this study, men
were randomised to receive no hormonal therapy, or
3 or 6 months of maximal androgen blockade. It
was noted that maximal androgen blockade improved
urinary symptoms prior to radiotherapy and that
sexual functioning was similar in all three randomised
groups one year after treatment. It i important to
note that following short course androgen suppression
testosterone levels are expected to recover to normal
m almost all men 6-12 months post treatment [100].

Short versus long course androgen suppression

Is there an additional benefit for long-term rather than
short-term adjuvant hormone therapy? This issue was
addressed by RTOG 92-02, in which over 1500 men
with locally advanced disease (T2¢—T4) all received
radical radiotherapy with 4 months of neoadjuvant
total androgen suppression, and were randomly allo-
cated to an additional 2 years of adjuvant Goserelin or
to observation [40]. Overall, the duration of adjuvant
hormone therapy had no effect on survival. Five-year
overall survival was 78% versus 79% for long-term
and short-term adjuvant therapy, respectively. How-
ever, subgroup analysis of patients with Gleason 8—10
disease demonstrated a significant survival advantage
for long-term adjuvant therapy, with 5-year overall
survival of 80% versus 69% (p=0.02). Although there

is a significant downside to the use of long-term
(rather than short-term) adjuvant hormone therapy,
the absolute overall survival benefit of approximately
10% at 5 years for this subgroup, will, for most men,
outweigh the detrimental effects on quality of life.

Should long-term adjuvant hormone therapy also be
considered for men with Gleason scores <7? Closer
analysis of the RTOG 92-02 abstract suggests not:
Approximately 1200 men had a Gleason score <7, and
in this group not only was there no survival benefit
for long-term Goserelin, there was actually a trend
towards a survival detriment. Although 5-year disease-
specific survival was improved by approximately 3%
(estimated at 92.5% versus 89.5%), this was more
than outweighed by the estimated 7% increased risk of
death from causes other than prostate cancer (15% ver-
sus 8%) [101]. It has previously been suspected that
long-term LHRH analogue therapy could be linked
with an excess of non-prostate cancer deaths [102].
The mechanism of any such effect is not known, but
low testosterone levels have been associated with a
range of risk factors for cardiovascular disease [103]
and LHRH agonist therapy leads to both increased
insulin resistance and arterial stiffness [104]. At
present, it is uncertain whether long-term LHRH
agonist therapy significantly increases non-prostate
cancer mortality, but because it is a distinct possibility
it follows that its use as an adjuvant to radiotherapy
should be restricted to patient groups in which it has
been demonstrated to have an overall survival benefit.
It also follows that future clinical trials of adjuvant
therapy should use overall, and not disease-specific,
survival as the main endpoint.

Long course androgen suppression

In EORTC trial 22863 405 men with T3-4 and/or
high grade prostate cancer were randomly assigned
to recetve pelvis and prostate radiotherapy alone or
radiotherapy plus concurrent and adjuvant Goserelin
for 3 years [41]. The five year overall survival was
significantly better in the combined treatment arm
(79%, CIL: 72%-86%) compared with the radiotherapy
alone arm (62%, CI: 52%-72%). In RTOG 85—
31, 977 men with T3 and/or N1 disease were
randomised to radiotherapy alone or the addition of
long term adjuvant hormonal therapy which started at
the end rather than at the beginning of radiotherapy.
Initial results showed a statistically significant cause
specific and overall survival advantage in favour of
the combined treatment arm in the sub-group of
patients with Gleason 8-10 tumours, but updated
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Table 5

Radiotherapy alone or with long term androgen suppression [41,105,106,42]

EORTC 22863

5 yr actuarial results

RTOG 85-31
10 yr actuarial results

Swedish Trial
9 yr crude results

Freedom from local recurrence
Freedom from distant metastases
Freedom from PSA failure
Clinical progression free survival
Cause specific survival

Overall survival

84% vs 98% (p <.0001)
71% vs 90% (p <.0001)
45% vs 76% (p <.0001)
40% vs 74% (p <.0001)
79% vs 94% (p <.0001)

62% vs 8% (p <.0001)

61% vs 77% (p <.0001)
61% vs 75% (p <.0001)
9% vs 30% (p <.0001)
56% vs 73% (p=0.06)
78% vs 83% (p =.005) 71% vs 90% (p=0.02)

38% vs 53% (p=0.0004) 71% vs 90% (p =0.005)

results show this effect now extends to the entire
study population (53% vs 38%, p=0.004) [105,106].
In a small Swedish trial [42] men with lymph node
positive disease were randomised to radiotherapy
with or without orchidectomy and those treated with
castration had a 69% compared to 39% improved
overall survival rate (p=0.005). The magnitude i the
differences of outcome in these trials could relate
to the timing of hormone treatment in relation to
radiotherapy but is probably also determined by the
mix of patients entering the studies and perhaps the
timing of salvage treatment for those who develop
biochemical failure of disease. Nevertheless, it is
clear from these three completed randomised studies
using long term androgen suppression that there
are clinically significant advantages for patients with
locally advanced and high grade or node positive
cancers not only in biochemical control of disease but
also freedom from distant metastases as well as cause
specific and overall survival (Table 5) [41,105,106,42].
Currently the separation of patients into those groups
who should receive shorter rather than longer course
hormonal therapy remains somewhat unclear. RTOG
trial 99-10 is recruiting men with intermediate or high
rigk localised disease (target accrual 1540) and com-
paring 4 vs 8 months of total androgen suppression
prior to and during radiotherapy. RTOG trial 99-02
is recruiting high risk patients (target accrual 1440)
comparing initial and adjuvant hormonal therapy with
irradiation to the same treatment but with 4-cycles
of chemotherapy. Whilst it may be likely that more
aggressive combined modality treatment schedules
may benefit younger men with prostate cancer, it
should be appreciated that for many more elderly men
androgen suppression alone may remain the treatment
of choice.

Conclusions

If radiotherapy is used in the management of patients
with locally advanced cancer, evidence from reported
randomised control trials suggest 2—3 years of adjuvant
hormonal therapy should be given to men with
high grade (Gleason 8—10) or node positive cancers.
Short course hormonal therapy (3—6 months) should
be considered for all others although the relative
benefits of short course androgen suppression and
dose escalated radiotherapy remain to be fully defined
for those patients with intermediate risk disease.
Recovery of androgen levels following short course
hormone therapy is to be expected and it is not yet
certain whether such treatment or dose escalation will
have more long term morbidity particularly related to
erectile dysfunction. It also remains to be determined
whether radiotherapy and long term (2-3 years)
androgen suppression has more or less morbidity than
permanent androgen suppression.
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