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Introduction

Recurrence rates after prostatectomy

Radical prostatectomy (RP) and radiation therapy (RT)
are two of the existing first-line therapeutic options
for patients with prostate cancer, with best results
achieved in patients with organ-confined disease.
There are clearly defined risk factors predicting the
outcome after RP (i.e., Gleason score, prostate-specific
antigen [PSA] level before surgery, tumour stage,
infiltration of the seminal vesicles or positive surgical
margins) [1–4]. However, progression of the disease is
a common event even in patients with good prognostic
factors.
Monitoring PSA levels is a sensitive means of as-

sessing the result of RP for prostate cancer. Following
RP, the PSA should become undetectable within 4
to 6 weeks, because the serum half-life of PSA is
approximately 2 to 3 days [5]. Therefore, persistent
serum PSA levels after RP indicate residual prostatic
tissue, be it malignant disease or benign prostatic
hyperplasia (BPH). In the former case such levels
predate clinically evident disease and do correlate well
with disease progression.
A PSA increase of �0.2 ng/mL is a common

definition of progression of the disease following RP. It
occurs in up to 50% of patients with pT3 tumours and
this value ranges up to 70% in case of pT3 tumours
with positive surgical margins [6,7].
Using biopsies from the urethrovesical anastomosis,

vital tumour tissue was found by different examiners
in 35−55% of all patients with PSA elevation after
RP without clinical findings suggestive of recurrent
tumour [8–10].

Remaining BPH tissue after RP

Fowler and colleagues evaluated the results of tran-
srectal ultrasound (TRUS)-guided anastomotic biop-
sies in the presence of PSA relapse after RP. In

10% (6 of 62) of the patients, biopsies only revealed
BPH tissue [11]. Theoretically, residual benign tis-
sue may result from unintentional disruption of the
prostatic capsule during surgery and may account
for a detectable postoperative PSA, although several
observations indicate that undetected carcinoma may
coexist with benign tissue. In this series, the level
of PSA ranged from 0.6 to 4.8 ng/mL when only
BPH tissue was present in the biopsy. Considering
that every gram of BPH tissue produces an average
of 0.31 ng/mL PSA [12,13], it seems rather unlikely
that around 2−15 g of BPH tissue was left in place
after surgery or was otherwise capable of such a fast
regrowth.
Godoy and colleagues evaluated a select group of

331 patients that underwent an open radical retropubic
prostatectomy with extremely low-risk disease as
determined by the preoperative and pathological fac-
tors, including a preoperative PSA level <10 ng/mL,
T1c or cT2a, a Gleason score of �6, an estimated
cancer volume in the specimen of <5%, and no
evidence of positive surgical margins. In this cohort
any measurable PSA level would be highly suspicious
for a benign origin. At 3 months to 6 years of
follow-up (mean 36.2 months), 0.6% and 0.3% of
patients had developed a measurable PSA level or
biochemical recurrence, respectively. The single pa-
tient with biochemical recurrence responded to salvage
radiotherapy, strongly suggesting a malignant etiology
for the recurrence. These results provide compelling
evidence that retained benign prostatic elements are
an unlikely source of elevated PSA levels in men
who have undergone RP [14]. However, it is important
to look specifically at the pathological specimen in
order to see if there were benign glands in the
margin, especially if a nerve-sparing procedure had
been performed. This could in some cases explain a
low detectable, non rising PSA following surgery.
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Treatment options for persisting/rising PSA
after RP

It remains uncertain whether a PSA increase after
RP indicates isolated local disease, distant metastatic
progression, or both [10]. Therefore, the best treat-
ment for recurrent prostate cancer in patients with
increasing or persisting PSA without clinical evidence
of disease remains controversial. However, only RT
can offer the hope of cure to patients with truly
localised malignant disease after RP.
There are indicators for a higher likelihood of local

recurrence, e.g. slow PSA rise (PSA doubling time
�12 months), more than 1 year between RP and the
demonstration of PSA in the serum, Gleason score
<7 and negative surgical margins [15]. On the other
hand, there are also indicators suggesting metastatic
disease such as short PSA doubling time (<12 months)
or Gleason score at RP from 8 to 10 [16,17]. Some
authors tried to define combinations of risk factors.
For example, patients with a combination of PSA
<1 ng/mL before RT, pre-RP Gleason score <7, and
a long PSA doubling time after progression have a
high risk of local disease [18]. Recently, a predictive
model for the outcome of RT for PSA progression
after RP has been established [19]. Assuming a local
nature of the underlying disease, salvage radiotherapy
(SRT) of the prostatic bed has widely been used
to treat patients in the absence of biopsy-proven
local recurrence. An established standard is conformal
radiotherapy to the prostatic fossa with a dose of
about 66 Gray (Gy), aiming to irradiate the presumed
local recurrence and hence to reduce the risk of
a “second wave of metastasis” leading to clinical
progression of disease [20]. In the light of these well-
known problems in detecting local recurrence in the
prostatic bed, radiotherapy to the prostatic fossa is
one of the rare therapies in which most radiation
oncologists irradiate without histological proof of
tumour recurrence.

Adjuvant versus salvage radiation therapy

At the present time, there are no published randomised
trials to compare adjuvant versus salvage radiotherapy.
Although the three randomised adjuvant RT trials
encouraged salvage treatment in those who failed after
observation, the parameters for salvage treatment were
not predetermined. This makes a direct comparison
of adjuvant versus salvage radiation flawed. There
is a recently activated study designed to answer this
question as well as the potential role of concomitant
androgen deprivation (AD) [21]. The Radiotherapy
and Androgen Deprivation in Combination After

Local Surgery (RADICALS) trial is an effort to
evaluate adjuvant versus salvage radiation. Patients
will be randomised after surgery to early or delayed
radiation. Delayed radiation will be given when there
are two consecutive rises with a PSA >0.1 ng/mL
or three consecutive rises. The planned accrual is
2600 patients with the primary outcome being cause-
specific survival. There will be a second randomisation
regarding AD, which will be discussed later.
There have been multiple retrospective studies that

have looked at the clinical question of how adjuvant
or salvage radiation affects local control [22–25]
or failure from biochemical failure (FFBF) [26–31].
Consistent improvements in local control and FFBF
have been observed in patients treated adjuvantly
compared to those treated for salvage. The 5-year
FFBF rates were approximately 69% to 89% after
adjuvant radiotherapy and 39% to 68% after salvage
radiotherapy. Local control was 96% to 100% after
adjuvant radiotherapy and 79% to 93% after salvage
radiotherapy.
Recently, Trabulsi and colleagues studied a group

of patients undergoing adjuvant RT by comparing
them with a matched control group undergoing
salvage RT after biochemical failure. Using a multi-
institutional database of 2299 patients, 449 patients
with pT3−4 N0 disease were eligible for inclusion,
including 211 patients receiving adjuvant radiotherapy
and 238 patients receiving SRT. Adjuvant radiotherapy
significantly reduced the risk of long-term biochemical
progression after RP compared with SRT (5-year
FFBF was 73% after adjuvant radiotherapy, compared
with 50% after SRT; P = 0.007). Gleason score�8 was
a significant predictor of FFBF [32].

Role of investigations in the case of
persistingrising PSA

A local recurrence is more likely to be confirmed with
biopsy when abnormal soft tissue in the post-radical
prostatectomy bed is detected with either digital rectal
exam (DRE) or imaging [18]. Imaging modalities that
can detect post-radical prostatectomy recurrence and
potentially guide biopsy include transrectal ultrasonog-
raphy (TRUS), magnetic resonance imaging (MRI),
and nuclear medicine methods; these modalities can
also aid in monitoring disease progression or planning
salvage radiation therapy.
TRUS is the most available and most commonly

performed imaging technique used in post-radical
prostatectomy patients with suspected recurrence. The
main role of TRUS is in detecting sites of suspected
recurrence and directing biopsies. The sensitivity of



150 D. Bottke et al.

TRUS-guided biopsies (66−75%) has been shown to
be greater than that of DRE-guided biopsies (29−50%)
in the post-radical prostatectomy patient [33,34]. The
sensitivity of TRUS-guided biopsies increases with
higher PSA levels at the time of recurrence [10], obvi-
ously related to larger tumour volume. A recent study
showed that only 25% of patients with PSA <1 ng/mL
had biopsy proven recurrence, compared with 53%
of patients with PSA levels >2 ng/mL [34]. More
recent advances in TRUS of post-radical prostatectomy
patients include the use of colour and power Doppler
to detect areas with increased vascularity. Both these
techniques have been shown to improve sensitivity and
specificity [35].
The advantages of MRI over TRUS are its superior

soft-tissue resolution and its ability to cover the entire
post-prostatectomy fossa and detect recurrences that
are located beyond the region routinely imaged on
ultrasound. The combination of an external and an
endorectal coil improves the ability to detect local re-
currence of prostate cancer [36]. The anatomic detail
and wide coverage of the pelvis by MRI facilitates its
increasing use in directing salvage radiation therapy
when a recurrence is demonstrated [37]. Additionally,
pelvic lymph adenopathies and osseous metastases,
the most common early metastatic sites from prostate
cancer, are routinely evaluated on MRI.
The reported sensitivity and the specificity of MRI

for depicting local recurrences are 95−100% and
100%, respectively [38,39].
Advancements in MRI techniques, including mag-

netic resonance spectroscopy and DCE-MRI, have not
yet been systematically evaluated for detection of post-
RP recurrence.
A variety of nuclear medicine techniques are

currently being evaluated in post-RP patients with
a PSA relapse. These studies include evaluation for
local recurrence and for metastatic disease in the
pelvis with combined positron emission tomography
(PET)/computed tomography (CT), utilising various
tracers. Older studies using the radiotracer 18F-
fluorodeoxyglucose (FDG), which is commonly used
in cancer imaging, showed a low sensitivity and
specificity [40]. However, with the clinical intro-
duction of newer image reconstruction algorithms,
newer generations of PET scanners with higher spatial
resolution, and the use of combined PET/CT, this
has changed. Although 18F-FDG continues to be a
suboptimal radiotracer for the detection of local re-
currence, disease can be detected in selected patients,
with the probability of detection depending on PSA
level and PSA doubling time [41]. New, experimental
radiotracers, including 11C or 18F choline, 11C or

18F acetate or anti-1-amino-3-18F-fluorocyclobutane-
1-carboxylic acid, appear more promising for the
detection of both local and metastatic recurrent
prostate cancer [42,43].

Salvage radiotherapy

There have been an increasing number of studies
published on percutaneous RT for patients with PSA
elevation out of the undetectable range or persisting
PSA after RP, attesting to the importance of this
clinical issue. In most of the retrospective studies, the
response rate is defined as a decreasing of PSA, but
not as achieving an undetectable PSA after SRT [44].
In these circumstances, approximately 70−75% of
patients had a decrease of their serum PSA. However,
a substantial proportion of these patients, initially
responding to SRT, later developed increasing PSA
values as biochemical evidence of progression of
disease again. Therefore, only about 20−30% of
all patients have no progression of the disease at
8−10 years [16,45].
The most critical questions are: In how many

patients will it be possible to reduce an elevated PSA
level after RP into the undetectable range by SRT?
And furthermore, in how many patients will the PSA
level stay undetectable in follow-up? Probably only the
latter patients have a chance of cure.
Many retrospective studies describe the outcome of

patients treated with SRT for both PSA increase and
persistent PSA after RP [22,45,46]. Up to now there
have been no data from a prospective randomised trial
for SRT after biochemical failure of RP.
Pazona and colleagues demonstrated, in a retro-

spective series of 223 patients, that patients with a
complete response defined as a PSA <0.3 ng/mL (162
of 223) had a 5-year biochemical no-evidence-of-
disease (bNED) rate of 55% compared with all patients
(40%). The median follow-up was 50 months [16].
However, a statistical comparison of these groups was
not done and only 223 of 307 men were followed
because most of these patients were irradiated in
other parts of the US. Additionally, the patients
were treated inhomogeneously. The undetectable range
(<0.3 ng/mL) in this series was relatively high.
Biochemical disease recurrence after RP often

prompts SRT, but no studies have had sufficient
numbers of patients or follow-up to determine whether
SRT improves survival, and if so, which subgroup of
men will most likely benefit.
Recently, Trock and colleagues published a ret-

rospective analysis of a cohort of 635 men who
experienced biochemical and/or local recurrence and
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Table 1
Risk factors for freedom from biochemical failure (FFBF) after salvage radiotherapy

Covariate CP FFBF (%)* CP FFBF (%)* Refs

Pre-RT PSA �1 63 >1 28 [15,18,51,55,57,58]

SVI No 48 Yes 18 [18,51]

Margin Neg. 58 Pos. 31 [18,57]

GS �7 56 8 to 10 13 [18,51,54,57]

PSADT >1 year 42 <1 year 26 [53,57]

Pre-RT PSA, preradiation prostate specific antigen; SVI, seminal vesicle involvement; GS, Gleason score;
PSADT, prostate-specific antigen doubling time; CP, cut point.
*Approximate 5-year values shown.

received no salvage treatment (n= 397), salvage ra-
diotherapy alone (n= 160) or salvage radiotherapy
combined with hormonal therapy (n= 78). With a
median follow-up of 6 years after recurrence, SRT
alone was associated with a significant 3-fold increase
in prostate cancer-specific survival relative to those
who received no salvage treatment (hazard ratio
[HR] 0.32, 95% confidence interval [CI] 0.17−0.69];
P = 0.003). The increase in prostate cancer-specific
survival with SRT was limited to men with a PSA
doubling time of less than 6 months. SRT also
was associated with a significant increase in overall
survival [47].

Prognostic factors

Many authors were able to demonstrate that SRT
results in an initial treatment response with decreasing
PSA levels in up to 60−75% of patients [48,49].
There is less information about the number of patients
who achieved an undetectable PSA after SRT and the
prognostic value of this endpoint on the one hand and
the definition of “undetectable” PSA on the other hand.
Threshold values of PSA <0.3 ng/mL, <0.2 ng/mL, or
even lower have been used [19]. Many patients with
decreasing PSA develop an increase of PSA later, thus
indicating further progression of disease. Only about
20−30% of the patients remain without evidence of
disease at 10 years [16]. Therefore, it is of relevance
to define factors that likely predict those patients with
a good chance of responding best to SRT and to define
subgroups of patients who will need additional therapy
(e.g. hormonal treatment or irradiation of the pelvic
lymph nodes) [19].
A consistent predictor of outcome after salvage

treatment is the PSA level before radiotherapy. Mul-
tiple studies have shown that the lower the PSA at
the time of salvage therapy, the better the results [50–
56]. Various cut-off points have been used, ranging
from PSA 0.5 to 4.0 ng/mL. The relationship between

the pre-radiotherapy PSA and patient outcome is
consistent [19], and no specific cut-off point has been
identified as being better than another at predicting
failure, although overall failure rates are high when
the PSA is >1.0 ng/mL (Table 1). The lower the pre-
radiotherapy PSA is when salvage RT is given, the
better the chance of disease control.
Recently, Wiegel and colleagues reported on a

retrospective study with the analysis of 162 patients
which was different from most other studies because
no patient had hormonal treatment before SRT – nearly
90% of the patients were treated homogeneously with
66.6Gy and, of special interest, patients had careful
follow-up to detect whether the patients achieved an
undetectable PSA after SRT below 0.1 ng/mL, and
especially in more than 90% of them, a value below
0.05 ng/mL [59]. They were the first to demonstrate
that achieving an undetectable PSA below 0.1 ng/mL
is an independent highly significant predictor for long-
term biochemical outcome [59]. These data indicate
that the definition of biochemical progression with a
PSA of more than 0.3 ng/mL, or more than 0.4 ng/mL,
as proposed by others [19] remains questionable.
Other factors shown to herald poor response to

salvage treatment are a short PSA doubling time and
time to failure. A PSA doubling time of less than 10 to
12 months predicts for increased failure, as does a time
to biochemical failure of less than 2 to 3 years [27,60–
62].
A nomogram was developed predicting biochemical

failure after SRT. Stephenson and colleagues [19]
created a nomogram from a pooled multi-institutional
database comprising 1818 patients with a median
follow-up of 53 months after SRT. The factors
included pre-surgery PSA, Gleason score, seminal
vesicle involvement, extracapsular extension, surgical
margins, lymph node status, PSA at salvage radiation
therapy, PSA doubling time, time to recurrence, time
from recurrence to radiation, radiation dose, and neo-
adjuvant androgen deprivation.
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Timing of radiotherapy

There is a major controversy concerning the best time
to start irradiation (i.e. the best PSA cut-off level).
In former times, the recommended cut-off level was
below 1.5 ng/mL (American Society for Therapeutic
Radiology and Oncology), but a lower cut-off level
was clearly correlated with a better biochemical out-
come. For example, various cut-off points had been se-
lected [15,18,48,49,55]; for example, 1.5 ng/mL [48]
or 1.1 ng/mL [55]. More recent series recommended
start of treatment at PSA levels <0.5 ng/mL [18].
The results by Wiegel and colleagues, as from other
groups, suggested that patients with low pre-SRT PSA
levels (i.e. <0.5 ng/mL) may be the ones who benefit
most from SRT. Their data strongly indicate that a PSA
<0.33 ng/mL was an independent prognosticator of
achieving an undetectable PSA after SRT, thus giving
the chance of a durable long-term response [59]. On
the other hand, the best level for start of irradiation
remains uncertain as there is a risk for overtreatment
in the case of benign glands only. Stephenson and
colleagues suggested the best level lies between
0.2 ng/mL and 0.4 ng/mL [19], but the question re-
mains unresolved. It seems possible that the ideal time
of treatment could be the first detected and confirmed
rise of the PSA value out of the undetectable range;
however, this strategy would be associated with a
growing proportion of patients being over-treated.
Interestingly, a reanalysis of the Southwest Oncology
Group 8794 Trial (subgroup analysis of a randomised
phase III trial comparing adjuvant RT versus “wait
and see”) demonstrated a clearly significant benefit
for patients with a PSA level <0.2 ng/mL for bNED,
local recurrence, and distant failure compared with a
PSA level >0.2 ng/mL <1.0 ng/mL [63], thus raising
the question of a superiority of adjuvant RT after RP
for high-risk patients over the strategy of SRT at the
time of PSA elevation [64]. Three randomised phase
III trials demonstrated a nearly 20% absolute benefit
in case of bNED for 60Gy compared with “wait and
see” only [65–67]. Because there are no randomised
data comparing adjuvant RT and SRT, the best time to
start irradiation remains under discussion [68].
Positive surgical margins, indicating residual dis-

ease in the prostatic bed, as the target for RT was
a predictor of better outcome after SRT in previous
studies [18,44]. PSA doubling time (PSADT) is an
important prognosticator of bNED [17,59].
A major point of discussion is the best definition

of progression after RT for an elevated PSA after
RP. There are many different definitions by different
authors, thus leading to problems with comparing

the results [44]. Besides the American Society for
Therapeutic Radiology and Oncology guidelines [69],
other authors used two consecutive increases of PSA
after SRT [52,69], or two consecutive increases from
nadir [51,70]. Stephenson and colleagues reported
the results of a multi-institutional cohort with 1540
patients from 17 North American tertial referral
centres and defined progression as a PSA value of
0.2 ng/mL or more above the post-RT nadir followed
by another rise [18,19]. Others defined a single PSA
value greater than 0.4 ng/mL at least 1 year after
RT [17] as progression or not achieving a decrease
to less than 0.3 ng/mL (with all patients starting with
values higher than 0.3 ng/mL) [16]. However, there
is an urgent need to find a uniform definition of
biochemical progression after SRT for elevated PSA
after RP for better comparisons of the various reports.
The best RT dose in the case of elevated PSA

after RP remains uncertain. Total SRT dose was
associated with significantly improved bNED in some
studies [44,55]. Total doses between 64Gy and 66Gy
(and 70Gy) are commonly recommended [18]. How-
ever, there is clear evidence in the case of definitive RT
of prostate cancer, that doses beyond 72Gy are needed
to cure a macroscopic tumour burden [68]. Therefore,
it would be possible that 66Gy is enough to achieve an
undetectable PSA in many cases, but not enough for
durable cure and higher doses are needed for curative
treatment.

Persisting PSA after RP

Most published studies report together on data of
patients with an increasing PSA and patients with
persistent PSA – within the detectable range – after
RP. However, it is unclear whether postoperatively
persisting PSA values have to be interpreted in the
same way as an increase out of the undetectable range
or whether this is rather a sign of occult metastatic
tumour spread [72]. Current data support both the
latter and the former views, but all the relevant studies
involve only small patient groups.

Positive pelvic lymph nodes

Whether the pelvic lymphatics should be treated in
primary RT for prostate cancer is still not clear
at all, and the first large-scale, and therefore ade-
quately powered, phase III study on that topic which
has been fully published has not provided helpful
conclusions [73]. Moreover, in the treatment of a
biochemical recurrence, there seems to be a sort of
consensus that recurrences in the pelvic lymphatics
should be managed as systemic disease not amenable
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Table 2
Published reports of radiotherapy for isolated PSA failure after radical prostatectomy

Schild,
1996 [55]

Pisansky,
2000 [15]

Anscher, 2000 [71] MacDonald,
2003 [44]

Wiegel, 2009 [59]

No. pts. 46 166 89 60 162

Follow-up (median) 37mo. 52mo. 48mo. 51mo. 42mo.

Definition of bio-chemical
progression

PSA �0.3 ng/mL PSA �0.3 ng/mL Increase �10% on
2 consecutive
studies

PSA �0.3 ng/mL 3 consecutive increases
in PSA measurements

% bDFS (acturial) 50 (5-yr) 46 (5-yr) 50 (4-yr) 45 (5-yr) 54% (3.5-yr)

Pre-RT PSA (median) − 0.9 ng/mL 1.4 ng/mL 0.69 ng/mL 0.33 ng/mL

Med. RT dose 64Gy 64Gy 66Gy 64.8Gy 66.6Gy

Hormonal treatment before RT no no 8 pts. no no

Dose–response relationship RT dose �64Gy RT dose �64Gy RT dose �65Gy RT dose �64.8Gy −

No, number; pts, patients; mo, months; PSA, prostate specific antigen; bDFS, biochemical disease-free survival; yr, year; Pre-RT, pre-
radiotherapy; Med, median; RT, radiotherapy; Gy, Gray.

to local treatment modalities. Therefore, the rate of
patients in whom the pelvic lymph nodes are treated
during salvage irradiation is generally very low and
below 10% in most published series [15,17,18].
In those patients in whom the pelvic lymphatics

are treated by RT, this is mainly with palliative
intent due to hormone-insensitive disease causing
complaints by obstruction or compression of lym-
phovascular drainage. Alleviation of the symptoms is
often achieved in these patients, but there are only a
few published reports dealing with that topic; at least
in part this may be due to the limited prognosis of this
negatively selected patient population.

Additional use of hormone therapy to SRT

There are prospective randomised data showing the
benefit of AD plus radiation for men with high-
risk prostate cancer treated definitively. The results in
support of postoperative RT + AD are scarce, mostly
derived from small retrospective series in which short-
term AD was used in the salvage setting [27,74,75].
AD was an independent predictor of outcome in
a multi-institutional analysis used to construct a
nomogram, by Stephenson and colleagues [19].
Two randomised trials from the RTOG were de-

signed to more directly address the question of AD
use in the postoperative setting. One study was RTOG
9601 (radiation therapy alone versus radiation therapy
plus 2 years of bicalutamide at 150mg/d) which has
completed accrual and results are now pending. The
other was RTOG p-0011, a 3-arm adjuvant radiation
therapy trial that was terminated because of poor
accrual. Another postoperative RTOG trial (05-34),
a 3-arm trial, was activated in 2007. This SRT trial

compares prostate bed radiation therapy alone versus
prostate bed plus 4 to 6 months of AD versus whole
pelvis and prostate bed radiation therapy plus 4 to
6 months of AD, and has a planned accrual of about
1700 patients; the primary endpoint is biochemical
failure (PSA nadir >2 ng/mL). As mentioned earlier,
the RADICALS trial will also investigate the role of
AD in the postoperative setting. This trial incorporates
a second randomisation for all patients receiving
radiation to either no AD, 6 months of AD, or
2 years of AD.

Technical aspects of external RT

Traditionally, a 4-field technique has been used. The
conventional RT treatment volumes were typically
very generous, being approximately 10×10 cm in the
anterior-posterior fields with the inferior border at the
ischial tuberosities. The lateral fields extended from
the anterior aspect of the pubic symphysis and split
the rectum posteriorly.
In 3-dimensional conformal radiation therapy (3D-

CRT), the target volume should include the bladder
neck (pulled into the prostate bed), periprostatic tis-
sues/clips, and the seminal vesicle bed (including any
seminal vesicle remnants if present). There are some
anatomic landmarks that are useful in maximising
coverage of the surgical bed. Inferiorly, the vesical-
urethral anastomosis should be included. The anasto-
mosis is the most frequent area of positive prostate
biopsies [33,76,77]. By placing the inferior field edge
at the top of the bulb of the penis (best seen on MRI)
and adding margins for uncertainties, there should be
adequate coverage. Laterally, the field should extend
to about the medial aspect of each obturator internus
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muscle. Although the rectum is a landmark posteriorly,
the relative position of the rectum appears to shift after
the prostate is removed as well as during RT [78–
81]. For this reason, a generous margin posteriorly
is recommended, such as setting an 8-mm margin
with image guidance [82]. The superior margin is
more subjective. The former prostate can extend above
the pubic symphysis, but it is recommended that the
anterior bladder be avoided at this level because this
is the least likely area for extracapsular extension and
positive margins. Treatment of the seminal vesicle bed
behind the bladder is advised. If vascular clips were
used at prostatectomy, they are likely to be seen in
this region. The level of the posterior-superior clinical
target volume is somewhat subjective and should be
guided by the extent of disease at the prostate base
and whether the seminal vesicles were involved.
Given the potential for late toxicity after postopera-

tive radiotherapy, the use of intensity-modulated radio-
therapy (IMRT) is appealing [83]. As with 3D-CRT,
generous definition of the prostate bed target volume
and adequate margins to account for target motion
(due to different rectal and bladder filling) and setup
uncertainties are critical. The theoretical advantages of
IMRT are that dose falloff is more geometrically rapid
than for 3D-CRT, and there is better conformation of
dose to irregularly shaped targets (e.g. the superior-
posterior aspect of the postoperative field). There
should be greater sparing of the superior-anterior
bladder, the posterior rectum, and the erectile tissues
using IMRT, despite using the same field borders [84].
The prostate bed has been shown to move relative to
the skeletal anatomy [80]. Weekly localisation using,
at a minimum, ultrasound is recommended [85,86].
However, ultrasound is difficult to use without a
prostate to target, and alternative image-guided RT
methods could be considered [82,87,88].

Side effects and toxicity

SRT is generally associated with a low rate of severe
acute and late side effects. Urinary incontinence in
0−5% of the cases, moderate proctitis in 0−10% and
mild to moderate cystitis in up to 10% may result
from this procedure [18,48,70,89]. Severe late effects
are rare events affecting 3−6% or fewer of the pa-
tients [70]. In our study, SRT was well tolerated with
only a few severe effects: only four patients (2.4%)
had grade 3 cystitis. Four of 162 patients (2.4%) had
urethral strictures after RP followed by SRT.
A low rate of side effects is of particular importance

for a therapy without histological confirmation. As

literature data attest, doses up to 66Gy given in the
frame of three-dimensional RT treatment planning are
rarely associated with serious long-term side effects
(grade 3/4 according to the RTOG-EORTC grading
system) involving the rectum and bladder. Although
in general, side effects tend to be underreported in
retrospective analyses, a proportion of <3% seems
to be a realistic estimate. Fairly higher rates of
10% genitourinary grade 3 complications, namely
anastomotic strictures and bladder neck contractures
requiring dilatation, reported in a series of 115 patients
from the Memorial Sloan-Kettering Cancer Center,
need to be interpreted with caution [74]. It may
be difficult to differentiate side effects of RT from
pre-existing disabilities and sequelae of RP. At least
equivalent rates of severe genitourinary complica-
tions following RP alone have been reported in a
Surveillance, Epidemiology, and End Results (SEER)
database analysis of 11,522 patients published by
the same institution [90]. When postoperative RT is
performed in a three-dimensionally planned, multiple-
field technique with fields individually shaped to spare
the bladder and rectum, RTOG grade 1/2 side effects
occur in up to 25% of patients, but they do not have
a relevant negative impact on quality of life [91].
Formenti and colleagues investigated the rate and
degree of incontinence and erectile dysfunction after
nerve-sparing RP with or without adjuvant RT. Un-
fortunately, follow-up examinations only comprised a
questionnaire with inherent weaknesses. No difference
was found between 72 patients who underwent both
RP and RT and 138 patients who underwent RP only
when total doses of 45−54Gy were applied [92]. In
a randomised study comprising 100 patients, there
was no difference in the number of fully continent
patients after 24 months between the group receiving
60Gy and the group under observation [93]. Similar
results were obtained in a retrospective study of the
Mayo Clinics [94]. However, with doses exceeding
70Gy, the rates, as well as the degree of side effects,
increased markedly [91,95].

Conclusions

Salvage radiotherapy should be offered to patients with
persisting PSA after RP provided distant metastases
have been adequately ruled out. Of these patients,
30−70% will experience a decrease in their PSA
to an undetectable range, and in about 40−50%
of these patients, the PSA will remain stable after
5 years. This patient group, therefore, has a curative
chance with SRT that otherwise would not exist.
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A nomogram is now available as a guide to assessing
the therapeutic value of SRT after biochemical failure.
When SRT is indicated, it should be initiated as
early as possible. Serious side effects are apparently
low, thus confirming the suitability of this therapeutic
approach. The role of AD after adjuvant or salvage RT
remains poorly defined.
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