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Abstract

Prostate-specific antigen (PSA) progression following radical treatments of clinically localized prostate cancer is
a common problem facing both the patient and the urologist. Not all patients with relapsing disease have an equal
risk of death due to prostate cancer.

After surgery, biochemical failure can be defined as persisting detectable levels of PSA after radical prostatectomy
or a PSA rise after a period of normalization. On the other hand, definitions of PSA progression after radiation
therapy vary and no clear consensus can be found.

This review of the recent international literature updates the knowledge about the diagnostic procedures used in
relapsing patients. Predictors of progression are precised leading to a better patient selection, based on currently
available tables and nomograms. Indeed, identification of high risk patients may allow a more appropriate treatment
decision.

After radical treatment, the analysis of time to recurrence, PSA doubling time, PSA kinetics combined to modern
imaging techniques such as !''In capromab penditide scan may allow a better identification of the recurrence site.
Thus, an optimal treatment strategy may be envisaged such as local irradiation, salvage surgery, hormone therapy or
combinations for which indications and results are provided. Alternative options such as cryotherapy still need
further investigation.

At last, the use of artificial neural networks will certainly enhance the selection of patients submitted to radical
treatments as well as the selection of relapsing patients to allow a more appropriate adjuvant therapy.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction from 17.4/100,000 in 1988 to 54.6/100,000 in 1992 [2].

By 1992, 36.6% of localized and regional disease cases

Although the incidence rate of prostate cancer (PCa)
has decreased somewhat since the early 1990s peak, the
American Cancer Society still estimated that there will
be approximately 189,000 cases in 2002 [1]. With this
large shift in incidence has come an unprecedented stage
migration. Radical prostatectomy (RPE) rates increased
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were treated with radical prostatectomy and 32.3% were
treated with radiation therapy. Furthermore, there has
been a shift in the age adjusted rate of these treatments.
Most notably, there was a 3—4-fold increase in the rate of
radical prostatectomy for men 45-59 and 2 to 3-fold
increase for those 60—69 years old [2]. Rates of radiation
also increased 1-2-fold for men 45-79 years old.

In the late 1990s clinicians began seeing the effects of
the diagnosis [3]. A large number of generally younger
men who were treated for clinically localized pros-
tate cancer have already had or are now experiencing
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recurrence. If approximately 200,000 patients are diag-
nosed with prostate cancer per year, of which two-thirds
are treated with surgery or radiation, and up to 40% may
eventually have relapse, up to 50,000 men per year may
have prostate-specific antigen (PSA) only early pro-
gression. Clearly this is a key issue for clinicians and,
perhaps most importantly, for the man and his family.
For the patient who has undergone a radical prosta-
tectomy, a persistent PSA value is a sign of residual
disease, but an undetectable value does not necessarily
mean cure. But what if the PSA value had been
undetectable and then becomes detectable and con-
tinues to increase? A rising PSA value can predate
other signs of progression by months or even years [4].
Misinterpretation of the significance of the change in
PSA levels can create havoc for patients who are
profoundly concerned with their PSA determinations
and for physicians who must address the anxieties and
fears of their patients. Unfortunately, documentation of
rising values also often triggers a cascade of expensive
testing that can prompt the administration of treatments
that may be unnecessary and, perhaps, more detrimen-
tal to the patient than the disease itself.

Pound et al. [5] recently reported that patients with
serum PSA failure within the first 2 years carried the
highest risk of developing distant metastases. Recent
work from Djavan et al. [6] has suggested that benign
prostate glands at the surgical margin are a significant
cause of elevated serum PSA levels after radical pros-
tatectomy. They identified benign glands on surgical
margins of 95 (27%) of 351 prostatectomy specimens
and reported that these glands were most commonly
found in the posterior—lateral region. In their study, they
suggested that this may represent a significant cause for
post radical prostatectomy elevation of serum PSA.
Ravery [7] reported that the incision of the prostate,
exposing benign glands, can be identified in 40-90% of
radical prostatectomy specimens, depending on the
type of surgical approach (e.g. retropubic or perineal).

Central to this approach is the ability to define and to
redefine continually the prognosis of patients as the
natural and treated course of their disease unfolds. Not
all patients with relapsing disease have an equal risk of
death due to prostate cancer and only some will
develop clinical metastatic disease or symptoms of
disease in their lifetimes. Do all need immediate
intervention? Do all need any treatment?

2. How to define PSA progression?

Radical prostatectomy and radiation therapy have
been the standards of treatment for clinically localized

prostate cancer for many years. Despite the fact that
radical prostatectomy provides excellent cancer con-
trol, approximately 35% will experience a rising PSA
level following surgery [8—13]. Although a persistent
PSA value is considered a sign of residual disease, an
undetectable value does not necessarily mean cure or
complete eradication of the cancer. Unfortunately there
seems to be a trend toward treating PSA values without
pursuing the cause.

One has to differentiate between a persistent PSA
value immediately following surgery, and a detectable
and rising PSA value which has been undetectable
initially. The first condition certainly relates to either
metastatic disease at the time of surgery or residual
cancer (i.e. positive margins at the surgical specimen),
whereas the second condition reflects local recurrence
and/or progression to metastatic disease, or the emerge
of occult metastases present even at the time at initial
treatment.

The PSA serum half-life is about 2.6 days. Following
radical prostatectomy, PSA should fall to an undetect-
able level within 2 or 4 weeks, providing that all
malignant and benign prostatic tissue was removed
at the time of surgery. It is recommended to perform a
first PSA-test 3 months after surgery [14]. Conven-
tional PSA assays like Hybritech (Tandem-R) have
detection thresholds of 0.1 ng/ml and were not
designed to be accurate at lower levels. After radical
prostatectomy the PSA level should be below this nadir
value of 0.1 ng/ml and can then be considered as
“undetectable”.

Undetectable levels immediately after surgery are
not synonymous of cure since it has been proven that
about 40% of these patients will progress in follow-up
[15].

Although minimal PSA elevations after surgery may
result from incomplete resection of benign prostatic
tissue [16], any detectable and rising PSA should be
considered as an indication of persistent local or distant
malignant disease.

Biochemical failure can be defined as persisting
detectable levels of. PSA after radical prostatectomy
or a PSA rise after a period of normalization.

The PSA threshold for biological failure was deter-
mined at a detectable level (Hybritech) of 0.2 ng/ml
[17], since 53% of patients with this value will develop
clinical recurrence over time.

A clinically relevant detectable PSA level of 0.4 ng/
ml (Hybritech) was proposed by Lange and co-workers
since all patients with a postoperative PSA value of
0.4 ng/ml had clinical evidence of disease recurrence
within 6—49 months after surgery [18]. Similar findings
were reported by Amling et al. They concluded that a



14 B. Djavan et al./European Urology 43 (2003) 12-27

PSA cut off of 0.4 ng/ml or greater may be the most
appropriate cut point to use since a significant number
of patients with lower PSA do not have continued
increase in it [19].

Interpretation of serum PSA after external beam
radiation (EBR) is even more complicated than after
radical prostatectomy, since the prostate and its tumor
remain in situ. An elevation in PSA has been demon-
strated in the initial treatment phase. This occurs
during delivery of the first 2 Gy and can be explained
by cellular damage, necrosis, inflammation and sub-
sequent release of PSA into the circulation [20]. There-
after a biphasic evolution is observed, an early rapid
decline followed by a slower but more sustained further
decrease.

The PSA serum half-life is much longer than after
radical prostatectomy.

It was calculated by different institutions to be
between 1.9 and 3 months [21,22]. Meek et al. [23]
found a PSA serum half-life of 1.4 months thereafter.

Until recently, defining PSA recurrence after radia-
tion therapy was widely debated [24,25]. In 1997 the
American Society for Therapeutic Radiology and
Oncology (ASTRO) held a consensus panel to deter-
mine guidelines for PSA recurrence after radiation
therapy [26]. The panel agreed that biochemical failure
is not justification per se to initiate additional treatment
and not equivalent to clinical failure. However, it is an
appropriate early end point for clinical trials. A reason-
able definition of biochemical failure after radiation
therapy is three consecutive increases in PSA. For
clinical trials the date of failure should be the midpoint
between post-irradiation PSA nadir and the first of
three consecutive increases. PSA nadir is a strong
prognostic factor but no absolute level is a valid cut
off for separating successful and unsuccessful treat-
ments. PSA nadir is similar in prognostic value to pre-
treatment prognostic variables.

Using these new criteria Shipley et al. reported a
multi-institutional pooled analysis of radiation therapy
for clinically localized prostate cancer [27]. For 1765
men with clinical stages T1b, Tlc and T2 tumors
treated between 1988 and 1995 PSA recurrence-free
rates at 5 and 7 years were 77.8 and 72.9%, respectively,
in those with pre-treatment PSA <10 ng/ml. The 5-year
PSA recurrence-free survival rates were 68, 51 and 31%
for men with pre-treatment PSA 10-20, 20-30 ng/ml or
greater, respectively. PSA nadir was also a strong
prognostic factor. The 5-year PSA recurrence-free sur-
vival was 83, 68, 56 and 28% for PSA nadirs 0.5 or less
0.6-0.9, 1.0-1.9 and 2.0 ng/ml or greater, respectively.

An important issue after radioactive seed implanta-
tion followed by external beam radiation is the PSA

bounce. Critz et al. reported a PSA bounce in 35%
(273/779) men with T1T2NO prostate cancer treated
with '?iodine radioactive prostate seed implantation
followed by external beam radiation. Critz et al. con-
cluded that the PSA bounce produces anxiety in men
previously treated for prostate cancer and confounds
the diagnosis of recurrence [28].

Although, definitions of PSA progression after RPE
vary, no clear consensus can be found in the literature.
Most recent reports (i.e. the EAU guidelines) define a
PSA value of 0.2 ng/ml as a cut-off for defining PSA
recurrence following RPE. It has also been shown that
patients with a PSA relapse between 0.1 and 0.2 ng/ml
after RPE had neither clinical nor biochemical disease
progression. Following radiation therapy, however, the
ASTRO recommendations define three consecutive
increases of PSA as a PSA recurrence.

3. Diagnostic procedures

The definite diagnosis of the site of recurrence in this
early phase of disease progression is problematic. The
digital rectal examination (DRE) should be considered
as a routine examination in follow-up in men with
rising PSA, whereas DRE is not needed in patients with
undetectable PSA after radical prostatectomy. Not all
indurations are proof of local disease recurrence and
local recurrence with a normal DRE has even been
reported [16,29]. Transrectal ultrasonography (TRUS)
has not been proven to be helpful in determining the
site of the recurrence, but may performed in an attempt
to biopsy any abnormality palpated by DRE in the
presence of a PSA elevation. However, a negative
biopsy does not exclude local recurrence.

Bone scans are rarely positive (<5%) until the PSA
levels increase to 40 or 45 ng/ml after radical prosta-
tectomy [30], but are recommended together with an
abdominal and pelvic CT-scan in any patient who is
considered a candidate for additional salvage local
therapy.

In the study by Malavaud et al. [31], no increase in
urinary PSA (uPSA) was observed in patients who had
undergone cystoprostatectomy, while an ample and
statistically significant increase was demonstrated in
the patients with prostate in situ. Furthermore, a cut-off
value of 2.5 for the ratio (uPSA after massage/uPSA
before massage) correctly separated 100% of the
patients into these two control groups.

Such an approach was applied to radical prostatect-
omy patients with neither clinical nor biological
(PSA < 0.1 ng/ml) evidence of disease. Urinary PSA
concentrations and ratios were similar to those observed
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in the cystoprostatectomy patients. In patients after
radical prostatectomy in whom biopsies of the ure-
thro-vesical anastomosis had been performed, uPSA
concentrations did not allow the patients with positive
and negative biopsies to be distinguished from each
other, either before or after massage. By contrast, the
ratio of 2.5 was statistically proven to be relevant since
it allowed 100% of patients to be correctly classified.
However, these encouraging preliminary results were
obtained on a small series of patients and should be
validated in larger series. With a similar approach, a
significant PSA increase, 5 min after a 30-s vigorous
massage of the prostatic bed, was recently described in
only 1 of 15 patients with a suspected local recurrence
[32]. Also, the PSA doubling time, proposed as a new
diagnostic criterion of metastatic disease [33], showed
overlapping ranges in patients with and without metas-
tases. Other diagnostic tools have been proposed for
the assessment of local recurrence. Neither digital
rectal examination [34] nor transrectal ultrasonography
[35] were able to differentiate scar tissue from recurrent
cancer they are thus unreliable indicators of local
recurrence.

4. Bone scan

Traditionally, most patients with elevated post treat-
ment PSA undergo radiographic studies, including CT
and/or bone scan [36]. However, for patients with
early PSA progression the yield of these studies is
low. Recently Cher and Bianco studied 144 bone scans
of 93 patients being evaluated for PSA recurrence
after radical prostatectomy [30]. The lowest PSA
associated with a positive bone scan in the absence
of adjuvant hormonal therapy was 46 ng/ml. In a
univariate and multivariate analysis disease stage
and grade, preoperative PSA and time to recurrence
did not predict whether a bone scan would be positive,
and only PSA recurrence and a rapid slope of PSA
increase (that is 5.0 ng/ml per month) were predictive.
The authors recommended that no bone scans be used
unless PSA recurrence was greater than 40 ng/ml
Considering that the majority of patients are evaluated
long before PSA even gets close to 40 ng/ml, for most
patients bone scans are probably not necessary. Con-
versely, in a smaller study of 24 post-radical prosta-
tectomy and 20 post-radiation PSA only recurrences
Johnstone et al. reported that only 5% of men with
PSA recurrence following RPE had a positive bone
scan [37]. Thus, concluding the routine bone scan
following early PSA recurrence was not justified in all
patients.

5. Computed tomography

Results of CT of abdomen and pelvis for PSA only
recurrence are similar to bone scan. Johnstone et al.
reported positive CT in 2 of 18 surgery (11%) and 3 of
10 radiation (30%) recurrences [37]. Mean PSA for the
5 cases was 12.4 and mean velocity was 30.6 ng/ml per
year. Only 1 of 5 scans documented unique distant
recurrence, 3 showed local recurrence only and 1
confirmed a bone scan and CT is limited in the setting
of PSA only recurrence after surgery or radiation
unless PSA is high. More importantly, these tests
appear to be of no added value unless the rate of
PSA increase is more than 20 ng/ml per year.

6. "In capromab penditide scan

A scintigraphic radiolabeled monoclonal antibody
imaging test based on prostate specific membrane
antigen called ''!'In capromab penditide may have
clinical usefulness for PSA recurrence after radical
prostatectomy [38—45]. When the test was approved by
the Food and Drug Administration (FDA) sensitivity,
specificity and overall accuracy were reported to be 62,
72 and 68%, respectively [38,39]. In a multicenter
study Hinkle et al. reported 75% sensitivity, 86%
specificity and 81% accuracy [44].

Regarding capromab penditide scan and PSA recur-
rence, Levesque et al. studied 48 patients with elevated
PSA (mean 28.7, median 13.8 ng/ml) after prostatect-
omy and found that 73% had antibody activity beyond
the prostatic fossa [40]. Only 3 patients (6%) had
activity only in the prostatic bed. Furthermore, 65%
of patients had activity in the pelvic nodes, despite
prior negative lymphadenectomy at surgery, and 23%
had more distant nodal activity. Kahn et al. reported a
multicenter study of 181 radical prostatectomy cases
with mean PSA 7.9 ng/ml (median 2.6) evaluated with
capromab penditide scan for recurrence [41]. Scan
revealed disease in 108 of 181 patients (60%), of whom
32 (29.6%) had recurrence detected only in the fossa.
The majority of men in both studies had distant capro-
mab penditide scan activity. A concern about both
studies is that PSA at the time of scans was high
and the value of the test with low PSA recurrence
was unknown [40,41]. Petronis et al. studied 51
patients evaluated with capromab penditide scan, of
whom 48 had radical prostatectomy and PSA recur-
rence [42]. Overall, 35 of 51 cases (70.6%) had a
positive scan, of which only 8 (22.2%) were positive
in the prostatic fossa only. Even for a PSA recurrence
level of 0.1 to 1.0 ng/ml, capromab penditide scan was
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positive in 60% of cases. As noted previously, Lev-
esque et al. [40] and Burgers et al. [46] have postulated
that capromab penditide scan may be able to differ-
entiate local from distant recurrence after radical pros-
tatectomy, and improve selection of cases for salvage
radiotherapy to the prostatic bed. In this setting Kahn
et al. recently reported on 32 men who were radiated
for PSA only recurrence after radical prostatectomy,
with 13-month median follow-up [43]. Of 23 patients
16 (70%) with a normal capromab penditide scan
outside the prostatic fossa achieved a durable complete
response. PSA decreased to 0.3 ng/ml or less for at
least 6 months before latest follow-up. Only 2 of 9 men
(22%) with a positive scan beyond the fossa achieved a
durable complete response. At the American Urologic
Association Meeting in 2001, this group reported
longer term (median 55 month) follow-up on their
cohort. For men who had a normal compromab scan,
the durable response to salvage radiation was 60%. For
men who had scan positivity in the fossa only or distant
to the fossa the durable response was 44 and 25%,
respectively. Furthermore, administration of the capro-
mab penditide scan test is operator dependent with
nuclear medicine specialists requiring special training
to read scans. Bowel and vascular structures may cause
false-positive scans, and to our knowledge no histolo-
gical confirmation of radical prostatectomy recur-
rences has been reported to date.

7. Role of transrectal ultrasound/biopsy

It has been the practice of some clinicians to perform
transrectal ultrasound guided biopsy of the prostatic
fossa or prostate gland after treatment with surgery,
radiation or cryotherapy to evaluate PSA recurrence or
palpable abnormality, or as a routine measure of effi-
cacy [47-49]. In the setting of post-radiation biopsies
Crook et al. have the largest PSA era experience,
reporting a prospective study of 226 patients [49]. It
took 2.5-3 years for biopsies to convert to negative in
many patients and, therefore, for those with PSA
decrease or near nadir after radiation there is little
value in performing biopsy before 3-year follow-
up. Even after waiting this time the value of re-biopsy
has been questioned. Specifically, Svetec et al. per-
formed ex vivo sextant biopsy on radical prostatectomy
specimens of 90 patients, of whom two-thirds had
received neoadjuvant hormonal therapy, which yielded
a 45.6% false-negative rate [50]. Their conclusion was
that the risk of a false-negative sextant biopsy was too
great to rely on this means to measure the efficacy of
external beam radiation, brachytherapy or cryotherapy.

Most recently ASTRO reported a consensus panel
recommendation that routine prostate biopsy not be
performed for evaluation of PSA recurrence after
radiation unless salvage prostatectomy or other salvage
procedures were being considered [51]. There is con-
troversy about the value of transrectal ultrasound
biopsy of the anastomosis for increasing PSA after
radical prostatectomy. The group from the University
of California San Francisco has the most reported
experience with and advocate prostate bed/anastomosis
biopsy [47,52]. Of 114 patients who underwent 156
transrectal ultrasound biopsies for PSA only recurrence
confirmed by biopsy [52]. Two-thirds of cases had
recurrences were found at the anastomotic site. Con-
versely, Fowler et al. concluded that routine transrectal
ultrasound guided anastomotic biopsy is not indicated,
and use of PSA and PSA doubling time is sufficient for
clinical practice [48].

8. Predictors of progression

Since earlier adjuvant therapy may be beneficial in
localized disease treated cases destined to have pro-
gression, many have evaluated a variety of prognostic
variables in an attempt to identify those at high risk for
recurrence after surgery. Pre-treatment PSA, prostatic
acid phosphatase, prostatectomy or biopsy specimen
Gleason sum, pathological stage, tumor volume, endor-
ectal coil magnetic resonance imaging (MRI), DNA
ploidy, race, angiogenesis and more recently molecular
biomarkers, including p53, p27, bcl-2 and Ki-67, have
shown significant correlation to PSA recurrence [53—
70]. Most recently investigators have combined prog-
nostic variables into models or equations used to
predict the likelihood of progression. Partin et al.
[57] were the first to develop a simple biostatistical
model equation that categorized post-radical prosta-
tectomy cases into three groups of low, intermediate
and high risk for likelihood of serological failure. A
sigmoidal transformation of PSA, prostatectomy Glea-
son sum and specimen confinement (margin status)
were incorporated into an equation that calculated the
relative risk of recurrence, R,,, as:

Ry, =(0.061 x PSAST)+(0.54 x postop Gleason sum)
+ (1.87 x specimen confined).

However, this first model was only developed for
clinical stage B2 (T2b,c) cases, which are now seen
less commonly. Newer models have been developed for
a broader range of cases.

Moul et al. recently further validated and revised the
equation at Bauer et al. [65] using data from the US
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Department of Defence Center for Prostate Disease
Research (CPDR) and the CAPSURE database [71].
The equation is:

R,= exponent(exp)[(0.54 x race)
+ (0.05 x sigmoidal transformation
of PSA [PSA(ST))])
+ (0.23 x postop Gleason)
+ (0.69 x pathological stage)].

Race was defined as 1 if the patient was black and 0 if
white or other. Postoperative Gleason sum (2—-10) was
defined as a continuous integer value. Organ confined
disease (no extraprostatic extension) was defined as 0,
whereas nonorgan confined (extraprostatic extension
and/or positive margins) was defined as 1. The 7-year
disease-free survival rate for cases with very low, low,
intermediate and high risk of recurrence was 85.4, 66,
50,6 and 21.3%, respectively. The equation calculate is
available on the internet at http://www.CPDR.org.
Bauer et al. have also developed a model to predict
recurrence after radical prostatectomy using traditional
clinical and pathological variables combined with
molecular biomarkers (pS3 and bcl-2 immunohisto-
chemistry of radical prostatectomy specimens) [61].

These equations rely on postoperatively obtained
pathological data. Recently Kattan et al. developed a
nomogram to predict disease recurrence after radical
prostatectomy based on pre-treatment variables of 983
PSA era treated cases [68]. Using a validation sample
they showed reasonable accuracy with the area under
the receiver operator characteristics curve of 79%. In
2002 the value of the Kattan nomograms were con-
firmed by a large international study including 6754
patients [69]. The nomogram was sccurate when
applied at international treatment institutions with
similar patient selection and management strategies.
The AUC for all institutions combined was 75%, with
individual institutions AUCs ranging from 67 to 83%.
D’ Amico et al. published nomogram tables to predict
2-year PSA recurrence rates based on pre-treatment
PSA, biopsy Gleason sum and American Joint Com-
mittee on Cancer clinical stage for 892 radical pros-
tatectomy cases from 1 institution [70]. The advantage
is that these and other nomograms can be used without
a computer. Conversely, with the proliferation of
computer networks equations on local area networks
or the Internet are becoming widely available in clinic
settings.

Roberts et al. [72] developed a multivariate propor-
tional hazards model based on easily obtainable clinical
and pathologic information: lymph node status, seminal
vesicle status, surgical margin status, and Gleason score.

Interestingly, this study did not find the PSA level to
add significantly to the final overall model for either the
modeling (p = 0.14) or validation (p = 0.08) groups.
However, among patients classified as low risk, the
PSA level did provide some additional predictive
information (10-year event-free rate of 90, 84 and
67% for PSA < 4, 4 to 10 and greater than 10 ng/ml,
respectively; p < 0.01).

The results of the univariate and multivariate analyses
yielded the following equation based on the multivariate
Cox model coefficients:

R!, = lymph node involvement (0/1) x 1.43
+ surgical margin status (0/1) x 1.15
+ modified Gleason score (0to4) x 0.71

+ seminal vesicle involvement (0/1) x 0.51.

Men at highest risk of early recurrence were defined
as having a R), greater than 2.84. This cut-off value was
selected because it resulted in a greater than 50% rate
of biochemical recurrence by 3 years.

This same equation was then applied to the validation
cohort with the same R;, cut-off. The modeling group
biochemical recurrence free rate was 95, 91 and 80% in
the low-risk group at 3, 5 and 10 years, respectively and
42, 35 and 18% in the high-risk group at 3, 5 and 10
years, respectively. Recently D’ Amico et al. published a
nomogram to predict PSA only recurrence for external
beam radiation treated cases [70]. Using pre-treatment
PSA, biopsy Gleason sum and American Joint Com-
mittee on Cancer clinical stage for 762 radiated cases, a
probability of PSA recurrence with confidence intervals
was developed. None of these patients received neoad-
juvant or adjuvant hormonal therapy, and ASTRO
recurrence criteria [26] were used. While this nomo-
gram makes a contribution, many more patients are
receiving variable durations of neoadjuvant and adju-
vant hormonal therapy. This additional treatment will
need to be accounted and adjusted for in future radiation
recurrence modeling, and the current nomogram would
not appear to be valid for these cases. Also, PSA nadir
after radiation may be an important prognostic factor
but takes time to ascertain and is affected by adjuvant/
neoadjuvant hormones. Finally, it is unknown whether
this nomogram will have any applicability to patients
who receive brachytherapy or higher dose conformal
radiation.

Nevertheless artificial neural networks (ANN) to
predict biochemical failure were developed for pre-
dicting biochemical failure after radical prostatectomy
[73]. Porter et al. reported using the clinical and
pathological data from 196 patients who had under-
gone RP at one institution between 1988 and 1999 for
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developing their ANN. Forty-four percent of the
patients suffered from biochemical failure with an
average duration of follow up of 2.5 years (range 0-
11.5 years). Forty-two percent of patients had patho-
logic evidence of non-organ confined disease. The
ANN with had a AUC of 80%, a sensitivity of 74%,
a specificity of 78%, a positive predictive value of 71%,
and a negative predictive value 0.81%. These results
suggest that ANN models can predict PSA failure using
readily available preoperative variables. Such predic-
tive models may offer assistance to patients and phy-
sicians when deciding upon diagnostic steps and
therapeutic regims for PSA recurrence.

9. Treatment of biochemical recurrence

Treatment of early progression of PSA, or serologi-
cal only recurrence, after radical prostatectomy and
radiation is controversial. Options for surgery cases
include observation, external beam radiotherapy to the
prostatic bed, traditional full hormonal therapy, includ-
ing orchiectomy, luteinizing hormone releasing hor-
mone (LH-RH) agents or combined hormonal therapy,
and non-traditional hormonal therapy, including inter-
mittent hormonal therapy, antiandrogen monotherapy
or medical combinations, such as an antiandrogen and
Sa-reductase inhibitor. For radiation cases the choices
are similar except that salvage prostatectomy, cryother-
apy and perhaps brachytherapy are options for care-
fully selected cases.

10. Radiation for PSA progression after
radical prostatectomy

The value of adjuvant external beam radiotherapy for
pathological stage C prostate cancer after radical pros-
tatectomy has been debated for years. To our knowl-
edge no randomised study has been reported to prove or
disprove adjuvant radiotherapy in this setting, and
nonrandomised case series have been conflicting. Most
have only shown that radiation reduces the local recur-
rence rate. The Southwest Oncology Group intergroup
study 8794, which randomised pathological stage C
cases to radiation versus observation closed to new
enrolment approximately 5 years ago but results will
not be available until at least 2002 (unpublished data).
In the related setting of using radiation for postopera-
tive PSA elevation the data are even more controversial
and preliminary. In stage C disease and PSA recurrence
cases there is a dilemma in that it is unknown whether
disease is localized in the potential filed of radiation or

if there are systematic occult metastases. Furthermore,
even if disease is localized, it is not clear that the dose
of radiation delivered will eradicate residual/recurrent
cancer.

During the last decade there has been a growing body
of literature on therapeutic radiation for PSA only
recurrence after surgery [25,74-88]. The majority of
cases had pathological stage T3 disease after radical
prostatectomy, and mean and median PSA at the initia-
tion of radiation was generally between 1 and 2 ng/ml.

Taking the optimistic view Forman et al. studied 47
patients who received 66 Gy therapeutic irradiation to
the prostate bed for PSA greater than 0 ng/ml [81]. Ata
median follow-up of 36 months (range 18—48) patients
with initial PSA recurrence 2 ng/ml or less had an 8§3%
disease-free survival. Conversely, if PSA was greater
than 2.0 ng/ml, the disease-free survival rate was only
33%. Overall, 64% of the cohort was disease-free at 3
years. Even for men who do not achieve undetectable
PSA after radical prostatectomy, although others had
previously assumed metastatic disease, [75] the Wayne
State group found equivalent disease-free survival
compared to patients who achieved undetectable
PSA [84]. They believe that the key is initiating
radiation when PSA is <2 ng/ml rather than whether
a postoperative undetectable value is achieved [84].
Furthermore, they strongly recommend that at least
66 Gy radiation to the prostatic bed be delivered to
achieve the best outcome.

A recent study from Johns Hopkins Hospital portrays
a more pessimistic view of radiation for increasing
PSA after surgery [83]. Of 1699 men treated with
radical prostatectomy between 1982 and 1995, 82 with
elevated PSA only (57) or local recurrence (25)
received salvage radiation, with a minimum follow-
up of 2 years. Mean pre-radiation PSA was 2.2 ng/ml in
PSA only and 4.1 in local recurrence cases. Of the 57
cases with PSA recurrence 15 (26%) had undetectable
PSA (<0.2 ng/ml) 2 or more years following radiation.
Overall 5-year actuarial PSA recurrence-free rate after
radiation was 10%. PSA remained undetectable 2 or
more years after radiation in no patient with Gleason
sum 8 or greater, positive seminal vesicles or positive
lymph nodes. Furthermore, only 1 of 16 men (6%) who
had PSA recurrence in the first year after surgery was
rendered disease-free by salvage radiation. Conversely,
for patients who had delayed PSA recurrence there was
a higher likelihood of responding to radiation. Speci-
fically, for men who had PSA recurrence 5 or more
years after surgery 2-year disease-free survival after
radiation was 44%. Despite pre-treatment PSA not
being a statistically significant variable for predicting
success of radiation, patients with low initial PSA did
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better. Initial mean PSA was 1.7 ng/ml for the 17
patients who had undetectable PSA 2 years after
radiation compared to 3.1 for those who did not remain
disease-free. Similar to the Johns Hopkins experience
[83], Haab et al. [77], Egawa et al. [87] and Vicini et al.
[88] have recently reported disappointing disease-free
survival rates after salvage radiotherapy.

These contrasting studies illustrate a number of key
concepts [77-88]. Initial PSA seems to be a key factor
in dictating success. Aside from PSA level, Forman
[25,81] and Garg et al. [8] believe that a radiation dose
of 6670 Gy is critical to success.

The value of salvage radiation to the prostate bed for
PSA only progression after radical prostatectomy
remains in question. All of the currently published
studies lack long-term follow-up, and so the ultimate
impact on survival is unknown. Short-term follow-up
suggests that patients who undergo radiation when
PSA recurrence is <2.0 ng/ml do better than those
who are treated when PSA is higher. Radiation dose
may also be important and preliminary data support the
use of therapeutic doses of 66 Gy or higher [25,81,84].
ASTRO published a consensus panel report recom-
mending that patients receive salvage radiotherapy
before PSA > 1.5 ng/ml and at least 6400 cGy radia-
tion dose be delivered to the prostatic bed [51].

11. Salvage prostatectomy for radiation
failure

Although salvage radical prostatectomy for local
recurrence after radiation therapy has the potential
to provide long-term disease-free survival, it has not
gained widespread acceptance due to associated mor-
bidity, particularly incontinence, and high recurrence
rate compared to surgery for previously untreated
prostate cancer [89-98]. Before the PSA era, when
cases were selected based on digital rectal examination
and biopsy, morbidity was substantial with a 40-50%
incidence of post-prostatectomy incontinence, univer-
sal impotence and higher risk of operative complica-
tions, such as rectal injury and reoperation [89-93]. In
the current era, when cases would likely be selected
based on PSA recurrence, the morbidity and outcome
may be improved but no large series have been
reported. More recently investigators from Wayne
State University and University of Florida have
reported more optimistic results of salvage prostatect-
omy [99,100]. Gheiler et al. evaluated 40 patients who
had undergone salvage prostatectomy between 1992
and 1997, and who were selected by increasing PSA
after radiation and documented recurrence on biopsy

[100]. Mean preoperative PSA was 14 ng/ml (range
1.3-43) and, when stratified by PSA less than or greater
than 10 ng/ml, the 3-year disease-free survival rate was
68% versus 26%, respectively. Furthermore, in a subset
of men with preoperative PSA 4.0 ng/ml or less 5 of 6
had organ confined disease and 5 (83.3%) were dis-
ease-free biochemically at 3-year follow-up. Finally, in
this more modern experience 30 of 40 men (75%) had
no surgical complications.

Garzotto and Wajsman found that neoadjuvant and
adjuvant hormonal therapy with salvage prostatectomy
improved outcome for a number of men [99]. In 29
patients who received salvage prostatectomy with
neoadjuvant and/or adjuvant hormonal therapy between
1985 and 1993 positive margins of the salvage speci-
men and response to preoperative hormones were
strong prognostic factors. At a mean follow-up of 5
years clinical and biochemical disease-free survival was
80% in men who had negative margins (69% of the
cohort) versus 44% for those with positive margins
(31%). Also, in 5 men preoperative hormones were
used and failed (increasing PSA), and they only had a
20% disease specific survival at 5 years. The authors
were even enthusiastic about this approach in patients
with clinical T4 disease (11 in their series), finding only
a 36% recurrence rate at 5-year follow-up with the
addition of hormonal therapy. Despite their enthusiasm,
this series was small and 21 of 29 patients continued
hormones indefinitely, and so it was not clear at 5-year
follow-up whether results were improved by surgery or
more related to continuous hormonal therapy [101].

In general, salvage radical prostatectomy should
only be considered for carefully selected patients with
clinical organ confined disease before initial radiation
therapy and who still have such disease [100,101]. This
protocol would include men with low to intermediate
Gleason sum (less or equal than 6), low pre-treatment
PSA (<10 ng/ml) and low tumor stage (T1lc or T2a)
initially. At PSA only recurrence and consideration for
salvage treatment the patient should still have a favor-
able Gleason sum (<6), tumor stage (<T2b) and PSA
(ideally <4.0 ng/ml) [100]. Some have advocated per-
forming seminal vesicle biopsies and eliminating from
consideration anyone with a positive result [94].
Patients should also be well informed of the potential
morbidity, particularly clinically significant inconti-
nence, and carefully documented informed consent
should be obtained. With more patients in the early
2000’s selecting transrectal ultrasound guided perineal
brachytherapy, it is reasonable to treat them by the
aforementioned guidelines but it is unclear if the
morbidity and outcome will be different from that seen
after traditional external beam therapy.
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12. Salvage cryotherapy for radiation failure

Cryotherapy for localized prostate cancer using
transperineal cryoprobes that are placed by transrectal
ultrasound guidance has been performed since 1990
[102-110]. This procedure has also been proposed as
potentially less morbid alternative to savage prosta-
tectomy in patients with local recurrence after radio-
therapy [103,105,106,108]. The group from MD
Anderson reported incontinence in 28% with a com-
mercial urethral warming device, and in 89% with an
alternate homemade urethral warmer. The MD Ander-
son Cancer Center has had the largest published experi-
ence with percutaneous cryoprostatectomy to treat
radiation recurrent, clinically localized prostate cancer
[108]. A total of 150 patients with locally recurrent
prostate cancer following radiation, hormonal therapy
and/or systemic chemotherapy underwent salvage
cryotherapy [108]. Of the men 71 had a single
freeze—thaw cycle and mean follow-up of 17.3 months,
and 79 had double freeze—thaw cycles and mean follow-
up of 10.0 months. Overall, 45 patients (31%) had
persistently undetectable PSA. Specifically, prior radia-
tion only group men who received a double freeze—thaw
treatment had a 93% negative biopsy rate 6 months after
treatment and 44% biochemical failure rate (>0.2 ng/ml
PSA above nadir). However, the morbidity was sub-
stantial [109]. In 143 patients the rate of postcry and 88%
when 2 separate salvage cryotherapy procedures were
performed. The overall rate of postcryotherapy incon-
tinence was 43%, and 72% of incontinent men required 2
or more pads daily. The authors did not believe that post-
cryotherapy incontinence improved with the learning
curve but also did not believe it was made worse by a
potentially more effective double freeze technique.
Most recently quality of life was assessed in this series
of salvage cryotherapy [110]. Using a modified UCLA
Prostate Cancer Index instrument, incontinence, peri-
neal pain, tissue sloughing and American Urological
Association score were associated with sub optimal
urethral warming. Overall satisfaction with salvage
cryotherapy was 33% and the authors did not believe
that cryotherapy offered any quality of life advantage
compared to salvage prostatectomy. Lee et al. used
cryotherapy and adjuvant hormonal therapy to treat
radiation recurrent disease [111]. They believe that
using thermocouples to monitor prostate temperature
lowers the risk of incontinence.

A new device was introduced by the Columbia
University using a smaller probe using brachy techni-
que. The PSA nadir was 0.1 or less, 1 or less and greater
than 1 ng/ml in 81.5, 13.2 and 5.3% patients, respec-
tively. Biochemical recurrence-free survival was 86%

at 1 year and 74% at 2 years. Reported complications
included rectal pain in 39.5%, urinary tract infections
in 2.6%, incontinence in 7.9%, hematuria in 7.9% and
scrotal edema in 10.5% [112].

13. Salvage brachytherapy for radiation
failure

There is little experience with salvage brachytherapy
and presently it is considered experimental [113]. Wall-
ner et al. reported their experience with 13 men who had
biopsy proved palpable local recurrence following
iodine implantation and then received a second implant
[114]. Results were disappointing, with 2 men suffering
severe rectal complications, 4 having incontinence and
none remaining free of metastatic disease 6 years after
re-treatment. In another study salvage brachytherapy
with radioactive gold seeds appeared to be well toler-
ated but a mean follow-up of only 23 months was too
short to assess efficacy [115].

Grado et al. recently reported the first large experience
with salvage brachytherapy for men with recurrence
after prior external beam radiotherapy [113]. In 49
patients (mean follow-up 64 months) with biopsy proved
local recurrence treated with transperineal transrectal
ultrasound guided palladium (37) or iodine (12) the 3
and 5-year actuarial biochemical disease-free survival
rate was 48 and 34%, respectively. It is noteworthy that
the reported morbidity was much lower than for salvage
radical prostatectomy or salvage cryotherapy. Specifi-
cally, incontinence (defined as use of a pad) only
occurred in 6% of patients and was only seen in associa-
tion with transurethral prostatic resection (overall trans-
urethral resection required in 7 (14%)). In addition,
2 patients had rectal ulcers and 1 required a colostomy.
Salvage brachytherapy deserves further study, and more
reports with longer follow-up are awaited.

14. Hormone therapy

The mainstay of therapy for advanced metastatic
prostate cancer has been androgen deprivation with
bilateral scrotal orchiectomy, estrogen therapy or
androgen blockage [116-118]. Estrogens are currently
rarely used because they may cause cardiovascular
toxicity [119]. Combining an oral antiandrogen with
testicular ablation therapy as hormonal treatment for
advanced prostate cancer has been used for more than a
decade [120-130].

An NClI trial found an approximate 7-month survival
benefit of flutamide plus leuprolide versus placebo and
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leuprolide in stage D2 prostate cancer cases. A later
sub-analysis of approximately 85 patients with mini-
mal metastatic disease and normal performance status
revealed that LH-RH with flutamide provided an
approximately 20-month survival benefit [122,131].
The survival benefit of LH-RH plus flutamide was
compared to orchiectomy alone [124]. Patients treated
with combination therapy had an approximate 15
month disease specific survival advantage [124,132].
However, most recently a large randomised trial (NCI
0105) compared orchiectomy plus flutamide to orch-
iectomy plus placebo and found no appreciable benefit
of combination therapy [126]. The study included more
than 1300 stage D2 cases and, although flutamide
treated cases had a superior PSA response, there was
no statistically significant survival advantage to this
treatment arm. Furthermore, the potential benefit of
combination therapy using flutamide in patients with
“minimal” metastatic disease could not be confirmed.
Most recently, a 10% survival benefit overall was found
in a meta-analysis of more than 4000 patients from 9
randomised trials examining the efficacy of flutamide
in combination therapy [130].

Efficacy and safety were based on a randomised
study comparing bicalutamide to flutamide [125].
Bicalutamide was found to be statistically equivalent
to flutamide as an antiandrogen combined with an LH-
RH agent for combination therapy. A number of large
studies have documented a survival benefit with orch-
iectomy and a recent meta-analysis also confirmed a
survival benefit in patients with stage D2 prostate
cancer when using nilutamide [127].

The overall value of combination hormonal therapy
for advanced prostate cancer remains in debate. A total
of 4 meta-analyses have been published in attempts to
determine the clinical benefit of combined therapy
[129-132]. Results have ranged from no significant
survival benefit in the Prostate Cancer Trialists
Collaborative Group study [128] to a 22% benefit
reported by Caubet et al. [129] which translated into
a 7-month survival benefit. Some but not all studies
have found that patients with minimal metastatic
disease have a more pronounced survival benefit with
combined androgen blockage. It is possible that
patients with PSA only recurrence could represent
a similar subgroup who would have better survival
with combination therapy. However, there is no ran-
domised trial of LH-RH agonist or orchiectomy alone
versus combination therapy in this particular clinical
setting, and any benefit regarding this approach is
purely speculative.

Recent data from the Medical Research Council
(MRC) in Great Britain indicates that early hormonal

therapy delays disease progression and improves sur-
vival compared to delayed treatment for patients with
nonmetastatic (M0O) and traditional stage D2 (M1)
disease. In the immediate hormonal therapy arm
by stage groups MO, MX and M1, the death rates were
54, 57 and 76%, respectively, compared to 70, 62 and
80%, respectively, for men who received only deferred
hormones. Cancer specific survival was superior
(» = 0.02) in the immediate hormonal therapy arm
for all patients and most pronounced in those with
MO disease (p < 0.001), who may be analogous to
those with PSA recurrence after local therapy. If clin-
icians believe that MO category in this study is similar to
current era PSA only recurrences, traditional hormonal
therapy would appear to be beneficial.

Aside from the MRC study, Messing et al. [131]
reported an Eastern Cooperative Oncology Group ran-
domised, multicenter trial of early versus delayed
hormonal therapy for advanced prostate cancer. Of
the 98 men with pelvic lymph node metastases (stage
D1) who underwent radical prostatectomy those who
received immediate hormones had a 4.3% death rate
from prostate cancer at 7-year follow-up compared to
30.8% for those observed initially (p < 0.01). Further-
more, recurrence rates were 18.8% versus 75%, respec-
tively, favoring immediate treatment. Whether this
stage D1 disease study can be extrapolated to justify
a benefit to early hormonal therapy for men with PSA
only recurrence is unknown. Most recently Moul et al.
reported in an AUA 2002 press release that new data
presented today shows that prostate cancer patients
who have had radical prostatectomy benefit signifi-
cantly from early hormonal therapy. Hormonal therapy
given for PSA—only recurrence prior to objective
progression significantly extends progression-free sur-
vival.

The true value of traditional hormonal therapy in
patients with early PSA only progression is unknown
because no randomised trials with this specific cate-
gory have been performed to my knowledge. Further-
more, it is unknown what constitutes a proper level of
PSA to institute therapy, which is from barely detect-
able, such as 0.1-0.4 ng/ml, to a higher level, such as
10, 20 or even 50. In this setting patients are likely to
derive long-term freedom from another PSA relapse
but the survival benefit is unknown. Furthermore, the
side effects of traditional hormonal therapy must not be
underestimated, particularly in men who are clinically
well with only increasing PSA. Today many of these
men are relatively young and otherwise healthy, and
the prospects of hot flashes, loss of libido, decreased
muscle mass, mild anaemia and long-term concern for
osteoporosis are significant.
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15. Intermittent hormonal therapy

A topic of focus during the last few years has been
the concept of intermittent hormonal therapy with the
expectation that side effects such as loss of libido and
impotence my be more limited. This concept has
received much attention in the current era of reversible
androgen deprivation with LH-RH agents and antian-
drogens, early use of hormonal therapy and manifesta-
tion of potential side effects with long-term hormone
therapy use [132-145]. In the specific setting of inter-
mittent hormonal therapy for PSA only recurrence
Kurek et al. reported a series of 44 patients and
reviewed the literature [144]. Patients were recruited
to a pilot study using leuprolide acetate (1-month
depot) and cyproterone acetate when PSA after radical
prostatectomy was >3.0 ng/ml. Patients were then
treated for 9 months with continuous hormonal therapy
and all reached a PSA nadir of <0.5 ng/ml. When PSA
increased to >3.0 ng/ml they were restarting hormonal
therapy for a 9-month repeat cycle. At a mean follow-
up of 48 months no patient had progression to hormone
refractory disease and average duration off hormones
was 26.6 months. In other series in which PSA only
recurrences were treated with intermittent hormonal
therapy PSA threshold at study entry was not stated and
PSA at discontinuation of hormonal therapy ranged
from a fixed value of 0.5-4.0 ng/ml or until nadir was
achieved. The threshold to restart hormonal therapy
was even more variable ranging from 3.0-40.0 ng/ml.
Although animal and in vitro cell line studies suggest
that intermittent hormonal therapy is beneficial, human
studies with sufficient safety and efficacy are not yet
available. In many cases enthusiasm for intermittent
hormonal therapy has been patient driven. However,
patients must be informed that the long-term efficacy
of intermittent hormonal therapy is unknown, regard-
less of its potential benefit.

16. 5a-Reductase inhibitors and
antiandrogens

Finasteride (a Sa-reductase inhibitor) and flutamide
(a nonsteroideal antiandrogen), the most common
agents used to date, exert effects on the prostate by
blocking intraprostatic conversion of testosterone to
dihydrotestosterone and blocking the cytoplasmic
dihydrotestosterone receptor, respectively. Neither of
these drugs has proved acceptable as monotherapy for
prostate cancer. However these 2 drugs used in com-
bination could potentially offer major advantages com-
pared to conventional hormonal therapy [146-157].

These agents would work additively at the final intra-
cellular pathway for androgen dependent growth of
prostate tissue, including block of androgens which are
produced by the adrenal gland (about 9% of total
androgens in the intact male) and, therefore, which
would be unaffected by testicular androgen ablation.
Finasteride and flutamide do not decrease serum tes-
tosterone systemically. Serum testosterone may actu-
ally increase if flutamide blockade of the central
androgen receptors stimulates an increase in luteiniz-
ing hormone through negative feedback mechanisms.
Because testosterone conversion is blocked selectively
in the prostate, systemic testosterone is still active
when using this combination therapy. Therefore, most
patients should retain pre-treatment libido, potency,
muscle mass and erythropoesis as well as psychologi-
cal status. Another advantage of this combination is
lower cost compared to traditional LH-RH agonist
hormonal therapy.

Andriole et al. used 10 mg finasteride orally daily to
treat 120 men with PSA only recurrence after radical
prostatectomy [146]. Pre-treatment PSA levels were
between 0.6 and 10.0 ng/ml at PSA recurrence and
entry into the study. Although well tolerated, finaster-
ide alone did not provide a durable decrease in PSA.
Fleshner and Trachtenberg were the first to report the
use of finasteride and flutamide combination therapy
[147]. Their early studies and that of Fleshner and Fair
involved patients with advanced prostate cancer and
high PSA (mean 34-116 ng/ml). Similarly, Ornstein
and Brufsky et al. [149,150] treated advanced cases
with high PSA (mean 94-96 ng/ml). Others were the
first to report a larger series of men with early progres-
sion by PSA only [151-157]. In the latest report to date
73 men previously treated with radical prostatectomy
or external beam radiation who had PSA recurrence
(mean 7.0 ng/ml) were treated with 10 mg finasteride
and 250 mg flutamide daily [157]. Mean PSA nadir
was 1.35 ng/ml and average time to reach the nadir was
6 months. Of the 73 men 45 (61.6%) achieved a nadir
PSA of <0.2 ng/ml. Breast tenderness, breast enlarge-
ment and nipple tenderness occurred in 71, 60 and 33%
of cases, respectively. Furthermore, gastrointestinal
disturbance was noted in 18% and elevated liver func-
tion tests in 9% of patients at some time during the trial.
Longer follow-up of patients treated with oral combi-
nation therapy is needed and a randomised phase III
trial in early progression cases is warranted. Work on
antiandrogens alone for PSA only recurrence is
ongoing. Data from the EPC trial using an immediate
bicalutamide 150 mg monotherapy in localized or
locally advanced prostate cancers showed a signifi-
cantly reduced risk of disease progression [158] These
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approaches will continue to expand in popularity as
younger, healthier men have PSA recurrence, and do
not desire the immediate and long term side effects of
full hormonal therapy.

17. Watchful waiting

Observation or surveillance/watchful waiting are
invariably used in the management of PSA recurrence.
Some patients are observed for a short duration before
choosing or being encouraged by the physician to opt
for salvage local or systemic therapy. Others are
observed for the long term, particularly those who
are older, have significant co-morbidity or are deemed
to have slow disease progression. Until recently there
was complete uncertainty about this option because
there was no natural history study of PSA recurrence
cases. In mid 1999 Pound et al. published a landmark
study which provided natural history data about PSA
recurrence in radical prostatectomy cases [5]. Of 1997
cases of radical prostatectomy performed at Johns
Hopkins Hospital between 1982 and 1987, 315
(15%) had PSA recurrence, including 304 observed
until the development of documented clinical metas-
tasis. Median actuarial time for development of metas-
tasis was 8 years and median time from metastasis to
death from prostate cancer was an additional 5. Gleason
grade 8-10, PSA recurrence 2 years or less from
surgery and PSA doubling time of <10 months were
adverse factors that decreased metastasis-free survival.
Using these prognostic factors the authors provided
algorithms for prediction of metastasis-free survival [5].

Although this article provides novel natural histor-
ical data, it must be recognized that overall median
follow-up of the 1997 cases was only 5.3 years.
Furthermore, only 344 (17%) men have been followed
for 10 years, only 103 (5%) have had metastatic disease
and only 43 (2.2%) have died of prostate cancer. In
addition, this experience may reflect a selection bias
that may make the data not applicable to more general
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