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Since its discovery in 1979, serum PSA has
revolutionized how physicians manage men with prostate
cancer.  PSA screening, although currently under much
debate, has been recommended by most North American
medical bodies, including the Canadian Urological
Association, to be performed as a shared-decision making
process after discussing with patients the pros and cons

of treatment.  Although most commonly thought of as a
screening tool, serum PSA has also been used to predict
tumor volume, stage and prognosis in patients before and
after treatment.  In this review, we examine PSA testing
and its effectiveness in the diagnosis and management of
prostate cancer.  Further, we also evaluate recent literature
regarding the use of PSA derivatives and other prostate
cancer markers, such as proPSA, bPSA, and hk2.
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tumor marker for prostate cancer and the best overall
tumor marker in biology.2-4  Despite the fact that PSA
has revolutionized how physicians manage men with
prostatic disease, there is much debate over its validity
as a screening tool.  Hence, in today’s clinical world
the serum PSA requires experienced clinical
interpretation and judgment in its application to
individual patients (“the art of medicine”).

PSA was initially identified in human seminal
plasma5 and termed gamma seminoprotein, and it was
later used as a semen marker in rape victims.6  In 1979,
Wang et al7 isolated and purified a plasma protein
produced only in prostate epithelial cells (i.e. prostate-
specific), distinct from prostatic acid phosphatase
(PAP), identical to that found in semen, and termed it
PSA.  The ability of PSA to diagnose prostate cancer,
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Introduction

With an estimated 18 800 new cases being diagnosed
in Canada in 2003,1 prostate cancer continues to be a
significant cause of morbidity and mortality in
Canada.  Diagnostic strategies including serum
prostate specific antigen (PSA) have allowed clinicians
to detect prostate cancer earlier in its natural biologic
history.  For over a decade, clinical experience has
identified prostate specific antigen (PSA) as the best
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to predict tumor volume and stage, to predict
prognosis, and monitor treatment response has been
crucial to the improved care of men with this disease.

Biomolecular characteristics and factors that
affect PSA levels

PSA is a proteolytic enzyme belonging to the kallikrein
family of serine proteases that is produced primarily
by human prostatic epithelium.8  PSA is normally
secreted in high concentrations into seminal fluid and
functions in the liquefaction of the seminal coagulum9

and is detectable in normal prostate, BPH, and both
primary and metastatic prostate cancer cells.10

Total PSA production is determined by the total
number of PSA-producing cells, the level of PSA gene
expression, the rate of PSA protein secretion per cell,
and the degree of “backleak” of PSA from glandular
acini into the serum.  Serum PSA levels may be
elevated from inspissated secretions, distorted
architecture, or disruption of basement membrane
integrity occurring with prostatic infarction,
prostatitis, ejaculation, digital rectal manipulation
(DRE) or prostatic instrumentation.  DRE has been
shown to raise total PSA levels primarily due to
elevated free-PSA; hence, complexed PSA appears to
be more stable with modest elevations after DRE.11

Ornstein et al12  showed that at least 24 hours are
needed to allow for PSA to return to “baseline” post-
DRE.  Cystoscopy can increase serum PSA levels 4-
fold while needle biopsies and transurethral resections
can temporarily increase PSA levels up to 50-fold2 all
due to an increased “back leak” of PSA into the
serum.13  The relatively long half-life of PSA (2.2 + 0.8
days), coupled with a slow resolution of inflammation
following biopsy or prostatitis, may lead to a delay of
several months for serum PSA to reach its baseline
after TURP, biopsy, or infection.  Ejaculation has been
reported to cause greater than a 15% increase in serum
PSA within 1 hour14 and thus can lead to an increase
in PSA that could result in a false-positive elevation.
After 48 hours, the PSA would be expected to return
to baseline levels in most men.14

The biological variability of serum PSA ranges from
as low as 10% to as high as 50%.  In a recent review,
Yan summarized data collected from various studies
over the last 10 years and established the coefficient
of variation at 13.4%.15  This has very important
implications, especially in men with PSA readings
near “established” cutoff points.  Eastham and
Scardino studied yearly PSA fluctuations in 154 men
who had initially elevated PSA > 4.0 ug/L.  In this
group, 30% had PSA values that decreased below the

4.0 ug/L cutoff;16 this has prompted the authors to
advocate “PSA confirmation” at least one time a few
weeks after the initial abnormal PSA is found.

Therapy that alters the hormonal milieu of the
prostate can also alter the serum PSA levels.  Surgical
and medical castration, with the use of luteinizing
releasing hormone analogues or antiandrogens, has
been shown to significantly reduce PSA levels.
Finasteride, a 5-a-reductase inhibitor used in the
treatment of BPH, also has been shown to decrease
PSA levels by 50% in men who have taken the
medication for 12 months.17  In fact, men that start
finasteride and do not experience a 50% decrease in
their serum PSA should be suspected of having occult
prostate cancer.  Panneck has shown that free-PSA
levels do not rise after finasteride administration, thus
producing erroneous percent free-PSA ratios.18

PSA in the early detection of prostate cancer

In order to decrease the morbidity and mortality of
prostate cancer we must either find better treatment for
advanced disease or diagnose the disease at an early
curable stage.  The role of PSA in the early detection of
prostate cancer continues to be the subject of much debate
and research.  However, most North American medical
bodies, including the Canadian Urological Association,
American Cancer Society, American Urologic
Association, and American Society of Internal Medicine,
recommend shared decision-making that includes
discussion with patients of the pros and cons of
treatment and individualizing screening practices.19-22

There is accumulating evidence to suggest that
when used as a screening tool in the appropriate
population, serum PSA is the single best test for the
early detection of prostate cancer and compares
favorably with screening tests for breast and cervical
cancers.  Although PSA lacks adequate specificity to
be always diagnostic of prostate cancer, it is useful to
stratify men into groups with a high risk of having
prostate cancer who should undergo definitive testing
with prostatic biopsy, and those with a low risk of
having prostate cancer who can be reassured and
followed without immediate additional testing.23-26

Using the prostate biopsy as the reference standard
and a PSA of 4 ug/L as a cutoff point, the sensitivity
of PSA testing ranges from 63% to 83%.27,28  These
same studies also show an overall specificity ranging
from 81%-90%.  Interestingly, specificity decreased in
older age groups: 98% in men between 50 and 60 and
81% in men between 70-80.28  This difference is due to
the increasing PSA production by BPH tissue as a
confounding variable in older men.
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Cross-sectional studies involving tens of thousands
of men from several countries have been published
and show very similar results regarding the ability of
PSA to predict the presence or absence of cancer upon
TRUS-guided biopsy of the prostate.  Cooner et al12

reported that the positive predictive value of a PSA
between 4-10 ug/L was 20% when DRE was normal
and 45% when DRE was abnormal, which increased
for PSA levels >10 ug/L to 31% when DRE was normal
and 77% when DRE was abnormal.  The overall
detection rate in this urological (i.e. non-primary)
practice was 14.6%, which illustrates that the detection
of prostate cancer can be increased by combining DRE,
PSA, and TRUS.

Recent data by Punglia and Catalona supports
using age-standardized cutoffs for PSA testing.29

Initially described by Oesterling,30 specificity in older
men can be increased by using higher PSA cutoffs in
older men.  The Punglia study showed that lowering
the threshold for biopsy from 4.1 to 2.6 ug/L in men
younger than 60 years would double the cancer-
detection rate from 18% to 36%, with the specificity
only falling from 98% to 94%.  They state that if biopsies
were performed when PSA was > 4.0 ug/L, 82% of
cancers would be missed in men younger than 60.

Fang and Carter have suggested using a PSA test
at age 40 to identify men at risk of CaP.  Men aged 40
to 49.9 with a PSA > 0.6 ug/L had a relative risk of 3.7
to develop prostate cancer within 25 years compared
to those men with PSA < 0.6 ug/L.31  Furthermore,
they suggest that if early baseline testing is normal,
only biennial PSA testing after the age of 50 is
required, allowing for more cost effective screening.
What these studies do not elucidate, however, is
whether lowering the PSA cutoffs increases the rate
of detection of clinically insignificant tumors.

In 1993, Andriole and Catalona32 published the
Washington University experience results from a
screened population of 20 000 men.  Overall, about
10% of screened men older than 50 years of age had a
PSA greater than 4 ug/L, and one third of these were
found to have cancer on subsequent biopsy, for a
cancer detection rate of 3%.  When PSA was the only
abnormal parameter, cancer was diagnosed in 20%.
However, when both PSA and DRE were abnormal
31% of men had cancer, and when PSA, DRE, and
TRUS were abnormal 56% had cancer.25  Interestingly,
the detection rate of prostate cancer using PSA in
community-based populations was 3%, which is
approximately twice that when DRE alone is
used25,26,33,34  and approximately 2-3 times the
detection rate of breast cancer using mammography-
based screening programs.35,36

PSA should not be used alone to exclude the
possibility of prostate cancer but is rather a useful
adjunct to DRE in the early diagnosis, permitting a
rational guide to use TRUS and biopsy.  When used
together PSA and DRE detect 27% more cancers than
would be detected by PSA alone, and 34% more than
by DRE alone.25,26  For example, in a screening study
of 6630 men using PSA and DRE, 18.2% of cancers
detected were in men with normal PSA levels.37,38  The
positive predictive value of an abnormal DRE when
PSA is normal is 10%; conversely, the positive
predictive value of an abnormal PSA when DRE is
normal is 20%-30%.

Currently, only one randomized trial of PSA
screening has been published and it suggests a
reduction of up to 70% in prostate cancer mortality in
the screened men.39  However, this study has been
criticized for its randomization procedures, sub-
optimal patient acceptance rates, and lack of intent-
to-treat analyses.

Despite a lack of definitive RCT data, there is
abundant indirect evidence, such as epidemiologic
data, to support PSA screening.  The US Surveillance,
Epidemiology, and End Results Program (SEER) data
showed that the rising incidence of prostate cancer
from 1989 to 1992 and subsequent decline from 1992
to 1994 paralleled trends of prostate cancer specific
mortality.  Interestingly, the SEER data are consistent
to the data from Quebec and Ohlmsted County.40,41

These results have been suggested by some as
evidence for the effectiveness of PSA screening.42

However, many also claim that other variables, such
as diet and lifestyle modifications, attribution bias,
and earlier administration of androgen ablation in
men diagnoses with advanced disease are important
factors contributing to the decline in prostate-cancer
specific mortality.43,44

Further indirect evidence of the benefits of PSA
screening was shown by Bartsch et al46 in their study
of men from the Austrian state of Tyrol.  Men from
this state were offered free PSA screening that was
not available to others in Austria.  These authors
reported 33% reduction in prostate cancer mortality,
compared to the expected rate, in the state of Tyrol
between 1996 and 1999 in men aged 40–79 years.
These results have been suggested by the authors to
represent evidence of the reduction of prostate-cancer
specific mortality due to PSA screening.46

The benefits of PSA screening on overall disease
specific mortality rates will not be fully answered until
large RCTs are completed within the next decade,
including the European Randomized study of
Screening for Prostate Cancer (ER-SPC) and the
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Prostate, Lung, Colorectal, Ovarian (PLCO) cancer
screening studies.

Does PSA predict for clinically significant
cancers?

The goal of early detection is to identify patients who
have clinically significant cancers, that is, cancers that
are localized and curable.  The recently published
Holmberg47 randomized trial confirmed that prostate
cancer treatment improves disease-free survival when
disease is localized to the prostate.

Gann et al provided some insight in the value of
PSA in detecting clinically significant tumors in their
Physicians Health Study.4  In this case-control study,
one PSA measurement was performed on frozen
serum samples in 366 cancer cases at baseline to
evaluate the detection prostate cancer.  In this
population, cancers were detected by DRE after
baseline blood sampling before the availability of PSA
testing.  PSA measurements on frozen samples
revealed that a PSA cutoff of 4 ug/L could have
detected 73% of the cancers that arose within 4 years
of PSA measurement, and a specificity of
approximately 90%.  Interestingly, 75% of the 366 men
with prostate cancer in this study eventually died of
prostate cancer.  This longitudinal data suggest that a
PSA detected tumors at cutoffs of 4ug/L may have
validity in detection of prostate cancers that are
clinically significant.4

Past autopsy studies have shown that one in three
men over the age of 50 have histologic evidence of
prostate cancer.  However, up to 80% of these were
microscopic in size and probably not clinically
significant.  For this reason, statistics show that only
3% of men will actually die from prostate cancer.  The
actual tumor volume considered to be critical and
likely to impact on survival is not known but has been
thought to be 0.5 cc in an earlier study.48  PSA testing
may be sensitive enough to detect the clinically
aggressive cancers whose natural history may be
altered by early detection and therapy, but perhaps not
sensitive enough to identify the highly prevalent very
small volume, likely indolent cancers.  Evidence thus
far suggests that less than 16% of PSA-detected cancers
in this latter category.23,49-51  Conversely, more than 95%
of the cancers detected in the University of Washington
screening study were localized to the prostate (about
two-thirds had pathologically organ-confined
disease32), and a majority of T1c patients in a radical
prostatectomy series were “clinically significant”.52

However, a recent intriguing study by Stamey et
al is challenging the very definition of pre-operative

PSA risk levels that was published by the same author
15 years ago.55  In his cohort of 875 men who
underwent radical prostatectomy, preoperative PSA
poorly correlated with tumor pathological grade and
probability of postoperative biochemical failure.53

Within this group, 784 of 875 men had a PSA of 2 to 33
ug/L, and correlation was only seen in men with very
large tumors and a PSA of greater than 22 ug/L.53  In
another study, Stamey showed no relationship
between serum PSA in the range of 2-10 ug/L and
volume of all Gleason grades.54  These studies showed
that PSA values, and corresponding lower cancer
volumes, may not be as good in predicting “clinical”
significance as was previously thought.55   Both Epstein
et al56 and Salomon et al57  have shown in a
multivariate analysis that tumor volume is not an
independent predictor of tumor progression.  Further,
in both studies, tumor volume does not add any
additional information to tumor grade and stage in
defining risk of progression in patients.  Currently,
the definition of clinically significant prostate cancers
is still unknown.

Enhancing the positive predictive value of
PSA

Urologists recognized early on that the substantial
overlap in serum PSA levels in men with early
prostate cancer and those with BPH resulted in a
lack of sufficient specificity for PSA to be considered
an ideal screening test.  Consequently, research
efforts have been focusing on the development of
methods that improve the ability of PSA to predict
for the presence of clinically important early
prostate cancers, while minimizing the number of
false positive results.

Age-specific PSA reference ranges
Oesterling et al58 and Dalkin et al59 established normal
levels of PSA for 95% of men without clinical evidence
of prostate cancer.  Based on this data, the upper limit
of normal for serum PSA in each decade of life is 2.5
ug/L during the 5th decade, 3.5 ug/L during the 6th
decade, 4.5 ug/L during the 7th decade, and 6.5 ug/L
during the 8th decade.  The use of age-specific ranges
to guide to biopsy will help increase the sensitivity of
PSA as a tumor marker in men under 60 years of age
(increase the detection rate of early cancers), and
improve its specificity in men older than 60 years
(decrease the number of negative biopsies).

Serial PSA / PSA velocity
Serial PSA measurements over time in individual men,
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termed PSA velocity, is a better reflection of
longitudinal biological changes within the prostate
and increases both the positive predictive value of PSA
and the likelihood of diagnosing cancers while they
are organ-confined.60  Based on the retrospective,
longitudinal study by Carter et al,60 a PSA velocity of
greater than 0.75 ug/L was predictive of the presence
of prostate cancer.  Specificity increased to 90% when
PSA velocity was >0.75 ug/L over 1 year, compared
to 60% for a single cross-sectional serum PSA over 4.0
ug/L.  Differences in PSA velocity between BPH and
prostate cancer patients were apparent as early as 9
years before the diagnosis of cancer was made.
Catalona et al49 concurred that a PSA velocity of 0.8
ug/L per year helped distinguish between BPH and
cancer patients.  In their study, the mean velocity for
men with cancer was 2.18 ug/L, compared to 0.48 ug/
L for men without cancer.

Despite these optimistic results, PSA velocity is not
always reliable because of the individual variation
in serum PSA levels from one determination to
another.  Many questions regarding the number of
determinations, the intervals between testing, and the
influence of aging on the interpretation of PSA velocity
remain poorly defined.

PSA density and transition zone density
Another method that has been suggested to
improve PSA specificity is PSA density, which is
equal to serum PSA divided by prostate gland
volume.  The concept of PSA density is based on
the fact that cancer, on a gram for gram basis, will
increase serum PSA levels more than BPH or
normal prostate tissue will do.  Early studies
suggested that PSA density helped differentiate
between BPH and early nonpalpable cancer61

especially at serum levels of 4 to 10 ug/L.  However,
PSA density fails to provide more information than
PSA alone in many men due to difficulty in
obtaining accurate and reproducible TRUS volume
determinations of the prostate gland, the
heterogeneous stromal and epithelial composition
between prostate glands which leads to marked
variation in the amount of PSA produced per gram
of prostate tissue, and biopsy sampling error (larger
prostate may hide small cancers).62  Presti et al have
suggested that PSA density may actually miss
significant numbers of cancers in patients with PSA
values between 4 and 10 ug/L, normal DRE and
normal TRUS.63  Transitional zone measurements,
used to improve the specificity of the PSAD, are
also subject to high inter-observer variability of
TRUS measurements.64

“Complexed” vs “free” PSA
A considerable amount of investigation has focused
on the measurement of bound and free PSA.  When
enzymatically active PSA leaks or is secreted into the
serum (as occurs in Gleason grades 4 and 5 cancers)
its proteolytic activity is immediately neutralized by
binding to alpha-1-antichymotrypsin (ACT) or a-2-
macroglobulin65,66 Figure 1.  PSA complexed with a-2-
macroglogulin is not accessible for immunodetection,
while that bound to ACT has a sufficient number of
antigenic epitopes exposed to interact with anti-PSA
antibodies.  The PSA-ACT complex (cPSA) is the major
molecular form of PSA in serum, while a small portion
exists in a free, non-complexed form.  Initial data
suggests that BPH is more efficiently differentiated
from cancer by the free-to-total serum PSA ratio
(%fPSA), which is higher in men with BPH than in
patients with prostate cancer.67-71  Using a %fPSA cutoff
of 25%, the specificity of screening improves such that
20% of unnecessary biopsies are avoided while still
detecting 95% of cancers.72,73  Catalona et al have
reduced the biopsy rate by 18% when %fPSA to age –
specific PSA cutoffs.74   In men greater than 60 years
old and with total PSA between 4-10 ug/L, the
sensitivity of % fPSA exceeded that of age-specific PSA
cutoffs.73 Thus, fPSA may help to identify early, curable
cancers in healthy men with PSA levels of less than 4
ug/L.73,74

The in-vitro instability of fPSA may present a problem
at those centers unable to perform the test locally. Paus
et al75 showed that after storage at 4oC over seven days,
fPSA and %fPSA significantly decreased; thus storage
time of even refrigerated serum presents a confounding

Figure 1. PSA forms in serum.  Free PSA and PSA
bound to antichymotrypsin and alpha-1-protease
inhibitors are the only currently immunodetectable
forms of PSA.
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variable in this test.  The authors suggest that serum
samples should be stored frozen if not analyzed
immediately or acidified to pH 5.5 to prevent the artificial
reduction of fPSA levels.75  Hence, %fPSA measurements
may be difficult in remote centers that do not have the
ability to perform the test themselves or do not have the
ability to freeze and send samples appropriately.

Bayer has a commercially available assay for cPSA
which has the advantages of being a single
measurement, being less sensitive to DRE and
prostatic manipulation compared to free and total
PSA, and better stability in storage.76,77  On the other
hand, cPSA seems to have the highest intraindividual
variability (25.4%) compared to other PSA tests.78

So, although the molecular basis for the differences
in ACT binding between cancer and BPH remains
undefined, all observations to date suggest that use
of free-to-total PSA ratios may increase the specificity
and positive predictive value of PSA in the early
detection of prostate cancer especially at PSA levels
between 4 and 10 ug/L.

hK2
Human glandular kallikrein belongs to the same
serine protease family, has 80% homology to PSA,
is specific to the prostate79  and is androgen-
regulated.80   This enzyme cleaves PSA from its
zymogen form (proPSA) to convert PSA into its
active form.81  Recently, many studies have
investigated the use of hK2 as a new marker for
prostate cancer.  Kwaiatkowski et al examined hK2/
%fPSA ratios in 90 men with PSA between 4 and 10
ug/L.82  They showed that this ratio was more
sensitive and more specific than %fPSA/total PSA
ratios in detecting prostate cancer.  Partin et al had
the same finding of the improvement of the
detection of prostate cancer while limiting the
number of biopsies in men with a PSA in the range
of 2-4 ug/L.83

Furthermore, hK2 expression correlates closely
to pathological stage of prostate cancers.  In a study
by Haese et al84 of 68 men who underwent radical
prostatectomy, hK2 expression was significantly
better than PSA in predicting organ-confined
disease.84   Also of interest is the fact that poorly
differentiated tumors (i.e. high grade tumors)
continue to produce hK2, whereas, PSA levels drop.
Hence, hK2 may have a role in late stage and poorly
differentiated tumors as well as in predicting organ
confined disease prior to radical prostatectomy or
radiation treatment.85,86  In summary, hK2 may be
a useful tool not only to detect prostate cancer, but
also to predict tumor grade and stage.

Pro-PSA and bPSA
The understanding of the different components of free-
PSA offers an opportunity for clinical application.
Free-PSA is composed of proenzyme or precursor PSA
(proPSA), BPSA, and another form of inactive PSA that
has similar homology to the native active PSA Figure
2 and Figure 3.  Precursor PSA has been shown to be
associated with prostate cancer,87 and is cleaved by
hK2 to be converted into enzymatic active form of
PSA.81  The expression of proPSA remains high even
in poorly differentiated cancers.  BPSA has been
associated with BPH88 in that it is more highly
concentrated in benign tissue than cancerous tissues
and may be used in the assessment of BPH treatment
strategies.89  The use of these two free-PSA components
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Figure 2. Disease associated PSA Forms in prostate
tissue.  Benign prostatic hyperplasia increases the
relative amount of bPSA levels.  Prostate cancer
produces increased relative amounts of proPSA,
bound PSA, and human kallikrein 2 (hK2).

Figure 3. PSA formation pathway.  PSA is a 237 amino
acid sequence that is synthesized from proPSA after
cleavage by human kallikrein 2 (hK2).  The precursor
molecule, preproPSA, is synthesized with a 17- amino
acid leader sequence that is cleaved to generate an
inactive 244-amino acid precursor protein, proPSA.
When in serum, PSA is inactivated by serine proteases.
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further requires more research to define their role in
screening and management in prostate cancer.

Recent data from Khan and Partin90 have revealed
that when proPSA is considered with serum PSA and
%fPSA, overall specificity can be improved.  They
examined serum samples from 93 men with total PSA
levels between 4-10 ug/L who underwent 12-core
biopsies.  When proPSA was added, specificity was
improved from 23% to 44%.90   These authors suggest
that the use of proPSA may reduce the number of
unnecessary biopsies.  However, the cost-effectiveness
of adding the proPSA test is still unknown and these
assays remain investigational for now.

PSA in the clinical staging of prostate cancer

Several studies have demonstrated that serum PSA
correlates well with tumor volume and advancing
clinical and pathological stage,25,26,91-93 but there is too
much overlap between stages for accurate
preoperative staging.  However, preoperative PSA
levels can help stratify men into low or high risk
groups.  When preoperative PSA levels are below 4
ug/L, up to 80% of men have organ-confined tumors;
approximately 60% of tumors are organ-confined
when serum PSA is between 4 and 10 ug/L and over
50% of men with PSA levels above 10 ug/L have extra-
prostatic extension.25,26,92-94  Although PSA is not
accurate enough as a staging tool when used alone,
the staging accuracy of PSA may be improved by
combining it with DRE findings and the tumor grade
on needle biopsy.93

Serum PSA levels tend to be higher in men with
lymph node metastases.  Most men with PSA levels
above 50 ug/L have positive pelvic lymph nodes and a
low serum PSA is a good negative predictor of the
presence of pelvic lymph node disease.  If PSA levels
are below 10 ug/L or if the PSA is less than 20 ug/L
with low grade cancer (Gleason score < 7) the risk of
finding positive nodal metastasis is negligible and it is
possible to avoid pelvic lymphadenectomy.94,95

Furthermore, if PSA is less than 25 ug/L CT scans are
unable to detect lymphadenopathy and should not be
used as a staging tool unless PSA exceeds 25 ug/L.96,97

Serum PSA levels are also useful in identifying
patients with a low probability of having osseous
metastases.  Chybowski et al98 found that only 1 of
306 patients with a PSA level less than 20 ug/L had a
positive bone scan.  They calculated the negative
predictive value of a serum PSA less than 20 ug/L to
be 99.7%.  Gleave et al99 retrospectively reviewed 490
evaluable patients with prostate cancer at Vancouver
Hospital and identified 4.5% (22/490) with a positive

bone scan on initial evaluation.  They found that 0 of
290 patients with PSA levels below 10 ug/L, 3 (4%) of
85 patients with PSA 10-20 ug/L, and 19 (17%) of 115
patients with PSA > 20 ug/L had positive bone scans
at presentation.  In summary, bone scans may not be
necessary in men with PSA < 20 ug/L unless there is
history of skeletal pain, high-grade disease or
clinically advanced local involvement.  Cher et al has
showed that in patients who have had a radical
prostatectomy, the probability of obtaining a positive
finding on bone scan is < 5% until the PSA is between
45 –50 ug/L.100

PSA following treatment of prostate cancer

PSA has become a powerful tool in the follow-up
assessment of patients after radical prostatectomy,
radiotherapy, or hormonal ablation.  The pattern of
PSA change after treatment often determines the need
for further adjuvant or salvage treatment.  For
example, a detectable and rising PSA following radical
prostatectomy suggests the presence of residual
carcinoma, and possible need for adjuvant therapy.
After radiation therapy, PSA is expected to reach its
nadir over 17-32 months.101-103  An interesting
“bounce” phenomenon may occur following
brachytherapy, external beam, and three-dimensional
conformal therapy with an initial rising PSA followed
by a fall to nadir.104-106  Men who have an initial rising
a nadir of < 0.5 ug/L or who do not fail by American
Society for Therapeutic Radiology and Oncology
(ASTRO) definition of three rises of PSA above nadir
values post treatment  have excellent 5-year
recurrence-free rates.107,108  A detailed discussion of
the benefits and timing of adjuvant and salvage
therapies are beyond the scope of this manuscript, but
suffice to say that PSA monitoring post-treatment
allows for the initiation of these treatments at an early
point in the biological history of the cancer.

Post-treatment PSA monitoring can also be useful
in differentiating between local and distant disease
recurrence.  Pound et al showed that post-radical
prostatectomy, patients whose PSA levels did not drop
to undetectable levels, whose PSA doubling time was
> 6 months, or whose PSA rises within 12 months of
treatment were more likely to have distant recurrence
and metastasis.109

Medical or surgical castration results in the down-
regulation of PSA gene expression, with a rapid and
dramatic lowering of serum levels.  Serum PSA nadir
following androgen ablation therapy can stratify
patients into good and poor prognostic groups.
Bruchovsky et al110 observed that at least 32 weeks of
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treatment are necessary in order to bring the serum
PSA into the normal range in 70% of men with
advanced prostate cancer.  In the remaining 30%,
serum PSA will decrease temporarily and then
increase; if a plateau is reached it will be short-lived
or stabilize outside of the normal range.  This is
usually a sign of early progression to androgen
independence and is associated with a poor prognosis.
In this series, if the serum PSA remains above 4 ug/L
between 24 - 32 weeks of treatment, the median
survival time is only 18 months.  On the other hand,
if the serum PSA is below 4 ug/L between 24 and 32
weeks of therapy, the median survival time at 40
months is more than twice as long.  Other studies have
also shown that those with an undetectable PSA or a
PSA decreases of 90% or more at 3 and 6 months have
a longer disease-free surviva.l111,112  On the contrary,
a PSA increase precedes clinical evidence of
progression with a mean lead-time of 6 to 12 months,
in almost all cases.111,112

Serial PSA measurements are also important in
monitoring men with prostate cancer treated
expectantly.  Klotz et al have suggested that a PSA
doubling time of < 2 years be used to identify patients
with a high likelihood of local progression in lieu of
otherwise favorable prognostic factors.113  In their
prospective study of men with prostate cancer treated
expectantly, 28 (14%) of  200 men had PSA doubling
times of  < 2 years.  Within this group, nine eventually
had a radical prostatectomy, and all nine patients had
stage progression. Because of the aggressive nature
of tumor in those with short doubling times, the
authors suggest that a threshold of intervention is a
doubling time of “around 3 years”.  Although PSA is
an indicator of disease progression and tumor
aggressiveness, more studies will be needed to define
the optimal timing of PSA measurements, PSA
thresholds to trigger intervention, and also to
determine the survival benefits of early intervention
in those initially managed by watchful waiting.

Conclusion

The discovery of PSA has brought us into a new era
in the diagnosis, treatment and monitoring of prostate
cancer.  Though we still have much to learn about the
use of PSA, it has become an established tool of the
urologist/oncologist.  With the further refinement of
PSA derivatives, we will improve our ability to detect
the clinically significant cancers at an early, curable
stage, while at the same time identifying, but not
actively treating, the clinically indolent tumors that
are so prevalent in the ageing male.  Our patients are

increasingly aware of PSA and they want to take a
more active part in their therapy.  PSA allows us to
both reassure the patient with clinically stable disease
and prognosticate for the patient with recurrent or
progressive cancer.
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