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Despite being the second most common cancer
in males, and one from which mortality is
increasing, cancer of the prostate remains in
many ways an enigma. For example, little is
known of its pathogenesis, although the androgenic hormones are clearly important, the incidence increases with age, and genetic factors
also have a role. Furthermore, while its
development appears to involve a progression
from normal tissue through increasingly severe
grades of dysplasia to intraepithelial neoplasia
and thence to invasive cancer, there is considerable variation in the rates of progression to
invasive disease. Indeed, previously unsuspected prostatic cancer is frequently found at
necropsy1 and in men undergoing surgery for
benign disease.
The diagnosis of prostatic cancer is histopathological and generally made from biopsy
material. The decision to perform a biopsy may
sometimes be based on clinical evidence alone,
but for any cancer a diagnostic test to indicate
its presence before it is clinically apparent
should be of value (depending on the availability of eVective treatment and the outcome if
treatment is delayed). The screening tests
available for prostatic cancer are digital rectal
examination, transrectal ultrasound, and
serum prostate specific antigen (PSA). Neither
of the first two is suYciently reliable on its own.
In practice, measurements of PSA are used to
decide whether to perform ultrasound examination as a preliminary to possible biopsy. However, PSA measurements can be used in several
ways.
Unusually for a common tumour, there has
long been a blood borne marker for prostatic
cancer, namely prostatic acid phosphatase
(PAP), first described in 1938.2 However, PAP
was not suYciently sensitive or specific to be
useful in screening, although it was of value in
monitoring the response to treatment of
patients with invasive disease. Prostate specific
antigen (PSA) was identified in semen some 30
years later, and first isolated from prostatic tissue in 1979.3 The first report of its potential as
a tumour marker for prostatic cancer appeared
shortly after4 and within a short time PSA had
become the preferred marker and PAP became
regarded as obsolete. Indeed, PAP has by now
been deleted from most laboratories’ repertoires.
But how reliable is PSA as a test for prostatic
cancer? Are multiple measurements more reli-

able than single measurements? Does the
measurement of free PSA oVer any advantage
over that of bound PSA? And will PSA eventually go the way of PAP—are there any other
tests for prostatic cancer in the oYng? There
are thousands of research papers on this topic
and any review must necessarily be highly
selective. Several more comprehensive reviews
on screening for and managing prostatic cancer
have been published recently.5–8
Origin of PSA
PSA is a serine protease secreted by cells lining
the acini and ducts of the prostate. Its function
is to hydrolyse the seminal fluid coagulum and
assist in the liberation of spermatozoa. The
small concentrations normally detectable in
the blood are thought to reach it primarily by
diVusion, passing from the ductal system
across the prostatic stroma into capillaries and
lymphatics. In prostatic disease, the anatomical
disruption facilitates this process. The name
PSA is actually misleading since the protein has
been detected in various exocrine secretions;
this is not of significance in men, but the
measurement of PSA in breast secretions is
being investigated as a possible screening test
for carcinoma of the breast in women.
Nature and isoforms
PSA is a glycoprotein of molecular mass
approximately 33 kDa. The native form is designated PSA-B; PSA-A is an active form with
reduced carbohydrate content and PSA-C,
PSA-D, and PSA-E have modified (internally
cleaved) peptide chains and little enzymatic
activity. Most PSA in seminal fluid is free, but
in the blood, it binds extensively to the protease
inhibitors á2 macroglobulin and á1 antichymotrypsin (ACT).9 This protein binding in plasma
is a phenomenon common to all proteases and
presumably is a protective mechanism. For
PSA, it has considerable implications for the
assay of the protein. When PSA is bound by á2
macroglobulin, it becomes encapsulated by the
protein and its epitopes are hidden, with the
result that it is not detected in immunoassays
for PSA. Binding to ACT leaves most of the
PSA epitopes exposed. Assays may therefore
measure total (ACT bound + free) PSA, or
either ACT bound or free PSA alone. The performance of the commercially available assays
has recently been comprehensively reviewed.5
Early assays purported to measure total PSA
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but assays for free PSA are now widely available
and assays which will measure free and total
simultaneously are being developed.
Reference intervals
Although initially thought to be absent from
the plasma when there is no prostatic disease, it
is now clear that PSA is present in the plasma
of healthy men, with a concentration range that
is skewed to the right. PSA concentrations tend
to increase with age, largely as a result of the
increase in the size of the gland with age.10
Unfortunately, as with all other tumour markers, the concentrations of PSA found in healthy
men and those found in the presence of cancer
overlap: the concept of a “normal range”
(strictly, “reference interval”) in relation to
PSA is thus inappropriate. Indeed, men may be
healthy in that they do not have symptoms of
prostatism and have a clinically or ultrasonographically normal prostate and yet still be
harbouring cancer: the diagnosis can only be
excluded on the basis of detailed necropsy
examination. It is thus impossible to be certain
that some members of a group used to define a
reference interval may not have cancer. Furthermore, benign prostatic hypertrophy is a
common condition so prostatic cancer may be
present in a patient with benign disease and be
contributing to the PSA present in the plasma.
PSA concentrations may also be increased in
prostatitis and acute retention of urine. Digital
rectal examination causes a small, transient
increase (approximately 5%, for up to 48
hours).11 The reported eVects of recent ejaculation are inconsistent. There is no significant
diurnal variation, but intraindividual variation
can be more than 20%.12
When PSA measurement is used for screening or diagnosis (but not for monitoring known
cancer), what is required is a measure of the
probability that any given concentration can be
associated with cancer. These can be used to
define “action levels” to direct management.
Ideally, the utility of these action levels should
be audited with regard to their eVect on
outcome. The existence of diVerent assays
based on diVerent antibodies and using diVerent calibrators means that the results obtained
using any one assay may not be strictly comparable with those obtained with another. In
practice, with measurements of total PSA these
diVerences probably matter little, and a plasma
PSA concentration of up to 4 µg/litre has usually taken as implying a very low risk of cancer
(though not excluding it), while concentrations
over 10 µg/litre the probability of cancer
becomes higher than that of benign disease.
Men with concentrations at screening > 10
µg/litre will usually be further investigated;
those with concentrations below a lower cut
oV—usually taken as 4 µg/litre, although values
as low as 2.5 µg/litre have been suggested—will
not. It is in the concentration range of 4 to 10
µg/litre that uncertainty is greatest.
Improving the performance of PSA
measurements in screening and diagnosis
The ideal screening or diagnostic test would be
positive in all individuals harbouring the

disease in question (high sensitivity—that is, no
false negatives) and negative in all unaVected
individuals (high specificity—that is, no false
positives). Given the overlap in the ranges of
concentration of PSA that are seen in apparently healthy men and those with (histologically) proven cancer, PSA—in common with
all other tumour markers—cannot be both
100% sensitive and 100% specific. Moving the
cut oV point or action limit to higher
concentrations would increase specificity at the
expense of sensitivity, while moving the cut oV
point lower has the opposite eVect.13 Various
strategies have been examined in attempt to
improve the sensitivity of PSA measurements
without compromising specificity.
Age related cut oV points
Since plasma PSA concentration increases with
age, the application of the same cut oV in older
men as in younger would have the eVect of
improving sensitivity but at the expense of specificity. Applying a higher cut oV in older men
would have the opposite eVects. Age related cut
oV points have been proposed10 but are little
used. Although a relatively lower cut oV in
younger men would detect more cancer and
possibly be of greater long term benefit, more
men would require further testing to establish
the diagnosis. On the other hand, a relatively
higher cut oV in older men would result in
decreased diagnosis of potentially curable (but
not necessarily life threatening) tumours but
less further testing—important not only for the
individual but in economic terms, given the
larger number of older men with raised PSA
concentrations because of benign disease.
These predictions were confirmed by the
results of a study of over 4700 men.14 However,
the prevalence of benign disease and cancer
both increase with age, and the conclusions of
a study of over 6600 men were that using a cut
oV for further investigation of 4 µg/litre at all
ages gives a similar biopsy rate and frequency
of detection of cancer.15 The arguments are the
typical ones of screening—that is, the balancing
of economic factors against possible clinical
benefit, with the latter being uncertain on an
individual basis.
PSA “density”
This concept relates serum PSA concentration
to the size of the prostate as estimated using
transrectal ultrasonography. There is some evidence that this technique increases sensitivity,
particularly in the “grey” zone of total PSA
4–10 µg/litre.16 17 However, the choice of cut off
is critical. Also, measurements of prostatic size
by ultrasound have poor accuracy (magnetic
resonance imaging is more accurate but not
practical) and in practice the use of PSA
density has not been shown to have a consistent
advantage over the use of a simple cut oV based
on concentration alone.18
PSA velocity
In using cut oV points to determine further
management, a decision is being made about
an individual based on observations on others.
Repeating measurements of PSA in an
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individual allows comparison with his own
previously determined values. PSA concentration increases linearly with time (at about 0.12
µg/litre/year) as a result of benign hypertrophy;
the rate is higher and the increase exponential
in cancer and relatively higher with more
aggressive tumours.19 Either an increase in
velocity or a high velocity (> 20% annual
increase)20 is thus suggestive of cancer. Problems with this technique include the diYculty
of ensuring comparability of measurements
made over a period of years (requiring a very
stable assay system) and the innate intraindividual variation of PSA measurements.12 This
latter means that an apparent increase in PSA
from 4.0 to 5.2 µg/litre has a probability of less
than 0.95 of being a true increase. Ideally, PSA
velocities should be based on sets of several
measurements in order to reduce the eVect of
this variation. PSA velocity has no better sensitivity than simple cut oVs but has better
specificity. Used alone, however, it might delay
diagnosis, since a rise can only be discerned in
retrospect. On the other hand, its use should
allow earlier detection of cancers since an
increase in PSA might be significant even if the
absolute value remains below 4 µg/litre.
Whether this would have any eVect on outcome
is another matter.
Free PSA and free/bound PSA ratio
Total, bound, and free PSA concentrations
increase in parallel with age, so that the ratio of
free to bound remains constant.21 The most
promising advances in the use of PSA in the
diagnosis of prostatic cancer stem from the discovery that the proportion of protein bound
PSA in the plasma is higher in cancer than in
benign disease22 (there is evidence that ACT
synthesis often occurs in neoplastic prostatic
tissue but only rarely in benign tissue).23
Although there have been methodological
problems with the free PSA assays, the use of
ratios does promise enhanced sensitivity and
specificity, albeit at the cost of doing two measurements and the increased imprecision that
the use of a ratio of two concentrations implies.
Ratios would not help in individuals found to
have high total PSA (> 10 µg/litre) since they
would always require further investigation,
and—except possibly in young men—would be
of little value with low total concentrations.
The greatest benefit would be in the intermediate group, for example men with a total PSA of
between 4 and 10 µg/litre, where the finding of
a high free/total ratio might spare men a biopsy
and allow a more conservative approach (for
example, annual repeat PSA measurements
and digital rectal examination), while a low
ratio would be an indication for transrectal
ultrasound examination and biopsy. The results of several studies have confirmed this
prediction.24 25
This topic is presently the subject of
intensive
research.26
It
appears
that
measurement of the free/bound PSA ratio is a
significant improvement over the measurement
total PSA alone for the diagnosis of early prostatic cancer.
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Relating the free/bound PSA ratio to prostate volume may help further.27 While it must
follow that if fewer biopsies are performed
some cancers will be missed, however many
might have proven negative, it is also important
to avoid unnecessary biopsies and operations.
Are there alternatives to PSA?
Several substances other than PSA have been
detected at increased concentration in the
plasma of patients with prostatic cancer (for
example, creatine kinase BB, á-fetoprotein,
and carcinoembyronic antigen). None seems
likely to supplant PSA. What can be predicted
is that assays for PSA will continue to be
improved as manufacturers compete in an
increasingly informed market place; that research into the best way to apply PSA
measurements will continue; and that as data
from individual groups continue to be published, systematic reviews will be performed
which may further help to define the role of
PSA.
Conclusion
At present, there is no convincing evidence of
consistent clinical benefit from the early detection of prostatic cancer28 although this is not
equivalent to there being evidence of no
benefit.29 Trials are currently under way but
will not be completed until the early years of
the next century.30 31 The advent of PSA has
raised the question of whether, since prostatic
cancer is so common, asymptomatic men
should be routinely screened by PSA
measurement. In the USA, doing this has led to
a considerable increase in the number of men
having biopsies and prostatectomies. Advice in
the United Kingdom is that routine screening
is not appropriate6 but this may not stop
patients requesting it.32 Laboratories can anticipate increasing numbers of requests for
PSA and should modify their practice with
regard to the precise choice of technique
according to the evidence.
I thank Dr WS Wassif and the anonymous reviewer for their
helpful comments on the manuscript.
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