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PSA and Prostate Cancer Diagnosis
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PrOSTATE CANCER 1s the second most common malignancy of
European men. There is considerable regional variation in the
incidence <f this tumour which reaches its highest levels in
Scandinavia. Currently, in England and Wales, there are
nearly 12000 new cases and over 8500 deaths annually [1].
The disease is increasing in incidence, which leads to predic-
tions that prostate cancer will become the commonest cause
of cancer deaths in men by the year 2010. In this context, the
introduction of effective screening for early disease linked to
curative treatment should be considered a priority.

Prostate cancer is the most prevalent cancer in men. Post-
mortem figures demonstrate that microscopic prostate malig-
nancy is present in 30% of all men aged over 50 years, rising
to 50% of men in their eighties [2,3]. Prostate cancer is a
slow growing malignancy with an intraprostatic doubling time
estimated to be between 4 months and 2 years [4]. As a result,
clinically apparent malignancy occurs late in life at a median
age of 72 years. It might be thought that the long period
of asymptomatic localised disease would give an excellent
opportunity for early diagnosis. However, it is contentious
whether the natural history of prostate cancer makes it a
rational target for screening. Some clinicians are of the view
that early stage, small bulk, good histology prostate cancer
does not impact significantly on survival and that all other
disease stages are thought to be incurable. Screening currently
plays a role in a small number of tumour types and there are
established programmes for cervical cancer and breast cancer
in many countries. Not all observers believe screening to
have any significant impact on mortality except in cervical
cancer [5].

To leave aside for the moment the issue of the curability of
early stage prostate cancer, we will now review the screening
methods. It is clear that current screening methodologies for
early stage disease are lacking in both sensitivity and speci-
ficity. Currently, well man screening for prostatic tumours
involves a physical examination and blood testing {6]. Histori-
cally, digital rectal examination (DRE) has been the most
important method used inr screening. However, this method is
associated with considerable observer error [7], and rarely
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diagnoses early stage disease, so that nearly two-thirds of
tumours detected are advanced cancers [8]. Transrectal ultra-
sonography (TRUS) has been reported to double the rate of
detection [9], but not all observers are able to achieve these
figures, and unacceptably high false-positive rates have been
reported [10], suggesting that TRUS is impracticable as a
primary screening procedure.

The best screening test currently available is the measure-
ment of the serum concentration of prostate-specific antigen
(PSA). PSA is a 33 kDa serine protease produced by both
normal and malignant prostatic epithelial cells. Disruption of
the normal glandular structure by either benign hypertrophy
or malignant tumours results in the elevation of blood levels
[11]. Serum PSA levels are closely related to tumour volume
and clinical stage, in that, 60-80% of patients with a PSA of
<10 pg/l will have early stage localised disease; values of 10~
20 pg/l signify local invasion in over 90% of patients; and
values above 50 g/l are almost invariably associated with
metastatic disease [12,13]. PSA levels are used extensively to
monitor response to systemic hormonal therapyv and radio-
therapy [14] and as a predictor of relapse following trearment
of localised disease by prostatectomy [15] or radiotherapy
[16]. Elevations in PSA levels can be observed up to 10 years
prior to the clinical diagnosis of prostate cancer [17], but the
role of PSA in prospective cancer screening is yet to be fully
clarified. Although the normal range for PSA is usually defined
as <4 pg/l, it should be noted that PSA elevations are not
specific for prostate cancer, with up to 20% of patients with
benign prostatic hypertrophy having PSA values in the 4~
10 pg/l range [18], which greatly reduces the predictive value
of a single PSA reading in this range.

A number of methodologies have been evaluated to increase
the predictive value of PSA. The most simple approach has
been to compare the PSA value with an age matched normal
range; if a non-matched cut-off of 4 g/l is used, the false-
positive rate can rise from 0% at <50 years to 26% in the over
70 years old age group [19]. Another approach has been to
assess changes in serial PSA values. Retrospective studies
indicate that PSA values giving an increase of greater than
0.75 pg/l per vear vield a detection sensitivity of 79% and
specificity of 66% in patients with initial PSA values below
4 g/l [20].
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The combination of PSA measurement with DRE increases
the predictive value of screening; generally the predictive value
of an abnormal DRE is in the order of 30% and that of PSA
in the range of 4-10 pg/l is 20%. However, the predictive
value rises to 38~50% when an abnormal DRE and a PSA
level of 4-10 pg/l is combined [12,21].

Screening using PSA has its limitations in an asymptomatic
population, but its role in the assessment of patients with
urological symptoms is even more difficult to clarify due
to the increased proportion of patients who will have PSA
elevations due to BPH. In this issue (pages 1125-1128),
Filella-and colleagues report the results of screening patients
with urological symptoms using PSA and DRE [22]. 2054
patients, of whom 73% had urological symptoms, were scre-
ened. 1412 (68.7%) had a PSA value =3 pg/l (the cut-off
value), whilst 1830 (89.1%) had an unremarkable DRE. Pati-
ents with both a normal PSA and DRE had no further
investigation. 587 of the 680 patients with abnormal PSAs or
DREs proceeded to a prostatic biopsy. A total of 131 cases of
prostate cancer were identified on biopsy to give an overall
detection rate of 6.28%. Analysis of the screening methods
show that an abnormal DRE had a positive predictive value of
44% and would yield 90 cases, including 6 with PSA screening
below 3 pg/l. Used alone, a PSA value above a cut-off of 3 pg/l
had a positive predictive value of 23% and would yield 125
cases, whilst above a cut-off of 4 ug/l, the positive predictive
value would be 24% and yield 121 cases. Raising the PSA cut-
off to 10 wg/l would improve the positive predictive value to
46%, but the number of cases detected would be reduced
to 96.

In combination with an abnormal DRE, the positive predic-
tive value of PSA elevations of >4 g/l and >10 pg/l increases
to 52% and 70%, respectively. These figures are in overall
agreement with a similar study by Cooner and colleagues who
recorded predictive values of 35.9% for DRE alone, 20% for
a PSA of 4-10 pg/l and 42.6% for the combination in a similar
group of urology outpatients [23].

Filella and colleagues conclude that for patients with uro-
logical symptoms, elevations in PSA below 10 pg/l are not as
important as in an asymptomatic screening population. The
authors recommend that, with a normal DRE, a PSA of
>10 pg/l should be chosen as the level to initiate further
investigation. By following this policy of investigating only if
the DRE is abnormal or the PSA > 10 pg/l, 118 (90.1%) of
the total of 131 cases would have been diagnosed. The small
loss in sensitivity resulting in raising the investigation cut-off
from >4 pg/l to >10 g/l in this population contrasts with the
reduction in sensitivity from 60% to 30% that would occur
with this change in an asymptomatic population [24].

It is, of course, important to limit unnecessary investi-
gations. However, the 10% of cases that would be missed by
raising the cut-off to >10 g/l are more likely to have localised
disease and this is the group of patients that some urologists
feel would benefit from early diagnosis. However, due to the
current lack of proven efficacy from treatment for early stage
disease, the identification of the correct cut-off for PSA values
in screening is generally regarded as being of mainly aca-
demic concern.

The results from this study confirm two long standing views
regarding PSA and screening. Firstly that standard single PSA
measurements producing values between 4-10 ug/l are of
limited value in discriminating prostatic cancer from benign
prostatic hypertrophy. Secondly, that screening detection
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rates are at best only one-fifth of the documented incidence of
microscopic prostatic cancer.

Whilst it appears likely that the value of standard PSA
assays in screening for early stage disease will be limited,
assays that examine the level of serum PSA binding to «al-
anti-chymotrypsin may be more successful. The bulk of
immunoreactive serum PSA is complexed to the protease
inhibitor a-antichymotrypsin with only 10-20% non-com-
plexed. Differential immunoassays demonstrate that the ratio
of free to total immunoreactive PSA is significantly reduced in
patients with prostatic cancer compared to those with benign
hypertrophy. In the PSA range 4-20 g/l associated with early
stage disease, a free/total PSA ratio cut off of 0.18 leads to
diagnosis with a specificity of 95% and a sensitivity of 71%
[25]. These figures are obviously superior to conventional
PSA screening results, and it will be interesting to prospec-
tively assess the value of this method in conjunction with
DRE in screening both normal and symptomatic populations.
Hopefully, by the time the results are available from the
clinical trials currently in progress in the U.S.A. and Europe,
we will have more information on how best to manage patients
with early stage asymptomatic prostate cancer.

. OPCS, 1993. Mortality Statistics. Cause HMSO, 1995.
. Holund B. Latent prostatic cancer in a consecutive autopsy series.
Scand ¥ Urol Nephrol 1980, 14, 29-35,

3. Scott R, Mutchnik DL, Lajkowski TZ, Schmalhorst WR. Cancer
of the prostate in elderly men; incidence, growth characteristics
and clinical significance. ¥ Urol 1969, 101, 602-607.

4. Stamey TA, Kabalin JN. Prostate specific antigen in the diagnosis
and treatment of adenocarcinoma of the prostate. I. Untreated
patients. ¥ Urol 1989, 141, 1070-1075.

5. Baum M. Screening or breast cancer, time to think . . . and stop?
Lancer 1995, 346, 436-437.

6. Mettlin C, Jones G, Averette H, er al. Defining and updating
the American Cancer Society Guidelines for the cancer-related
checkup. CA Cancer ¥ Clin 1993, 43, 42-46.

7. Smith DS, Catalona WJ. Interexaminer variability of digital rectal
examination in detecting prostate cancer. Urology 1995, 45, 70—
74.

8. Meulin G, Jones GW, Murphy GP. Trends in prostate care in
the United States 1974-1990: observations from the patient
care evaluation studies of the American College of Surgeons
Commission on Cancer. CA Cancer ¥ Clin 1993, 43, 83-91.

9. Lee F, Littrup PJ, Topr-Pedersen ST, et al. Prostate cancer:
comparison of transrectal US and digital rectal examination for
screening. Radiology 1988, 168, 389-394.

10. Carter HB, Hamper UM, Sheth S, e al. Evaluation of transrectal
ultrasound in the early detection of prostate cancer. ¥ Urol 1989,
142, 1008-1010.

11. Nadji M, Tabei SZ, Castro A, et al. Prostate-specific antigen an
immunohistological marker for prostatic neoplasms. Cancer 1981,
48, 1229-1232,

12, Catalona WJ, Smith DS, Ratliff TL, ez al Measurement of
prostate-specific antigen in serum as a screening test for prostate
cancer. N Engl ¥ Med 1991, 324, 1156-1161.

13. Palken M, Cobb OE, Warren BH, Hoak DC. Prostate cancer:
correlation of digital rectal examination transrectal ultrasound
and prostate specific antigen levels with tumour volumes in
radical prostatectomy specimens. ¥ Urol 1990, 143, 1155-1162.

14. Miller JI, Ahmann FR, Drach GW, et al. Clinical usefulness
of serum prostate specific antigen after hormonal therapy in
metastatic prostate cancer. ¥ Urol 1992, 147, 956-961.

15. Hudson MA, Bahnson RR, Catalona WJ. Clinical use of prostate
specific antigen in patients with prostate cancer. J Urol 1989, 142,
1011-1017.

16. Chauvet B, Felix-Faure C, Lupsacka N, er al. Prostate specific
antigen decline: a major prognostic factor for prostate cancer
treated with radiation therapy. ¥ Clin Oncol 1994, 12, 1402-1407.

17. Pearson JD, Carter HB. Natural history of changes in prostate

[\S



18.

19.

20.

21.

PSA and Prostate Cancer Diagnosis

specific antigen in early stage prostate cancer. ¥ Urol 1994, 152,
1743-1748.

Ercole CJ, Lange PH, Mathisen M, ez al. Prostate specific antigen
and prostatic acid phosphatase in the monitoring and staging of
patients with prostatic cancer. ¥ Urol 1987, 138, 1181-1184.
Parkes C, Wald NJ, Murphy P, et al. Prospective observational
study to assess value of prostate specific antigen as a screening
test for prostate cancer. Br Med ¥ 1995, 311, 1340-1343.

Smith DS, Catalona WJ. Rate of change in serum prostate specific
antigen levels as a method for prostate cancer detection. § Urol
1994, 152, 1163-1167.

Bangma CH, Kranse R, Blijenberg BG, Schroder FH. The value
of screening tests in the detection of prostate cancer. Part I
Results of retrospective evaluation of 1726 men. Urology 1995,
46, 773-778.

22.

23.

24,

25.

1099

Filella X, Molina R, Ballestra AM, ez al. Value of PSA in the
detection of prostate cancer in patients with urological symptoms.
Results of a multicentre study. Eur ¥ Cancer 1996, 32A, 1125-
1128.

Cooner WH, Mosley BR, Rutherford CL, er al. Prostate cancer
detection in a clinical urological practice by ultrasonography,
digital rectal examination and prostate specific antigen. ¥ Urol
1990, 143, 1146-1152.

Gann PH, Henekens CH, Stampfer MJ. A prospective evaluation
of plasma prostate-specific antigen for detection of prostatic
cancer. ¥AMA 1995, 273, 289-294.

Christensson A, Bjork T, Nilsson O, e al. Serum prostate specific
antigen complexed to alpha-I antichymotrypsin as an indicator of
prostate cancer. ¥ Urol 1993, 150, 100-105.



