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Screening for prostate cancer using prostate-specific
antigen (PSA) remains controversial.1 Persuasive evi-
dence exists that the PSA test can detect disease many

years before symptoms will occur2 and that the rate of ad-
vanced disease has decreased among screened men.3 Autopsy
studies show that occult prostate cancer is common,4 so the
potential exists for diagnosis of clinically unimportant dis-
ease. Because complications associated with the treatment of
prostate cancer by either radiotherapy5 or radical prostatec-
tomy6 can be significant, the detection and treatment of clin-
ically unimportant disease will cause harm. To date, the re-
sults of only 1 clinical trial of PSA screening have been
reported, and they indicated a reduction in prostate cancer
mortality.7 However, the analysis was not based on random-
ized assignment, and re-analysis according to group assign-
ment showed no effect on mortality.8 In the absence of com-
pelling evidence, differing guidelines on PSA screening have
developed: some favour screening,9 some recommend pro-
viding information to patients so that they can make the de-
cision,10 and some recommend against screening.11

Considerable evidence exists that PSA screening is being
adopted, albeit unevenly, across Canada. A study in On-
tario12 found that 63% of PSA tests in men without diag-
nosed prostate cancer were for screening. Analysis of
prostate cancer incidence in Canada shows that the rate in-
creased by about 60% between 1980–1985 and 1990–
199513 and that this increase was, in part, due to PSA screen-
ing.14 Regions of the United States have displayed similar
secular trends earlier, with increases exceeding 100%, and
the pattern observed is compatible with a screening-related
harvesting effect.15 Similar trends have been noted in other
jurisdictions, and speculation has occurred about the impact
of PSA screening on the decline in mortality.16 Studies of
prostate cancer trends in different jurisdictions have pro-
vided data supporting17 and questioning18–21 a causal link.

The objective of our study was to examine what relation,
if any, exists between regional declines in prostate cancer
mortality in British Columbia and prior increases in
prostate cancer incidence within those regions. Change in
incidence was considered a surrogate for PSA screening.
We considered incidence and mortality during 1985–1999
and focused on men aged 50–74 years (the group most fre-
quently considered for screening).
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Abstract

Background: The rate of death from prostate cancer has re-
cently declined in many areas of the world. Over the past
15 years prostate-specific antigen (PSA) screening has in-
creased in popularity, which has resulted in increases in the
incidence of prostate cancer. Over the same period there
have been changes in the management of the disease and,
in particular, the use of androgen ablation. We set out to ex-
amine the relation between changes in prostate cancer inci-
dence (a surrogate for PSA screening) and subsequent
changes in mortality in regions using common treatment
recommendations.

Methods: We used data from prostate cancer cases and deaths
reported to the British Columbia Cancer Registry during
1985–1999 to examine trends in incidence and mortality in
88 small health areas (SHAs) among men aged 50–74 years.
We conducted 2 analyses. In the first we classified the SHAs
by intensity of PSA screening (low, medium or high) accord-
ing to their ranked age-standardized incidence rate of
prostate cancer in 1990–1994 and examined subsequent
trends in prostate cancer mortality. In the second analysis we
examined the SHA-specific relative change in prostate can-
cer incidence between 1985–1989 and 1990–1994 and cor-
related it with the relative change in mortality for cases diag-
nosed after 1990.

Results: Between 1985–1989 and 1990–1994 the incidence of
prostate cancer increased by 53.2% and 14.6% among men
aged 50–74 and those 75 and over respectively. Between
1985–1989 and 1995–1999 prostate cancer mortality de-
clined by 17.6% and 7.9% in the 2 age groups respectively.
Among men aged 50–74 years SHAs with low, middle and
high levels of screening had respective increases in prostate
cancer incidence of 5.4%, 53.6% and 70.5% between
1985–1989 and 1990–1994. Corresponding decreases in mor-
tality between 1985–1989 and 1995–1999 were 28.9%,
18.0% and 13.5%. Mortality declines were greatest in SHAs
with low screening levels (p = 0.032). Before 1990 prostate
cancer mortality was similar in the 3 screening groups (p =
0.72). Regions with the smallest increases in incidence had the
largest declines in mortality.

Interpretation: We found no association between the intensity
of PSA screening and subsequent decreases in prostate can-
cer mortality.
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Methods

We obtained data from the British Columbia Cancer Registry
on all notifications of prostate cancer (International Classification
of Diseases for Oncology, first edition22 [ICD-O-1] code C61 ex-
cluding sarcomas, leukemias, lymphomas and melanomas) during
1985–1999. Information abstracted included patient identification
number, date of birth, date of diagnosis, histology code, postal
code of residence at diagnosis, vital status and, if appropriate, date
of death, cause of death and postal code at death. Demographic
information was obtained from the Health Data Warehouse,
British Columbia Ministry of Health, which provides inter-census
estimates of population sizes and age and sex distribution for
British Columbia and its regions. We gathered this information
for small health areas (SHAs), the 88 regions used for the plan-
ning and delivery of educational and health care services.

Age-standardized incidence and mortality were calculated us-
ing 5-year age intervals and the 1991 Canadian population as
standard. Prostate cancer notifications were assigned to SHAs ac-
cording to the patient’s postal code at diagnosis or death, depend-
ing on the analysis. Cases with missing postal codes were not in-
cluded in the SHA-based analysis but were included in the
province-wide calculations.

In the first analysis we classified SHAs by in-
tensity of PSA screening (low, medium or high)
according to their ranked age-standardized inci-
dence rate of prostate cancer during 1990–1994
among men aged 50–74 years. We made statistical
comparisons of rates by assuming the observed
number of events followed a Poisson distribution23

with common relative risk for each of the 5-year
age intervals. Tests of significance and estimation
of parameters were performed using the method of
maximum likelihood.

In the second analysis we examined prostate
cancer mortality during 1995–1999 among men
aged 50–74 in 1990–1994 by SHA of residence at
diagnosis. SHA-specific incidence and mortality
in 1985–1989 were included in the analysis to
permit adjustment for pre-existing regional dif-
ferences in these rates. We assumed fixed effects
for the following covariates: SHA (separately for
incidence and mortality), period (separately for
incidence and mortality), age (separately for inci-
dence and mortality by 5-year age groups) and an
interaction term between SHA and period that
was assumed to take the same value for both inci-
dence and mortality components except for a
multiplier, d. The d multiplier measures the
strength of the relation between the relative
change in incidence in an SHA (from 1985–1989
to 1990–1994) and the relative change in mortal-
ity (from 1985–1989 to 1995–1999) after con-
trolling for overall age, and temporal and pre-
existing regional differences in incidence and
mortality. A negative value for d would indicate
that PSA screening in 1990–1994 resulted in
mortality declines in 1995–1999. A positive value
for d would indicate that regions with the small-
est increases in incidence (lowest PSA screening
level) had the greatest declines in mortality and
thus no beneficial effect of screening.

Results

Table 1 provides a breakdown of the data available for
analysis as well as summary information on the data ana-
lyzed and the distribution of SHAs. In total, there were
32 745 cases of prostate cancer and 6592 deaths from the
disease. We excluded 261 cases and 19 deaths involving
men younger than 50. Of the remainder, 439 cases (1.4%)
and 62 deaths (0.9%) had missing postal codes and thus
were not included in the SHA-based analysis.

The relative values of age-standardized incidence and
mortality from 1985 to 1999 (with 1985 = 1.0) are pre-
sented in Fig. 1 for the age groups 50–74 and 75 and over.
During 1990–1994 the incidence of prostate cancer in the
50–74 age group increased more rapidly than during
1985–1989 (peaking in 1993) and then declined, but still
remained at levels exceeding those of 1985. In the group
aged 75 and over, the incidence in 1995–1999 was slightly
lower than in 1985. Between 1985–1989 and 1990–1994
the incidence rate increased by 53.2% among men aged
50–74 and by 14.6% among those aged 75 and over. Con-
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Table 1: Distribution of prostate cancer cases and population sizes in British
Columbia from 1985 to 1999

Study period

Variable 1985–1989 1990–1994 1995–1999 All

No. of prostate cancer
cases by age, yr

< 50      31 82 148 261
50–74 4 519 7 895 8 239 20 653

≥ 75 3 180 4 593 4 058 11 831

All 7 730 12 570 12 445 32 745
No. of prostate cancer
deaths by age, yr

< 50       5         6         8        19
50–74    750      831      796   2 377

≥ 75 1 155   1 458   1 583   4 196

All 1 910   2 295   2 387   6 592
No. of patients with
missing postal code

Cases    104      131     204      439
Deaths      10        35       17        62

Age distribution of BC male
population (1000s)

< 50 1 151   1 301   1 449     –
50–74    319      361      422     –

≥ 75      58        71        85     –

All 1 528   1 734   1 956     –
No. of SHAs by size of male
population aged ≥ 50 yr

< 5 000       25        24       19     –
  5 000–9 999      16        16       18     –
10 000–24 999      20        18       20     –

≥ 25 000      27        30       31     –

Note: SHA = small health area.



versely, mortality was quite stable throughout 1985–1989
and 1990–1994 for both age groups, but then declined in
1995–1999. Between 1985–1989 and 1995–1999 the mor-
tality rate declined by 17.6% and 7.9% among men aged
50–74 and those aged 75 and over respectively.

Changes in the incidence and mortality of prostate can-
cer for the 50–74 age group varied regionally (Fig. 2). The
age-standardized incidence rates for the SHAs according to
intensity of PSA screening are presented in Table 2 for the
3 study periods. The differences in incidence rates between
the low-, medium- and high-level screening groups in each
period were statistically significant (p < 0.001 for each pe-
riod). The change in incidence rates between 1985–1989
and 1990–1994 for each screening group had the following
p values: p = 0.14 (low screening level), p < 0.001 (medium)
and p < 0.001 (high). Table 2 also provides the age-
standardized mortality for the 3 screening groups in the
same study periods, where location was determined by the
postal code on the death certificates. The overall decline in
mortality between 1985–1989 and 1995–1999 was statisti-
cally significant (p < 0.001). The differences in mortality
between the screening groups in each period had the fol-
lowing p values: p = 0.72 (1985–1989), p = 0.50 (1990–1994)
and p = 0.04 (1995–1999). The change in mortality be-
tween 1985–1989 and 1995–1999 for each screening group
had the following p values: p < 0.001 (low screening level),
p = 0.011 (medium) and p = 0.07 (high). 

The second analysis, in which we used Poisson regression
to examine the relation between relative change in incidence
and relative change in mortality, resulted in an estimated
d value of 0.68 (95% confidence interval [CI] 0.15 to 1.21).
This finding indicates a positive relation between increased
screening use and smaller-than-average reductions in mor-
tality. Restricting the same analysis to SHAs in which there
were 10 or more deaths during 1985–1989 altered the esti-
mated value of d to 0.48 (95% CI –0.06 to 1.02).

Interpretation

We found that the incidence of prostate cancer in
British Columbia changed over the study period in line
with changes seen elsewhere in North America. We also
found that these changes were not uniform, with some
SHAs showing large increases in incidence and others
showing little change. The differences were statistically
significant, which indicated that the observed changes
were more than could be attributed to chance given the
overall trends seen in the population. These findings are
compatible with the detection of preclinical prostate can-
cer through PSA screening. We also saw a decline in mor-
tality in the last period of our study, again in line with
changes observed in other jurisdictions. We found no evi-
dence that the increase in incidence was related to a de-
cline in mortality, as would be expected if screening was a
major cause of both effects. This study confirms the find-
ing of other population-based studies that there is no evi-
dence of a relation between community PSA screening
and the observed decline in prostate cancer mortality.18–21

In fact, we found a significant link between relative in-
creases in incidence and lesser declines in mortality (since
d was greater than 0), as has been reported elsewhere.21 In
non-screening situations, one would expect increases in in-
cidence to be accompanied by subsequent increases in
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Fig. 1: Relative change (1985 = 1.0) in age-standardized inci-
dence and mortality of prostate cancer in British Columbia
from 1985 to 1999 among men aged 50–74 and among those
75 and older.
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divided by rate in 1985–1989) plotted against the ratio of age-
standardized mortality (rate in 1995–1999 divided by rate in
1985–1989) among men aged 50–74 years in the small health
regions (SHAs) in British Columbia. (Values are shown for the
75 SHAs whose values could be plotted on the logarithmic
scales.) SHAs with 10 or more deaths from prostate cancer in
1985–1989 are represented by black sqaures; all other SHAs
are represented by white squares. The dotted lines indicate
provincial averages.
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mortality, so such a relation is to be expected in the ab-
sence of a beneficial screening effect.

There are several possible reasons why we found no
beneficial effect of PSA screening on prostate cancer mor-
tality. First, we had no data on utilization of PSA screening
and instead used change in prostate cancer incidence as a
surrogate measure. Historical trends in prostate cancer
among men aged 50–74 in British Columbia indicate that
incidence rates would be expected to increase by about
18% over 5 years; however, a 53% increase was observed
between 1985–1989 and 1990–1994. Screening with
modalities whose objective is the detection of occult cancer,
such as the PSA test, do bring about changes in cancer inci-
dence and these are proportional to the amount of screen-
ing.24 Given the magnitude of changes in prostate cancer
incidence, the consistency with observations in other juris-
dictions and their relation to PSA use, and the anecdotal
evidence of awareness of PSA testing in the public and the
medical profession in British Columbia, it seems reasonable
to conclude that observed changes in incidence in the
province are largely attributable to PSA use.

Second, although the differences in incidence among
SHAs were statistically significant in 1990–1994, the magni-
tude of these differences may have been small compared
with random variations among regions because of their
small size. However, when we repeated the Poisson regres-
sion analysis using only larger regions (SHAs with ≥ 10
deaths) we found that the parameter d did not change signif-
icantly and remained incompatible with a beneficial screen-
ing effect. If differences in observed rates among SHAs were
purely random and not due to any systematic differences in
screening intensity, then we would expect the incidence in
1990–1994 to be 29% higher in the high-level screening
group than in the low-level screening group. However, the
observed rate was 79% higher, which indicated that about
50% of the observed difference was likely due to PSA
screening. For comparison, data from a trial of colorectal
cancer screening by fecal occult blood tests25 showed that af-
ter 5 years the incidence rate was about 30% higher in the
screened group (annual compliance rate of 50%–70%) than
in the control group. Although it is difficult to compare dif-
ferent screening modalities and diseases because of different
sojourn times (the time in the screen-detectable preclinical

disease state), it does appear that there were real differences
in PSA screening activity between the SHAs. Comparing
groups in 1995–1999, we found that the mortality in the
high-level screening group was 31% greater than the rate in
the low-level screening group (Table 2), a difference similar
in magnitude to the 29% difference expected from the man-
ner in which the groups were selected.

Third, death from prostate cancer frequently occurs
many years after diagnosis, and consequently the magnitude
of the death rate depends on the number of cases diagnosed
many years previously. When analyzing the effect of PSA
screening, which became prevalent in the early 1990s, it is
important to exclude deaths from cancer diagnosed before
this time. Of the 2387 deaths from prostate cancer in
1995–1999, 558 (23%) involved men whose cancer was di-
agnosed before 1990. However, exclusion of these deaths in
the regression analysis did not result in any qualitative dif-
ference in findings from those using overall incidence and
mortality (i.e., no evidence of a beneficial relation).

Fourth, treatment may be confounded with screening,
and it is possible that patients with screen-detected disease
are not treated as adequately as those who present with
symptoms. The British Columbia Cancer Agency has pub-
lished guidelines for the management of cancer for over 25
years. Previous studies have shown that there is a higher
consistency in the use of systemic and radiotherapeutic ap-
proaches to cancer management in British Columbia than
in some other parts of Canada.26 This consistency is attrib-
utable both to the existence of these guidelines and to the
centralized nature of much cancer management in the
province. Therefore, we believe it unlikely that variation in
patient treatment confounded our findings.

Finally, the elapsed time between the changes in prostate
cancer incidence (and PSA screening) may be insufficient to
result in measurable changes in prostate cancer mortality.
Changes in mortality in screening trials do not occur until
several years after the initiation of screening. The magni-
tude of the time lag between the initiation of screening and
the creation of a mortality effect depends on the way in
which the screening modality works and the distribution of
the extent of disease in the population. Screening methods
that rapidly reduce a large burden of metastatic disease will
have the most immediate effects on mortality.
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Table 2: Age-standardized* incidence and mortality of prostate cancer among men aged 50–74 years by intensity of PSA screening

Age-standardized incidence
per 100 000

Age-standardized mortality
per 100 000Screening

intensity† (and
no. of SHAs) 1985–1989 1990–1994 1995–1999

% increase from
1985–1989 to
1990–1994 1985–1989 1990–1994 1995–1999

% decrease from
1985–1989 to

1995–1999

Low (30) 274.9 289.8 340.7   5.4 45.4 46.7 32.3 28.9
Medium (29) 271.9 417.6 400.8 53.6 49.0 44.0 40.2 18.0
High (29) 308.3 525.8 445.2 70.5 49.0 48.1 42.4 13.5

Overall 286.9 439.3 407.7 53.2 48.4 46.7 39.9 17.6

Note: SHA = small health area, PSA = prostate-specific antigen.
*Age-standardized to the 1991 Canadian population aged 50–74.
†Intensity of PSA screening classified according to ranked age-standardized incidence rate of prostate cancer among men aged 50–74 in 1990–1994.
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In conclusion, we believe that, given the evidence pre-
sented here and general considerations about the way can-
cer screening works, it is unlikely that the reductions seen
in prostate cancer mortality in British Columbia in the late
1990s were due to PSA screening.
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