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BACKGROUND. The 46,193 men aged 45 to 80 years registered in the electoral roll of Quebec
City and its Metropolitan area were randomized in November 1988 between screening and no
screening in a study aimed of assessing the impact of prostate cancer screening on cause-
specific death.

METHODS. At first visit, screening included measurement of serum prostatic specific anti-
gen (PSA) using 3.0 ng/ml as upper limit of normal and a digital rectal examination (DRE).
Transrectal echography of the prostate (TRUS) was performed only if PSA and/or DRE was
abnormal and biopsy was then done, only if PSA was above the predicted PSA value. At
follow-up visits, PSA alone was used as prescreening.

RESULTS. 137 deaths due to prostate cancer occurred between 1989 and 1996, inclusively, in
the 38,056 unscreened men while only 5 deaths were observed among the 8,137 screened
individuals. The prostate cancer death rates during the eight-year period were 48.7 and 15 per
100,000 man-years in the unscreened and screened groups, respectively, for a 3.25 odds ratio
in favor of screening and early treatment (P < 0.01).

CONCLUSIONS. If PSA screening is started at the age of 50 years (or 45 years in the higher
risk population), annual or biannual PSA alone is highly efficient to identify the men who are
at high risk of having prostate cancer. Coupled with treatment of localized disease, this
approach demonstrates, for the first time, that early diagnosis and treatment permits a dra-

matic decrease in deaths from prostate cancer. Prostate 38:83-91, 1999.
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INTRODUCTION

Prostate cancer is the second cause of cancer death
in men in the Western world and its medicosocial im-
pact is comparable to that of breast cancer in women.
In fact, it is predicted that 39,200 men will die from
prostate cancer in the United States in 1998 while only
11% more deaths, namely 43,500, are predicted for
breast cancer during the same time period [1]. Despite
progress in the treatment of advanced or metastatic
prostate cancer [2-7], it is well recognized that the
only possibility of a significant reduction in prostate
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cancer death is treatment of localized disease. It is
reasonable to assume that the recently observed de-
crease in deaths from prostate cancer [8] is due to
earlier diagnosis with serum PSA [9-11] and transrec-
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tal echography of the prostate [12] coupled with im-
proved treatment of localized disease by surgery, ra-
diotherapy, brachytherapy and endocrine therapy
[13-19].

Proof of the potential benefits of screening and
treatment of localized prostate cancer can only be ob-
tained from prospective and randomized studies com-
paring the incidence of death from prostate cancer in
a group of men screened and treated early with a par-
allel group of men receiving standard medical care.
Accordingly, the goals of the Laval University Prostate
Cancer Screening Program (LUPCSP) started in No-
vember 1988 were the following;:

1. Evaluate the efficacy of the available screening tests
[10,11]

2. Optimize the use of the screening tests in the gen-
eral population for detection of localized disease
(11]

3. Estimate the cost of screening at first [10] and fol-
low-up visits

4. Assess the impact of screening on prostate cancer
mortality

5. Predict the life years gained by early diagnosis and
treatment.

While the data pertaining to the first three objectives
have already been obtained [10,11], the present report
describes the most awaited results, namely the effect
of screening on the incidence of prostate cancer death.

PATIENTS AND METHODS

The prospective randomized and controlled pros-
tate cancer detection study included all the men aged
from 45 to 80 years registered in the 1985 electoral rolls
of the 9 constituencies of the metropolitan area of Qué-
bec City who were traceable in the Quebec provincial
health registries in November 1988, at the start of the
study. The 46,193 men were randomly allocated either
to the group invited by letter for annual screening or
to the control unscreened group at a ratio of 2:1 in
favor of screening. The unequal group size was in-
tended to compensate for the expected lower atten-
dance rate mainly related to the lack of awareness
regarding prostate cancer in the target population. The
age and the constituency (i.e. the location) were used
for stratification to balance possible differences in the
sociodemographic factors between groups. Men in the
control unscreened group were followed according to
current medical practice. To minimize bias, no public
announcement was made through the media. Men
with a diagnosis of prostate cancer before November
15, 1988 were not eligible. Men who had previous
screening and were referred to our clinic for consul-
tation were not eligible. Death from prostate cancer

was the primary end-point. The study was approved
by the Institutional review board of Laval University.

At first visit, participants had measurement of se-
rum prostatic specific antigen (PSA) and underwent
digital rectal examination (DRE). These two tests were
performed independently. Transrectal ultrasonogra-
phy of the prostate (TRUS) was performed only in
cases with positive PSA (> 3.0 ng/ml) and/or abnor-
mal DRE, except for the first 1002 men who all had the
three procedures, as previously described [10,11].

At follow-up visits, TRUS was done if serum PSA
had increased above 3.0 ng for the first time. In cases
where PSA was already above 3.0 ng/ml at previous
visit, TRUS was performed only if PSA had increased
by more than 20% compared with the value measured
one year earlier (the interassay coefficient of variation
[c.v.] being 9.6%, 10% was accepted as a possible in-
crease attributable to the interassay [c.v.]) or if the
measured PSA (mPSA) had increased by 10% or more
over the predicted PSA (prPSA) calculated at a previ-
ous visit (prostate volume x 0.12) [20,21]. Serum
samples were taken before DRE and TRUS for mea-
surement of PSA by immunoradiometric assay (Tan-
dem-R PSA, Hybritech Incorporated).

TRUS-guided biopsies were performed with the au-
tomatic Biopty system (Bard Urological, Covington,
GA) and an 18-gauge needle as described [10,20,22].
TRUS-guided biopsy was performed if an hypoechoic
image was seen, if the mPSA was above prPSA or if
DRE was abnormal. In cases of negative biopsies at
previous visits with mPSA above prPSA, the fre-
quency of follow-up biopsies was at the judgment of
the radiologist and clinician. Six sextant biopsies were
performed only in 149 men with normal TRUS evalu-
ation because of either abnormal DRE or mPSA
greater than pr PSA.

Evaluation of the impact of screening is based upon
comparison of the incidence rate of death from pros-
tate cancer between the two groups. The information
on cause-specific death was obtained from the Death
Registry of the Health Department of the Province of
Quebec. This analysis covers the period from January
1, 1989 to December 31, 1996. The annual incidence
rate of cause-specific mortality is reported as the num-
ber of deaths per 100,000 person-years. For the men
screened, the duration of exposure to the intervention
is calculated from the date of their first visit at the
screening center up to the end of 1996, regardless of
their compliance to follow-up screening visits and of
the treatment received if cancer was diagnosed.
Analysis is thus made on an intent-to-treat basis from
the time of enrollment. For those in the control un-
screened group, the period of exposure is calculated
from the date of initiation of the trial, i.e. November
15, 1988. Duration of exposure to screening or to cur-
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Fig. 1. Trial profile of the Laval University Prostate Cancer Screening Program (November 15, 1988 to December 31,1996). m-y,

man-years; age, mean * standard deviation.

rent medical practice is thus normalized by dividing
the number of cause-specific deaths by the number of
person-years. The number of years of exposure in both
groups was also adjusted for all other causes of death
according to the life table of the Province of Quebec
[23] and age distribution in each group. Prostate can-
cer diagnosed prior to November 15, 1988 was an ex-
clusion criteria that was assessed using the Quebec
Tumor registry (Health Department of the Province of
Quebec).

Comparisons of the annual incidences of death
were performed using two-sided Fisher’s exact [24]
and Barnard’s [25,26] tests. All results obtained with
Barnard’s test agree with the conclusions of the Fish-
er’s exact test. Another test evaluated if compliance to
the randomization had an impact on the outcome.
Two 2 x 2 tables were thus constructed, the first 2 x 2
table including only the invited and screened men vs.
the unscreened non-invited controls, while the second
one included the non-invited men who were screened
vs. the invited men who did not respond and were
thus not screened. The two tables were tested for the
homogeneity of the odds-ratios according to Breslow
and Day [27].

Intent-to-screen analysis was also performed to es-
timate the relative risk of prostate cancer death be-
tween the invited and non-invited men, according ex-
clusively to the initial groups randomized. Since this

type of assessment includes all men according to the
initial randomization, no men were excluded, irre-
spective of compliance to randomization, prior diag-
nosis of prostate cancer, or referral for suspicion of
prostate cancer. In other words, all men who were
invited for screening were analyzed in the screened
group even if only 23.1% of them were, in fact,
screened. The unscreened group, on the other hand,
included all men originally randomized to this group
of which 6.5% were screened. The impact of early
screening and treatment on cause-specific death was
estimated following adjustment of the relative risk for
non-compliance and contamination [28].

Statistical significance was declared for type one
error rate below 5%.

RESULTS

Of the 46,193 eligible men aged between 45 and 80
years included in the study started in 1988, 30,956
were invited by letter to be screened for prostate can-
cer while 15,237 were allocated to the control un-
screened group. Figure 1A shows the breakdown of
these numbers according to original randomization
and participation to screening. In the invited group,
7,155 (23.1%) eligible men were screened at our pros-
tate clinic from November 15, 1988 through December
31, 1996. On the other hand, 982 men (or 6.5% of the
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initial control group of 15,237) presented at the clinic
for screening, despite being not invited by letter, and
had to be withdrawn from the original control group.
The age at entry into the study within the 4 different
subgroups is comparable with a slightly younger
mean age in the not invited /not screened group.

Four out of the 7,155 men who responded to the
invitation for screening died from prostate cancer,
while 44 of the 14,255 unscreened men died. The ex-
posures in the screened and unscreened control
groups are 29,097 and 105,852 man-years, respectively.
Thus, over the 8-year period, the annual cause-specific
death rate incidences are 13.7 and 41.6 per 100,000
man-years in the screened and control unscreened
groups, respectively (P = 0.02). The prostate cancer
death rate incidence is thus 67.1% lower in men of the
screened group.

Several other tests were performed on the basis of
the eligible cases in order to assess any possible lack of
homogeneity that might be related to the lack of com-
pliance to initial randomization. The men who were
invited but did not come to our clinic for screening
were first compared to the unscreened controls (Fig.
1Ad vs. 1Ab). Ninety-three prostate cancer deaths
were recorded in the 23,801 men who did not respond
to the invitation, for a total number 175,600 man-years.
This translates into an annual death rate of 53.0/
100,000 man-years compared to 41.6/100,000 man-
years in the unscreened men who were not invited (P
= 0.22). Thus, among men who were not screened, no
difference in prostate cancer death can be detected
between the group of men who were not invited for
screening (original control group) and were not
screened and the group of men who were invited for
screening but were not screened. On the other hand,
among the originally invited men, comparison of the
incidence rates of death between the screened (Fig.
1Aa) and the unscreened (Fig. 1Ad) men reveals a
highly significant effect of screening (odds ratio = 3.85,
P < 0.01). Finally, the odds ratio of the two 2 x 2 tables
of men who complied with initial randomization (Fig.
1Aa and 1Ab) and those who did not (Fig. 1Ac and
1Ad) are not statistically different (P = 0.57). It can
thus be concluded that there is no significant relation-
ship between the randomly assigned invitation and
the observed incidence rates of death from prostate
cancer, screening being the only significant determi-
nant factor of the outcome.

According to the results of the above-described
analyses, the subpopulations of screened (Fig. 1Aa
and 1Ac) and unscreened (Fig. 1Ab and 1Ad) men can
be pooled, regardless of the initial treatment alloca-
tion. Among the 38,056 men who were not screened,
137 deaths from prostate cancer occurred for an an-
nual death rate of 48.7/100,000 man-years while only

5 deaths were found in the 8,137 men enrolled in the
screening program for an annual incidence rate of
15.0/100,000 man-years. The death rate is thus 3.25-
fold or 69.2% lower in the screened men (P < 0.01).

Since a limitation of screening studies is the high
percentage of men who do not respond to the invita-
tion to be screened, it is also of interest to analyze the
data on an intent-to-screen basis (Fig. 1B), without
consideration to the fact that 76.9% of the men in the
group originally randomized for screening were not
screened. Of the 46,732 men aged between 45 and 80
years, 73 and 140 deaths due to prostate cancer oc-
curred in the 15,432 and 31,300 men that were origi-
nally randomly assigned to the non-screened (i.e., not
invited) and screened (i.e., invited) group, respec-
tively. Figure 1 provides the breakdown of the initial
allocation of the subjects into the compliant, non-
compliant and contamination subgroups along with
the corresponding numbers of deaths from prostate
cancer and the ineligible men in each of the 4 sub-
groups. It can be seen in Figure 1 that 1.08% and 1.14%
of men were ineligible (prior prostate cancer diagnosis
or referral to our clinic for suspicion of prostate can-
cer) in the invited screened men (Fig. 1Aa) and unin-
vited unscreened control (Fig. 1Ab) men, respectively.
Such data indicate the similarity of the two groups.
When all men actually screened and unscreened are
pooled, 1.32% and 1.12% of men were ineligible, re-
spectively. The somewhat higher rate of ineligibility in
the total screened group can be explained by the non
invited men who came to the clinic following diagno-
sis of prostate cancer or had suspicion of the disease.
This leads to a contamination effect of the screenees,
an effect which is analyzed below according to Cuzick
et al. [28].

The intent-to-screen analysis with 23.1% of men ac-
tually screened shows a 6% decrease of the prostate
cancer death rate in favor of the group of men who
were initially invited to be screened. This 6% differ-
ence is obtained despite a non compliance of 76.9%
and a contamination of the uninvited men of 6.6%.
When the difference observed between the random-
ization groups is adjusted for such non compliance
and contamination, the effect of screening is estimated
to reduce death from prostate cancer by 54 and 100%,
respectively. The analysis, presented above, of a 69%
benefit associated with screening is thus well sup-
ported by the results of the intent-to-screen analysis.

The prevalence of prostate cancer at first visit was
3.00% and the average annual incidence was 0.52%
over the 8 years of follow-up (Table 1). As can also be
seen in Table 1, 8.4% of cancers were at the metastatic
stage at first visit. Most interestingly, none of the 123
prostate cancers diagnosed during the 23,423 follow-
up visits was clinically metastatic, thus confirming
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TABLE I. Prostate Cancer Diagnosis in the Screened
Cohort Between November 15, 1988 and
December 31, 1996

Visit
1% Follow-up
Clinical stage n (%) n (%)
A2 1 (0.4)
A3 2 (0.8)
BO 15 (6.4) 21 (17.9)
B1 86 (36.4) 63 (53.9)
B2 69 (29.2) 22 (18.8)
C1 28 (11.9) 10 (8.5)
Cc2 20 (8.5) 1 0.8)
D1 3 (1.3)
D2 12 (5.1)
N/A 8 — 6 —
Total 244 123
# Visits 8137 23423
Ratio
Diagnosis/ Visit 3.00% 0.52%

that the diagnostic procedures used practically elimi-
nate the diagnosis of metastatic prostate cancer [11].

Four out of the five deaths in the screened group
were in men diagnosed at their first visit. The fifth
man who died from prostate cancer was not seen at
our clinic after his first follow-up visit and was diag-
nosed in another institution. Of these five deaths in the
screened group, one was diagnosed at clinical stage
D2, one at stage C2 who was later identified as a D1
after radical prostatectomy while a third one was di-
agnosed at stage C2 and failed radiation therapy, with
a nadir PSA at 29 ng/ml. The two other patients were
staged elsewhere.

As illustrated in Table 2, the distribution of prostate
cancer deaths in our unscreened population is similar
to that of the general population of men within the
same ranges of ages in the total population of the
province of Québec. In fact, while 237.5 deaths were
expected during the study period in the control un-
screened cohort, 202 deaths did in fact occur when
including 65 deaths from patients who were diag-
nosed with prostate cancer before November 15, 1988
and died during the study period ending on Decem-
ber 31, 1996. Such data eliminate the hypothesis of a
particularly high death rate from prostate cancer in
the control group.

If the screened cohort had behaved as the un-
screened group, a total of 171 expected remaining
years of life would have been lost as compared to an

actual 53 years, thus leading to a 3.2 fold reduction in
the prostate cancer-specific loss of years of life during
the duration of the study (Table 3).

Among the 367 patients diagnosed with prostate
cancer, 339 (92%) were followed at our clinic, at least
for their initial treatment (Table 4). Radical prostatec-
tomy or radiation therapy was performed in 155 (46%)
and 109 (32%) men, respectively, either alone or in
association with combined androgen blockade. Hor-
monal therapy alone has been received by 50 (15%)
patients. Altogether, 70.5% of all patients received
combined androgen blockade during their initial treat-
ment.

DISCUSSION

This first randomized and prospective study on
prostate cancer screening shows a 69% decrease in the
incidence of deaths due to prostate cancer in the
screened compared to the unscreened populations.
Ten years after the start of this screening study, the
present data clearly demonstrate the efficacy, reliabil-
ity, feasibility, and acceptability of diagnosis and treat-
ment of localized prostate cancer in the general popu-
lation. The data obtained in this study permit, for the
first time, to inform men of the estimated risk of death
from prostate cancer if not screened and not treated
early. Knowing the medical benefits of a screening
program, it is now a matter of medical policy and
ethics to create the appropriate conditions which will
allow the general population of men to benefit from
this new information. It thus seems appropriate to
briefly comment the algorithm of prostate cancer
screening recommended for the general population.

We would like to insist that the upper limit of nor-
mal of serum PSA should be 3.0 ng/ml and not 4.0
ng/ml (as measured by the Hybritech assay or its
equivalent). It should be remembered that the cut-off
value of 3.0 ng/ml is the only value scientifically dem-
onstrated to provide optimal sensitivity and specific-
ity to the PSA test [10,29]. In fact, the still commonly
used value of 4.0 ng/ml suggested by the manufac-
turer is empirical and not scientifically based. It
should be known that 11% and 18% of the smaller and
potentially most curable prostate cancers are missed
when a cut-off value of 4.0 ng/ml is used instead of 3.0
ng/ml at first and follow-up visits, respectively [11].

Another observation of practical importance is the
relative value of digital rectal examination (DRE) and
PSA measurement for the diagnosis of prostate cancer.
At first visit, where both PSA and DRE were used,
14% of cancers were found by DRE in men having
normal PSA, thus indicating that men at first visit
should have both serum PSA measurement and DRE
[10,11] in order to avoid missing 14% of detectable
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TABLE Il. Prostate Cancer Death Incidence in the Province of Québec and in the
Unscreened Control Cohort Between 1989 and 1996*

Province of Québec

Unscreened control cohort

Actual Expected
Age Number of Number of number number of Number of
(yr) deaths men of deaths deaths men
45-49 41 209,100 1 1.1 5,439
50-54 113 166,300 13 4.6 6,830
55-59 292 161,300 8 12.2 6,748
60-64 649 144,000 28 28.6 6,342
65-69 989 115,800 44 45.2 5,259
70-74 1,192 79,700 45 61.8 4,124
75+ 1,519 61,500 63 84.0 3,611
Total 4,795 937,700 202 237.5 38,353

*Ages were calculated on July 1, 1989 to comply with the standard methods of Canadian popu-
lation registries. For the purpose of comparison with the general population, all unscreened
individuals of the original cohort are accounted for in this table, including those with a known
diagnosis of prostate cancer before the initiation of the study (November 15, 1988). The expected
number of deaths is estimated using the age-specific death rates from prostate cancer between

1989 and 1996 in the Québec overall population.

TABLE Illl. Prostate Cancer Death Incidence Rates in the Unscreened and the Screened Cohorts Between 1989

and 1996
Screened cohort
Unscreened control cohort
Age at Actual Expected®
initiation Death # deaths Death # deaths
of study Actual incidence (years of incidence (Lost expected
(Nov. 15, 1988) # deaths # men # man-years rate® life lost) # men # man-years rate® years of life)
45-49 2 6,374 50,800 39 0 1,656 6,245 0.0 0.05 (1.3)
50-54 12 6,743 53,083 22.6 0 1,929 7,645 0.0 1.91 (42.5)
55-59 7 6,691 51,548 13.6 0 1,897 8,062 0.0 0.76 (13.1)
60-64 23 6,229 46,439 49.5 0 1,440 6,152 0.0 3.07 (44.5)
65-69 29 4,982 35,366 82.0 3(34.8) 835 3,622 82.8 3.67 (45.1)
70-74 25 3,940 26,020 96.1 2 (18.6) 348 1,425 140.4 1.90 (17.6)
75+ 39 3,097 18,197 214.3 0 32 162 0.0 0.97 (7.0)
Total 137 38,056 281,452 48.7 5(53.4) 8,137 33,312 15.0 12.3 (171.1)

“Deaths /100,000 man-years.

PThe expected number of deaths is estimated using the age-specific death rates of the unscreened control cohort applied to the screened

cohort.

cancers. At follow-up visits, however, only 3% of can-
cers were found by DRE in men having normal PSA
[11]. Accordingly, approximately 5,000 DREs were re-
quired to diagnose one case of prostate cancer, thus
strongly arguing against the routine use of DRE at
follow-up visits. It thus seems reasonable to suggest
that PSA measurement alone, performed once a year
or once every second year should be used at follow-up
visits in the general population. Screening once every
second year or biannually should be for men having
serum PSA < 2.0 ng/ml, a recommendation which
applies to 70% of the population of men aged 50 years

or more (11) while men having a serum PSA of 2.0
ng/ml or above should have their serum PSA mea-
sured annually (Fig. 2).

The approach used in the present study, while be-
ing highly efficient in detecting prostate cancer at the
clinically localized stage in practically 100% of cases
[11] (Table 1), does minimize the number of TRUS and
biopsies. In fact, 34.3% and 25.5% of biopsies at first
and follow-up visits were positive for cancer [11]. The
overall sensitivity and specificity of the proposed
strategy compares favorably with screening for breast,
colon, uterine, and lung cancer [30]. Prostate cancer
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TABLE IV. Treatment Received by 339 Patients (92%) out of the 367 Men
Diagnosed With Prostate Cancer Between November 15, 1988 and

December 31, 1996*

Radical Hormonal
prostatectomy Radiotherapy treatment Total
No CAB 49 25 25 99 (29.2%)
(delayed)
Hormonal
monotherapy — 1 — 1 (0.3%)

CAB 106 83 50 239 (70.5%)

Total 155 109 75 339

*Others were treated elsewhere.
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Fig. 2. Algorithm of prostate cancer screening.

can be diagnosed by the present approach at an esti-
mated cost of $2,665 per cancer at first visit [31], a
value well below the costs estimated at $10,000 and
$30,000 per case of cervical and breast cancer diag-
nosed by screening, respectively. In agreement with
the recommendation of the American Cancer Society,
the present data indicate that screening should be
started at the age of 50 years except in men of African-
American descent and those having a history of pros-
tate cancer [32,33] where screening should be started
at the age of 40 years.

A major source of controversy concerning early di-
agnosis and treatment of prostate cancer is that until
recently, no prospective and randomized trial had
shown statistically significant benefits of treatment of
localized prostate cancer on survival [34]. The absence

of data from well-designed clinical trials was errone-
ously interpreted as negative data. Most fortunately,
two prospective randomized trials have recently dem-
onstrated for the first time that not only quality of life
but, most importantly, prolongation of life could be
achieved in localized prostate cancer patients treated
with androgen blockade. In the EORTC trial per-
formed in stage T; patients, survival at 5 years was
increased from 62% in the group of patients who re-
ceived radiation therapy alone to 79% (45% difference)
in those who received androgen blockade using an
LHRH agonist for 3 years and an antiandrogen for one
month in association with radiotherapy [18]. A similar
observation has been made in RTOG trial 08351 in the
subgroup of high Gleason score patients [35].
Consequently, no valid reason remains to doubt
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that treatment of clinically localized prostate cancer
can prolong survival. In fact, the major benefits ob-
served in the present study in the screened group can
only be due to the treatments used. In fact, the patients
diagnosed with localized prostate cancer in the pre-
sent study were usually enrolled in our randomized
trials associating neoadjuvant and/or adjuvant com-
bined androgen blockade with surgery [15], radio-
therapy [16] or endocrine therapy alone [36].

Two other randomized screening trials for prostate
cancer are ongoing, namely the prostate, lung, colon,
and ovarian (PLCO)-trial and the European Random-
ized Study of Screening for Prostate Cancer (ERSPC).
The objective is to recruit 70,000 and 50,000 men, re-
spectively, in those trials. Results from those trials are
not expected before year 2005. Moreover, their rela-
tively late start carries the high risk that the popular
knowledge about PSA has already led to screening of
a significant proportion of men, thus increasing con-
tamination by screening in the control group.

In addition to the major impact on prostate cancer
deaths, the economic savings on health care costs has
been previously discussed [31,37-39]. The calculations
performed leave little doubt that the present strategy
based upon efficient screening and treatment, namely
androgen blockade, surgery, radiotherapy or brachy-
therapy alone or in combination with androgen block-
ade should play a key role in the successful fight
against prostate cancer while decreasing the costs for
the health care system and society [40,41].
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