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Summary
Introduction. — European Randomized Study of Screening for Prostate Cancer (ERSPC) mortality
results were reported for 7 European countries (excluding France) and showed a signiﬁcant
reduction in Prostate cancer (PCa) mortality. As those results have not been part of the global
ERSPC results, it is of interest to report PCa mortality at a median follow-up of 9 years for
French section of ERSPC.
Material and methods. — Two administrative departments were involved in the study. Only men
after randomization in the screening group were invited by mail to be screened by PSA testing
with two rounds at 4—6 year intervals. Biopsy was recommended if PSA > = 3.0 ng/mL. No information other that the French Association of Urology recommandations on the use of PSA was
offered to the control group (own decision of physicians and patients). Follow up was based on
cancer registry database. Contamination deﬁned as the receipt of PSA testing in control arm
was measured. Poisson regression models were used to estimate the Rate Ratio (RR) of PCa
mortality and incidence in the screening vs. control arm.
Results. — Starting from 2003, 80,696 men aged 55—69 years were included. The percentage
of men in the screening arm with at least one PSA test (compliance) was 31%. Compared
to the control arm, PCa incidence increased by 10% in the screening arm (RR = 1.10; 95%
CI = [1.04—1.16], P = 0.001), but PCa mortality did not differ (0.222 and 0.215 deaths/1000
person-years; RR = 1.03[0.75—1.42], P = 0.9).
Discussion. — Limitations include low participation rate. PSA testing in the control arm was
observed in 32% of men (contamination).
Conclusions. — Contamination in control group led to no effect of PSA-based screening on
prostate cancer mortality at 9 years follow-up.
Level of evidence. — 3.
© 2020 Elsevier Masson SAS. All rights reserved.

Résumé
Introduction. — Les résultats de l’étude européenne randomisée sur le dépistage du cancer de
la prostate (ERSPC) ont été publiés pour 7 pays européens (hors France) et ont montré une
réduction signiﬁcative de la mortalité par cancer de la prostate (PCa). Ces résultats ne faisant
pas partie des résultats globaux de l’ERSPC, il d’intérêt de publier la mortalité par PCa à un
suivi médian de 9 ans pour la section française de l’ERSPC.
Matériel et méthodes. — Deux départements administratifs ont été impliqués dans l’étude.
Seuls les hommes après randomisation dans le groupe de dépistage ont été invités par courrier à un test de dépistage par PSA (deux cycles à des intervalles de 4 à 6 ans). Une biopsie
était recommandée si PSA > = 3,0 ng/mL. Aucune information autre que les recommandations
de l’Association Française d’Urologie sur l’utilisation du PSA n’a été proposée au groupe témoin
(décision propre des médecins et des patients). Le suivi était basé sur la base de données du
registre du cancer. La contamination était déﬁnie comme la pratique de tests PSA dans le bras
de contrôle. Des modèles de régression de Poisson ont été utilisés pour estimer le risque/ratio
(RR) de mortalité et d’incidence du PCa dans le bras dépistage vs contrôle.
Résultats. — À partir de 2003, 80 696 hommes âgés de 55 à 69 ans ont été inclus. Le pourcentage
d’hommes dans le bras de dépistage avec au moins un test PSA (conformité) était de 31 %. Par
rapport au bras témoin, l’incidence de PCa a augmenté de 10 % dans le bras de dépistage
(RR = 1,10; IC à 95 % = [1,04—1,16], p = 0,001), mais la mortalité par PCa n’était pas différente
(0,222 et 0,215 décès/1000 personnes/an; RR = 1,03 [0,75—1,42], p = 0,9).
Discussion. — Les limites incluent un faible taux de participation. La pratique de test de PSA
dans le bras témoin a été observée chez 32 % des hommes (contamination).
Conclusion. — La contamination dans le groupe témoin n’a entraîné aucun effet du dépistage
par dosage du PSA sur la mortalité par cancer de la prostate après un délai de 9 ans de suivi.
Niveau de preuve.— 3.
© 2020 Elsevier Masson SAS. Tous droits réservés.
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Introduction
Prostate cancer (PCa) is the most common male cancer,
and screening remains a major public health issue. The
European Randomised study of Screening for Prostate Cancer (ERSPC) began in 1993 in 8 countries, with the aim of
investigating the effect of prostate-speciﬁc antigen (PSA)
screening on PCa mortality. Recruitment started in Belgium
and the Netherlands in 1993, and the last country to join
was France, in 2003. Due to the late start of France’s participation, only reaching a median follow-up of 9 years at
the end of 2013, and due to a failure to comply with the
primary criteria (screening participation > 50% and low PSA
testing for PCa in control arm, i.e. low contamination)[1],
French incidence and mortality data were excluded from
the four ERSPC analyses, and the ﬁndings were analysed
and reported as pre-speciﬁed in the protocol [2—5] based
on data from the other 7 participating European countries.
A total of 182,160 men were randomised, of whom 162,388
were part of the pre-deﬁned core age-group of 55—69 years.
Cumulative PCa-speciﬁc incidence at 16 years was 1.4-fold
higher in the screening arm vs. control arm. The relative
risk reduction in PCa mortality remained roughly unchanged,
at about 20% since the initial report. In contrast, the U.S.
Prostate, Lung, Colorectal and Ovarian (PLCO) trial [6,7]
results reported at 15 years of follow-up, and the Cluster
Randomized Trial of PSA Testing for Prostate Cancer (CAP)
[8] results at 10 years of follow-up showed no reduction in
PCa mortality.
As those results have not been part of the global ERSPC
results, it is of interest to have incidence and mortality
data for France. The primary analysis is an intention-toscreen comparison of PCa mortality rates between arms at
a median follow-up of 9 years. Secondary analysis compares
PCa-speciﬁc incidence rates.

Material and methods
Study population and design
The ERSPC was designed to determine the effect of PSA
screening on mortality from PCa. The study design has
previously been described elsewhere [2,9]. The French
contribution to ERSPC took place in two administrative
areas, namely the Tarn and Hérault Departments in the
south of France. Both areas have a population-based cancer registry based on medical records. Men living in the
Tarn and Hérault areas were identiﬁed through health insurance databases. Men aged 55 to 69 years at the time
of randomisation were eligible. Pre-consent randomisation
was performed, and within each area, men were randomly
assigned in a 1:1 ratio to the screening arm (intervention
group) or control arm. Participation in the trial started in
2000 with a feasibility study which included 9% of the Tarn
population. To increase compliance in the Tarn area during
the feasibility study, non-responders to PSA testing and/or
biopsy invitations were contacted by mail and telephone.
The remaining population of Tarn, and the whole population of Hérault were subsequently invited and included after
ERSPC approval. The ﬁrst round occurred over the period
2003—2005 and included 80,696 men. The second screening
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round took place over the period 2009—2011. Contamination, deﬁned as PSA testing in the control arm, was assessed
by interviews (telephone and mail, in 2001—2002) in a
random sample of 243 men in the control arm [10]. PSA
testing was assessed in 229 non-responders in the screening arm. Compliance with interviews in the screening arm
non-responders, and in the control arm was 42% and 67%
respectively (Supplementary table* S1.A). In addition, in the
screening arm, at the time of invitation and consent (in Tarn
only), men were asked about their previous PSA practices by
mean of a self-administered questionnaire (Supplementary
table* S1.B).
This study was registered with Current Controlled Trials
under the number ISRCTN49127736. Ethical approval was
obtained from the French Consultative Committee on Data
Processing for Medical Research and the National Commission on Data Processing and Rights (900075). The study
design has previously been described [9]. Brieﬂy, measurement of serum PSA was centralised, and a cutoff of
3.0 ng/mL or higher was an indication for biopsy. Sextant
biopsy was initially recommended for screen-positive men,
in line with recommendations during the ERSPC trial. The
number of biopsy cores sampled varied over time. Starting in 2005, most urologists moved from 6 sextant biopsy
to a 10—12 core systematic biopsy scheme according to the
EAU guidelines. Screening was discontinued after the second
round, which occurred after a 4—6 year interval.

Incidence and mortality measurements
Incidence of PCa was updated by crosschecking ERSPC data
with data from the Tarn and Hérault population-based cancer. Tumour characteristics and treatment modalities were
recorded. Tumours were classiﬁed into risk groups according
to the ERSPC study code-book (Supplementary table* S2: category 1 [T1-2/unknown and not N1/M1 and Gleason score ≤ 6
and PSA < 10 ng/ml], category 2 [T1-2/unknown and not
N1/M1 and (Gleason score ≤ 6 and 10 ≤ PSA < 20 ng/ml or
Gleason score = 7 and PSA < 20 ng/ml)], category 3 [T12/unknown and not N1/M1 and (Gleason score ≤ 7/unknown
and PSA ≥ 20 ng/ml or 7 ≤ Gleason score ≤ 10) or T3 and not
N1/M1], category 4 [T4 or N1/M1 or PSA > 100 ng/ml].
Information on vital status was obtained from French
National Institute of Statistics and Economic Studies (INSEE)
and the National Directory for the Identiﬁcation of Individuals (RNIPP). Cause of death was obtained from the cancer
registries and from the French National Epidemiological Center for the Medical Causes of Death (CépiDc).

Statistical analysis
The primary analysis is an intention-to-screen comparison
of PCa mortality rates between the two arms. Secondary
analyses compared PCa incidence rates. Event rates were
deﬁned as the ratio of the number of events (death or
diagnosis) divided by the person-years at risk for the event.
Poisson regression models were used to estimate the Rate
Ratio (RR) and associated 95% conﬁdence interval (CI) of
PCa mortality and incidence in the screening vs. control
arm. Cumulative PCa mortality and cancer incidence by
arm was calculated with the Nelson-Aalen method. Continuous variables were compared using the Student t test (if
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Enrollment of men aged 55—69 years - France section of ERSPC (Tarn and Hérault centers).

normally distributed) or otherwise, using the Mann—Whitney
test. Categorical variables were compared using the Chi2 or
Fisher’s exact test. All P-values are two-sided, and P < 0.05
was considered statistically signiﬁcant. All statistical
analyses were performed with the R software package.

Results
Characteristics of the study population
A total of 80,696 men were included, 40,519 were randomly assigned to the screening arm. We excluded 4,061
men due to PCa diagnosis (n = 722) or death (n = 1,698)
before randomisation or because they did not live in the
area (n = 1,641), leaving a total of 76,635 men for the ﬁnal
analysis (Fig. 1). Median age at randomisation in the screening arm (61—IQR: 58—65) was similar to that of the control
arm (61—IQR: 58—65). Median follow-up was 9.5 years (IQR:
8.9—9.8) in both arms.

Compliance
The compliance rate (i.e. men in the screening arm who had
at least one PSA test) was 31% (39% for Tarn, 29% for Hérault)
and differed by age (P < 0.001). Among the men who had at
least one test, 19% had a positive PSA result (Table 1). Among
those with positive PSA test result, 35% underwent prostate
biopsy within 1 year (46% for Tarn, 30% for Hérault).

Contamination
Interviews showed that 32% of men in the control arm had
had a PSA test in the previous 2 years (Supplementary
table* S1.A), while corresponding rate was 56% in the
non-responders in the screening arm. Analysis of the selfadministered questionnaires sent to men in the screening
arm showed that 42% had had a PSA test in the previous 2
years (Table S1.B).

Prostate Cancer incidence
In the screening arm, a total of 2,479 PCa were diagnosed vs.
2,240 in the control arm (Table 2 and Fig. 2A). Among the
2,479 PCa detected in the screening arm, 14% were diagnosed within 1 year of PSA testing (screen detected). PCa
incidence increased by 10% in the screening arm as compared to the control arm (RR = 1.10; 95%CI = [1.04—1.16],
P = 0.001). The risk classiﬁcation at time of diagnosis is
described in Table 3, and shows similar percentages of each
risk category in men randomised to the screening (attenders
and non-attenders) and control arms (P = 0.1).

Prostate Cancer mortality
Among 153 deaths due to PCa, 78 occurred in the screening
arm (Table 4). Nelson-Aalen curves of the cumulative risk of
PCa death are shown (Fig. 2B). Mortality from PCa did not
differ between arms (RR = 1.03 [0.75—1.42], P = 0.9). The
absolute difference in PCa deaths between the screening
and control arms was 0.06 deaths per man randomised.
All-cause mortality did not differ between the 2 arms
(RR = 1.03 [0.99—1.08], P = 0.1) (Table 5).

Discussion
Based on a median follow-up of 9 years and including men
aged 55—69 years at the time of randomisation, our results
show a relative increase of 10% in the rate of PCa incidence
in the screening arm, compared to the control arm. While
results from the ERSPC trial (excluding France) continue to
show a 20% reduction in PCa mortality with screening [2—5],
our results found no difference in PCa mortality between
the screening and control arms. Unfortunately, an increased
10% in PCa diagnosis is reported in the screening group but
distribution of PCa aggressivity showed no difference with
a number of uncompliant people in this group. However,
as mentioned, unfavourable results are probably due to a
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number of men and results of pca screening according to age.

Screening arm

Tarn

Hérault

Tarn + Hérault

Follow-up, years, median (IQR)
Age, N (%a )
All
55—59
60—64
65—69
Screening arm
Screened at least once (Compliant), N (%a )
All
55—59
60—64
65—69
Men with positive test, N (%b )
All age
55—59
60—64
65—69
Men with at least one biopsy, N (% c )
All age
55—59
60—64
5—69
Prostate cancer
All, N
Screen-detected cancers
Positive predictive value of screeningd

10.5 (9.6—10.5)

9.4 (8.8—9.6)

9.5 (8.9—9.8)

10023 (100%)
3812 (38%)
3000 (30%)
3211 (32%)

28451 (100%)
9878 (35%)
9910 (35%)
8663 (30%)

38474
13690
12910
11874

3911
1687
1191
1033

8119
3085
2928
2106

12030 (31%)
4772 (35%)
4119 (32%)
3139 (26%)

(39%)
(44%)
(40%)
(32%)

(29%)
(31%)
(30%)
(24%)

(100%)
(36%)
(34%)
(31%)

714
244
250
220

(18%)
(14%)
(21%)
(21%)

1560 (19%)
513 (17%)
611 (21%)
436 (21%)

2274 (19%)
757 (16%)
861 (21%)
656 (21%)

325
105
103
117

(46%)
(43%)
(41%)
(53%)

469
158
178
133

794
263
281
250

763
112
15.7%

(30%)
(31%)
(29%)
(31%)

1716
232
14.9%

(35%)
(35%)
(33%)
(38%)

2479
344
15.1%

Control arm
Follow-up, years, median (IQR)
Age, N (% a)
All
55—59
60—64
65—69
Prostate cancer
All

10.5 (9.6—10.5)

9.4 (8.8—9.6)

9.5 (8.9—9.8)

9646
3896
2818
2932

28515 (100%)
9819 (34%)
9968 (35%)
8727 (31%)

38161
13715
12786
11659

1540 (5%)

2240 (6%)

(100%)
(40%)
(29%)
(30%)

700 (7%)

(100%)
(36%)
(34%)
(31%)

a

Percentage calculated in each age group of screening arm and control arm respectively.
Percentage calculated in each age group of compliant men.
c Percentage calculated in each age group of men with positive test.
d Positive predictive value of screening corresponds to the number of screen detected cancers divided by the number of men with
positive tests.
b

Table 2

Prostate cancer incidence.
Screening

Control

Rate Ratio, 95%CI

P-value

P = 0.001

Cases

Person-years
(PY)

Rate per
1000 PY

Cases

Person-years
(PY)

Rate per
1000 PY

All

2479

338482

7.3

2240

337262

6.6

1.10[1.04—1.16]

55—59 y
60—64 y
65—69 y

676
883
920

124509
113498
100475

5.4
7.8
9.2

580
766
894

125319
112927
99016

4.6
6.8
9.0

1.17 [1.05;1.31]
1.15 [1.04—1.26]
1.01 [0.92—1.11]

Test for homogeneity of OR: 2 = 15.6, df = 2, P = 0.004. Y: years; CI: conﬁdence interval.
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Figure 2. Cumulative risk of PCa diagnoses (A) and cumulative risk of PCa death (B) for both Tarn and Hérault centers at a median of 9
years of follow-up.
‘‘S’’: Screening arm; ‘‘C’’: Control arm; PY: person-years.

Table 3
arms.

Distribution of PCa risk classiﬁcation among screening (stratiﬁed by attenders and non-attenders) and control
Screening arm

Control arm

Risk classiﬁcation*

Attenders (%)

Non-attenders (%)

1
2
3
4
Unknown
All

400 (43%)
328 (35%)
115 (12%)
32 (3%)
63 (7%)
938 (19%)

485 (32%)
590 (38%)
237 (15%)
111 (7%)
118 (8%)
1541 (33%)

741 (33%)
891 (40%)
327 (15%)
148 (7%)
133 (6%)
2240 (47%)

Risk classiﬁcation: category 1 [T1-2/unknown and not N1/M1 and Gleason score ≤ 6 and PSA < 10 ng/ml], category 2 [T1-2/unknown
and not N1/M1 and (Gleason score ≤ 6 and 10 ≤ PSA < 20 ng/ml or Gleason score = 7 and PSA < 20 ng/ml)], category 3 [T1-2/unknown
and not N1/M1 and (Gleason score ≤ 7/unknown and PSA ≥ 20 ng/ml or 7 ≤ Gleason score≤ 10) or T3 and not N1/M1], category 4 [T4 or
N1/M1 or PSA > 100 ng/ml], unknown [not meeting the criteria of categories 1 to 4].

*

Table 4

PCa mortality.
Screening

all
55—59 y
60—64 y
65—69 y

Control

Cases

Person-years
(PY)

Rate per
1000 PY

Cases

Person-years
(PY)

Rate per
1000 PY

78
15
31
32

351090
127785
117844
105460

0.22
0.12
0.26
0.30

75
14
22
39

348291
128170
116567
103555

0.22
0.11
0.19
0.38

Test for homogeneity of OR: 2 = 2.3, df = 2, P = 0.3. Y: years; CI: conﬁdence interval.

Rate Ratio, 95% CI

P-value

1.03
1.07
1.39
0.81

P = 0.9

[0.75,1.42]
[0.52;2.25]
[0.81;2.44]
[0.5;1.28]
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All-Cause Mortality.
Screening

All
55—59 y
60—64 y
65—69 y

Control

Cases

Person-years
(PY)

Rate per
1000 PY

Cases

Person-years
(PY)

Rate per
1000 PY

5249
1383
1625
2241

351090
127785
117844
105460

14.9
10.8
13.8
21.2

5028
1318
1589
2121

348291
128170
116567
103555

14.4
10.3
13.6
20.5

Rate Ratio, 95% CI

P-value

1.03
1.05
1.01
1.04

P = 0.1

[0.99,1.08]
[0.98;1.13]
[0.94;1.08]
[0.98;1.10]

Test for homogeneity of OR: 2 = 0.6 df = 2, P = 0.7. Y: years; CI: conﬁdence interval.

contamination and a low compliance in both groups and
probably in regard of the methodology.
One possible explanation for the difference in the main
outcome between the ERSPC and PLCO trials is the low rate
of biopsy compliance after a positive test in the screening arm (35% in PLCO vs. 86% in ERSPC), as well as a high
rate of contamination in the control arm of PLCO. It was
shown that, when corrected for differences in contamination and compliance the effects of trials did not differ [11].
The compliance rate in the CAP study was comparable to
the rate we report here, i.e. 31%. Accordingly, the absence
of any reduction in PCa mortality in our study could possibly also be explained by low compliance (PSA testing and/or
biopsy) and contamination. Furthermore, we cannot rule out
the possibility that our results, as well as others (PLCO and
CAP), simply reﬂect the fact that PSA testing does not reduce
PCa mortality.
The assessment of contamination in patients from Tarn
in our study shows that the individual PSA testing rate was
32% in the control arm [10]. The national screening policy in
France, favoring individual PCa screening during the ERSPC
trial, is a possible explanation for this high level of contamination and subsequent lack of reduction in PCa mortality.
In 2003, the French Urology Association published guidelines
for PCa screening (screening on the basis of an annual PSA
test and DRE was recommended for men aged 50—75 years)
and the guidelines advised that information about the risk
and beneﬁt of screening be given before testing [12].
French national epidemiological data [13] showed an
increase in PCa incidence over the period 1990—2005, which
was strongly related to the introduction of PSA as a means of
cancer detection (Fig. 3). This increase in incidence, with
a peak in 2005, was followed, as observed in other countries, by a decline [14]. This decrease in incidence can be
explained by the reduction of the reservoir of undiagnosed
PCa cases, and by the growing awareness of the risk of
overdiagnosis. Mortality has declined steadily since 1990,
but this cannot be explained by the introduction of PSA
testing alone. Indeed, in ProtecT, the introduction of PSA
screening failed to have any mortality impact over at least
the ﬁrst 10 years [15]. ProtecT was not showing an effect
because of lead time of these low/intermediate risk PCa
cases that were included in the trial. ERSPC showing an
effect after median of 9 years is due to the cancers detected
at an advanced stage. Hence, data from ERSPC, excluding
France, reported decreases in mortality observable less than
10 years after introduction of PSA screening [2]. Therefore,

PSA testing cannot wholly account for the mortality decline
that occurred before 2000 in France. There are likely other
additional contributors, such as improvements in the treatment of PCa.
Among the ERSPC countries (excluding France), contamination by opportunistic PSA testing ranged from 7% to 37%
[10]. This wide range can be partly explained by differences
between countries in the methods of assessing contamination, based on estimates of PSA use (ever) or within the
previous 12 months. Some countries assessed contamination
by database linkage, others by interviews. The Finnish and
Dutch sections of the ERSPC, with contamination rates of
10% and 13% respectively, showed reductions in the relative
risk of PCa mortality of 15% and 20% respectively at 12 years
[16,17]. However, only results from the Dutch centers were
statistically signiﬁcant.
PSA testing and biopsy compliance were lower in the
French ERSPC data than in the other ERSPC centers [2—4].
In our study, compliance with PSA testing was 30%, whereas
results for the other European centers were in the range
of 70—100%. These high compliance rates were likely due
to the post-consent randomization [18]. The biopsy compliance rate (35%) was also low in our study, and lower than
in the other ERSPC centers, with the highest rates of biopsy
observed in Finnish and Dutch centers.
In the French study, biopsy was recommended when
PSA was ≥ 3 ng/mL. In that case, a letter was sent to the
patient’s family doctor with the PSA result, asking him/her
to refer the patient to an urologist for a biopsy. Biopsies were
not centralized. The decision to biopsy was left to the family doctor, patient and urologist. Many reasons could explain
the fact that only 35% of patients actually had a biopsy. Some
reasons were mentioned during interviews but not in detail,
such as patient refusal, normal DRE, PSA testing redone with
a different test and a different threshold value and found to
be non-suspicious, or TRUS performed and found to be nonsuspicious. Interviews were intended to tell the patient to
see a urologist for a biopsy, but not to discuss the causes of
refusal.
Several studies [8,19,20] have shown that PCa in the
screening arm are detected at an earlier stage than cancers detected in the control arm, contributing to mortality
reduction. In our study, PCa diagnosed in attenders from
the intervention arm was diagnosed at an earlier stage than
that in non-attenders in the intervention arm or than PCa
detected in men in the control arm. However, these results
were not associated with reduced mortality.
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Figure 3. World standardized incidence and mortality rates in France between 1990 and 2015. The ERSPC trial started in France in 2003
after a feasibility study.

Our study has several limitations. The sample size and
power calculations for the ERSPC study indicated that 20,000
men randomized in each arm would be required to show
a 25% reduction in PCa mortality with 80% power at 10
years of follow up, without taking account of potential noncompliance or contamination [21]. Although our sample size
at the outset met this criterion, the statistical power of our
study is limited by the low compliance and high contamination rates. Another limitation was the scarce information
regarding the contamination level in the control arm and the
reason(s) for non-compliance in the screening arm. Adjustment for contamination and non-participation according the
Cuzick method [22] was not possible and it remains unknown
how these factors may have affected our mortality results.
Nevertheless, our results are in line with those of the PLCO
trial, which had similar rates of PSA contamination and
biopsy compliance.

Conclusion
The French ERSPC data had almost equal amounts of screening in both arms of the trial due to low compliance in the
screening arm, and contamination in control arm, and did
not show a reduction in PCa mortality at 9 years of follow-up.
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