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Abstract

Background: The ERSPC study has demonstrated that prostate-specific antigen
(PSA)-based screening results in a relative increase in diagnosis of (low-risk) pros-
tate cancer (PCa) and a reduction in metastatic disease and PCa mortality.
Objective: To evaluate the burden of PCa among men randomized to active screen-
ing compared to those in the control arm in ERSPC Rotterdam.
Design, setting, and participants: We analyzed data for participants in the Dutch sec-
tion of the ERSPC, including 21 169 men randomized to the screening arm and
21 136 randomized to the control arm. Men in the screening arm were invited
for PSA-based screening every 4 yr, and transrectal ultrasound–guided prostate
biopsy was recommended for those with PSA �3.0 ng/ml.
Outcome measurements and statistical analysis: We analyzed detailed follow-up and
mortality data up to January 1, 2019, to a maximum of 21 yr, using multistate
models.
Results and limitations: At 21 yr, 3046 men (14%) had been diagnosed with non-
metastatic PCa and 161 (0.76%) with metastatic PCa in the screening arm. In the
control arm, 1698 men (8.0%) had been diagnosed with nonmetastatic PCa and
346 (1.6%) with metastatic PCa. In comparison to the control arm, men in the
screening arm were diagnosed with PCa almost 1 yr earlier and if diagnosed with
nonmetastatic PCa lived on average for almost 1 yr longer without disease progres-
sion. Among those who experienced biochemical recurrence (18–19% after
sevier B.V. on behalf of European Association of Urology. This is an open access article
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nonmetastatic PCa), progression to metastatic disease or death was quicker in the
control arm: men in the screening arm lived for 7.17 yr without progression, while
the progression-free interval was only 1.59 yr for men in the control arm over a 10-
yr time period. Among those who experienced metastatic disease, men in both
study arms lived for 5 yr over a 10-yr time period.
Conclusions: PCa diagnosis was earlier after study entry for men in the PSA-based
screening arm. However, disease progression was not as fast in the screening
arm as in the control arm: once men in the control arm experienced biochemical
recurrence, progression to metastatic disease or death was 5.6 yr faster than in
the screening arm. Our results confirm the ability of early disease detection to
reduce suffering and death from PCa at the cost of earlier (and more frequent)
treatment-induced reductions in quality of life.
Patient summary: Our study shows that early detection of prostate cancer can
reduce suffering and death from this disease. However, screening based on mea-
surement of prostate-specific antigen (PSA) can also result in an earlier
treatment-induced reduction in quality of life.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The European Randomized Study of Screening for Prostate
Cancer (ERSPC) has demonstrated that prostate-specific
antigen (PSA)-based screening results not only in a relative
increase in diagnosis of (low-risk) prostate cancer (PCa) [1–
5] but also in relative reductions in biochemical recurrence
(BCR) after radical prostatectomy (RP) [6,7], metastatic dis-
ease [5,8], and PCa-specific mortality (PCSM) in comparison
to men who were not offered active screening [1–5]. These
findings show that the burden of the disease for men ran-
domized to active protocolized screening is different to that
for men randomized to the control arm who were subject to
opportunistic screening practices.

Despite the promising ERSPC results, population-based
screening for PCa is seldom applied in Europe and the rest
of the world. This is mainly because of the high rate of over-
diagnosis with a purely PSA-based screening algorithm, as
was applied in the randomized trials that started in the
1990s. Application of a multivariable risk stratification pro-
cess [9–11] can considerably reduce overdiagnosis and
unnecessary testing. For implementation of risk-stratified
population-based early detection programs [11,12], it is
important to identify the different phases a man encounters
from initial screening to (PCa-specific) death. In addition,
information on the duration and burden of each of these
phases is mandatory for full appreciation of the benefit of
introducing a multivariable individually tailored screening
program.

One way to take into account all possible phases that a
man can encounter between randomization to screening
and death (eg, being diagnosed, experiencing progression)
is to transform the whole screening-death pathway to a
multistate model. This was recently done with data from
the Prostate, Lung, Colorectal and Ovarian Cancer Screening
Trial (PLCO) taking into account transitions between the
healthy, screen-detected PCa, clinical cancer, and death
states [13]. However, the PLCO trial has been criticized
because the intervention under investigation (PSA-based
screening) also occurred at a high rate in the control arm
[14,15]. This so-called contamination was low in the Rotter-
dam section of ERSPC [16], so a comprehensive analysis of
the impact of being screened during the journey from ran-
domization to death is possible. We hypothesized that
men who were diagnosed in the screening arm experience
less progression and live longer without progression in
comparison to men in the control arm.
2. Patients and methods

The Dutch arm of the ERSPC has been described previously [17]. In short,

21 209 men (50%) were randomized to the screening arm and invited for

PSA-based screening every 4 yr. In cases with PSA �3.0 ng/ml, transrec-

tal ultrasound–guided prostate biopsy was recommended. Screening

stopped when PCa was diagnosed, further participation was refused,

death occurred, or the man reached the age of 74 yr. A total of 21 165

men (50%) were randomized to the control arm, in which no active

screening was offered. It should be noted that in comparison to previous

ERSPC Rotterdam publications, one man randomized to the screening

arm and one man randomized to the control arm were omitted from

the analyses here because they withdrew their informed consent. The

ERSPC study database (consisting of men in the screening and control

arms) is linked regularly to the database of the Dutch Cancer Registry

and Statistics Netherlands to identify PCa diagnoses not detected

through active screening and new incidences of death.

After diagnosis, tumor characteristics are assessed according to the

1992 TNM (tumor, lymph node, and metastasis)classification. Detailed

follow-up information is recorded via bi-annual chart reviews and

includes records of PSA measurements after diagnosis, follow-up treat-

ments, and disease progression events. BCR after RP is defined as two

consecutive PSA measurements �0.2 ng/ml; BCR after radiotherapy

(RT) is defined as a PSA measurement at least 2.0 ng/ml higher than

the nadir. Metastatic disease is confirmed on imaging (positive lesion

on a bone scan, X-ray, computed tomography scan, or magnetic reso-

nance imaging [MRI]) or as a PSA level >100 ng/ml. The cause of death

for men with PCa is assessed by a dedicated Cause of Death Committee

according to a fixed algorithm [18].
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2.1. Statistical analyses

In the current study, we assumed that ERSPC Rotterdam participants can

be in any of six different states: healthy (at the time of randomization),

PCa without metastatic disease, BCR, metastatic PCa, other-cause mor-

tality, and PCSM (Fig. 1). Note that ‘‘healthy’’ refers to the state in which

men do not have PCa and not to men with limited comorbidities. As an

example of our methodology, after randomization, a participant can be

diagnosed with PCa with or without metastasis, can die without having

had a diagnosis of PCa, or can still be alive without ever having had a

diagnosis of PCa. For events that occurred at the same follow-up visit,

we used the highest level of progression (eg, men diagnosed with meta-

static PCa do not enter the ‘‘prostate cancer’’ state and go directly to the

‘‘metastatic disease’’ state after randomization). For men who died on

the day of randomization, we added 0.01 yr to the time between ran-

domization and death.

To model the state transitions between randomization and death, we

used a multistate survival model [19–21]. We used this methodology to

estimate the incidence of all the transitions stratified for study arm. In

addition, we estimated the expected length of stay (ELOS) starting from

healthy with a maximum of 20 yr and from the later transitions with a

maximum of 10 yr to minimize extrapolation. ELOS was calculated as

the area under the survival curve. We assumed that each transition only

depends on the current state of the patient (ie, Markov assumption).
Fig. 1 – Health states for participants in the ERSPC Rotterdam trial.

Table 1 – Number of men experiencing transitions between health state

Men, n (%)

PC BCR mPC

Randomized to the screening arm
Healthy 3046 (14) – 161 (0.76)
PC – 557 (18) 88 (2.9)
BCR – – 156 (28)
mPC – – –
PC death – – –
OCM – – –
Randomized to the control arm
Healthy 1698 (8.0) – 346 (1.6)
PC – 322 (19) 107 (6.3)
BCR – – 93 (29)
mPC – – –
PC death – – –
OCM – – –

BCR = biochemical recurrence after radical prostatectomy or radiotherapy; mPC =
Follow-up time was censored on January 1, 2019, with a maximum

of 21 yr. Analyses were performed with R v4.2.1 and the R package

mstate (R Foundation for Statistical Computing, Vienna, Austria) [22].

We excluded men who had PCa before randomization.

3. Results

We excluded 69men from the analyses because of PCa diag-
nosis before randomization. A total of 21 169 men were ran-
domized to the screening arm. During follow-up, 3046 men
(14%) were diagnosed with nonmetastatic PCa and 161
(0.76%) with metastatic disease (Table 1). In addition,
9512 men (45%) died without being diagnosed with PCa
and 8450 (40%) were still alive without a PCa diagnosis. A
total of 21 136 men were randomized to the control arm.
During follow-up, 1698 men (8.0%) were diagnosed with
nonmetastatic PCa and 346 (1.6%) with metastatic disease.
In addition, 10 199 men (48%) died without being diagnosed
with PCa and 8893 (42%) were still alive without a PCa diag-
nosis. After a diagnosis of nonmetastatic PCa, 557 men
(18%) in the screening arm and 322 (19%) in the control
arm experienced progression to BCR; 88 men (2.9%) in the
screening arm and 107 (6.3%) in the control arm experi-
enced progression to metastatic PCa without BCR. In addi-
tion, after disease progression to BCR, 156 men (28%) in
the screening arm and 93 (29%) in the control arm experi-
enced further progression to metastatic disease. In total,
405 patients in the screening arm (1.9%) and 546 in the con-
trol arm (2.6%) experienced metastatic disease.

Over a 20-yr time horizon, the average time after ran-
domization without PCa (ie, in the healthy state) was 14.1
yr in the screening arm and 15.0 yr in the control arm
(Table 2). Thus, men in the control arm lived on average
0.9 yr longer without a PCa diagnosis or progression than
men in the screening arm did. This loss of healthy life years
can largely be attributed to early detection of PCa, as men in
the screening arm transitioned to the PCa state 0.8 yr earlier
than men in the control arm did (0.51 vs 1.32 yr). The loss of
healthy life years because of progression to BCR was slightly
higher and because of progression to metastatic disease was
slightly lower in the screening arm in comparison to the
control arm. The loss of healthy life years because of death
was comparable between the study arms.
s

PC death OCM No event Total

– 9512 (45) 8450 (40) 21 169
17 (0.56) 972 (32) 1412 (46) 3,046
17 (3.0) 183 (33) 201 (36) 557
253 (62) 80 (20) 72 (18) 405
– – 287 (100) 287
– – 10 747 (100) 10 747

– 10 199 (48) 8893 (42) 21 136
16 (0.94) 482 (28) 771 (45) 1698
7 (2.2) 87 (27) 135 (42) 322
319 (58) 93 (17) 134 (25) 546
– – 342 (100) 342
– – 10 861 (100) 10 861

metastatic PC; OCM = other-cause mortality; PC = prostate cancer.



Table 2 – Expected length of stay in each health state at a horizon of 20 yr after randomization

Expected length of stay (yr)

Healthy PC BCR mPC PC death OCM

Randomized to the screening arm 14.14 1.32 0.17 0.05 0.10 4.22
Randomized to the control arm 15.02 0.51 0.08 0.08 0.12 4.20

BCR = biochemical recurrence after radical prostatectomy or radiotherapy; mPC = metastatic PC; OCM = other-cause mortality; PC = prostate cancer.

Table 3 – Expected length of stay in each health state at a horizon of 10 yr after PC diagnosis

Expected length of stay (yr)

Healthy PC BCR mPC PC death OCM

Randomized to the screening arm
PC 0 7.95 0.91 0.16 0.12 0.87
BCR 0 0 7.17 1.11 0.65 1.08
mPC 0 0 0 4.95 3.91 1.14
PC death 0 0 0 0 10 0
OCM 0 0 0 0 0 10
Randomized to the control arm
PC 0 7.08 1.05 0.42 0.37 1.08
BCR 0 0 1.59 3.64 3.60 1.17
mPC 0 0 0 5.03 3.40 1.57
PC death 0 0 0 0 10 0
OCM 0 0 0 0 0 10

BCR = biochemical recurrence after radical prostatectomy or radiotherapy; mPC = metastatic PC; OCM = other-cause mortality; PC = prostate cancer.
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Over a 10-yr time horizon, after detection of non-
metastatic PCa, men in the screening arm lived on average
almost 1 yr longer with PCa without experiencing disease
progression or death from any cause in comparison to
men in the control arm (7.95 vs 7.08 yr, Table 3). After a
PCa diagnosis, progression to BCR was quicker for men in
the control arm (0.91 vs 1.05 yr; difference 0.14 yr) than
for men in the screening arm, as was progression to meta-
static disease (0.16 vs 0.42 yr; difference 0.26 yr). In addi-
tion, the time from diagnosis to death (PCSM or other-
cause mortality) was shorter in the control arm than in
the screening arm. For participants experiencing BCR, pro-
gression to metastatic disease or death occurred on average
5.6 yr earlier for those in the control arm. Among the men
who experienced BCR, 1.1 yr of living with recurrence were
lost because of metastatic disease for those in the screening
arm, compared to 3.6 yr for those in the control arm (differ-
ence 2.5 yr). In other words, once BCR occurred, progression
to metastatic disease was much faster for men not subject
to active screening. For men with metastatic disease, either
at diagnosis or during follow-up, life expectancy was 5 yr
over a 10-yr time horizon.
4. Discussion

In this study we assessed the difference in PCa burden by
comparing the incidence and duration of six different health
states between men who are actively screened according to
a fixed protocol (screening arm) and men who are not
screened at all or screened at a low level in an opportunistic
setting (control arm). Our data clearly show the impact of
overdiagnosis of a purely PSA-based algorithm. We
observed that active repeated PSA-based screening resulted
in detection of more PCa cases (excess incidence of 636 PCa
diagnoses per 10 000 men randomized). Active screening,
which brings PCa diagnosis forward in time, reduced
‘‘healthy’’ life years (ie, without a PCa diagnosis) by 0.9 yr
in comparison to the control arm over a 20-yr time period.
This implies that men in the screening arm who are diag-
nosed with PCa will experience a decrease in quality of life
(QoL) at an earlier time point (and more often) owing to the
primary treatment given for PCa [23–25]. Several QoL
domains stabilize over time after treatment, but almost
never return to pretreatment levels, as demonstrated by
5-yr follow-up data from the ProtecT trial [24]. These data
highlight the importance of active surveillance (AS), as the
majority of the excess incidence that occurs because of
PSA-based screening (and systematic prostate biopsy) con-
sists of low-risk PCa cases that do not require these life-
deteriorating invasive treatment modalities. QoL data for
men following AS protocols are promising [26] although it
must also be noted that of the first 500 men included in
the PRIAS trial, 325 (65%) switched to active treatment
within a median of 2.3 yr [27]. This will certainly impact
the initial benefit of AS in reducing the harm of
overdiagnosis.

We also observed that men with screen-detected PCa
live with their PCa without experiencing progression or
death for longer on average than men randomized to the
control arm (7.95 vs 7.08 yr). The times to progression,
metastatic disease, and death for patients with PCa were
shorter in the control arm than in the screening arm. How-
ever, it should be mentioned that PCa detection was later in
the control arm than in the active screening arm. This
means that interpretation of our results after diagnosis
should take into account the risk of being diagnosed with
PCa.

Our previous study showed that men in the screening
arm had a lower incidence of BCR after RP [6], while in
the current study the incidence of BCR after RP and RT dur-
ing the follow-up period was similar between the trial arms.
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However, for the subgroup of men who opted for RP, we
observed results comparable to our previous finding. Impor-
tantly, our data show that for men experiencing BCR, pro-
gression to metastasis or death was more rapid in the
control arm than in the screening arm. For men experienc-
ing BCR, those in the screening arm lived for 5.6 yr longer in
the BCR state in comparison to men in the control arm. This
implies that men in the control arm who experience BCR
will need to switch earlier to treatment modalities for meta-
static PCa, which severely affect QoL [23,28]. Our results can
be used to inform patients about the harms and benefits of
screening for PCa using decision aids. Results for the aver-
age time spent in each state can be used to set more com-
prehensive expectations regarding the long-term benefit
of attending screening besides reducing mortality. Once
men reached the metastatic state, they lived for 5 yr on
average in both study arms, indicating that the gain pro-
vided by early detection lies in the possibility of cure. This
is in line with earlier work that revealed that the decrease
in metastatic disease is the major contributor to the reduc-
tion in PCa mortality in ERSPC [29].

It is unlikely that the rates of progression to BCR and to
metastatic disease observed can be attributed to different
treatment modalities at diagnosis. A study using ERSPC Rot-
terdam data revealed a small association between the trial
arms and primary treatment [30]. A recent update of the
ERSPC data with 16-yr follow-up, including data from Fin-
land, The Netherlands, Sweden, and Switzerland, demon-
strated that the difference in initial treatment was not
related to the reduction in PCSM [31]. Rather, differences
in treatments can be attributed to the favorability of tumor
characteristics at the time of diagnosis.

It is expected that in Europe, PCa incidence will increase
by 26% and PCSM incidence by 55% by 2040 in comparison to
2020 [32]. This high incidence and the potential disease bur-
den highlight a need to identify patients at risk of dying from
PCa to maintain their QoL as much as possible, as we have
shown that men who undergo screening and are diagnosed
with PCa have longer progression-free survival on average
than men who do not undergo screening. To reduce the
number of aggressive PCa cases requiring aggressive treat-
ment, early detection via an adequate risk stratification
methodology to reduce overdiagnosis and implementation
of individual risk-adapted AS schemes to reduce overtreat-
ment and unnecessary biopsies are essential to maximize
the benefit of PCa screening. A European Association of Urol-
ogy position paper on early detection of PCa recommends
risk stratification for men with elevated PSA to identify
those who are most likely to benefit from MRI [11]. In the
final step, MRI results can guide referral for prostate biopsy.

The main limitation of our study is that the data are from
a single center. However, the reported effect of PSA-based
screening in ERSPC Rotterdam in reducing metastatic dis-
ease [8] and PCSM [4] is consistent in comparison to overall
data from ERSPC as a whole. In addition, we did not stratify
our results by initial and secondary treatments or by tumor
characteristics as this would lead to subgroups too small for
meaningful analysis.

Strengths of our study include the limited nonatten-
dance in the screening arm and limited contamination in
the control arm. Kerkhof et al. [16] identified a nonatten-
dance rate of 6% in the screening arm and a contamination
rate of 12% in the control arm. This allows us to draw con-
clusions regarding the impact of PCa screening practices.
Another strength is the presence of prolonged and detailed
follow-up (data have been collected from 1993 onwards)
and a dedicated Cause of Death committee that classifies
the cause of death for patients with PCa using detailed
information from clinical records according to a standard-
ized protocol [18].
5. Conclusions

In conclusion, our detailed and prolonged follow-up pro-
vides insight into the phases men can encounter between
randomization and death after PSA-based screening. We
observed that men who underwent screening lived on aver-
age 0.9 yr less in the healthy state (14.1 vs 15.0 yr) in com-
parison to men in the control arm, a time window during
which men have to live with lower QoL. By contrast, in a
non-screening setting more men will encounter the highly
burdensome phase of metastatic disease, either at the time
of diagnosis or due to progression after an initial diagnosis
of nonmetastatic PCa. Starting from the BCR state, average
time to progression to metastatic disease or death was 5.6
yr earlier for men in the control arm. In particular, the meta-
static state has an enormous impact on QoL. Implementa-
tion of individual risk–based screening at a European level
should be discussed again in light of these data and the (ex-
pected) burden of PCa.

Author contributions: Sebastiaan Remmers had full access to all the

data in the study and takes responsibility for the integrity of the data

and the accuracy of the data analysis.

Study concept and design: Roobol, Remmers.

Acquisition of data: All authors.

Analysis and interpretation of data: All authors.

Drafting of the manuscript: Remmers.

Critical revision of the manuscript for important intellectual content: All

authors.

Statistical analysis: Remmers, Nieboer.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: Roobol.

Other: None.

Financial disclosures: Sebastiaan Remmers certifies that all conflicts of

interest, including specific financial interests and relationships and affili-

ations relevant to the subject matter or materials discussed in the manu-

script (eg, employment/affiliation, grants or funding, consultancies,

honoraria, stock ownership or options, expert testimony, royalties, or

patents filed, received, or pending), are the following: None.

Funding/Support and role of the sponsor: None.

Acknowledgments: The Dutch part of ERSPC was funded by the Dutch

Cancer Society (KWF 94-869, 98-1657, 2002-277, 2006-3518, and 2010-

4800), The Netherlands Organization for Health Research and Develop-



E U R O P E A N U R O L O G Y O P E N S C I E N C E 5 1 ( 2 0 2 3 ) 1 – 66
ment (ZonMW-002822820, 22000106, 50-50110-98-311, and 62300035),

The Dutch Cancer Research Foundation (SWOP), and an unconditional

grant from Beckman-Coulter-Hybritech Inc.

References

[1] Schröder FH, Hugosson J, Roobol MJ, et al. Screening and prostate-
cancer mortality in a randomized European study. N Engl J Med
2009;360:1320–8.

[2] Schröder FH, Hugosson J, Roobol MJ, et al. Prostate-cancer mortality
at 11 years of follow-up. N Engl J Med 2012;366:981–90.

[3] Schröder FH, Hugosson J, Roobol MJ, et al. Screening and prostate
cancer mortality: results of the European Randomised Study of
Screening for Prostate Cancer (ERSPC) at 13 years of follow-up.
Lancet 2014;384:2027–35.

[4] Hugosson J, Roobol MJ, Mansson M, et al. A 16-yr follow-up of the
European Randomized Study of Screening for Prostate Cancer. Eur
Urol 2019;76:43–51.

[5] Osses DF, Remmers S, Schröder FH, van der Kwast T, Roobol MJ.
Results of prostate cancer screening in a unique cohort at 19yr of
follow-up. Eur Urol 2019;75:374–7.

[6] Remmers S, Verbeek JFM, Nieboer D, van der Kwast T, Roobol MJ.
Predicting biochemical recurrence and prostate cancer-specific
mortality after radical prostatectomy: comparison of six
prediction models in a cohort of patients with screening- and
clinically detected prostate cancer. BJU Int 2019;124:635–42.

[7] Loeb S, Zhu X, Schröder FH, Roobol MJ. Long-term radical
prostatectomy outcomes among participants from the European
Randomized Study of Screening for Prostate Cancer (ERSPC)
Rotterdam. BJU Int 2012;110:1678–83.

[8] Schröder FH, Hugosson J, Carlsson S, et al. Screening for prostate
cancer decreases the risk of developing metastatic disease: findings
from the European Randomized Study of Screening for Prostate
Cancer (ERSPC). Eur Urol 2012;62:745–52.

[9] Heidenreich A, Abrahamsson P-A, Artibani W, et al. Early detection
of prostate cancer: European Association of Urology
recommendation. Eur Urol 2013;64:347–54.

[10] Remmers S, Roobol MJ. Personalized strategies in population
screening for prostate cancer. Int J Cancer 2020;147:2977–87.

[11] Van Poppel H, Hogenhout R, Albers P, van den Bergh RCN, Barentsz
JO, Roobol MJ. Early detection of prostate cancer in 2020 and
beyond: facts and recommendations for the European Union and
the European Commission. Eur Urol 2021;79:327–9.

[12] Van Poppel H, Hogenhout R, Albers P, van den Bergh RCN, Barentsz
JO, Roobol MJ. A European model for an organised risk-stratified
early detection programme for prostate cancer. Eur Urol Oncol
2021;4:731–9.

[13] Bhatt R, van den Hout A, Pashayan N. A multistate survival model of
the natural history of cancer using data from screened and
unscreened population. Stat Med 2021;40:3791–807.

[14] Gulati R, Tsodikov A, Wever EM, et al. The impact of PLCO control
arm contamination on perceived PSA screening efficacy. Cancer
Causes Control 2012;23:827–35.

[15] Shoag JE, Mittal S, Hu JC. Reevaluating PSA testing rates in the PLCO
trial. N Engl J Med 2016;374:1795–6.

[16] Kerkhof M, Roobol MJ, Cuzick J, et al. Effect of the correction for
noncompliance and contamination on the estimated reduction of
metastatic prostate cancer within a randomized screening trial
(ERSPC section Rotterdam). Int J Cancer 2010;127:2639–44.

[17] Roobol MJ, Kirkels WJ, Schröder FH. Features and preliminary
results of the Dutch centre of the ERSPC (Rotterdam, the
Netherlands). BJU Int 2003;92(Suppl 2):48–54.

[18] De Koning HJ, Blom J, Merkelbach JW, et al. Determining the cause
of death in randomized screening trial(s) for prostate cancer. BJU
Int 2003;92(Suppl 2):71–8.

[19] Andersen PK, Keiding N. Multi-state models for event history
analysis. Stat Methods Med Res 2002;11:91–115.

[20] Andersen PK, Abildstrom SZ, Rosthoj S. Competing risks as a multi-
state model. Stat Methods Med Res 2002;11:203–15.

[21] Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing
risks and multi-state models. Stat Med 2007;26:2389–430.

[22] de Wreede LC, Fiocco M, Putter H. mstate: an R package for the
analysis of competing risks and multi-state models. J Stat Software
2011;38:1–30.

[23] Heijnsdijk EAM, Wever EM, Auvinen A, et al. Quality-of-life effects
of prostate-specific antigen screening. N Engl J Med
2012;367:595–605.

[24] Donovan JL, Hamdy FC, Lane JA, et al. Patient-reported outcomes
after monitoring, surgery, or radiotherapy for prostate cancer. N
Engl J Med 2016;375:1425–37.

[25] Lardas M, Liew M, van den Bergh RC, et al. Quality of life outcomes
after primary treatment for clinically localised prostate cancer: a
systematic review. Eur Urol 2017;72:869–85.

[26] Venderbos LDF, Aluwini S, Roobol MJ, et al. Long-term follow-up
after active surveillance or curative treatment: quality-of-life
outcomes of men with low-risk prostate cancer. Qual Life Res
2017;26:1635–45.

[27] Drost F-J-H, Rannikko A, Valdagni R, et al. Can active surveillance
really reduce the harms of overdiagnosing prostate cancer? A
reflection of real life clinical practice in the PRIAS study. Transl
Androl Urol 2018;7:98–105.

[28] Venderbos LDF, Deschamps A, Dowling J, et al. Europa Uomo Patient
Reported Outcome Study (EUPROMS): descriptive statistics of a
prostate cancer survey from patients for patients. Eur Urol Focus
2021;7:987–94.

[29] Buzzoni C, Auvinen A, Roobol MJ, et al. Metastatic prostate cancer
incidence and prostate-specific antigen testing: new insights from
the European Randomized Study of Screening for Prostate Cancer.
Eur Urol 2015;68:885–90.

[30] Wolters T, Roobol MJ, Steyerberg EW, et al. The effect of study arm
on prostate cancer treatment in the large screening trial ERSPC. Int J
Cancer 2010;126:2387–93.

[31] Carlsson SV, Månsson M, Moss S, et al. Could differences in
treatment between trial arms explain the reduction in prostate
cancer mortality in the European Randomized Study of Screening
for Prostate Cancer? Eur Urol 2019;75:1015–22.

[32] European Commission. European Cancer Information System.
Long term estimates of cancer incidence and mortality, 2022.
https://ecis.jrc.ec.europa.eu/explorer.php?$0-4$1-All$4-1$3-34
$6-0,85$5-2020,2040$7-7,8$21-0$CLongtermChart1_1$X0_-1-A
E27$CLongtermChart1_2$X1_-1-AE27$CLongtermChart1_3$X2_
-1-AE27$CLongtermChart1_4$X3_14-$X3_-1-AE27$CLongterm-
Table1_6$X4_-1-AE27.

http://refhub.elsevier.com/S2666-1683(23)00124-6/h0005
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0005
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0005
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0010
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0010
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0015
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0015
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0015
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0015
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0020
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0020
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0020
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0025
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0025
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0025
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0030
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0030
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0030
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0030
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0030
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0035
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0035
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0035
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0035
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0040
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0040
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0040
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0040
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0045
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0045
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0045
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0050
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0050
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0055
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0055
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0055
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0055
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0060
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0060
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0060
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0060
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0065
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0065
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0065
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0070
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0070
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0070
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0075
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0075
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0080
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0080
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0080
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0080
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0085
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0085
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0085
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0090
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0090
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0090
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0095
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0095
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0100
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0100
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0105
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0105
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0110
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0110
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0110
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0115
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0115
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0115
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0120
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0120
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0120
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0125
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0125
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0125
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0130
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0130
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0130
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0130
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0135
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0135
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0135
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0135
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0140
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0140
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0140
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0140
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0145
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0145
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0145
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0145
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0150
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0150
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0150
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0155
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0155
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0155
http://refhub.elsevier.com/S2666-1683(23)00124-6/h0155
https://ecis.jrc.ec.europa.eu/explorer.php?%240-4%241-All%244-1%243-34%246-0%2c85%245-2020%2c2040%247-7%2c8%2421-0%24CLongtermChart1_1%24X0_-1-AE27%24CLongtermChart1_2%24X1_-1-AE27%24CLongtermChart1_3%24X2_-1-AE27%24CLongtermChart1_4%24X3_14-%24X3_-1-AE27%24CLongtermTable1_6%24X4_-1-AE27
https://ecis.jrc.ec.europa.eu/explorer.php?%240-4%241-All%244-1%243-34%246-0%2c85%245-2020%2c2040%247-7%2c8%2421-0%24CLongtermChart1_1%24X0_-1-AE27%24CLongtermChart1_2%24X1_-1-AE27%24CLongtermChart1_3%24X2_-1-AE27%24CLongtermChart1_4%24X3_14-%24X3_-1-AE27%24CLongtermTable1_6%24X4_-1-AE27
https://ecis.jrc.ec.europa.eu/explorer.php?%240-4%241-All%244-1%243-34%246-0%2c85%245-2020%2c2040%247-7%2c8%2421-0%24CLongtermChart1_1%24X0_-1-AE27%24CLongtermChart1_2%24X1_-1-AE27%24CLongtermChart1_3%24X2_-1-AE27%24CLongtermChart1_4%24X3_14-%24X3_-1-AE27%24CLongtermTable1_6%24X4_-1-AE27
https://ecis.jrc.ec.europa.eu/explorer.php?%240-4%241-All%244-1%243-34%246-0%2c85%245-2020%2c2040%247-7%2c8%2421-0%24CLongtermChart1_1%24X0_-1-AE27%24CLongtermChart1_2%24X1_-1-AE27%24CLongtermChart1_3%24X2_-1-AE27%24CLongtermChart1_4%24X3_14-%24X3_-1-AE27%24CLongtermTable1_6%24X4_-1-AE27
https://ecis.jrc.ec.europa.eu/explorer.php?%240-4%241-All%244-1%243-34%246-0%2c85%245-2020%2c2040%247-7%2c8%2421-0%24CLongtermChart1_1%24X0_-1-AE27%24CLongtermChart1_2%24X1_-1-AE27%24CLongtermChart1_3%24X2_-1-AE27%24CLongtermChart1_4%24X3_14-%24X3_-1-AE27%24CLongtermTable1_6%24X4_-1-AE27

	The Patient Journey from Randomization to Detection of Prostate Cancer and Death: Results from ERSPC Rotterdam
	1 Introduction
	2 Patients and methods
	2.1 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	References


