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Abstract

PROBASE is a population-based, randomized trial of 46 495 German men recruited at

age 45 to compare effects of risk-adapted prostate cancer (PCa) screening starting

either immediately at age 45, or at a deferred age of 50 years. Based on prostate-

specific antigen (PSA) levels, men are classified into risk groups with different screening

intervals: low-risk (<1.5 ng/ml, 5-yearly screening), intermediate-risk (1.5-2.99 ng/ml,

2 yearly), and high risk (>3 ng/ml, recommendation for immediate biopsy). Over the first

6 years of study participation, attendance rates to scheduled screening visits varied

from 70.5% to 79.4%, depending on the study arm and risk group allocation, in addition

11.2% to 25.4% of men reported self-initiated PSA tests outside the PROBASE proto-

col. 38.5% of participants had a history of digital rectal examination or PSA testing prior

to recruitment to PROBASE, frequently associated with family history of PCa.

These men showed higher rates (33% to 57%, depending on subgroups) of self-initiated

PSA testing in-between PROBASE screening rounds. In the high-risk groups (both arms),

the biopsy acceptance rate was 64% overall, but was higher among men with screening

PSA ≥4 ng/ml (>71%) and with PIRADS ≥3 findings upon multiparameter magnetic res-

onance imaging (mpMRI) (>72%), compared with men with PSA ≥3 to 4 ng/ml (57%) or

PIRADS score ≤ 2 (59%). Overall, PROBASE shows good acceptance of a risk-adapted

PCa screening strategy in Germany. Implementation of such a strategy should be

accompanied by a well-structured communication, to explain not only the benefits but

also the harms of PSA screening.

Abbreviations: DRE, digital rectal examination; ERSPC, European Randomized study of Screening for Prostate Cancer; PCa, prostate cancer; PSA, prostate-specific antigen; RCT, randomized

clinical trial.
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What's new?

Screening for prostate-specific antigen (PSA) reduces deaths from prostate cancer, but routine

PSA screening for all participants leads to overdiagnosis and overtreatment. The PROBASE

study, initiated in 2014, uses a risk-adapted PSA screening strategy that adjusts the screening

schedule depending on the participant's initial PSA level. Here, the authors report that adher-

ence rates during the first 6 years of the trial were good, with attendance rates in the 70% to

80% range, and the biopsy acceptance rate was 71% among men with PSA of 4 or higher.

1 | INTRODUCTION

The European Randomized Study of Screening for Prostate Cancer

(ERSPC) has provided conclusive evidence that prostate-specific anti-

gen (PSA) screening can reduce prostate cancer (PCa) mortality.1

However, it was also found that, relative to the number of cases with

aggressive PCa that were detected early enough to reduce

PCa-related mortality, routine PSA screening at regular (mostly

4-year) intervals for all screening participants entailed major risks of

harms in the form of over-diagnosis (ie, the early diagnosis of PCa that

would not have become symptomatic during a man's lifetime) and

over-treatment (ie, treatment of tumors detected early, without tangi-

ble benefit in terms of extended life expectancy).1

To improve the overall balance of screening benefits (reduced

PCa-related mortality) and harms, risk-adapted screening approaches

are being proposed that modulate screening intervals depending on a

man's estimated risk of having clinically relevant PCa in the next

years.2 Risk stratification may be based on a man's age and serum

concentrations of PSA, as well as on clinical risk factors and genetic

profiling.2 For example, the diagnostic work-up of screen-positive

men may be improved using magnetic resonance imaging (MRI) of the

prostate.3-5 Microsimulation models of risk-adapted screening also

showed a several-fold net benefit improvement compared with con-

ventional age-based screening strategies.6-8 So far, however, only few

studies have been started to test risk-adapted screening strategies in

population-based screening cohorts.

Recently, two large population-based trials have been launched

to investigate risk-adapted screening for PCa mortality reduction,

both expected to deliver results by the end of this decade.

In Finland, the PROSCREEN trial is a population-based randomized

screening trial of 67 000 men aged 55 to 67 years at entry, which

uses initial (baseline) PSA measurements to assign individually

adapted screening intervals, and which combines PSA with a four-

kallikrein (4 K) score test and multiparametric MRI (mpMRI) to iden-

tify men requiring prostate biopsies.9 Other large risk-adapted

screeing trials, for example, Göteborg 210 and STLM3,11 will pro-

vide information on how to improve the accuracy of the detection

of clinically significant PCa. In Germany, we initiated in 2014 the

PROBASE study—a prospective screening trial of over 46 000 men

that tests a risk-adapted screening strategy using baseline PSA

measurements to assign individualized screening intervals, with

baseline PSA and risk stratification starting either at age of 45 or

50 in a 1:1 randomized design.12

Key determinants for the effectiveness of risk-adapted screening

strategies in practice are screening participation and long-term adher-

ence of screening participants to a screening program, compliance

with recommended screening intervals, and compliance with recom-

mendations for further diagnostic work-up for those who receive a

positive PSA test. Likewise, the quality of the PROBASE study as a

randomized trial will also depend on the compliance of study partici-

pants with the study protocol, since initially about 90% of them were

recommended 5 year intervals until the next PSA screening. To exam-

ine adherence to the recommended screening strategy in PROBASE,

we here describe the response to personal screening invitations for

PSA tests, response to biopsy indications, and self-initiated interven-

tions outside the indicated study protocol during the first 8 years of

the study.

2 | STUDY COHORT AND METHODS

2.1 | The PROBASE study

The German Statutory Early Detection Program—launched in

1971—recommends digital rectal examinations (DRE) beginning with

the age of 45 years in the frame of annual self-initiated visits at

office-based physicians or urologists.13 The DRE examinations are

paid by the health insurance but PSA tests are not reimbursed.

Patients may order, however, an additional PSA test at their own

costs.

In a randomized approach, the PROBASE study investigates the

hypothesis that delaying the start of risk-adapted PSA screening to age

50 (delayed screening), as compared with screening starting at age

45 (immediate screening), will result in significantly fewer false-positive

PCa tests, while PCa detection remains early enough to avoid a signifi-

cant increase in distant metastases until the age of 60, as described pre-

viously in further detail.12 The PROBASE trial uses a PSA test rather

than DRE and an organized approach that is risk-based rather than

rigidly annual-based self-initiated physician visits. The study is per-

formed at four study sites in Germany, in and around the cities of

Duesseldorf, Hannover, Heidelberg and Munich. Details of the study

design have been reported previously.12,14 In brief, >400 000 invitations

KRILAVICIUTE ET AL. 855



were sent out to 45-year-old men identified from municipal population

registries, and between February 2014 and December 2019 a total of

46 495 men agreed to be randomized and take part in the trial. Of

these, one random half were offered baseline PSA screening at age

45 (immediate screening arm; N = 23 301); the other half were offered

DRE and were requested to return for their delayed baseline PSA

screening at age 50 (deferred screening arm; N = 23 194).

In both study arms, the risk-adapted screening protocol is iden-

tical and works with three “risk” categories: (1) “low risk” in men

with PSA <1.5 ng/ml leading to screening invitations every 5 years

(“5-year screening rounds”), (2) “intermediate risk” in men with PSA

between ≥1.5 and < 3.0 ng/ml leading to screening invitations every

2 years (“2-year screening rounds”), and (3) “high risk” in men with

confirmed PSA ≥3.0 ng/ml leading to an indication for prostate

biopsy. Confirmatory PSA test is done after 2 weeks for those with

initial PSA ≥3 ng/ml, and based on the second PSA value partici-

pants are classified accordingly. The baseline PSA value at either

age 45 (immediate screening arm) or age 50 (deferred screening

arm) determines the initial personal screening schedule according to

the scheme described above. Higher PSA values in the subsequent

screening rounds lead to an upgrade into the respective higher risk

category; by contrast, subsequent lower PSA values do not lead to

the downgrading of a man's risk category.

Men with confirmed PSA ≥3 ng/ml are referred to urology clinics

for further diagnostic workup and are recommended to undergo a sys-

tematic prostatic biopsy. For research purposes and according to

more recent guidelines, a mpMRI examination of the prostate is also

offered, however, is not intended to be used for triggering or delaying

the biopsy decision. If MRI was performed, biopsies were carried out

as a combination of systematic and MRI-targeted biopsies. Systematic

biopsies were performed according to the Vienna nomogram15 and

suspicious lesions in MRI were double biopsied. If the biopsy is

refused by the study participant or if it is negative, 3-monthly PSA

testing within the first year and annual invitations for further PSA

screening thereafter are recommended. Even if PSA values decreased

over time, participants remained in the high-risk category and were

followed by a 3-monthly PSA for at least 1 year and yearly MRIs

afterwards.

After study enrollment, all participants are contacted annually

either by mailed questionnaire or for a subsequent screening visit

according to the risk-adapted schedule described above. At consecu-

tive PSA screening visits, participants are interviewed by a study phy-

sician and information covering the interval since the last visit is

recorded (eg, new diseases, changes in medication use, history of PSA

or biopsies). Screening in the PROBASE trial ends with a PCa diagno-

sis, early withdrawal from the study or death, or with a final PSA

screening when a participant reaches the age of 60 years. Further

details about data collection in the PROBASE trial have been pub-

lished previously.12

All data were captured centrally at the German Cancer Research

Center (DKFZ) in a database (Onkostar) which is available online at

the study sites, using exchange protocols in accordance with data pro-

tection regulations.

2.2 | Data analyses

Data from the database were extracted on April 1, 2022 but only

records up to December 31, 2021 were considered for the present

analyses to allow additional time for data entry into the central study

database.

Basic data tabulations were used to describe numbers of PRO-

BASE participants who had progressively reached their respective

time points for scheduled follow-up PSA screenings and to describe

compliance for each screening occasion after 2, 4 or 6 years in the

immediate screening arm for men initially classified to be at intermedi-

ate risk, after 5 years in the immediate screening arm for men initially

classified to be at low risk, or for first PSA screening after 5 years in

the deferred screening arm. Basic tabulations were also used to

describe numbers of men who in each of the screening rounds had

been classified into the high-risk category, and to describe their sub-

sequent compliance with the recommended prostate biopsy.

To estimate complete response rates at the follow-up screening

occasions, we counted the cumulative screening attendance for men

who had had at least 12 months' time to comply with each invitation;

that is, for men who had accumulated a minimum of 3, 5, 6 and

7 years of follow-up time after baseline screening, respectively, at

time of 2-, 4-, 5- or 6-year follow-up screenings (see Supplementary

Figure S1). Given these minimal follow-up times, we counted men as

“compliant” if their follow-up visit took place in a time frame ranging

from 90 days before the scheduled visit (as the screening invitations

were sent by postal letter 4 weeks prior the scheduled date and also

earlier visit times could have been planned on personal request) till no

later than 90 days prior to the date of the next scheduled follow-up

visit. Men with the screening visit taking place later than 365 days

from the scheduled date were referred to as “late-comers.”
We also used basic tabulations to describe numbers of men who,

at each screening occasion, reported having had a PSA testing outside

the PROBASE protocol and study centers, and to examine potential

factors determining PSA testing outside the protocol or other forms

of noncompliance with the PROBASE study protocol.

For men who were offered a biopsy, we described 1-year biopsy

acceptance, overall and stratified by screening PSA value (≥3 to <4, ≥4

to <5, ≥5 to <10, and ≥10 ng/ml), MRI findings at screening (PIRADS

scores 1-2, 3, 4-5 and unknown), follow-up PSA value for men who had

denied immediate biopsy (<3, ≥3 to <4, ≥4 to <5, ≥5 to <10 and

≥10 ng/ml), or history of previous PSA or DRE examination prior to

enrollment in PROBASE and history of prostate cancer af the age 45.

Information on sociodemographic factors, medical history and

behavioral patterns towards screening recommendations, including a

history of previous PSA or DRE examination prior to enrollment in

PROBASE, reasons for PSA and time of last PSA and DRE was

collected at the time of enrollment in the study at age 45.

We describe medical history (cancer and other underlying diseases),

extended family history of PCa (among father, brother[s], uncle[s] and

grandfather[s]), as well as PSA and DRE use and reason for PSA test-

ing before age 45 for all study participants together as well as

stratified by family history of PCa before age 45.
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All calculations were performed with Stata, version 14/IC

(StataCorp. 2015. Stata Statistical Software: Release 14. College

Station, TX: StataCorp LP).

3 | RESULTS

3.1 | Numbers of participants at enrollment
(immediate and deferred screening arms)

A total of 46 495 men accepted to take part in the PROBASE study

and attended a first study visit. Of these, 17.1% (N = 7944) reported

a family history of PCa (ie, PCa diagnosis for a grandfather, father,

uncle[s] or brother[s], see Table 1). About one third of participants

(34.3%) had a DRE prior to enrollment in the PROBASE trial and

15.8% (N = 7335) reported having had a prior history of PSA testing.

Men with a family history of PCa had undergone both DRE and PSA

testing before age 45 more often (43.1% and 27.5%, respectively)

than men without a family history (33.8% and 13.9%, respectively).

Among men without a family history, prior PSA testing was more

often reported to be motivated by symptoms (11.1%) than among

those who did report a family history (6.8%). More than half of the

prior PSA tests (4080 out of 7335 = 55.6%) were done in the context

of a routine check-up. Irrespective of family history, men who

reported PSA testing prior to PROBASE enrollment were more likely

to have a history of urological disorders, previous cancer diagnosis

(other than cancer of the prostate), endocrine diseases, gastrointesti-

nal disorders or cardiovascular diseases (Supplementary Table S1).

TABLE 1 Basic characteristics of the PROBASE study population at age 45 at the study enrollment

Characteristics

(column percentage)

Family history of prostate cancer

Total (N = 46 495;

100%)a
Yes (N = 7944;

17.1%)

No (N = 35 967;

77.4%)

Unknown

(N = 2584; 5.6%)

PSA before age 45 No 5515 (69.4%) 29 455 (81.9%) 1044 (40.4%) 36 014 (77.5%)

Unknown 245 (3.1%) 1516 (4.2%) 1385 (53.6%) 3146 (6.8%)

Yes 2184 (27.5%) 4996 (13.9%) 155 (6.0%) 7335 (15.8%)

Reasons for PSA testingb,c

Routine check-up 759 (34.8%) 3223 (64.5%) 98 (63.2%) 4080 (55.6%)

Due to family history 1464 (67.0%) n/a n/a 1464 (20.0%)

Symptom-related 149 (6.8%) 556 (11.1%) 8 (5.2%) 713 (9.7%)

Search for prostate cancer 7 (0.3%) 35 (0.7%) 2 (1.3%) 44 (0.6%)

Unknown 206 (9.4%) 1224 (24.5%) 44 (28.4%) 1474 (20.1%)

Time of last PSAc

In the last 12 months 862 (39.5%) 1878 (37.6%) 52 (33.5%) 2792 (38.1%)

1-2 yr. ago 601 (27.5%) 1247 (25.0%) 39 (25.2%) 1887 (25.7%)

3-5 yr. ago 371 (17.0%) 857 (17.2%) 25 (16.1%) 1253 (17.1%)

More than 5 yr. ago 147 (6.7%) 322 (6.4%) 8 (5.2%) 477 (6.5%)

Unknown 203 (9.3%) 692 (13.9%) 31 (20.0%) 926 (12.6%)

DRE before age 45 No 4219 (53.1%) 22 432 (62.4%) 852 (33.0%) 27 503 (59.2%)

Unknown 302 (3.8%) 1389 (3.9%) 1330 (51.5%) 3021 (6.5%)

Yes 3423 (43.1%) 12 146 (33.8%) 402 (15.6%) 15 971 (34.3%)

DRE by urologistc 2221 (64.9%) 7573 (62.3%) 249 (61.9%) 10 043 (62.9%)

Time of last DREc

In the last 12 months 1082 (31.6%) 3473 (28.6%) 113 (28.1%) 4668 (29.2%)

1-2 yr. ago 762 (22.3%) 2572 (21.2%) 95 (23.6%) 3429 (21.5%)

3-5 yr. ago 747 (21.8%) 2551 (21.0%) 69 (17.2%) 3367 (21.1%)

More than 5 yr. ago 765 (22.3%) 3158 (26.0%) 105 (26.1%) 4028 (25.2%)

Unknown 67 (2.0%) 392 (3.2%) 20 (5.0%) 479 (3.0%)

Had PSA or

DRE before age 45

3968 (49.9%) 13 458 (37.4%) 452 (17.5%) 17 878 (38.5%)

Abbreviations: DRE, digital rectal examination; PSA, prostate specific antigen.
aIndicated relatives among those with family history of prostate cancer: Grandfather (N = 2449, 30.8%), Father (N = 927, 11.7%), Uncle (N = 827, 10.4%),

Brother (N = 66, 0.8%), and No data (N = 4141, 52.1%).
bMultiple reasons could have been mentioned by each participant.
cPercentage from those with respective positive response to PSA or DRE testing in the past.
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3.2 | Response to PSA screening invitations

Of the 46 495 study participants, 23 301 were randomized to the imme-

diate screening arm, and 23 194 to the deferred screening arm. In the

immediate screening arm, 20 824 (89.4%) and 2291 (9.8%) were rated as

low-risk and intermediate-risk, respectively, and 186 (0.8%) were rated

at high risk. The median follow-up time in the study from the enrollment

to the date of data extraction for this analysis (December 31, 2021) for

all study participants was 5.1 years (interquartile range: 3.7-6.3 years).

Table 2 shows the numbers of PROBASE participants in the low-

and intermediate-risk groups of the immediate screening arm, and in the

deferred screening arm, respectively. Grouping by follow-up

time since study enrollment indicates the numbers of men that at the

time of data extraction for the present analyses (December 31, 2021) had

reached (or not yet reached) their scheduled dates for screenings 2, 4,

5 or 6 years after enrollment. Based on the numbers of men who had

accumulated at least 12 months of study follow-up time after the dates

of scheduled follow-up screenings (shaded areas in Table 2), we estimated

the compliance for PROBASE participants with the 2-, 4-, 5- and 6-year

screening rounds. In the immediate screening arm, men assigned to the

low-risk group showed an overall screening attendance rate of 79.4%

5 years after enrollment and baseline testing, whereas in the deferred

screening arm the attendance rate to the first PSA screening at age

50 was 73.1%. Stratified analyses showed a difference in absolute partici-

pation rates of up to 3% to 4% comparing men with or without a family

history of PCa (Supplementary Tables S2a and 2b), or comparing men

with or without a history of PSA testing (Supplementary Tables S3a, 3b)

or history of DRE testing (Supplementary Tables S4a and 4b) prior to

PROBASE study enrollment. In the intermediate-risk group, a total of

88.0% of men had attended the 2-year screening, either within

12 months of their scheduled screening date (86.5%) or as “late comers”
(1.5%), and likewise, a total of 76.6% and 70.5% attended the 4-year and

the 6-year screening rounds, respectively (Table 1). Further analyses

showed that participation in a next screening round was higher among

those who had complied with the previous round invitation

(Supplementary Figure S2): In the intermediate risk group, the rate of

response to the 4-year screening was 83.6% for among men who had

responded to the 2-year screening invitation (N = 1800), but only 8.6%

among those (N = 245) who had skipped the 2-year round. Likewise, the

participation in the 6-year round was 86.5% among men who had

attended the 4-year screening, compared with 50.7% among those who

had skipped the 4-year round.

3.3 | Self-initiated PSA tests between PSA
screening rounds

At the time of each screening PSA visit, study participants were asked

by the study physician to report whether they had self-initiated PSA

tests outside of the PROBASE protocol. Table 3 describes the per-

centages of PROBASE participants who reported having had a self-

initiated PSA test between two consecutive screening rounds, or

between study enrollment and deferred screening for participants in T
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the deferred screening arm. One out of four men (25.4%) who com-

plied with the PSA screening invitation at the 5-year screening round

in the deferred screening arm confirmed having additional PSA tests

since PROBASE enrollment vs one out of five men (18.7%) for the

low-risk group in the immediate screening arm (P value <.001, Χ2 test).

In the immediate screening arm, 11.2% to 14.9% of men participating

in the 2-, 4-, and 6-year screening rounds reported additional, out-of-

protocol PSA testing after their previous PROBASE screening visit.

Depending on the screening round, 33% to 57% of men reported

additional, out-of-protocol PSA testing in between PROBASE screen-

ing rounds (Supplementary Table S5a), and out-of-protocol testing

was reported more frequently among men with a prior history of PSA

testing before entry into the PROBASE study (Supplementary

Table S5a) relative to men without such prior history. The association

between out-of-protocol testing and prior history of PSA testing was

strongest among men in the intermediate risk group attending the

2-year screening round (OR = 8.1 [95% CI 6.0-11.0]), somewhat

weaker for men attending the 4- or �5 year rounds (odds ratios

TABLE 4 Biopsy acceptance among men with PSA ≥3 ng/mla

Characteristics

1-year biopsy compliance

Total p value of Chi2Yes, N. (%) No, N. (%)

Total, menb 320 (63.6%) 183 (36.4%) 503

Screening round: Total = 503 0.050

Baseline 120 (64.5%) 66 (35.5%) 186

2-year (immediate screening arm) 81 (73.6%) 29 (26.4%) 110

4-year (immediate screening arm) 33 (50.0%) 33 (50.0%) 66

6-year (immediate screening arm) 6 (66.7%) 3 (33.3%) 9

5-year (immediate screening arm) 12 (54.5%) 10 (45.5%) 22

5-year (deferred screening arm) 68 (61.8%) 52 (38.2%) 110

PSA level at the screening: Total = 503 0.003

≥3 to <4 ng/ml 164 (56.7%) 125 (43.3%) 289

≥4 to <5 ng/ml 72 (71.3%) 29 (28.7%) 101

≥5 to <10 ng/ml 69 (74.2%) 24 (25.8%) 93

≥10 ng/ml 15 (75.0%) 5 (25.0%) 20

MRI score: Total = 410 <0.001

PIRADS 1–2 58 (59.2%) 40 (40.8%) 98 (“Unknown” excluded)

PIRADS 3 145 (72.9%) 54 (27.1%) 199

PIRADS 4–5 105 (92.9%) 8 (0.7%) 113

Unknown 4 (40.0%) 6 (60.0%) 10

Follow-up PSA tests in men who did

not undergo immediate biopsy:

Total = 141 <0.001

<3 ng/ml 2 (4.4%) 43 (95.6%) 45

≥3 to <4 ng/ml 19 (41.3%) 27 (58.7%) 46

≥4–<5 ng/ml 10 (40.0%) 15 (60.0%) 25

≥5 to <10 ng/ml 9 (47.4%) 10 (52.6%) 19

≥10 ng/ml 5 (83.3%) 1 (16.7%) 6

Family history of prostate cancer: Total = 503 0.084

Yes 79 (70.5%) 33 (29.5%) 112

No/unknown 241 (61.6%) 150 (56.5%) 391

PSA before age 45: Total = 503 0.386

Yes 68 (67.3%) 33 (32.7%) 101

No/unknown 252 (62.7%) 150 (38.4%) 402

DRE before age 45: Total = 503 0.059

Yes 111 (58.4%) 79 (41.6%) 190

No/unknown 209 (66.8%) 104 (33.2%) 282

aAt date of present analysis (data extraction December 31, 2021).
bAll men had at least 1 year of follow-up time after screening PSA test to comply with the biopsy recommendation.
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between 5.6 [3.9-8.1] and 6.0 [5.3-6.8]), and still somewhat weaker

for men attending the 6-year screening round (OR = 4.2 [2.3-7.5]).

Increased out-of-protocol PSA testing was also observed for men with

prior history of DRE (Supplementary Table S5b), or (less strongly) with

a family history of PCa (Supplementary Table S5c) relative to men

without such histories.

3.4 | Response to biopsy indication

All men with a confirmatory screening PSA ≥3 ng/ml were recommended

to undergo a diagnostic workup by prostate biopsy. At the reference date

for the present data analyses (December 31, 2021), this group included a

total of 649 men (shown in Supplementary Table S6), and 503 of them

have had at least 1 year of follow-up time to comply with the biopsy indi-

cation. Table 4 shows 1-year biopsy acceptance rate among these men.

The overall biopsy acceptance rate was 63.6% but this rate varied

between 50.0% and 73.6% for the different screening rounds. Among

men who tested PSA-positive at their first baseline screening, either at age

45 (immediate screening arm) or at age 50 (deferred arm), the 1-year

biopsy acceptance rates were 64.5% and 61.8%, respectively. Biopsy

acceptance gradually increased to 69.9% with additional follow-up time

for men who were offered a biopsy at the age of 45 (additional 10 men

have had biopsy later than 1 year after being recommended to undergo

prostate biopsy; shown in Supplementary Table S6). Biopsy acceptance

was higher (>71%) in men who had a screening PSA value ≥4 ng/ml, which

is the PSA-threshold level at which prostatic biopsy is recommended

according to standard urological practice in Germany,16 as compared with

biopsy acceptance among men with PSA between 3 and 4 ng/ml (56.7%).

In line with this, biopsy acceptance tended to decrease in further screening

rounds, in which the proportion of men having PSA levels between 3 and

4 ng/ml increased (Supplementary Figure S3).

In addition, as shown in Tables 4, 141 out of 503 men (28.0%)

had a further PSA test before taking a biopsy decision. Of these,

45 had a follow-up PSA <3 ng/ml, and 43 of those (95.6%) declined

biopsy in the first year, including many with PIRADS score ≥ 3

(Supplementary Figure S4). MRI findings influenced biopsy decision,

where biopsy acceptance rose from 59.2% in those with PIRADS 1 to

2 findings to 72.9% (PIRADS 3) and reached 92.9% for men with PIR-

ADS 4 to 5 findings. Response to biopsy indication showed no associ-

ation with prior history of DRE or PSA testing, or family history of

PCa, at the time of study entry.

4 | DISCUSSION

While quantitative modeling studies indicate that risk-adapted strate-

gies may improve the overall harm-to-benefit ratio for PCa screening

programs, only few studies so far have started to examine such strate-

gies in practice. We here report estimates from the German PROBASE

trial—a study of 46 495 men 45 years of age who started PSA screen-

ing either immediately (immediate screening arm), or 5 years after

study enrollment at age 50 (deferred screening arm)—of attendance

rates to scheduled screening rounds, rates of self-initiated PSA testing

in addition to the PROBASE protocol, compliance with the recom-

mendation to undergo prostate biopsy in case of a positive PSA test,

and potential determinants that may affect adherence.

Our findings must be interpreted in the context of German policy

with regard to PCa screening. The German Statutory Early Detection

Program—launched in 1971—recommends DRE, starting at the age of

45 years, as part of annual self-initiated visits at office-based physi-

cians or urologists. German health insurances reimburse DRE exami-

nations, but not PSA testing unless it is motivated by a suspicious

DRE finding; patients may, however, order PSA tests at their own

costs. According to a large-scale population survey among men 45 to

79 years of age, conducted in 2013, about 20% of the age group

45 to 49 reported having undergone a DRE and 12% reported having

had a PSA test within the past 12 months.17 With increasing age

groups, these percentages progressively rose to 56% and 45%,

respectively, for men 70 to 79 years of age.17 Similar observations

were made in an earlier survey (2008).18

In PROBASE, one out of six participants (15.8%) had a history of

PSA testing before enrollment to PROBASE, which is above the prev-

alence of PSA testing described above in the general population.17

Likewise, one out of three men (34.4%) reporting DRE testing prior to

PROBASE enrollment, again well above the DRE testing rate for men

below age 45 in the general population (which is below 20%). Since

the official starting age for screening with DRE in Germany is

45 years, it is unlikely that men in the PROBASE study had DRE per-

formed in the frame of the current German PCa screening program.

Rather, DRE use might reflect the percentage of men who participate

in several other statutory health checkup programs in Germany. The

German health insurances and the Ministry of Health encourage all

residents to participate in early detection programs, for example, for

diabetes or high blood pressure, and offer various tools and consulta-

tions to detect diseases as early as possible, as part of general health

check-ups (eg, “Gesundheits check-up” beginning at age 35).

The higher-than-average use of DRE and PSA testing prior to

PROBASE enrollment appeared to be frequently motivated by men's

concerns specifically with regard to their genitourinary health, as the

DREs had been performed predominantly (62.9%) in specialized urol-

ogy practices, rather than by general practitioners. Analyses of

PROBASE questionnaire data showed that family history of PCa, but

also pre-existing urologic or other concerns or morbidities (eg, cancer,

endocrine disorders), were frequent self-reported motivations associ-

ated with PSA testing before enrollment into the PROBASE study.

After enrollment into the PROBASE trial, prior PSA testing, use of

DRE and self-reported family history each were related to further

self-initiated PSA testing additionally to the tests scheduled for

PROBASE, whereas at the same time these prior behaviors were also

related to a better adherence to the scheduled screening rounds.

Depending on screening arm and risk group allocation, between 11%

and 25% of all study participants who adhered to scheduled follow-up

visits reported having had further PSA tests additionally to the recom-

mended PROBASE protocol. The frequency of additional PSA testing

in between scheduled PROBASE screening rounds, however, was
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4- to 8-fold increased (odds ratios) for men who already had a history

of PSA testing prior to PROBASE enrollment compared with those

without prior PSA history, depending on the follow-up screening

round. Additional PSA testing was also increased among men with

prior history of DRE and to a lesser degree, with a self-reported family

history of PCa at the time of study entry. Again, these data indicate

that pre-existing concern about genitourinary health was a strong and

continuing “driver” of PSA testing both within and outside the

PROBASE study context.

Overall, about 80% of men in the immediate screening arm

(ie, starting PSA testing at age 45) returned for scheduled screening

rounds during their first 5 or more years in the study, compared with

only 74% for men whose first PSA testing was deferred until the age

of 50. In absolute, these adherence rates in both study arms exceed

by far the usual participation rates observed in other European pros-

tate screening trials19,20 and long-established cancer screening pro-

grams in Germany, such as routine screening for breast cancer

(52%21) and colorectal cancer (11-26%22), although it should be

acknowledged that those men who agreed to participate in PROBASE

(<12% from all invited) might have represented men who have higher

interest in screening in general. Regarding the lower participation in

the deferred screening arm, we speculate that dissatisfaction with the

lack of an immediate screening offer may have motivated a proportion

of men to independently seek PSA testing through medical practices,

abandoning further participation in the PROBASE trial. Future ana-

lyses, after at least 5 more years of screening, will show whether after

the initial drop-outs observed in the first 5 years the adherence rates

will stabilize, or whether there will be continuing attrition of the

PROBASE study cohort. We anticipate that increased communication

with the study participants, for example, through the use of annual

newsletters to remind men of the advantages of adhering to individu-

ally optimized, risk-adapted screening schedules and to keep them

informed about findings from the trial, will help maintain a high level

of long-term adherence.

Among men who had a confirmed PSA test ≥3 ng/ml, and who

thus were classified into the high-risk group, only up to 64% accepted

to undergo the recommended prostate biopsy at one of the PROBASE

study centers within 1 year of the positive PSA test, although the

overall biopsy compliance rates varied across risk groups and screen-

ing rounds. The 1-year biopsy compliance rates varied also according

to the actual PSA level at the time of the positive test, with �74%

compliance for those with PSA values ≥4 ng/ml, compared with 57%

for those with values between 3 to 4 ng/ml. In Germany, as in many

other countries, 4 ng/ml is the generally accepted PSA threshold value

for recommending biopsy.16 In PROBASE, a lower threshold of

3 ng/ml was chosen for classifying men into the high-risk category

(screening PSA test “positive”) considering the fact that PSA levels are

significantly lower among younger men below the age of 50, as com-

pared with men of older ages. Many of the men who hesitated to have

an immediate prostate biopsy may have asked for a second opinion

from urologists outside the PROBASE study centers, potentially lead-

ing to contradictory advice regarding the immediate need for biopsy.

This might have been particularly the case for men who had PSA

screening tests with values below 4 ng/ml. In addition, some of these

men may have subsequently had additional follow-up measurements

with PSA declining below 3 ng/ml. Temporarily elevated PSA values

are known in this young age group caused by subclinical intraprostatic

inflammation.23 Another factor that could have influenced men's deci-

sions of having an immediate biopsy was the increasing role of

mpMRI, which over recent years has now been established as a guide-

line recommendation as a valuable noninvasive tool for improving the

specificity of an elevated PSA test.24 Especially for men with elevated

PSA, but unsuspicious mpMRI, the necessity of having an immediate

biopsy is being debated, whereas men with elevated PSA and PIRADS

4 or 5 scoring on mpMRI are recommended to undergo biopsy.2,24

Despite the lack of evidence that mpMRI in young men at age

45 yields equivalent high negative predictive values as compared with

elderly men, the information of a negative mpMRI result has certainly

influenced men's decision not to undergo a biopsy.

Despite encouraging results regarding the overall adherence to

the study protocol, the PROBASE study has a few limitations. Infor-

mation about PSA testing outside the PROBASE protocol was

recorded only for men who attended the scheduled screening visits.

Although nearly 50% of men who had not adhered to scheduled

follow-up screening invitations completed at least three annual

follow-up questionnaires (data not shown), deliberately, no questions

were asked about PSA tests outside the PROBASE schedule, to avoid

giving them unintended incentives to use self-initiated tests. The

downside of this latter strategy is that we have no quantitative docu-

mentation of the frequency of self-initiated PSA testing among men

who did not attend follow-up visits scheduled in PROBASE.

In summary, our analysis of adherence and nonadherence to risk-

adapted screening revealed a few important insights for future

screening strategies for PCa. First, the suggested risk-adapted screen-

ing intervals based on a baseline PSA was accepted by a high percent-

age (up to 80%) of participants, especially when they were offered

immediate PSA screening. Second, men accepting the offer to take

part in a population-based, risk-adapted PCa screening program (such

as PROBASE) will likely show an over-representation of men with

heightened concern or awareness of their general health, or more spe-

cifically of their genitourinary health. These latter men may tend to

seek more frequent PSA testing than is actually offered to them in the

context of the screening program, based on their general PCa risk

classification. Men concerned about a family history of PCa or

because of prostate-related symptoms, who may have an increased

motivation to seek self-initiated PSA testing, may require more specif-

ically tailored instruments for risk stratification, as well as intensified

counseling regarding the purposes and general benefits of risk-

adapted screening strategies. Similarly, their primary physicians need

to be involved closely. A small proportion of men may have an

increased familial and/or hereditary risk, and for these men, individu-

alized genetic counseling and analyses might be used to identify

whether they need intensified (yearly) screening, similar to the

counseling and intensified screening strategies for women with hered-

itary breast cancer. The majority of men with special concerns about

genitourinary health, however, may not in reality have PCa risks high
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enough to justify annual screening. Third, it was noted that many men

with PSA tests ≥3 ng/ml were hesitant to have an immediate prostate

biopsy. Over time, biopsy acceptance rates may increase as men in

the high-risk category remain in regular annual PSA screening and

MRI examinations, which may indicate changes in the prostate over

time. MRI was not included in the PROBASE protocol to guide the

decision to perform or not perform a biopsy because at the time of

the launch of PROBASE in 2014 a mpMRI was not recommended

before every biopsy. Meanwhile, this recommendation has changed

and every primary biopsy should be accompanied by a prior MRI of

the prostate.2,25 Although it was not recommended by the PROBASE

protocol, MRI results did appear to have influenced men's decisions to

have a biopsy.

In overall conclusion, we note that the PROBASE trial itself was not

compromised by a too high rate of nonadherence, neither as general

adherence to the risk-adapted screening strategy nor as individual adher-

ence to recommended biopsies. We do see clear indications, however,

that deviations from the PROBASE study protocol might have been

caused by an insufficient understanding of the advantages of risk-adapted

time intervals. These findings underscore that, in general, sufficient

counseling should be given to all men attending to a risk-adapted screen-

ing program, to create awareness that frequent PCa screening is not nec-

essarily accompanied by benefits (ie, a gain in life years through early

tumor detection) but can also generate major harms (false-positive tests

and follow-up diagnostics; over-diagnosis and over-treatment), and to

explain that risk-adapted strategies are designed to maintain an optimized

balance between an individual's expected benefits and risk of harms.
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