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ABSTRACT

Objective Given a man’s current prostate- specific
antigen (PSA) level, age and family history of prostate
cancer, what are the benefits (decreased risk of higher
Gleason score [GS] cancer at diagnosis) and harms
(increased risk of false-positive biopsy recommendation)
of waiting 1, 2, 3, 4 or 5-8 years until the next PSA test?
Design Prospective cohort.

Setting All PSA tested men in Stockholm, Sweden,
between 2003 and 2015.

Participants Men aged 50-74 years with at least two
PSA tests between 2003 and 2015 (n=174636).

Main outcome measures Log-binomial regression to
calculate the risk ratio (RR) of GS >7 and GS 6 versus
benign outcome at prostate biopsy and 12-year cumulative
probability of experiencing a false-positive biopsy by
testing interval, age, PSA level and first-degree family
history.

Results Men with PSA <1 ng/mL had low risk of GS

>7 prostate cancer irrespective of testing interval; <3%
had a PSA >3 at the next testing occasion, and of the
663 men biopsied after the next PSA test only 32 (5%)
had GS >7 cancer. Men with PSA >1 ng/mL had increased
risk of being diagnosed with GS >7 prostate cancer

when screened with longer than annual intervals (RRs
ranged from 1.4 to 3.2 depending on PSA level and
testing interval). The results were consistent across age
groups and family history status. This benefit needs to

be balanced against the increased risk for false-positive
biopsy recommendation with shorter testing intervals
(twofold for annual vs biennial and threefold for annual vs
triennial).

Conclusions Men aged 5074 years with PSA <1 ng/
mL can wait 3—4 years before having a new PSA test. For
men with PSA >1ng/mL, we observed an increased risk
of being diagnosed with GS >7 prostate cancer with longer
than annual testing intervals. This benefit needs to be
balanced against the markedly increased risks for false-
positive biopsy recommendations with shorter testing
intervals recommendations.

Strengths and limitations of this study

» A large population-based study with prospective-
ly collected high-quality data from the Stockholm
prostate-specific antigen (PSA) and Biopsy Register
in Sweden, reflecting contemporary urology and pa-
thology practice.

» Limited evidence in other studies on the association
of PSA testing intervals and the risk of being diag-
nosed with Gleason score >7 prostate cancer.

» With the observational study design follows the po-
tential for confounders.

INTRODUCTION
Prostate-specific antigen (PSA) is widely
used to screen for prostate cancer and there
is strong evidence that PSA testing reduces
prostate cancer mortality.'™ However, PSA
has a high false-positive rate translating into
unnecessary prostate biopsies and overdiag-
nosis of low-risk cancers, resulting in poten-
tial overtreatment."® A key component to
better balancing the harms and benefit of
PSA testing is to find suitable testing intervals.
Prostate cancer screening trials have used
2- or 4-year screening intervals. But since
none of these trials randomised patients to
differentintervals as a primary objective, there
is no direct evidence supporting a specific
screening interval. The limited available
evidence is based on retrospective analyses of
data from the screening trials or on model-
ling.7 8 van Leeuwen ef al’ used data from
the Gothenburg and Rotterdam sites of the
European Randomized Study of Screening
for Prostate Cancer (ERSPC) to estimate a
43% reduction in the diagnosis of advanced
prostate cancer for screening every 2 years
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(Gothenburg) compared with every 4 years (Rotterdam).
The diagnosis of low-risk prostate cancer was, however,
46% higher in Gothenburg than in Rotterdam, indi-
cating increased overdiagnosis. Modelling studies have
projected that screening men every 2years preserves the
majority (about80%) of prostate cancer deaths prevented
compared with annual screening while reducing both the
number of tests and the chance of a false-positive test by
50% and overdiagnosis by 30%."

Recommendations on screening interval from various
organisations differ. For men who want to participate in
prostate cancer screening after shared decision-making,
the American Cancer Society recommends biennial
screening for men aged 50 years and over with a PSA level
of <2.5ng/mL and annual testing for men with PSA level
2.5ng/mL or higher,” the American Urological Associa-
tion (AUA) recommends biennial testing for men aged
55-69 years,'” and the National Comprehensive Cancer
Network (NCCN)!"' recommends 2- to 4-year intervals for
men aged 45-74 years with PSA <1 ng/mL and 1-2years
for men with PSA =1 ng/mL. Both the AUA and NCCN
also state in their guidelines that the ideal screening
interval, in fact, is unknown. After recommending against
PSA testing altogether since 2012,' the US Preventive
Services Task Force (USPSTF) in a recent draft state-
ment now recommends offering PSA testing to men
aged 55-69 years' after individualised decision-making.
USPSTF gives no explicit recommendation on screening
intervals and states that more research on the effect of
different screening intervals on benefits and harms of
PSA screening is needed.

For breast cancer screening, the Breast Cancer Surveil-
lance Consortium has a series of well-conducted obser-
vational studies evaluated the harms and benefit of
different mammography screening intervals.'*'® We here
provide similar analyses for prostate cancer screening.
Specifically, we aimed to address the following question:
given a man’s current PSA level, age and family history
of prostate cancer, what are the benefits (decreased risk
of higher Gleason score [GS] cancer at diagnosis) and
harms (increased risk of false-positive biopsy recommen-
dation) of waiting 1, 2, 3, 4 or 5-8years until having the
next PSA test?

METHODS

Data sources

We compiled the Stockholm PSA and Prostate Biopsy
Registry through linkages of population based and virtu-
ally complete health registries.17 With data from the three
clinical chemistry laboratories performing all PSA anal-
yses in Stockholm, Sweden, we identified all men who
underwent at least one PSA test in Stockholm since 2003.
From the three pathology departments in Stockholm,
data were collected on histological examinations of pros-
tate tissue samples from the same geographical area and
period. Family relations were obtained from the Swedish
Multi-generation  Register.  Clinical ~data—including

tumour stage, GS and mode of detection (PSA detected
or symptomatic detection)—were obtained by linking to
the Regional Prostate Cancer Register and the Swedish
National Cancer Register. On 23 November 2015, the
Stockholm PSA and Biopsy Registry comprised data from
close to 448000 men and 1.8 million PSA tests. The local
ethics review board approved the study.

Patient and public involvement
Patients were not involved in the design, recruitment or
conduction of the study.

Definitions, design and study population

We included men aged 50-74 years with and without
prostate cancer and with at least two PSA tests between
1 January 2003 and 23 November 2015 (both tests taken
prior to diagnosis for men with prostate cancer) (online
supplementary appendix figure 1 in the Supplement).

For each man, the intervals between his PSA tests were
classified as annual (9-18 months apart), biennial (19-30
months apart), 3yearly (31-42 months apart), 4yearly
(43-54 months apart) or 5-8yearly (55-96 months apart)
(figure 1). We denote the second PSA test in an interval
the index PSA and the first PSA test the pre-index PSA. An
elevated PSA is often validated a few weeks later, since the
PSA concentration temporarily can be increased by, for
example, infections. We therefore considered PSA tests
performed within 90 days from each other as part of the
same workup procedure and only the chronologically
second of these tests entered the analysis. Analyses were
restricted to pre-index PSA tests <10ng/mL and to first
biopsies performed within 120 days before referral date
of biopsy and within 180 days before the date of cancer
diagnosis. Prostate cancers diagnosed symptomatically
within 1, 2, 3, 4 and 5-8 years of the index PSA of men
tested annually, biennially, 3yearly, 4yearly or 5-8yearly,
respectively, were included in the analysis (figure 1).

For the analysis of the probability of false-positive biopsy
recommendations, we included all men with PSA tests
between 1 January 2003 and 23 November 2015 without
a history of prostate cancer and without a prostate cancer
diagnosis within 180 days after the last recorded PSA test.

Statistical analysis

We used descriptive statistics to summarise the popula-
tion by testing interval and to estimate the proportion
of biopsied men with a false-positive biopsy recommen-
dation and with Gleason-specific cancer diagnosis strati-
fied by testing interval, age group, pre-index PSA, index
PSA and family history.

We used log-binomial regression to calculate the risk
ratios (RRs) and 95% CI for outcomes at first biopsy: (1)
false-positive biopsy (benign finding), (2) GS 6 or (3)
GS 27. Independent variables included testing intervals
(1,2, 3, 4 or 5-8 years), age, pre-index PSA levels (catego-
rised as <1, 1-3, 3-5 and 5-10), number of previous PSA
tests and family history of prostate cancer. We adjusted for
educational level in the regression model.
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Follow-up

Longer testing interval may impact the outcome of a prostate biopsy following the index PSA test due to longer time

for a potential tumour to grow from the pre-index PSA to the index PSA, or due to a symptomatically driven biopsy diagnosed
during the longer interval between the index PSA and the next PSA test. This study takes both of these aspects of longer
testing intervals into consideration by analysing' prostate cancers diagnosed at a prostate biopsy following a testing PSA; and?
prostate cancers diagnosed symptomatically within the follow-up time of 1, 2, 3, 4 and 5-8 years of the index PSA of men who
were tested annually, biennially, 3yearly, 4 yearly or 5-8 yearly, respectively. PSA, prostate-specific antigen.

We then calculated the cumulative probability for
cancer-free men aged 50 or 60 years of having a false-pos-
itive biopsy recommendation during 12 years of testing,
following previously developed method for calculating
cumulative probability of false-positive screening test.'” 10
Briefly, we estimated the probability of a false-positive
biopsy recommendation at a man’s first PSA test using
logistic regression including age, PSA level and family
history as covariates in the model. Then, we fit a logistic
regression model for false-positive results at each subse-
quent PSA test conditional on the number of previous
PSA tests, testing interval, PSA, age and family history.
We combined estimates of the false-positive risk at each
subsequent testing round according to age, PSA level and
family history to obtain cumulative false-positive proba-
bilities after 12 years of repeated PSA testing. We report
fitted values from this model by PSA level at age 50 and
60, testing interval and family history.

To address the effect of potential GS inflation, we
performed sensitivity analyses where the time period was
restricted to 1 January 2008 to November 2015.

All analyses were performed using R V.3.2.2 (R Foun-
dation for Statistical Computing, Vienna, Austria). All
p values and CIs are two-sided 95%.

RESULTS

A total of 174636 men matched our entry criteria (table 1;
online supplementary appendix figure 1). Most men were
screened annually (44%) or biennially (23%) (table 1).
Older men were screened more frequently than younger
men; 56% of men aged 70-74 years were PSA tested

annually, whereas 36% of men aged 50-54 years were
tested annually. Men with higher pre-index PSA level also
had shorter testing intervals in general. Nonetheless, 40%
of the men with pre-index PSA <I were tested annually.
There was no difference in testing frequency between
men with or without first-degree relatives with prostate
cancer.

Of the study population, 11462 were biopsied; 7798
(68%) had a negative biopsy, 2036 (18%) had cancer
with GS 6 and 1628 (14%) cancer with GS 27 (table 2).
Only 385 (10%) of the cancers were symptomatically
detected. Overall, 12% of men biopsied after annual
testing interval were diagnosed with GS >7, and 19%
after a 4-yearly testing interval (unadjusted for pre-index
PSA, age and family history). The proportion of GS 27
cancers increased with age. For example, 9% of biopsied
men aged 50-54 years were diagnosed with GS >7 cancer
compared with 21% among men aged 70-74 years. The
proportion of GS 27 cancers was higher among men with
higher pre-index PSA level and, more markedly, index
PSA. First-degree family history did not increase the
proportion of biopsied men with GS 27 compared with
GS 6 cancer; however, it did increase the proportion of
biopsied men with any cancer (GS 26) compared with
benign biopsy findings from 29% to 41%.

Biopsy outcome by testing interval

From the log-binomial regression analysis, the effects
of different testing intervals on biopsy outcome did not
change with age and family history. For simplicity, we
therefore show RRs excluding age and family history
in table 3; results including these variables are shown
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Table 1 Study population characteristics by PSA testing intervals for men with and without cancer 2003-2015

Screening interval

1year 2years 3years 4years 5-8years All intervals

Characteristics (n=77472) (n=41035) (n=22269) (n=13016) (n=20844) (n=174636)
Screening interval, median months 12.4 23.7 8615 47.8 69.8 20.6
Age (years)

50-54 9009 (36) 6375 (26) 3654 (15) 2121 (9) 3563 (14) 24722

55-59 12500 (38) 8187 (25) 4714 (14) 2830 (9) 4675 (14) 32906

60-64 16414 (42) 9337 (24) 5213 (13) 3026 (8) 4732 (12) 38722

65-69 18078 (46) 8741 (22) 4859 (12) 2999 (8) 4972 (13) 39649

70-74 21471 (56) 8395 (22) 3829 (10) 2040 (5) 2902 (8) 38637
Pre-index level

0-1 31159 (40) 18916 (24) 11027 (14) 6473 (8) 11259 (14) 78834

1-3 30270 (45) 16309 (24) 8564 (13) 5044 (7) 7542 (11) 67729

3-5 9905 (55) 3907 (22) 1822 (10) 1026 (6) 1371 (8) 18031

5-10 6138 (61) 1903 (19) 856 (9) 473 (5) 672 (7) 10042
Index PSA level

0-1 30597 (42) 17691 (24) 10020 (14) 5703 (8) 9148 (13) 73159

1-3 29863 (44) 16387 (24) 8830 (13) 5158 (8) 8257 (12) 68495

3-5 9430 (51) 4059 (22) 2001 (11) 1278 (7) 1890 (10) 18658

5-10 6026 (54) 2274 (20) 1122 (10) 679 (6) 1127 (10) 11228

10+ 1556 (50) 624 (20) 296 (10) 198 (6) 422 (14) 3096
First-degree family history of prostate cancer

No 66743 (44) 35878 (24) 19514 (13)"® 11466 (8) 18401 (12) 152002

Yes 10729 (47) 5157 (23) 2755 (12) 1550 (7) 2443 (11) 22634
Education

Elementary school 14855 (45) 7850 (24) 4269 (13) 2379 (7) 3796 (11) 33149

High school 31798 (44) 17067 (24) 9267 (13) 5298 (7) 8607 (12) 72037

University 30139 (44) 15800 (23) 8576 (13) 5241 (8) 8330 (12) 68086

Numbers in parenthesis are percentages by row.
PSA, prostate-specific antigen.

in online supplementary appendix table 1. There was
no evidence of increased risk of GS >7 cancer for men
with pre-index PSA <1 ng/mL and testing intervals up to
4years compared with annual testing, but we did observe
a significantly increased risk for men with testing inter-
vals of 5-8 years compared with annual testing (table 3
and online supplementary appendix table 1). It should,
however, be noted that men with pre-index PSA <1
had very low risk to be diagnosed with GS >7 cancer at
their next PSA test irrespective of testing interval: of
the 79934 men with pre-index PSA <1, only 2136 (3%)
had a PSA >3 at the next testing occasion, and of the
679 men biopsied after the next PSA test only 32 had
GS >7 cancer (20 of which were GS 3+4). For men with
pre-index PSA level 1-3ng/mL, longer than annual
testing intervals resulted in significantly increased RRs
for being diagnosed with GS =7cancer (RRs ranging
from 1.3 for biennial testing to 2.5 for testing inter-
vals 5-8 years). For men with a PSA level of 3-5ng/

mL, three out of four RRs were significantly different
from 1 ranging from 1.4 for biennial testing to 1.6 for
5-year to 8-year testing intervals. For men with PSA level
of 5-10ng/mL, three out of four RRs were significantly
different from 1 ranging from 1.4 for biennial to 2.0 for
B-year to 8-year testing intervals.

Men with longer testing intervals were not at increased
risk of being diagnosed with GS 6 cancer (see table 3),
even with testing intervals in the 5-year to 8-year range.
RRs were generally in the range 0.7-1.8 for all combina-
tions of pre-index PSA category and testing interval. The
only significant out of the 16 comparisons was for 5-year
to 8-year intervals for men with pre-index PSA level of
1-3ng/mL. One significant result in 16 comparisons is
on par with what is expected by chance.

Sensitivity analyses where the study period was restricted
to 2008-2015 did not materially affect these results (data
not shown).
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Table 2 Men with biopsy: distribution of biopsy outcomes by pre-index PSA level, index PSA level, testing intervals, age and

family history of PC

N Gleason <6 Gleason 3+4 Gleason 4+3 Gleason 8+ >T3* Gleason 7+t Benign
Characteristics (n=11462) (n=2036) (n=992) (n=358) (n=278) (n=105) (n=1628) (n=7798)
Pre-index PSA level (ng/mL)
0-1 663 52 (8) 19 (3) 8 (1) 5(1) 1(0) 32 (5) 579 (87)
1-3 5207 898 (17) 404 (8) 125 (2) 122 (2) 33 (1) 651 (13) 3658 (70)
3-5 3944 760 (19) 397 (10) 149 (4) 94 (2) 36 (1) 640 (16) 2544 (65)
5-10 1648 326 (20) 172 (10) 76 (5) 57 (3) 35 (2) 305 (19) 1017 (62)
Index PSA level (ng/mL)
0-1 184 16 (9) 5(3) 1(1) NA (NA) 2(1) 6 (3) 162 (88)
1-3 1952 348 (18) 124 (6) 35(2) 19 (1) 4(0) 178 (9) 1426 (73)
3-5 4691 899 (19) 393 (8) 116 (2) 71(2) 22 (0) 580 (12) 3212 (68)
5-10 3951 702 (18) 404 (10) 162 (4) 127 (3) 48 (1) 693 (18) 2556 (65)
10+ 684 71 (10) 66 (10) 44 (6) 61 (9) 29 (4) 171 (25) 442 (65)
Testing intervals (years)
1 4999 910 (18) 382 (8) 142 (3) 82 (2) 39 (1) 606 (12) 3483 (70)
2 2533 433 (17) 223 (9) 77 (3) 66 (3) 20 (1) 366 (14) 1734 (68)
3 1324 242 (18) 106 (8) 37 (3) 41 (3) 14 (1) 184 (14) 898 (68)
4 930 145 (16) 98 (11) 39 (4) 24 (3) 8 (1) 161 (17) 624 (67)
5+ 1676 306 (18) 183 (11) 63 (4) 65 (4) 24 (1) 311 (19) 1059 (63)
Age (years)
50-55 886 154 (17) 61 (7) 10 (1) 12 (1) 1(0) 83 (9) 649 (73)
55-60 2032 346 (17) 114 (6) 36 (2) 21 (1) 9 (0) 171 (8) 1515 (75)
60-65 3332 580 (17) 280 (8) 105 (3) 72 (2) 25 (1) 457 (14) 2295 (69)
65-70 3928 734 (19) 405 (10) 133 (3) 115 () 43 (1) 653 (17) 2541 (65)
70-74 1284 222 (17) 132 (10) 74 (6) 58 (5) 27 (2) 264 (21) 798 (62)
Family history of PC
Yes 1958 476 (24) 202 (10) 78 (4) 62 (3) 19 (1) 342 (17) 1140 (58)
No 9504 1560 (16) 790 (8) 280 (3) 216 (2) 86 (1) 1286 (14) 6658 (70)

Numbers in parenthesis are percentages by row.

*Men with a diagnosed T3 or T4 stage of prostate cancer according to the TNM staging system.
TGleason 7+ isthe combined number of men with Gleason 3+4, Gleason 4+3and Gleason 8+.
PC, prostate cancer; PSA, prostate-specific antigen; TNM, tumour, node, metastases.

Cumulative probability of false-positive biopsy
recommendations

The cumulative probability of at least one false-positive
biopsy recommendation for a 50-year-old man with an
initial PSA <Ing/mL who undergoes PSA testing for
12 years was estimated to be 15% with annual, 6% with
biennial, 3% with 3-yearly testing and 2% with 4-yearly
testing (figure 2 and online supplementary appendix
table 2). Estimates were slightly higher for men with a
positive first-degree family history of prostate cancer
compared with men with negative family history. Esti-
mates were somewhat lower for 60-year-old men testing
for 12 years. Pre-index PSA level had a great impact on
the probability of experiencing a false-positive biopsy: for
example, it was estimated to be about 62% for 60-year-old
men without family history of prostate cancer and with
pre-index PSA level of 5-10 ng/mL testing annually for
12 years, whereas it was about 12% for 60-year-old men

with PSA <1 ng/mL. The highest cumulative proba-
bility for having at least one false-positive biopsy during
12 years of testing was for young men with high PSA
levels for benign reasons (70%). This group of men is,
however, small: for example, the number of men aged
50-54 years with PSA levels of 5—10 ng/mL and no subse-
quent prostate cancer diagnosis was 465 (0.2% of the
men in the study population).

In summary, the cumulative probability of receiving
at least 1 false-positive biopsy recommendation after 12
years of testing (1) decreased as testing interval increased,
(2) increased with pre-index PSA and (3) was only margin-
ally affected by age and first-degree family history of pros-
tate cancer (figure 2 and online supplementary appendix
table 2).

Restricting study period to 2008-2015 had only
marginal effects on these results (data not shown).
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Table 3 Risk ratios for different biopsy outcomes compared with a benign biopsy by pre-index PSA value and PSA testing
intervals using 1-year testing interval as baseline

Screening interval

Pre-index
Outcome PSA value 2 versus 1 year 3 versus 1 year 4 versus 1 year 5-8 versus 1 year
Gleason score 6 0-1 0.7 (0.3 to 1.6) 1.6 (0.7 to 3.5) 1.1 (0.4 t0 2.9) 1.8 (0.9 t0 3.5)
1-3 1.2 (1to 1.4) 1.2(1to1.5) 1(0.81t0 1.3) 1.5(1.210 1.8)
3-5 1.1 (0.9 10 1.3) 1.2(1to1.5) 0.8 (0.6 to 1.1) 1.2 (0.9 to 1.5)
5-10 1.1 (0.9 to 1.4) 1 (0.7 to 1.5) 1 (0.7 to 1.6) 1 (0.7 to 1.6)
Gleason score 27 0-1 0.6 (0.2t0 1.9) 0.7 (0.2 t0 3.3) 0.9 (0.2 to 4.1) 2.8(1.3t06.3)
1-3 1.3(1.1t01.7) 1.7(1.3t02.2) 1.8 (1.4 10 2.4) 2.5(2 10 3.1)
3-5 1.3(1.1t01.7) 1.7(1.3t02.2) 1.8 (1.4 10 2.4) 2.5(2 10 3.1)
5-10 1.4(1.2t01.7) 1.2 (0.9to 1.5) 1.7 (1.3t02.2) 1.6 (1.3t0 2.1)

95% Cls in parenthesis.
PSA, prostate-specific antigen.

DISCUSSION

Screening intervals play an important role in efficiently
using PSA to screen for prostate cancer while reducing
overtesting and, consequently, the number of unneces-
sary biopsies and overdiagnosis. We found that men with
pre-index PSA <1 ng/mL (45% of men aged 50-74 years)
have very low risk to be diagnosed with GS >7cancer
at their next PSA test irrespective of testing interval,
supporting previous long-term forecasts of risk based
on PSA.'® 1 Screening this group of men every second,

No family history

third or forth year instead of annually markedly reduced
the risk of false-positive biopsy recommendations over
12 years of testing from almost 15% to 6%, 3% and 2%,
respectively. As many as 40% of men with PSA <1 in our
dataset were tested annually (despite no recommenda-
tion for prostate cancer testing in Sweden) and would
benefit from less intensive testing.

Men with pre-index PSA >1ng/mL are more likely to
be diagnosed with GS =7disease if they undergo PSA
testing with longer than l-year intervals. This benefit is

Family history

604

404

20+

Probabilty of having a biopsy with negative results(%)

Age and PSA at
start of screening

= Age 50, PSA 0-1
= = Age 60, PSA 0-1
= Age 50, PSA 1-3
= = Age 60, PSA 1-3
= Age 50, PSA 3-5
= = Age 60, PSA 3-5
= Age 50, PSA 5-10
= = Age 60, PSA 5-10

1 ylear 2 yéars 3 yéars 4 yéars
Screening intervals

1 y’ear 2 yéars 3 yéars 4 yt-‘)ars
Screening intervals

Figure 2 Cumulative probability of having a biopsy with negative results for different testing intervals after 12 years of testing
by age at start of testing, pre-index PSA at start of testing and first-degree family history status. PSA, prostate-specific antigen.
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counterbalanced by a higher risk of cumulative false-pos-
itive results, which roughly doubles with annual testing
compared with biennial and triples compared with trien-
nial testing. It should also be noted that although the
risk of GS =7 diagnosis increases with longer testing inter-
vals for men with pre-index PSA >1ng/mL, the absolute
increase in risk for men with pre-index PSA level in the
range 1-3ng/mkL is still small (only 651 of 67729 men
with pre-index PSA level 1-3ng/mL were diagnosed with
GS >7 at the next PSA test).

Longer testing intervals do not seem to increase the
risk of being diagnosed with GS 6 cancer. This result
suggests that the risk of being diagnosed with GS 6 pros-
tate cancer is proportional to the risk of being biopsied.
Since longer testing intervals decrease the risk of being
biopsied, finding a balance between testing intervals and
aman’s PSA level is key for reducing overdiagnosis of low
GS prostate cancer.

We found that age, family history of prostate cancer and
educational level did not affect the association between
different testing intervals and risk of being diagnosed
with GS 27o0r GS 6 cancer, or the cumulative 12-year
probability of a false-positive biopsy. In other words, the
benefit and harm of shorter or longer testing intervals
seem to be similar for younger and older men and for
men with and without first-degree relatives with prostate
cancers. To investigate the potential effect of inflated GSs
over time, we performed sensitivity analyses where data
were restricted to the study time 2008-2015, after the
International Society of Urology Pathology standardisa-
tion in 2005. The results for 2008-2015 were very similar
to the results for 2003-2015, and we, therefore, chose to
present results for the entire study period to maximise
statistical power.

Our results are consistent with data from the Gothen-
burg and Rotterdam sites in the ERSPC as well as model-
ling studies on the effect of testing intervals on the
diagnosis of prostate cancer,”®** where testing intervals of
4 years or longer for men with raised PSA level increased
the number of GS 27 cancers.

Strengths of our study include the large and high-
quality data source, reflecting contemporary urology and
pathology practice. Our study also includes a number of
limitations. With the observational study design follows
the potential for confounders. For example, general
health, morbidity and lifestyle may affect the PSA testing
frequency. We therefore adjusted for PSA level, educational
level and family history in our analysis. We performed a
large number of analyses and some of the comparisons
may be significant by chance. It is therefore important to
consider the magnitude of differences and CI widths. The
study participants are primarily of European descent and
the results should therefore be interpreted with caution
for other ethnicities. Finally, due to limited follow-up, we
have not studied prostate cancer mortality as an endpoint.
Thus, we do not know if the observed increase in GS >7
tumors with longer testing intervals translates into differ-
ences in prostate cancer mortality.

When considering recommendations regarding testing
intervals, the potential benefit of diagnosing cancers at
an earlier stage must be weighed against the increased
risk of harms associated with more frequent testing, such
as false-positive biopsy recommendations and overdi-
agnosis of low-risk cancer. Risk prediction models (eg,
S3M, 4K, PHI and RC3*'™*") and pre-biopsy MRI** have
shown to reduce the harms of prostate cancer testing and
should together with tailored testing intervals be part of
a systematised and individualised pipeline for prostate
cancer diagnostics to reduce unintended consequences
of testing and lower prostate cancer mortality.

In conclusion, men aged 50-74 years with PSA <1ng/
mL can wait 3—4years before having a new PSA test, which
reduces the risk of false-positive biopsy recommenda-
tion with a factor of 3-4. For men with PSA >1ng/mL,
we observed an increased risk of being diagnosed with
GS =7prostate cancer with longer than annual testing
intervals. This benefit needs to be balanced against the
markedly increased risks for false-positive biopsy recom-
mendations with shorter testing intervals recommen-
dations. The results were consistent across the entire
studied age range and family history status and add to the
limited evidence about the potential benefits and harms
of screening that policymakers can use to set guidelines
about screening intervals and men can use when deciding
on whether to undergo screening for prostate cancer or
not.
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