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Abstract

Background
Unstructured PSA testing is believed to increase in the developed world. This is confirmed in a
Swedish study from Stockholm County, a metropolitan area. The incidence in rural areas in
Sweden is not studied.
Results
From the year 2007 until 2015, a total of 37 542 men had 164 349 PSA tests in Kronoberg
County. The total population at the end of 2016 were 194 628. We decided the age span 40-79 to
be clinically interesting. A mean of 10% of all men aged 40-49 had a PSA test during the study.
20% in the age span 50-59, 28% of 60-69 and 27% of men aged 70-79. When stratified to level of
first PSA, not taking age into account, those with a first sample of <1 µg/L had a resampling rate
in one and two years of 16% and 38%, respectively.
Conclusion
The rate of PSA-retesting is high in all PSA-intervals, even in the group with PSA<1, about 60%
had retested during the study.
The total rate of PSA testing seems not to increase over time.
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Background

In Sweden, prostate cancer is the most common type of cancer [1]. The majority of cases are
diagnosed after an elevated level of Prostate-specific antigen (PSA) is detected in blood tests [2].
It is so far, the only widely adopted biomarker for prostate cancer (PCa) although some new
clinically promising markers are emerging [3].
PSA was first described by Wang et al. and is a protein exclusively made by prostate cells [4].
Further studies showed that PSA is overexpressed from prostate cancer cells. This has led to
increased use of PSA in the developed world and to earlier detection of PCa [5].
Two large randomized controlled trials have investigated the use of PSA as a means of systematic
screening; the Prostate, Lung, Colorectal and Ovarian Screening Trial (PLCO) [6] and the
European Randomized Study of Screening for Prostate Cancer (ERSPC) [7]. PLCO could not
detect a difference in prostate cancer mortality when comparing a systematic versus opportunistic
screening. ERSCP on the other hand showed a 20% reduction in prostate-specific mortality after
11-year follow-up. A commonly voiced explanation for this difference is that a large amount of
the men included in PLCO still took PSA tests both before and during the study, and hence the
control-arm was contaminated [8]. During the time of the ERSPC the opportunistic screening in
Europe was much smaller, but this study as well suffered from contamination. In conclusion,
there is some level of evidence that supports a systematic screening for PCa. Still, to our
knowledge, no nationwide authority has recommended a systematic screening for the public, such
as the mammography program in Sweden [9]. One reason for this might be the extensive
morbidity that further diagnostics and treatment of PCa leads to [10-13].
This duality of PCa means that general screening would find a lot of clinically insignificant cancer
while on the other hand more of the aggressive cancers could be found before becoming
symptomatic [14,15].
The extent and outcome of unstructured PSA testing is not that well investigated. A study
performed in the urban area of Stockholm [16] showed that 46-77% of men aged 40-79 years and
without a previously known PCa had at least one PSA test in the years 2003 to 2011 and that 403

58% took a new PSA test in two years, with a higher rate in higher age strata. The frequency of
retesting was higher for men with elevated results, but in the group with PSA below 1 it was also
common to resample every one or two years. This is in stark contrast with the minimal risk that
men with such a low PSA will be diagnosed with PCa in the following 6 years [17] Limitations is
that this study is performed in a highly urbanized area, and at the time of the study there where a
large amount of private practice urology clinics. Ciatto et al made a similar study in Italy and
found that 25% of males aged 45-79 years tested PSA any given year, and half of those took the
test again the following year [18].
In Sweden, the current praxis is to inform a man who asks about a PSA test about his right for a
PSA test after written and oral information of risks and benefits [19].
While the Stockholm study was performed in a highly urbanized area in Sweden with more than
2 million inhabitants, of which almost half lived in the city, Kronoberg County is a rural area with
about 200 000 inhabitants in the southern parts of Sweden with Växjö being the largest city with
a population of 65 000 [20]. The aim of this study was to determine the incidence of PSA-testing
in Kronoberg County, explore the patterns of retesting and the proportion of diagnosed PCa in
various PSA intervals.
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Materials and methods

Ethics
The collection and handling of data for this study was approved by the Regional Ethics Review
Board in Linköping, Sweden (2016/547).

Data acquisition
SA tests analysed by the Department of Clinical Chemistry in Kronoberg from 2007 to 2015
were obtained with information on analysis result, date, patient identity and what caregiver
ordered the test. Every prostate biopsy result was obtained from the Department of Pathology
with the same details as the PSA tests. These two departments analyse all tests taken in
Kronoberg County. Men with a first PSA ordered from the Department of Oncology or the
Department of Surgery were excluded from the study, since they were likely to be under
investigation or treatment for PCa.
In order to exclude patients with a previously known PCa, we extracted all such diagnoses
according to ICD-10 classification of C61.9 in the digital medical records system Cambio
Cosmic, which is used by all caregivers in Kronoberg, and regional data from the National
Prostate Cancer Register (NPCR), which contains information on all patients diagnosed with
PCa. The date of prostate cancer diagnosis was set as the date registered in the NPCR, or if not
available as the first date with a positive biopsy result or registered diagnosis in the medical
records. Patients with a PCa diagnosis date before the start of the study period were excluded
from the study. Finally, the study focused on men aged 40 to 79 years at the time of the first PSA,
since this is the clinically most relevant age group.
Information regarding the number of men living in Kronoberg County and their distribution in
different age strata was obtained from Statistics Sweden (SCB).
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Statistics
The number of men who took a PSA test during the follow-up were described as both absolute
numbers and as a proportion of the total male population for any given year. The number of men
that also performed prostate biopsy is accounted for as well as the numbers of men that were
diagnosed with PCa. Time to retesting, time to biopsy and time to diagnosis was analyzed with a
Kaplan-Meier plot as one minus survival. Analyses were done using R version 3.5.0 (R
Foundation, Vienna, Austria)
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Results

Demographics
From the year 2007 until 2015, a total of 37 542 men had 164 349 tests. The following were
excluded: 195 had a previous PCa diagnosis and 136 were ordered from other regions, and so did
not have any further data available for analysis. For 2 223 men, the first registered PSA tests were
ordered from either the Department of Surgery/Urology or the Department of Oncology within
the region, indicating a previously known or treated PCa. After exclusions, 34 988 men with 124
464 PSA results were available for analysis. The male population aged 40-79 years was 41 664 in
2007, with a steady increase to 44 454 in 2015. Table 1 shows the male population in the age span
40-79 for each year on the 31st of December.
The number of unique PSA testing events compared to the male population, stratified by age
group and year, is presented in Table 2 and visually in Figure 1. There was no evidence of
increased testing in any of the age groups.

Prevalence of PSA testing 2007-2015
The number of unique PSA testing events compared to the male population, stratified by age
group and year, is presented in Table 2 and visually in Figure 1. There was no evidence of
increased testing in any of the age groups.
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Table 1. Prevalence of PSA testing 2007-2015. n PSA indicates number of men that took a first
PSA without known PCa. n men indicate the number of men residing in Kronoberg. The
percentage is the incidence of PSA testing in each age strata per year.

Figure 1. Part of the male population that took a PSA test every year This shows the
percentage in each age strata that took at least one PSA test for each given year.
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PSA-retesting
For the 13966 men with an initial PSA < 1.0 ng/ml, 8607 (62%) retested during the study period
(figure 2). After one year 16,5% of them had retested and after two years 38%. In the groups of
10 411 men with an initial PSA 1.0 – 2.9 and 4 612 men with initial PSA 3.0 – 9.9 ng/ml, 6903
(66%) and 4047 (88%), respectively, retested. The retesting frequency after one and two years
were 20,6%, 43% and 70,5%, 81,6% respectively. Finally, of the 1132 men with initial PSA > 10
ng/ml, 1067 (94%) retested PSA during the study.

Figure 2. Cumulative incidence for time between first and second PSA sample for all men
stratified according to level of first PSA.
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Figure 3. Cumulative incidence for time between first and second PSA sample for all men
stratified by age.

Time to biopsy
Of the 13 966 men with an initial PSA < 1.0 ng/ml, 76 (0,5%) had at least one biopsy during the
study period (Figure 4). In the groups of 10 411 men with an initial PSA 1.0 – 2.9 and 4 612 men
with initial PSA 3.0 – 9.9 ng/ml, 900 (8,6%) and 1927 (42%), respectively, were biopsied. Finally,
in the group of 1 132 men with PSA > 10 ng/ml, 661 (58%) had a biopsy taken.

10

Figure 4. Cumulative incidence of time from first PSA to a prostate biopsy, stratified according
to level of first PSA.

Time to diagnosis
For the 13 966 men with an initial PSA < 1.0 ng/ml, 103 (0.7%) were registered with a diagnosis
of PCa during the study period (Figure 5). In the groups of 10 411 men with an initial PSA 1.0 –
2.9 and 4 612 men with initial PSA 3.0 – 9.9 ng/ml, 523 (5.0%) and 1 083 (23%), respectively,
were registered with PCa. Finally, in the group of 1 132 men with PSA > 10 ng/ml, 612 (54%)
were diagnosed with PCa.
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Figure 5. Cumulative incidence of PCa diagnosis, stratified according to level of first PSA.
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Discussion

This study was aiming to describe the PSA testing patterns in a rural area in Sweden. A similar
study was performed out of the STHLM0 cohort and mentioned before. Our results show
similarities. The most obvious is the pattern of annual and biannual resampling of PSA in the
lower PSA strata <1 and 1-3.
The age group that took the most tests and had the highest prevalence of PSA testing was 60-69.
It is common to perform re-testing of PSA, even when the first PSA is very low.
Men with a first PSA of less than one has a very low risk of being diagnosed with prostate cancer
during the follow-up of this study.
As is evident in figure 3, there is a significant level of annual and bi-annual testing of PSA, even
in those with a first PSA of less than 1. This is indicated by the stepwise, annual changes in the
Kaplan-Meier diagram.
Prostate cancer is the most common cancer in Sweden and thus the discussion about a screening
program is necessary. Especially since opportunistic screening seems to be quite evident. Every
unnecessary PSA test takes time and recourses and as is discussed in many articles, not every
prostate cancer diagnose is of any grave threat to the patient and all we might succeed to do in
some cases is to create fear and discomfort.
Roughly 10% of all men aged 40-49yr tested at least once for PSA every year and between 2530% in the older categories 60-79yr. On the other hand, in the age strata of 50-59yr, some 80
percent do not test at all. This indicates a clear bias and possible unequal distribution of public
resources.
How many of these tests were unnecessary? This is of course impossible to answer but the
broader implications of our results are that men with a very low first PSA still exhibit frequent
resampling to a high degree, which may not be very cost-effective. Our findings support the
recommendations in the Swedish national practice guidelines for prostate cancer, that a PSA <1
13

does not warrant resampling until 6 years. Since we have showed that a substantial number of
men with a primary PSA lower than 1 is still testing and retesting annually, the current strategy of
free at will testing after information might not be working. A viable alternative could be
structured information to all men aged 50 – 70 years, detailing the potential advantages and
disadvantages of PSA testing.
The risk of developing a prostate cancer that is diagnosed is quite low in the group of men with a
first PSA of <1 during the follow-up time. The rate is growing according to higher first PSA
value.
The fact that the number of biopsies performed in the group of 13966 men with initial PSA <1
totaled 76 and still 103 got a PCa diagnosis, ICD 10 C61.9, might seem confusing. In our view
this is likely because we failed to exclude them. They may have had prostate cancer before
enrolling in the study, or moved in from another county. This possible overinclusion supports
our notion of PCa being rare in this PSA strata.
The strengths of this study are that we have all available data in our region and very few are lost
to follow-up. All data regarding both PSA tests and biopsies are taken from a single laboratory.
All data regarding prostate cancer is extracted from one electronic medical records system that
covers virtually all citizens in Kronoberg.
One weakness is that the demographics is an estimate since we cannot know for sure how many
men that lived in Kronoberg County every year were living here before and whether or not they
had PSA tests where they lived before so there might be contamination to some extent. Another
weakness is that we don’t know the extent of migration and cannot specify exactly the lost to
follow-up. It was also not possible to study why the men who took a PSA test did so.

Conclusions
This study confirms that the rate of PSA testing and retesting in Kronoberg County are on par
with what was showed in the STHLM0 study. It is a clear trend that annual and bi-annual testing
is taking place even in younger men and men with a very low PSA result and this is likely
unnecessary.
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