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ABSTRACT ARTICLE HISTORY
Objective: Active surveillance (AS) is recommended for low-risk and some favourable intermediate-risk
prostate cancers, but criteria for AS and deferred treatment have changed over time. We assessed time
trends for the use of AS and deferred treatment.

Material and methods: Nationwide Swedish register study of 76,191 men diagnosed with low- or inter-
mediate-risk localised prostate cancer from 2008 to 2020. This study presents the proportion of men start-
ing on AS, their clinical characteristics and proportion having deferred treatment. Cox regression was used
to calculate hazard ratios for deferred treatment. Subgroup analyses were performed for men < 60 years
with Charlson Comorbidity Index 0.

Results: Overall use of AS increased from 2008-2010 to 2017-2020: any low-risk: 40% to 81%, very low-risk
disease: 57% to 91%, other low-risk: 37% to 77% and intermediate-risk: 16% to 20%. The relative increase
in the use of AS in men < 60 years with Charlson Comorbidity Index 0 was similar to, or greater than, the
increase overall. A total of 28,211 men started on AS. The crude proportions of men receiving deferred
treatment were relatively stable over time; 2017-2020: very low-risk disease 8%, other low-risk 16% and
intermediate-risk 23%. After adjustment for clinical characteristics, deferred treatment within 2 years
decreased over time for very low-risk, was stable for other low-risk and increased for intermediate-risk
cancer.

Conclusions: The use of AS greatly increased over time, not least amongst younger healthy men, whereas
the use of deferred treatment was relatively stable. AS has been increasingly accepted as a safe approach
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for localised, favourable-risk prostate cancer.

Introduction

Active surveillance (AS) with selective, delayed intervention was
introduced over 20 years ago as an alternative to immediate
curative treatment for men with low-risk or favourable interme-
diate-risk prostate cancer [1]. Various factors influence the
choice of and adherence to AS. These factors are primarily
tumour related, such as Gleason grade and tumour volume, but
patient-related factors such as education, social support and
knowledge also play a role [2].

When AS was introduced in routine clinical practice in the
early 2000s, curative treatment was still recommended for most
men with more than 10 years' life expectancy, and there was
little evidence for which men should be offered AS, how to
schedule the follow-up and when to initiate deferred curative
treatment [3]. The indications for AS in the 2010 European
prostate cancer guidelines were still highly selective [4].

Over the years, knowledge about prostate cancer biology has
improved. A growing body of evidence suggests that low-grade
prostate cancer, graded according to modern criteria, is indolent
and lacks metastatic potential [5-7]. According to the European
guidelines, AS is currently recommended for most men with low-
risk prostate cancer [8]. In Sweden, more than 90% of men with
very low-risk prostate cancer currently start on AS [9].

As knowledge of AS increased, one may assume that clinical
selection for and adherence to AS changed over time. For
instance, the early studies of AS mainly included men with a
moderately long life expectancy [10], but in more recent years,
AS has been used also for younger, healthy men who may stay
on AS for a very long time. Information about these changes
may be useful for care givers and patients when discussing the
option of AS, and for healthcare providers when planning for
future resource allocation for AS.
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Only one population-based study of time-trends for AS
outside Sweden has been published, from the USA [11].
Therefore, we used the National Prostate Cancer Register of
Sweden and its associated research database Prostate Cancer
data Base Sweden (PCBaSe) to investigate time trends, as well as
clinical characteristics of men starting on AS and use of
subsequent deferred treatment. The aim of our study was to
assess time trends for the use of AS and deferred treatment
overall and for younger, healthy men.

Materials and methods

We used data from PCBaSe version 5.0, which includes all data in
The National Prostate Cancer Register of Sweden (NPCR) linked
to several other nationwide population-based registers, of
which we derived information from the Swedish Cancer Registry,
the National Patient Register, the National Cause of Death
Register and the National Prescribed Drug Register [12, 13].
NPCR includes clinical characteristics at the time of diagnosis
and information about the primary treatment for Swedish men
diagnosed with prostate cancer since 1998, with nearly com-
plete capture rate [14].

Allmen with localised low- orintermediate-risk PC diagnosed
from 1st January 2008 to 31st December 2020 were identified
in PCBaSe. The start date was chosen because detailed data on
cancer characteristics and discrimination between AS (intention
of curative treatment on progression) and watchful waiting (no
intention of curative treatment) were not registered in the
NPCR until 2008. These two different types of management
were clearly defined in the Swedish guidelines and in the
instructions for NPCR registration [15]. Only men with AS
registered as the primary management were included in the
analyses. Men who received active treatment within 6 months
from the date of diagnosis were excluded. Last date of follow-
up was 5th February 2022.

A Charlson Comorbidity Index (CCl) was determined for each
man by using the International Classification of Diseases (ICD)
discharge diagnosis codes in the inpatient register and the
outpatient register for specialised care [16].

We used the same risk categories as the Swedish national
guidelines [17]. Very low-risk prostate cancer was defined as
clinical stage T1¢, Gleason score < 6, a total of <8 mm cancer in
1-4 of 8-12 systematic biopsy cores, PSA < 10 ng/mL and PSA
density < 0.15 ng/ml/cm3; other low-risk prostate cancer was
defined as any other cancer with stage T1-2, Gleason score <6
and PSA < 10 ng/mL. Intermediate-risk cancer was defined as
T1-2 and Gleason score 7 and/or PSA 10-19 ng/mL. Clinical T
categorisation was based on digital rectal examination according
to the UICC-TNM classification. The number of biopsy cores with
cancer and the total biopsy cancer length at diagnosis were
registered for men diagnosed with systematic biopsies only.

Deferred treatment was defined as transition to any
treatment, with (radiation therapy or radical prostatectomy) or
without curative intent (hormonal therapy).

This study was approved by the Swedish Ethical Review
Authority.

Statistics

We analysed trends across four time periods: 2008-2010, 2011-
2013, 2014-2016 and 2017-2020. Numbers and proportions of
men who started on AS and later received treatment with cura-
tive or non-curative intent within 2 and 5 years from diagnosis
were retrieved. We repeated all analyses in a pre-specified sub-
group of young (<60 years of age) otherwise healthy men (CCl
0). Continuous variables were expressed as medians with inter-
quartile ranges (IQRs) and discrete variables as categories with
proportions. Univariable and multivariable Cox regression mod-
els were used to study the time to treatment from AS by calen-
dar period within 2 and 5 years expressed as hazard ratios (HRs)
with 95% confidence intervals (Cls) adjusted for PSA, total can-
cer length on systematic biopsy, number of biopsy cores with
cancer, prostate volume, age, CCl and T-stage at the time of
diagnosis. The cumulative incidence function was used to illus-
trate the incidence of treatment within 2 and 5 years from AS,
with death as the competing event.

Results

A total of 76,191 men were diagnosed with low- or
intermediate-risk localised prostate cancer in Sweden from
January 2008 through December 2020, of which 28,816 (38%)
started on AS. After exclusion of men who received treatment
within 6 months, 28,211 remained for analysis. The mean num-
ber of men starting on AS per year increased from 1,525 in the
first time period (2008-2011) to 2,555 in the last (2017-2020).

The proportion of men starting on AS

From the first to the last time period, the proportion of men
starting on AS increased from 40% to 81% in men with any low-
risk, from 57% to 91% in men with very low-risk, from 37% to
77% in men with other low-risk and from 15% to 19% in men
with intermediate-risk disease (Figure 1 and Table 1). Amongst
healthy men (CCI 0) younger than 60 years, the relative increases
were similar or greater (for other low-risk), although at lower lev-
els (Figure 1 and Table 1).

Clinical characteristics of men starting on AS

The clinical characteristics of men starting on AS (median age,
CCl, PSA value, T stage, PSA density, total biopsy cancer length
and number of biopsy cores with cancer) did not substantially
change over the four time periods (Table 2).

Deferred treatment

The proportions of men who received deferred treatment within
2 and 5 years after diagnosis are shown in Table 3. The propor-
tion of men with very low-risk disease who received deferred
treatment within 2 years decreased from 13% to 8% overall and
from 13% to 7% in men < 60 years with CCl 0 at the time of diag-
nosis. The corresponding proportions for treatment within 5
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Figure 1. Proportions of men with who started on active surveillance (AS)
per calendar year and risk group. Top: Overall. Bottom: Men younger than 60
years with Charlson Comorbidity Index (CCl) 0.

years were from 27% to 22% and from 27% to 22%. The use of
deferred treatment decreased also in men < 60 years with CCl 0
who had intermediate-risk disease but was relatively stable for
the other groups (Table 3). After 10 years, 43% of men with very
low-risk, 53% with other low-risk and 59% with intermediate-risk
cancer had received treatment (Figure 2).

After adjustment for patient and cancer characteristics,
deferred treatment within 2 years gradually decreased over time
in men diagnosed with very low-risk disease, both overall and in
men younger than 60 years with CCl 0; overall: HR 0.62 (95% Cl
0.49-0.78), <60 years CCl 0: HR 0.40 (95% Cl 0.22-0.71) in 2017-
2020 versus 2008-2010.The adjusted rates of deferred treatment
for the other groups did not change significantly (Figure 3). Of
the men who received deferred treatment, almost 90% were
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treated with curative intent. This proportion was lower in men
with intermediate-risk disease than amongst those with low-risk
disease and slightly lower in the first time period (Supplementary
Table S1).

Discussion

The use of AS in Swedish men with low-risk localised prostate
cancer increased twofold between 2008 and 2020, from 40% to
81%. In 2017-2020, 92% of otherwise healthy men younger
than 60 years with very low-risk disease started on AS.The use of
AS increased also in men with intermediate-risk cancer, but at a
lower level (from 15% to 19%); this increase remained after
adjustment for tumour and patient characteristics.

The clinical characteristics of men starting on AS did not
change over time. The use of deferred treatment gradually
decreased over time in men with very-low-risk cancer and in
otherwise healthy, younger men with intermediate-risk cancer,
but was otherwise essentially unchanged. After adjustment for
cancer and patient characteristics, the reduction of deferred
treatment in men with very low-risk cancer was even more
pronounced.

The rising uptake of AS in Sweden from 2009 to 2014 has
been reported previously [9]. For example, between 2005 and
2015, the use of AS for low-risk prostate cancer increased from
4% to 39% in US veterans younger than 65 years and from 3% to
41% in those older than 65 years [18]. In 2021, 60% of men with
low-risk disease started on AS [11]. A large Canadian study
showed an increase of AS uptake from 38% in 2008 to 69% in
2014 [19]. A study from Australia showed rising AS uptake rates
amongst men with low-risk disease [20]. Nationwide studies
enhance the precision of findings and minimise selection bias.
The only nationwide study outside Sweden is from the USA; it
showed an increase in AS uptake for men with low-risk disease
from 26% to 60% from the year 2014 to 2021 [11]. These
proportions are substantially lower than those we now report
from Sweden.

Not only was the use of AS more common in Sweden than in
other countries during the study period, but the use of deferred
treatment after initial AS was also somewhat lower. In a
multicentre study across 12 countries (Movember GAP3
Consortium), including over 10,000 patients with low-risk

Table 1. Proportions of men with very low-risk, other low-risk or intermediate-risk prostate cancer in Sweden starting on active surveillance by calendar
period, overall and in men younger than 60 years with Charlson Comorbidity Index (CCl) 0.

2008-2010 2011-2013 2014-2016 2017-2020
AS/All % AS/All % AS/All % AS/All %
Overall
Very low-risk 863/1,506 57 1,673/2,411 69 2,474/2,856 87 2,105/2,309 91
Other low-risk 2,443/6,673 37 2,478/5,299 47 3,519/5,736 61 5,357/6,960 77
Intermediate-risk 1,270/8,366 15 1,433/8,769 16 1,838/10,517 18 2,758/14,789 19
Age < 60 years, CCI 0
Very low-risk 164/332 49 304/487 62 499/583 86 403/438 92
Other low-risk 285/1,246 23 345/986 35 546/1,046 52 904/1,239 73
Intermediate-risk 72/954 8 96/1,011 10 132/1,106 12 240/1,692 14

CCl, Charlson Comorbidity Index.
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Table 2. Clinical characteristics of men with very low-risk, other low-risk or intermediate-risk prostate cancer in Sweden who started on active surveillance

by calendar period.

2008-2010 2011-2013 2014-2016 2017-2020 Missing
n (%) n (%) n (%) n (%) (%)
Total number of men starting on AS 4,576 5,584 7,831 10,220
Age at diagnosis, median [IQR] 67[62,71] 66 [62, 70] 67 [62,70] 67[61,72] 0.0
T stage 0.0
T 3,793 (83) 4,737 (85) 6,560 (84) 8,188 (80)
T2 783 (17) 847 (15) 1,271 (16) 2,032 (20)
PSA, median [IQR] 6.00 [4.40, 8.50] 5.70 [4.20, 7.90] 5.60 [4.10, 7.90] 5.70[4.10, 7.80] 0.4
PSA density, median [IQR] 0.15[0.10, 0.21] 0.14[0.10, 0.20] 0.13[0.10, 0.19] 0.14[0.10, 0.19] 5.2
Total biopsy cancer length, median [IQR] 2.00[1.00, 4.70] 2.00[1.00, 5.00] 2.50[1.00, 5.50] 3.00[1.10, 6.70] 20
Biopsy cores with cancer, median [IQR] 1.00[1.00, 2.00] 1.00[1.00, 2.00] 2.00[1.00, 3.00] 2.00 [1.00, 3.00] 15
Gleason score 0.0
6 3,929 (86) 4,747 (85) 6,803 (87) 8,423 (82)
7 647 (14) 837(15) 1,028 (13) 1,797 (18)
Risk group 0.0
Very low-risk 863 (19) 1,673 (30) 2,474 (31) 2,105 (21)
Other low-risk 2,443 (53) 2,478 (44) 3,519 (45) 5,357 (52)
Intermediate-risk 1,270 (28) 1,433 (26) 1,838 (24) 2,758 (27)
Charlson Comorbidity Index (CCI) 0.0
cclo 3,321 (73) 4,004 (72) 5,651 (72) 7,169 (70)
cdn 604 (13) 701 (13) 953(12) 1,302 (13)
CCl 2+ 651 (14) 879 (16) 1,227 (16) 1,749 (17)

disease, 41% had deferred treatment within 5 years [21]. In
Sweden, 33% of men diagnosed with low-risk disease in 2014-
2016 had deferred treatment within 5 years. A Canadian study
including more than 8,000 men diagnosed with low-risk disease
in 2008-2012 reported 51% deferred treatment after 2 years
[19]; in Sweden, the corresponding proportion was 13%. In a UK
study of 326 men diagnosed with low-risk disease in 2002-2006,

20% had deferred treatment at a median follow-up of 22 months
[22]. The international multicentre study mentioned earlier has
also reported deferred treatment in men younger than 60 years
at the time of diagnosis: after 5 years, 39% of men with low-risk
and 51% of men with intermediate-risk disease had deferred
treatment [23]. In our nationwide Swedish study, 33% and 43%
of otherwise healthy men younger than 60 years had deferred

Table 3. Numbers and proportions of men receiving deferred treatment within 2 and 5 years after the start of active surveillance by calendar period and risk
group, overall and in men younger than 60 years with Charlson Comorbidity Index (CCl) 0. The symbol * denotes missing value because of shorter follow-up

than 5 years.

2008-2010 2011-2013 2014-2016 2017-2020
n (%) n (%) n (%) n (%)
Overall
Very low-risk 863 1,673 2,474 2,105
Treatment within 2 years 112 (13) 163 (10) 215(9) 176 (8)
Treatment within 5 years 235(27) 406 (24) 543 (22) *
Other low-risk 2,443 2,478 3,519 5,357
Treatment within 2 years 416 (17) 422 (17) 639 (18) 856 (16)
Treatment within 5 years 864 (35) 900 (36) 1,419 (40) *
Intermediate-risk 1,270 1,433 1,838 2,758
Treatment within 2 years 294 (23) 309 (22) 413 (23) 633 (23)
Treatment within 5 years 535 (42) 612 (43) 754 (41) *
Age < 60 years, CCI 0
Very low-risk 164 304 499 403
Treatment within 2 years 21(13) 30(10) 40 (8) 26 (7)
Treatment within 5 years 44 (27) 70 (23) 108 (22) *
Other low-risk 285 345 546 904
Treatment within 2 years 55(19) 64 (19) 106 (19) 163 (18)
Treatment within 5 years 129 (45) 146 (42) 240 (44) *
Intermediate-risk 72 96 132 240
Treatment within 2 years 28 (39) 22 (23) 33 (25) 56 (23)
Treatment within 5 years 39 (54) 43 (46) 57 (43) *
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Figure 2. Cumulative incidence of deferred treatment per time period, calculated with the competing risk method with death as competing risk. Left: Over-
all. Right: Men younger than 60 years with Charlson Comorbidity Index (CCI) 0.

treatment in the last time period with available 5-year data.
Comorbidity was notreported from the international multicentre
study [23]. The PRIAS study included men with low-risk prostate
cancer from 2006 through 2017 [24]. The cumulative incidence
of deferred treatment after initial AS was 26% after 2 years and
43% after 5 years [25], which is more than during the first three
periods in our study (an average of 15% after 2 years and 32%
after 5 years). This can be explained by the different threshold
for deferred treatment in the PRIAS study: men with Gleason
score >3+3, more than two positive biopsy cores, or stage higher
than cT2 were advised to switch to active treatment (until 2014,
a PSA doubling time of <3 years was also a treatment criterion).

The reason for that use and continuation of AS have been,
and probably still are, higher in Sweden than in other countries,
may be a consequence of the clear recommendations in the
national guidelines. The first national Swedish prostate cancer
guidelines were published in 2014, and since then, AS is
recommended as a first choice for all men with low-risk prostate
cancer, for whom curative treatment would be considered
on progression; for men with very low-risk disease, immediate
treatment should only exceptionally be considered. For men
with intermediate-risk cancer, AS was until 2022 only
recommended for men whose life expectancy was too short

to make curative treatment obviously indicated. These
recommendations did not change during the study period. The
subcategories favourable and unfavourable intermediate-risk
cancer were not used in the national guidelines until 2023. Triggers
for treatment are poorly underpinned by evidence but are
currently being investigated in the randomised SPCG-17 trial [26].

The strength of our study is its nationwide and population-
based design. This avoids selection bias, which may be an issue
in institutional series. A notable strength of the study is the 98%
NPCR capture rate of prostate cancer cases in the National
Cancer Register [14]. Another strength is the incorporation of
comorbidity data, which allowed for subgroup analysis of
younger, otherwise healthy men with along expected remaining
lifetime. A weakness is that the NPCR does not include dataon T
stage subcategories (T2a-b-c) [27], which lead to some risk
group misclassification: T2b and T2c tumours are usually
categorised as an intermediate-risk (T2b) or high-risk (T2c)
disease, but they were categorised as low-risk disease in our
study. Had T2b and T2c tumours been excluded from the low-
risk category, the proportion of men starting on AS for low-risk
disease would probably have been slightly higher. It is unlikely
that this misclassification affected trends over time, but it does
impair comparisons with some other studies. Another
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Figure 3. Hazard ratios for treatment within 2 years after initial active surveillance (AS) per time period in men with very low-, other low- and
intermediate-risk-cancer, adjusted for PSA, cancer length on systematic biopsy, number of biopsy cores with cancer, prostate volume, age, Charl-
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limitation is that CCl was estimated using diagnoses registered
in secondary healthcare only, and that risk factors affecting life
expectancy such as smoking were not assessed. Further
weaknesses are lack of information about the use of magnetic
resonance imaging (MRI) before the treatment decision, results of
follow-up investigations and reasons for deferred treatment.
Since 2018, the Swedish guidelines recommend MRI before start
of AS, and that MRI under certain conditions can replace re-
biopsy during AS. MRl is now considered crucial for AS of localised
prostate cancer, and its use may affect both the selection of
patients for AS and discontinuation rates.

Conclusions

In Sweden, the number of men with low- and intermediate-risk
localised prostate cancer starting on AS greatly increased from
2008 to 2020, not least amongst younger, otherwise healthy
men. The use of deferred treatment gradually decreased over
time in men with very-low-risk cancer and in otherwise healthy,
younger men with intermediate-risk cancer but was otherwise
essentially unchanged.

Our results suggest that AS over the past 15 years has been
increasingly accepted by both patients and urologists as a safe
approach to localised favourable prostate cancer. The
dramatically increased numbers of men on AS must be
considered when allocating resources for prostate cancer care.
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