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ABSTRACT

Objective: To examine associations between objective signs of progression (triggers) and transition from
active surveillance (AS) to radical treatment for prostate cancer (PC).

Patients and methods: This case-control study included men with low- or favourable intermediate-risk
PC in the region of Halland, with data from The National Prostate Cancer Register (NPCR), Sweden, start-
ing AS between 2008 and 2020. Cases were men who transitioned to radical treatment. For each case, 10
controls who remained in AS were selected without further matching. Triggers for transition to treatment
were histopathological progression, magnetic resonance imaging (MRI) progression and increases in pros-
tate-specific antigen (PSA) levels. We compared the probabilities for triggers between cases and controls,
in 2008-2014 and 2015-2020, using logistic regression.

Results: Amongst 846 men, we identified 98 cases in 2008-2014 and 172 cases in 2015-2020.
Histopathological progression was associated with transition, most strongly in the later period (2008-
2014: odds ratios [OR] 6.88, 95% confidence interval [ClI] 3.69-12.80; and 2015-2020: OR 75.29, 95% ClI
39.60-143.17). MRI progression was associated with transition in 2015-2020 (OR 6.38, 95% Cl 2.70-15.06),
whereas an increase in PSA was weakly associated with transition in the early period. The absence of trig-
gers was associated with no transition (2008-2014: OR 0.24, 95% Cl 0.15-0.40, and 2015-2020: OR 0.09,
95% Cl 0.06-0.14). The probability of no trigger was 27% in cases 2015-2020.

Conclusion: The increase in association between histopathological trigger and transition to treatment
indicates increased quality of AS. Still, amongst men treated from 2015 to 2020, 27% transitioned without
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Introduction

Transition from active surveillance (AS) to radical treatment for
prostate cancer (PC) should ideally be triggered by objective
signs of progression. Histopathological progression in repeated
biopsy is a key trigger [1]. However, biopsies are invasive and
uncomfortable and have potential side effects such as bleeding
and infection, and adherence to repeated re-biopsies is poor
[2-4]. Magnetic Resonance Imaging (MRI) is recommended for
men in AS, yet the evidence for its importance for long-term
outcomes of AS is weak [1, 5-8]. Refraining from intervention is
often safe in the absence of MRI progression if prostate-specific
antigen (PSA) levels are stable, but specific criteria for MRI
changes indicative of disease progression during AS remain
elusive [9]. PSA doubling time and PSA velocity have been used
as indicators of disease progression. Currently, PSA density is
increasingly replacing PSA only [10, 11]. PSA levels are affected
by many factors other than PC, and PSA increase is not

recommended as a sole trigger for treatment [1, 11]. Whilst dig-
ital rectal examination is established in diagnosing locally
advanced disease, its sensitivity for progression in organ con-
fined tumours remains unproven [1]. Treatment initiation based
on patient or physician preference, without a specific trigger, is
common but leads to overtreatment [12]. The way triggers are
used in clinical practice and how this has changed over time are
unknown [5, 8].

We analysed the probabilities of experiencing triggers -
histopathological progression, MRI progression and PSA
increase — for transitioning from AS to radical treatment for PC,
and their association with transition to radical treatment. We
used a register-based case-control study to investigate how this
association changed with the introduction of prostate MRI
under the hypothesis of increasingly strong associations
between triggers and treatment over time, indicating stronger
adherence to guidelines recommending objective indications
for transition to treatment.
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Method

The National Prostate Cancer Register (NPCR) of Sweden cap-
tures 98% of all PC cases in Sweden compared with the Swedish
Cancer Registry, where all diagnosed cancers are registered by
law, and collects data about tumour characteristics at diagnosis
[13, 14]. Prostate Cancer data Base Sweden (PCBaSe) is a research
database in which NPCR has been linked with the National
Patient Register, the Swedish Cancer Register, the Cause of
Death Register, the Prescribed Drug Register, the Multi-
Generation Register and the Longitudinal integrated database
for health insurance and labour market studies (LISA), using the
unique Swedish personal identity number [15, 16]. Additional
healthcare data from one healthcare region (Region Halland)
were cross-linked with NPCR at the National Board of Health and
Welfare in April 2023. Data on PSA, prostate MRIs and prostate
biopsies after PC diagnosis were extracted [14].

Identification of cases and controls

Men in Region Halland, who started AS between 1 January 2008
and 30 June 2020, remaining in AS for at least 6 months and who
met criteria similar to those in the Prostate Cancer Active
Surveillance Trigger trial/Scandinavian Prostate Cancer Group
study no. 17 - PCASTt/SPCG17 (Clinical T-stage 1 (cT1) - cT2, PSA
< 15 ng/mL, PSA density < 0.2 ng/mL?, any amount of Gleason
score 6 or Gleason score 3 + 4 =7 in less than 30% of cores and
<10 mm cancer in any core containing Gleason score 3 + 4 =7)
with a life expectancy of at least 10 years, were identified [17]. All
men meeting the above criteria and who transitioned from AS
to radical treatment were selected as cases. For each case, 10
controls remaining in AS 3 months after the time of radical treat-
ment for their corresponding case were randomly selected with-
out further matching. We pre-defined two separate time periods
based on the date of radical treatment: one early period from
2008 to 2014, before introduction of prostate MRI in Swedish
guidelines, and one late period from 2015 to 2020, after its intro-
duction in guidelines.

Exposure

We defined three mutually exclusive triggers for transitioning
from AS to radical treatment.

1. Histopathological trigger, with or without any other progres-
sion, defined as increase in Gleason score from <6 to Gleason
score 23 +4=7,orfrom Gleasonscore3+4=7to>4+3=7.

2. MRItrigger, with or without PSA progression but without
histopathological progression, according to PCASTt/
SPCG17 criteria (=5 mm progression in largest tumour-di-
ameter or progression in highest reported Prostate
Imaging Reporting and Data System [PIRADS] score on
repeated prostate MRI) [17]. Prostate MRI reports were
evaluated by one author (MSA), blinded to the outcomes.
The highest PIRADS score and longest diameter of visible

lesion were obtained for MRI progression assessment. MRI
was present as a trigger only in the late period.

3. PSAtrigger, without other progression, defined as PSA dou-
bling time less than 3 years, PSA increase =2 ng/mL or PSA
density increase of 20.05 ng/mL? over a 2-year period. PSA
progression was evaluated using linear regression consider-
ing the three preceding years for PSA doubling time and the
two preceding years for PSA velocity and PSA density.

Exposures included triggers reached within 1 year before
date of radical treatment.

Assessment of life expectancy

For life expectancy estimation, we used an improvement of the
previously described statistical model based on Charlson
Comorbidity Index (CCl), Drug Comorbidity Index (DCI) and age
[18-20]. In the improved model, a multi-dimensional diagno-
sis-based index (MDCI) replaces CCl, which improves its predic-
tive performance [21]. Life expectancy dropping below 10 years
was considered transition to watchful waiting.

Statistical methods

Continuous data are presented as median and interquartile
ranges (IQR) or mean with 95% confidence interval (Cl), as
appropriate. Categorical data are presented as proportions and
percentages.

Associations between potential triggers and transition from
AS to radical treatment were estimated using conditional logistic
regression and presented as odds ratios (OR) with 95% Cl. We
used three models: an unadjusted model and two multivariable
models. The first adjusted for patient and tumour characteristics,
and the second also included socioeconomic factors. Baseline
covariates relevant to the outcome, all listed in Table 1, were
incorporated in the multivariable model to assess their
additional impact on the associations. Redundant covariates
‘risk group’ and ‘mm cancer in biopsies’ were excluded from the
adjusted analysis. We also conducted a sensitivity analysis
including triggers reached within 2 and 3 years before the date
of treatment. To visualise the continuous change in probability
of triggers, we used an unadjusted logistic regression model,
with natural cubic splines, to capture non-linear relationships in
the data. The model included three knots at 27.5th, 50th and
72.5th percentiles, and two boundary knots at 5th and 95th
percentiles along the predictor variable [22].

This study was approved by the Research Ethics Authority
and adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines for
case-control studies [23].

Results

The study base included 846 men with 1,073 biopsy-rounds,
687 prostate MRIs and 8,947 PSA tests (Table 1). We identified
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Table 1. Baseline characteristics of men who started active surveillance 1 January 2008 to 30 June 2020.

2008-2014 2015-2020

Characteristic Cases (n=98) Controls (n =980) Cases (n=172) Controls (n =1,720)
Age at treatment, mean (95% Cl) 65.8 (64.8-66.8) 68.3 (67.9-68.7) 67.8 (66.8-68.7) 69.8 (69.5-70.2)
Time in AS (years), median (IQR) 1.6 (1.0-2.4) 1.9(1.2-3.0) 3.0(1.5-4.7) 3.5(1.9-5.8)
PSA (ng/mL), median (IQR) 5.4(43-7.2) 5.2 (4.2-6.8) 5.4 (4.4-6.9) 5.2 (4.2-6.9)
PSA-density (ng/mL?), median (IQR) 0.14 (0.10-0.21) 0.12 (0.09-0.17) 0.15(0.11-0.19) 0.13(0.10-0.17)

Missing, n (%) 4 (4) 48 (5) 5(3) 57 (3)
Gleason score, n (%)

Gleasonscore3+3=6 81(83) 885 (90) 146 (85) 1,516 (88)

Gleasonscore3+4=7 17(17) 95 (10) 26 (15) 204 (12)
Clinical T-stage, n (%)

1 82 (84) 875 (89) 146 (85) 1,537 (89)

2 16 (16) 105 (11) 26 (15) 183 (11)
Risk group, n (%)

Low risk 76 (78) 827 (84) 138 (80) 1,430 (83)

Intermediate risk 22 (22) 153 (16) 34 (20) 290 (17)
Biopsy with cancer, n (%)

1 52(53) 562 (57) 72 (42) 917 (53)

2 28 (29) 233 (24) 50 (29) 387 (23)

>3 18(18) 106 (11) 38(22) 256 (15)

Missing, n (%) 0(0) 79 (8) 12(7) 160 (9)
mm cancer in biopsy, median (IQR)

<2 35(36) 408 (42) 53(31) 753 (44)

>2-4 14 (14) 110(11) 37(22) 323(19)

>4 32(33) 157 (16) 63 (37) 377 (22)

Missing, n (%) 17 (17) 299 (31) 19(11) 267 (15)
Charlson comorbidity index (CCl), n (%)

0 82 (84) 821 (84) 137 (80) 1,412 (82)

1 11011) 82(8) 21(12) 196 (11)

>2 5(5) 77 (8) 14 (8) 112(7)
Marital status, n (%)

Married/cohabitant 79 (81) 710(72) 128 (74) 1,256 (73)

Unmarried 12(12) 87 (9) 12(7) 166 (10)

Single/separated 6 (6) 155 (16) 28 (16) 234 (14)

Widower 1(1) 28(3) 4(2) 64 (4)
Educational level, n (%)

<9years 26 (27) 310(32) 49 (28) 450 (26)

10-12 years 36 (37) 414 (42) 74 (43) 735 (43)

>12years 36 (37) 256 (26) 47 (27) 529 (31)

Missing, n (%) 0(0) 0(0) 2(1) 6(0.3)
Income level, n (%)

Quartile 1 6 (6) 128 (13) 24 (14) 267 (16)

Quatrtile 2 14 (14) 201 (21) 32(19) 390 (23)

Quatrtile 3 31(32) 249 (25) 55(32) 466 (27)

Quatrtile 4 47 (48) 402 (41) 61 (35) 597 (35)

Missing, n (%) 0(0) 0(0) 0(0) 3(0.2)

IQR: interquartile range; AS: active surveillance; PSA: prostate-specific antigen; mm: millimetre; Cl: confidence interval.
All covariates are from time of diagnosis except age and time in active surveillance, which are from time of treatment.

98 cases in the early period and 172 cases in the late period. AS  Probability of experiencing triggers
was allowed to start in 2008 for both periods, and thus, the
median time in AS was longer in the late period. Tumour char-
acteristics, except for PSA, showed slightly more advanced fea-  Was 30% for cases and 5% for controls (Table 2). For PSA trigger,
tures in cases compared with controls. Approximately 90% the probability was 34% for cases and 19% for controls, whilst
were Gleason score 6, cT1 and classified as low risk PC. The the probability of not experiencing any trigger was 37% for
majority had CCI 0. cases and 75% for controls.

In the early period, the probability of a histopathological trigger
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Table 2. Probabilities and odds ratios for triggers, and no triggers, within 1 year before treatment.

2008-2014 2015-2020

Cases Controls Cases Controls Odds ratios (95% Cl)

n=98 n=980 n=172 n=1,720 Adjusted for
Trigger Probability (%) Probability (%) Probability (%) Probability (%) Unadjusted model Patient & tumour  + socioeconomic

characteristics factors

Histopathology 29.6 54 - - 7.66 (4.49-13.06)  7.54 (4.15-13.70) 6.88 (3.69-12.80)
PSA increase only 337 19.3 - - 2.21(1.39-3.5) 1.67 (1.03-2.71) 1.55 (0.94-2.56)
No trigger 36.7 753 - - 0.19 (0.12-0.29) 0.23 (0.14-0.36) 0.24 (0.15-0.40)
Histopathology - - 48.3 2.0 53.01 (30.02-93.62) 67.28 (36.16-125.18) 75.29 (39.60-143.17)
MRI but no histopathology - - 5.8 1.0 6.32(2.82-14.17)  5.85(2.52-13.57) 6.38 (2.70-15.06)
PSA increase only - - 19.2 18.5 1.04 (0.7-1.55) 0.90 (0.60-1.36) 0.92 (0.61-1.40)
No trigger - - 26.7 78.5 0.1 (0.07-0.15) 0.09 (0.06-0.14) 0.09 (0.06-0.14)

Subgroup with histopathological trigger within one year and MRI trigger within three years before treatment

Histopathology and MRI - - 7.6

triggers

0.06

PSA: prostate-specific antigen; MRI: magnetic resonance imaging; Cl: confidence interval.

In the late period, the probability of a histopathological
trigger was 48% for cases and 2% for controls, and for MRl trigger,
6% for cases and 1% for controls. The probability of PSA trigger
was 19% for both cases and controls, whilst the probability of not
experiencing any trigger was 27% for cases and 79% for controls.
In a subgroup analysis of men having experienced both a

probability for controls of not having experienced any trigger
the year before the date of treatment (Figure 1). Furthermore, in
the unadjusted continuous visualisation, most of the increase in
probability of histopathological trigger in cases occurred before
2016, and MRI trigger emerged in 2017. The probability of
experiencing PSA-triggers before treatment varied substantially

histopathological trigger the year before transition to treatment,  throughout the whole study period (Figure S1).
and an MRl trigger within 3 years before transition, the probability
was 7.6% (Table 2). The same analysis for the period 2017-2020,
excluding the years before MRI was introduced in the Swedish
guidelines, showed a probability of 9.2%.

In the unadjusted continuous analysis of trigger probabilities,

there was a decreasing probability for cases and an increasing

Association between triggers and radical treatment

In the early period, histopathological trigger was associated
with transition to radical treatment in both the unadjusted
logistic regression model (OR 7.66, 95% Cl 4.49-13.06) and the
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Figure 1. Probabilities for cases and controls of not having experienced any trigger the year before date of treatment. lllustrated by an unadjusted logistic
regression model and with point estimates of means of 11 consecutive observations. Natural cubic splines were used to smoothen the non-linear relation-
ship and fit it to a linear curve, illustrating the probabilities continuously over the entire study period.
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adjusted models (OR 7.54, 95% Cl 4.15-13.70 and OR 6.88, 95%
Cl 3.69-12.80) (Table 2). For PSA trigger, the association was
weaker. Not having experienced any trigger was associated with
not transitioning to radical treatment (unadjusted model: OR
0.19, 95% ClI 0.12-0.29, adjusted models: OR 0.23, 95% Cl 0.14-
0.36 and OR 0.24, 95% Cl 0.15-0.40).

In the late period, histopathological trigger was associated
with transition to radical treatment in the unadjusted (OR 53.01,
95% Cl 30.02-93.62) and adjusted models (OR 67.28, 95% ClI
36.16-125.18 and OR 75.29, 95% Cl 39.60-143.17). MRI trigger
was associated with treatment (unadjusted model: OR 6.32, 95%
Cl 2.82-14.17, adjusted models: OR 5.85, 95% Cl 2.52-13.57 and
OR 6.38, 95% Cl 2.70-15.06), whilst PSA trigger was not. Not
having experienced any trigger was associated with not
transitioning to radical treatment (unadjusted model: OR 0.10,
95% Cl 0.07-0.15, adjusted models: OR 0.09, 95% Cl 0.06-0.14
and OR 0.06, 95% Cl 0.06-0.14) (Table 2). The sensitivity analysis
did not change the main results (Table S1).

Discussion

The probability of a histopathological trigger amongst men
who transitioned to treatment increased over time. An associa-
tion between MRI trigger and transition to treatment emerged
following the introduction of MRI in Swedish guidelines. The
probability of a PSA trigger for men who transitioned to treat-
ment was lower in the later period, and the probability of no
trigger before treatment decreased during the study period.

NeitherPSA progression nor MRl progressionisrecommended
as triggers to radical treatment if not accompanied by
histopathological progression [1]. In a previous study in NPCR
with data from 2008 to 2013, 24% of the men transitioned from
AS to radical treatment within 5 years due to biopsy progression
[24]. In the PRIAS and GAP3 studies, 34% and 28%, respectively,
transitioned from AS to radical treatment within 5 years, due to
a mixture of reasons suggesting disease progression [12, 25].
Direct comparison with the current study is difficult due to
different study designs and definitions of disease progression,
but in all studies, histopathological progression often precedes
transition from AS to radical treatment, in accordance with
guidelines [1]. Our study showed a strong association between
histopathological progression and transition to radical
treatment, particularly in the later period. The probability of a
histopathological trigger increased over time in cases, reaching
nearly 50% in the late period, suggesting better adherence to
guidelines over time.

Data from the PRIAS study demonstrated that PIRADS = 3 on
prostate MRl was a statistically significant predictor of
histopathological progression on targeted biopsies during AS
[9]. PRIAS data also showed that MRI before starting AS reduces
the probability of discontinuing AS within two years, and an
increasing probability of discontinuing AS when MRI was
performed during AS [26]. The favourable outcomes of AS
without MRI, along with the increasing probability of upgrading
and discontinuation of AS with the usage of MRI and targeted
biopsies, raise concerns for potential overtreatment when
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integrating prostate MRl into AS without well-defined guidelines
[27, 28].This could possibly be balanced by increased use of MRI
contributing to better adherence to guidelines and reduced risk
of discontinuation the first 2 years, which could also contribute
to the longer time in AS seen in the later period of this study. A
systematic review focusing on prostate MRI's reliability in
detecting PC progression during AS found moderate accuracy
in identifying histopathological upgrading and poor accuracy in
ruling out histopathological upgrading [29]. This implies that
MRI alone may not be a sufficient criterion for excluding true
disease progression and may not be accurate enough to indicate
histopathological progression.

Since 2014, prostate MRI has been recommended by the
Swedish PC guidelines. In the study population, the number of
MRIs increased from occasional examinations before 2011 to
around one hundred in 2016 and kept increasing every year
thereafter (data not shown) with 55 MRIs registered in the early
period and 632 in the late period. Radiology novices show low
segmentation accuracy and high interindividual variation,
which might be applicable to the early period in the current
study [30]. In the late period, an association between MRI
progression and transition to radical treatment emerged, but
the probability of having experienced an MRI trigger before
treatment was still low. In our subset analysis, there was a
probability of only 8% for treated men having experienced both
a histopathological trigger within 1 year before treatment and
an MRI trigger within 3 years preceding treatment, suggesting
that the introduction of prostate MRI played little role in the
increased probability of histopathological trigger before
treatment during this period.

In the previous study from NPCR, 52% of men who
transitioned to radical treatment did so due to PSA progression
[24]. In the PRIAS 5-year follow-up, 46% of men who transitioned
to radical prostatectomy after PSA doubling time of less than 3
years had favourable prostatectomy-specimen histopathology,
which underscores the limited predictive value of PSA
progression for histopathological progression [11, 12]. The
probability of PSA increase only as a trigger in cases decreased
between the two time periods. There was a weak association
with treatment in the early period, but in the late period, the
estimates for an association with transition to treatment were
close to unity. This is possibly suggesting an increasing
adherence to guidelines, and PSA increase alone should not
normally trigger transition. It is supported by the sensitivity
analysis, where there were tendencies of lower ORs in the late
period compared with the early period.

In men who transition to radical treatment, previous studies
have shown that between 13% and 30% of men do so without
evidence of disease progression [24, 25] Approximately 60% of
men who transition without any known disease progression
exhibit favourable histopathology in prostatectomy specimens,
indicating overtreatment [12]. Avoiding overtreatment is
important to avoid common side effects of radical treatment, for
example urinary incontinence after radical prostatectomy [31]
The ORs of not having experienced any trigger were low in our
study and decreased between the study periods, demonstrating
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a robust association between no trigger and no transition to
radical treatment. The consistent decline in no trigger before
transition can possibly be attributed to increased awareness
amongst healthcare professionals about the safety of AS.
However, the probability of no trigger the year before treatment
was still 27% in cases in the late period, indicating that subjective
preference by the patient and/or doctor remained one of the
major reasons for transition to treatment.

In the continuous analysis, the increasing probability of
histopathological trigger in cases, before MRI was widely used,
does not support the hypothesis that the introduction of MRI
directly influenced the increased use of that trigger. The
emergence of MRI trigger in 2017 suggests that reliance on MRI
progression being indicative of true disease progression started
a few years after the introduction of prostate-MRI. However, the
model is unadjusted and can, therefore, be biased, and the
variation in PSA trigger was likely due to few events and by
variability in utilisation of PSA trigger.

Strengths and limitations

To our knowledge, this is the first registry-based study assessing
objective triggers for transition from AS to radical treatment for
PC. Strengths of our study include that completeness and valid-
ity is high in NPCR and the administrative healthcare registers
[13]. Limitations of this study include that there were some pros-
tate biopsies, MRIs and PSA tests, performed outside the Halland
region and by one private healthcare facility, missing in the
database, introducing information bias. The relatively small
cohort size from one healthcare region is another limitation.
However, the Halland region consists of urban and rural com-
munities, and according to NPCR data, the use of AS for low- and
intermediate-risk PC was in line with the rest of Sweden [14]. The
results may, therefore, be generalisable to a broader context
with similar PC occurrence and healthcare organisation.

Conclusion

The increase in the association between triggers, particularly
histopathological trigger, and transition to radical treatment
indicates improved adherence to guidelines over time. Prostate
MRI contributed only modestly as a trigger. Despite a decline in
the probability of no trigger before transition, still more than a
quarter of men transitioned without a trigger, and more than
half transitioned without histopathological progression. The
lack of objective triggers before transition indicates a need for
further improvement to reduce overtreatment during AS.
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