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ABSTRACT

Background and aims: One out of three men who undergo cystoprostatectomy for bladder cancer is
diagnosed with incidental prostate cancer (PCa) at histopathological examination. Many of these men are
PSA tested as part of their follow-up, but it is unclear if this is needed. The aim of this study was to assess
the risk of PCa death in these men and the need of PSA-testing during follow-up.

Methods: Between 2002 and 2020, 1,554 men were diagnosed with PCa after cystoprostatectomy per-
formed for non-metastatic bladder cancer and registered in the National Prostate Cancer Register (NPCR)
of Sweden. We assessed their risk of death from PCa, bladder cancer and other causes up to 15 years after
diagnosis by use of data in The Cause of Death Register. The use of androgen deprivation therapy (ADT) as
a proxy for PCa progression was assessed by fillings in The Prescribed Drug Register.

Results: Fifteen years after diagnosis, cumulative incidence of death from PCa was 2.6% (95% Cl 2.3%-
2.9%), from bladder cancer 32% (95% Cl: 30%-34%) and from other causes 40% (95% Cl: 36%-44%). Only
35% of men with PCa recorded as primary cause of death in The Cause of Death Register had started ADT
before date of death, indicating sticky-diagnosis bias with inflated risk of PCa death.

Conclusions: For a large majority of men diagnosed with incidental PCa at cystoprostatectomy per-
formed for bladder cancer, the risk of PCa death is very small so there is no rationale for PSA testing during
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follow-up.

Introduction

Incidental prostate cancer (PCa) is diagnosed in one out of three
men who undergo cystoprostatectomy for bladder cancer [1-3].
Several studies have described that a majority of these cancers
are ‘clinically insignificant’ at histopathological examination of
the surgical specimen [2, 3], whereas other studies have cau-
tioned about the aggressiveness of these cancers [4, 5]. Many
men diagnosed with PCa at cystoprostatectomy for bladder
cancer are PSA tested during follow-up; however, the benefit of
such testing is questionable [6-8].

The aim of our study was to assess the long-term risk of PCa
death in a large representative cohort of men diagnosed with
PCa at cystoprostatectomy performed for bladder cancer in
order to inform on the need of PSA testing during follow-up.

Methods

The primary aim of the National Prostate Cancer Register (NPCR)
of Sweden, a clinical cancer register, is to ensure high quality of
care for men with PCa and adherence to national guidelines [9,
10]. In Prostate Cancer data Base Sweden (PCBaSe) version 5.0,

data for men registered in NPCR up to 2020-12-30 have been
linked to other nationwide, population-based Swedish health-
careregisters and demographic databases, including The Patient
Register, The Cancer Register, The Prescribed Drug Register, The
Longitudinal integrated database for health insurance and
labour market studies (LISA), a socioeconomic database, The
Emigration Register and The Cause of Death Register, as a basis
for clinical research [11].

Men diagnosed with PCa between 2002 and 2020 registered in
the NPCR were included if they had a non-metastatic bladder
cancer diagnosis according to The Cancer Register and had
undergone a cystoprostatectomy according to The In-Patient
Register with a PCa diagnosed up to 7 days prior to or 60 days after
the date of surgery (Supplementary Table S1). The time window
for the PCa diagnosis in relation to the date of the cystoprost-
atectomy was set in consideration of the expected time required for
obtaining the pathological report. We conducted sensitivity analyses
by exploring different time windows for inclusion.

We extracted data on PCa including Gleason Score,
postoperative Tumor, Node, Metastases (TNM) stage from the
NPCR and on bladder cancer including urinary diversion and
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postoperative TNM stage from The In-Patient Register and The
Cancer Register (Supplementary Table S1). Educational level [low
(mandatory school), middle (high school) and high (university)]
and income (defined in quartiles) were extracted from The LISA
register. The use of androgen deprivation therapy (ADT;
gonadotropin releasing hormone, antiandrogens, or surgical
castration) was identified by use of data on filled prescriptions in
The Prescribed Drug Register (available from July 1, 2005) and
date of castration in The In-Patient Register. The Charlson
Comorbidity Index (CCl) was calculated based on diagnostic
codes extracted from The In-Patient Register, excluding PCa and
bladder cancer [12]. Date and cause of death (prostate, bladder
and other) were extracted from The Cause of Death Register.

Follow-up started at the date of PCa diagnosis. Men were
followed until date of migration, date of death, or until 2022-12-
31, whichever event came first.

We assessed the competing risks of death using cumulative
incidence curves stratified for Gleason 6, Gleason 7 and Gleason

> 8 and age < 75 and = 75 years at diagnosis. For all statistical
analyses, R version 4.3.2 was used [13].
The Swedish Research Ethics Authority approved the study.

Results

A total of 184,916 men diagnosed with PCa were registered in
NPCR between 2002 and 2020. Of these men, 1,554 (1%) men
underwent radical cystoprostatectomy due to non-metastatic
bladder cancer up to 7 days before the date of PCa diagnosis or
up to 60 days after surgery. Around 300 men per year undergo
cystoprostatectomy for bladder cancer in Sweden, correspond-
ing to around 5,400 men between 2002 and 2020 [14]. According
to these estimates, 29% (1,554/5,400) men in Sweden who
underwent cystoprostatectomy for bladder cancer were diag-
nosed with incidental PCa.

Out of men with incidental PCa, 1,277 men (82%) were
assigned a Gleason score, and amongst these, 843 (66%) had

Table 1. Baseline characteristics for 1,554 men registered in the National Prostate Cancer Register Sweden who underwent cystoprostatectomy from 2002
to 2020 were diagnosed with prostate cancer at histopathological examination.

All % Gleason 6** %  Gleason 7** %  Gleason > 8** % Missing Gleason %

N 1,554 100 843 100 379 100 55 100 277 100
Age at prostate cancer diagnosis, years

Median (Q1-Q3) 72 (67-77) 71 (65-76) 74 (69-78) 74 (72-80) 73 (69-77)

<65 331 21 223 26 52 14 5 9 51 18

65-75 638 41 341 40 151 40 24 44 122 44

75+ 585 38 279 33 176 46 26 47 04 38
Charlson Comorbidity Index

0 924 60 499 59 226 60 32 58 167 60

1 287 18 167 20 61 16 9 16 50 18

2 177 1 98 12 49 13 8 15 22 8

3+ 166 1 79 9 43 1 6 1 38 14
Year of diagnosis

2002-2011 588 38 415 49 128 34 26 47 19 7

2012-2015 429 28 183 22 99 26 13 24 134 48

2016-2020 537 35 245 29 152 40 16 29 124 45
Preoperative PSA, ng/mL

Median (Q1-Q3) 3(1-5) 2(1-4) 4 (2-6) 7 (5-10) 2(0-4)

<2 154 10 1M 13 37 10 2 4 4

2-4 94 6 62 29 8 2 4 1 0

4+ 112 7 47 6 49 13 14 25 2

Missing 1,194 77 623 74 264 70 37 67 270 97
Civil status

Spouse or partner 980 63 531 63 246 65 34 62 169 61

No spouse or partner 574 37 312 37 133 35 21 38 108 39
Income

Q1 413 27 220 26 115 30 16 29 62 22

Q2 457 29 244 29 118 31 24 44 71 26

Q3 319 21 180 21 81 21 5 9 53 19

Q4 237 15 126 15 41 1 4 7 66 24

Missing 128 8 73 9 24 6 6 1 25 9
Level of education*

Low 605 39 351 42 145 38 19 35 90 32

Middle 628 40 340 40 158 42 24 44 106 38

High 321 21 152 18 76 20 12 22 81 29

*Low: less than 10 years (mandatory school), intermediate: 10-12 years (high school), high: more than 12 years of education (university).
** |International Society of Urological Pathologists (ISUP) Grade Group: Gleason 6 = ISUP 1; Gleason 7 = ISUP 2-3; Gleason > 8 = ISUP 4-5.
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Gleason 6, 379 (30%) had Gleason 7 and 55 (4%) had Gleason =
8 (Table 1). Median age was 72 years (Q1-Q3: 67-77), and 585
(38%) men were older than 75 years. Preoperative PSA was
missing in 77% of the men. Median preoperative PSA was 3 ng/
mL (Q1-Q3: 1-5 ng/mL) in the 360 men who had a PSA on
record before the date of surgery.

Pathological stage T2 of the bladder cancer was registered
for 721 (46%) of the men (Table 2). The distribution of pT stage
and the pN stage was similar in men with Gleason 6, Gleason 7
and Gleason = 8 (Table 2). A large majority of men (80%) received
a ureteroenterocutaneostomy (ileal conduit) and (13%) received
a neobladder (Supplementary Table S2).

At 15 years of follow-up, cumulative incidence of PCa death
for the full study group was 2.6% (95% Cl: 2.3%-2.9%), and
specifically 1.2% (95% Cl: 1.0%-1.4%) for men with Gleason 6,
4.3% (95% Cl: 3.3%-5%) for Gleason 7 and 13% (95% Cl: 9%—19%)
for Gleason > 8 (Figure 1). Amongst men with Gleason 6, the risk
of death from bladder cancer was 34% (95% Cl: 31%-38%), and
death from other causes was 35% (95% Cl: 31%-40%) at 15 years.
In men with Gleason 7, the corresponding risks were 28% (95%
Cl: 25%-32%) and 52% (95% Cl: 41%-66%), respectively, and for
men with Gleason > 8, outcomes were similar as for men with
Gleason 7 (Figure 1). Men with unknown Gleason had similar risk
of death from PCa and other causes as the full study group.

Cumulative incidence of PCa death at 15 years increased with
age, from 1.6% (95% Cl: 1.4%-1.9%) in men aged below 75 years
(n =969) to 4.2% (95% Cl: 3.6%-5%) in men aged >75 years (n =
585). Same trend was observed for the risk of death from bladder
cancer in men below 75 years compared to men aged >75 years,
28% (95% Cl: 25%-31%) versus 39% (95% Cl 35%-44%) as well as
for death from other causes, 36% (95% Cl: 31-41) vs 49% (95% Cl:
41%-58%) (Figure 2).

Out of the 29 men who had PCa recorded as the primary
cause of death in The Cause of Death Register, 30% had Gleason
6 and only 40% had bladder cancer as a contributing cause of
death. Amongst the 26 of these men who resided in regions
where the use of ADT was recorded in The Prescribed Drug
Register, only 9 (35%) men had initiated ADT before the date of

SCANDINAVIAN JOURNAL OF UROLOGY 100

death, with a higher proportion amongst men with Gleason > 8
[5 out of 6 (83%)].

The findings were robust to changes in inclusion criteria in
two sensitivity analyses, using alternative definitions based on
30 days prior to or 7 days after date of PCa diagnosis (n = 1,544),
and 60 days prior to or 1 day after date of PCa diagnosis (n =
1,406) (data not shown).

Discussion

In this nationwide, population-based study of men diagnosed
with PCa after cystoprostatectomy performed for bladder can-
cer, the risk of PCa death at 15 years was below 3%, risk of death
from bladder cancer was 32%, and risk from death from other
causes was 40% according to The Cause of Death Register.

Strengths of our study include that NPCR captures virtually
all men (> 98%) diagnosed with PCa in Sweden compared to the
Cancer Register, to which registration is mandated by law [10,
11]. The Cancer Register and The National Patient Register are
nationwide, population-based administrative registers with
documented high validity [15-19]. Furthermore, we had access
to data on use of ADT in The Prescribed Drug Register during
follow-up for a large majority of men who had PCa recorded as
primary cause of death in The Cause of Death Register. By use of
these data, we could assess the likelihood of PCa progression
before the date of death. To our knowledge, this study is larger,
is based on more comprehensive data and has longer follow-up
than previous studies on this topic [20, 21].

Inherent limitations of our study due to the characteristics of
men diagnosed with incidental PCa included that we lacked
data on preoperative PSA for a majority of the men, and we also
lacked pre-operative tumour stage since there was no suspicion
of PCa diagnosis before surgery. Furthermore, there were no
data on PSA during follow-up, since neither The NPCR nor any of
the other health care registers in PCBaSe hold data on PSA. We
had no data on use of cisplatin-based chemotherapy prior to
cystoprostatectomy, which putatively could have decreased
detection of PCa.

Table 2. Pathological bladder cancer tumour and lymph node stage in histopathological examination of cystoprostatectomy specimen.

All % Gleason 6 % Gleason 7 % Gleason = 8 % Missing Gleason %
N 1,554 100 843 100 379 100 55 100 277 100
pT stage bladder cancer
Missing 65 4 42 5 15 4 4 7 4 1
TO 80 5 52 6 11 3 1 2 16 6
Ta 99 6 55 7 21 6 5 9 18 6
Tis 68 4 27 3 15 4 6 11 20 7
T 384 25 202 24 88 23 11 20 83 30
T2 721 46 393 47 188 50 24 44 116 42
T3 94 6 54 6 25 7 3 5 12 4
T4 43 3 18 2 16 4 2 8 3
pN stage bladder cancer
NO 967 62 504 60 243 64 32 58 188 68
N1 35 2 24 3 8 2 1 2 2 1
N2 29 2 16 2 7 2 1 2 5 2
N3 1 1 5 1 4 1 0 0 2 1
Missing 512 33 294 35 117 31 21 38 80 29




[AQ5]

101 P.SCILIPOTIET AL.

All

100
]

W Death from prostate cancer
O Death from bladder cancer
O Death from other causes

75
|

Cumulative incidence (%)
25 50
|

o o
I I T I 1
0 5 10 15 20
Years since diagnosis
Natrisk 1554 637 208 50 2
Gleason score 7
o
S -
3
=
(7}
h=4
£8 -
[0
2
©
p=
£
3 &
o 4
I T T T 1
0 10 15 20
Years since diagnosis
Natrisk 379 140 30 6 0

Gleason score 6

o
‘Q_ -
3
=
5]
b}
23
[}
=
kS
o
£
3 & A
o
[ I 1 T 1
0 10 15 20
Years since diagnosis
Natrisk 843 357 167 43 2
Gleason score 2 8
o
S A
=2 A
3
{ =
5]
2
28
(]
=
k&
- |
£
3 &
o J
[ T T T 1
0 5 10 15 20
Years since diagnosis
Natrisk 55 20 6 1 0

Figure 1. Cumulative incidence of death from prostate cancer, bladder cancer and other causes after cystoprostatectomy performed for non-metastatic

bladder cancer in 2002-2020, stratified for Gleason score.

Incidental PCa diagnosed in men who undergo cysto-
prostatectomy for bladder cancer is common. Approximately,
one out of three men in Sweden who undergo cystoprostat-
ectomy for bladder cancer are diagnosed with PCa at the
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Figure 2. Cumulative incidence of death from prostate cancer, bladder cancer and other causes after cystoprostatectomy performed for non-metastatic

bladder cancer in 2002-2020 stratified for age.



cystectomy [2], and other studies that have reported similar
proportions [3, 4, 5, 22]. The type of pathological assessment of
the prostate is likely to affect detection of PCa. In a study in which
whole-mount sectioning was performed, 36% of the specimens
contained PCa [22]. Extensive pathological examination has
likely become more common in Sweden during the study period,
and we observed a slight increase of incidental PCa diagnoses
over calendar time corroborating that a more extensive
pathological examination increases the detection of PCa [4].
Currently, the proportion of men with latent PCa detected at
autopsy is similar, that is around 30% in many Western countries,
indicating thatthe same pool of undetected clinically insignificant
PCa is detected at cystoprostatectomy as in autopsies of men
who died of other causes than PCa [23].

Sticky diagnosis bias [24], that is when PCa is erroneously
registered as the primary cause of death in men who died of
another cause, isa common bias resulting in an inflated estimate
of PCa mortality as demonstrated in a previous study in PCBaSe
[25]. In a structured review of 495 medical charts in a study
frame of 5,543 men, 29% of men above age 85 with PCa and
21% of men below age 85 with low-risk PCa had PCa as
adjudicated cause of death, despite little evidence of progression
in terms of levels or increases in PSA, metastases on imaging,
use of ADT, or progression to castration resistant PCa [25]. An
even higher proportion of misclassification was found in a study
in Norway [26]. Out of 328 men with PCa as adjudicated primary
cause of death in The Cause of Death Register, a chart review
could verify this in only 66% of the men. Similarly, in a recent
study from Estonia, only 59% of deaths adjudicated to PCa were
verified in a chart review [27].

In another study in PCBaSe, 90% of men who died of PCa had
initiated ADT before date of death, showing that death from PCa
is preceded by use of ADT as treatment for PCa progression in a
large majority of men in Sweden [28].

In the present study, many men were old at date of death, a
large majority had Gleason 6 or 7, and two thirds had not started
ADT before date of death attributed to PCa in The Cause of
Death Register. Furthermore, only 40% of men who died of PCa
had bladder cancer recorded as contributing cause. Given the
high fatality rate of bladder cancer, this could in some instances
have been an error in the registration where ‘prostate cancer’
was erroneously substituted for ‘bladder cancer’ as primary
cause of death. Based on these considerations, we argue that
sticky-diagnosis bias was present in our study, and that the risk
of PCa death based on data in The Cause of Death Register was
substantially inflated.

Our results are in accordance with previous smaller studies
with shorter follow-up [20, 21]. In a study in France of 931 men,
no man had died of PCa after 25 months of follow-up, and in
another study of 329 men, only one man died of PCa after 9
years of follow-up. In both studies, the rate of Gleason > 8 was
below 5%.

In line with previous studies, only 4% of men were diagnosed
with Gleason = 8 in our study, and for them, the risk of PCa death
was three-fold higher than for men with Gleason 7 (13% vs. 4%).
In men with a reasonably long life expectancy and Gleason * 8,
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PSA testing may be considered if early ADT is contemplated in
the event of PSA progression.

In a previous study in PCBaSe, men with PCa who underwent
radical prostatectomy had 1.4% risk of PCa death after 9 years of
follow-up, and risk of death from other causes was 6% [29]. Thus,
the risk of PCa death was quite similar as for men in the present
study, but risk of death from other causes was 10-fold lower.

Our results are applicable to other Western countries since
both the proportion of men diagnosed with incident PCa at
cystoprostatectomy and the proportion of men with latent PCa
detected at autopsy are around 30% in many Western countries
[23]. There is also evidence that the proportion of men who
erroneously have PCa adjudicated as cause of death in the official
cause of death registration is high in many countries [25-27].

In conclusion, given the high prevalence of incidental PCa
after cystoprostatectomy, the very low risk of PCa death, the
high risk of death from bladder cancer and other causes, and the
limited value of an early diagnosis of a relapse in older men who
have undergone radical treatment [30], there is no rationale for
PSA-testing in a large majority of men diagnosed with PCa after
a cystoprostatectomy performed for bladder cancer.
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Context and relevance

One out of three men who undergo cystoprostatectomy for blad-
der cancer is diagnosed with prostate cancer (PCa) at examination
of the specimen. Many of these men are PSA tested as part of their
follow-up, but it is unclear if this is needed. After 15 years, the risk
of death from PCa was well below 3%. These is no need for PSA
testing during the follow-up for a large majority of these men.
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