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ABSTRACT
Objective: We evaluated long-term risk for biochemical recurrence and subsequent prognosis in a
population-based cohort.
Material and Methods: We used register-based data to evaluate 6 675 consecutive patients having
radical prostatectomy in V€astra G€otaland county in Sweden during 1995–2014. Patients were followed
until death or end of study, 31 December 2014. Data were collected from registers on national,
regional and local level and linked by means of the Swedish personal identity number. Biochemical
recurrence was defined as PSA �0.2 ng/ml; failure as hormonal treatment, metastasis or prostate can-
cer death. Survival analysis was used to estimate time to biochemical recurrence and time to failure
after biochemical recurrence for patients with 0� 2 years, 2–5 years, 5–10 years and >10 years interval
to biochemical recurrence, respectively.
Results: A total of 1214 men had biochemical recurrence during follow-up. Biochemical recurrence-
free survival was 83% (95% confidence interval [CI] 82–84%), 75% (95% CI 74–77%) and 69% (95% CI
67–71%) at 5, 10 and 15 years, respectively. Cumulative incidence of failure for all patients 15 years
after biochemical recurrence was 50% (95% CI 43–55%) in competing risk analysis .The risk of failure
after biochemical recurrence was highest among patients having biochemical recurrence within 2 years
from surgery. Incomplete data on PSA-history is a limitation.
Conclusions: The risk for biochemical recurrence persists 15 years after surgery. Follow-up should con-
tinue as long as treatment would be considered in case of recurrent disease.
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Introduction

For how long follow-up should be continued for patients
with undetectable PSA after radical prostatectomy remains
an unanswered question [1]. There are two main objectives
for follow-up after treatment with curative intent; to assess
and care for needs of physical and psychosocial rehabilita-
tion, and to detect treatable disease progression. Presuming
that needs of rehabilitation are met at an early stage, the
rationale behind extended follow-up is to detect recurrence
in a subclinical stage and thereby change the course of the
disease. This implies two questions: Does the risk for bio-
chemical recurrence (BCR) cease after a certain time, and if
not, does the risk for subsequent progression decline with
increased time to BCR?

In the literature there are several reports on long-term
risk for BCR, but few authors report recurrence rates beyond
10 years after surgery. With longer follow-up, results are
inconsistent regarding further risk for BCR [2,3]. Shorter

interval to BCR has been associated with higher risk for dis-
tant metastasis and prostate cancer specific mortality, but
effect size varies and the definite impact of interval to BCR
on prognosis has not been established [4]. Though different
thresholds for early vs late BCR have been used in the litera-
ture [4], most studies contrast BCR occurring over the first
few years with later occurring BCR and there is very limited
data on the potential impact of interval to BCR for recur-
rences after the first few years after surgery [5–8].

Furthermore, the majority of studies on recurrence and
prognosis consists of single-surgeon or single-institution ser-
ies from tertiary referral centres, while there is considerable
lack of population-based data. Existing population-based
studies tend to show higher recurrence rates than studies
from highly specialized centres [3,8–10].

In this large, whole-of-population cohort, we have studied
patterns of long-term biochemical recurrence and the influ-
ence of time to recurrence on prognosis. Our study is based
on aggregation of data from multiple registers with up to
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twenty years of follow-up. The primary objective was to esti-
mate long-term risk for biochemical recurrence in an unse-
lected population, and secondary to estimate risk for
progression after BCR occurring >10 years after surgery.

Materials and methods

Overview

This study was based on the WSOP – Western Sweden study
of Opportunistic Prostate Cancer Screening database. WSOP
includes all men from the age of 18 registered as living in
the Western Medical Care Region in Sweden on 31
December any year from 1995 to 2014 and consists of PSA
values analysed at the hospital laboratories and the largest
private laboratory in addition to data from several nation-
wide and regional registers, linked by means of the Swedish
personal identity number. A detailed description of the data-
base can be found in supplementary 1. The study was
approved by the Regional Ethical Review Board in
Gothenburg (number 467-15).

Patients

For the present study, we included all patients in WSOP
undergoing radical prostatectomy in V€astra G€otaland county
between 1995 and 2014, irrespective of surgical modality
(open, laparoscopic or robot assisted radical prostatectomy).
For details of inclusion, see supplementary table 1. Exclusion
criteria were neoadjuvant hormonal treatment, evidence of
distant metastasis at surgery, persistent postoperative PSA
�0.2 ng/ml, lack of postoperative PSA values, and hormonal
treatment, distant metastasis or prostate cancer death with-
out a recorded PSA value �0.2 ng/ml.

Data collection

Data on prostate cancer diagnosis, distant metastasis and
radical prostatectomy was collected from the National
Prostate Cancer Registry (NPCR), the National Patient Registry
(PAR) and the Regional administrative healthcare database
VEGA. Time and cause of death were collected from the
Cause of Death Registry. Data on neoadjuvant, adjuvant and
salvage treatment were collected from NPCR, the Prescribed
Drugs Registry and local registries at the regional radiother-
apy departments. Coverage of Swedish national registers is
generally high [11–13]. Availability of PSA values differs
between laboratories depending on year, for details see sup-
plement 1. The Prescribed Drugs Registry and the VEGA
database started in 2005, data on surgical pathology was
included in NPCR in 2007.

Statistical analysis

BCR was defined as a postoperative PSA value �0.2 ng/ml
after an initial value <0.2 ng/ml. Failure after BCR was
defined as first occurrence of hormonal treatment (antiandro-
gen or androgen deprivation therapy (ADT)), skeletal

metastasis or prostate cancer death. Cause of death was
defined based on data from death certificates, where pros-
tate cancer mentioned as immediate or underlying cause of
death was considered as prostate cancer death as previously
described [14].

BCR-free survival after radical prostatectomy and failure-
free survival after BCR were estimated with 95% confidence
intervals, using Kaplan–Meier survival analysis. For BCR-free
survival, patients were censored at death from other causes
or 31 December 2014, whatever occurred first. An alternative
analysis with censoring at last known PSA measurement was
made as a sensitivity analysis, as was a supporting compet-
ing risk analysis [15,16].

Kaplan-Meier estimates of failure-free survival after BCR
were stratified on time to BCR in four categories; 0-2 years, 2-
5 years, 5-10 years and >10 years. Cut-offs were chosen prior
to analysis, based on intervals considered as clinically rele-
vant. A supporting competing risk analysis was performed
in order to examine if the effect of other deaths on the
estimates were of clinical importance [15,16]. Differences
between groups were compared with log-rank test, where
the level of statistical significance was set at 5%. No adjust-
ment for multiple comparisons was performed. Subgroup
analysis on patients having BCR from year 2005 when data
on hormonal treatment was first available was made as a
sensitivity analysis. An additional analysis of BCR-free survival
and failure-free survival was made, stratified on clinical risk
groups: ‘Low-risk’ (PSA � 10, Gleason score �6, and clinical
stage T1), ‘Intermediate risk’ (PSA < 20, Gleason score �7,
and clinical stage � T2, not qualifying for low risk), or ‘High-
risk’ (any of PSA >20, Gleason score �8, or clinical stage
� T3). All statistical analyses were made in R [17].

Results

A total of 11 483 patients in WSOP were assessed for eligibil-
ity and 8 414 met the inclusion criteria; after exclusions 6
675 patients remained for the main analysis of whom 1 214
had BCR during follow-up (Figure 1). Median follow-up was
5.6 years for patients without BCR (mean 6.4, max 19.9 years).
Data on age, tumour characteristics and post-operative radio-
therapy for all patients according to time to BCR are shown
in Table 1. 491 patients died during follow-up, 64 from pros-
tate cancer and 427 from unrelated causes. Median time
from surgery to death was 8.3 and 7.2 years for death from
prostate cancer and unrelated causes respectively. 334
patients had hormonal treatment, either ADT, antiandrogen
or a combination of both. 80 patients developed skeletal
metastasis. Annual number of radical prostatectomies
increased ten-fold during the first ten years of the study and
peaked in 2011 with 670 cases (Figure 2). Postoperative
radiotherapy was uncommon during the first half of the
study period; in total 694 adjuvant or salvage treatments
were given, of which 50 before 2005.

The risk for BCR was highest within the first two years
after surgery, after which it plateaued and was constant up
to 15 years (Figure 3(a)). BCR-free survival at 5, 10 and
15 years was 83% (95% confidence interval [CI] 82–84%), 75%
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Figure 1. Flow chart of patient inclusion in the study. BCR: Biochemical recurrence; HT: Hormonal therapy; PC: Prostate Cancer.

Table 1. Age, tumour characteristics and postoperative radiotherapy according to years from surgery to biochemical recurrence.

0-2 y 2-5 y 5-10 y >10 y All patients

N 467 468 222 57 6675
Age at surgery, median [IQR] 65 [61–68] 65 [61–68] 64 [60–67] 65 [60–67] 64 [60–68]
Preoperative PSA, median [IQR] 9 [6–13] 7 [5–11] 7 [5–10] 6 [5–10] 6 [4–9]
Missing, n (%) 45 (10) 65 (14) 51 (23) 25 (44) 1082 (16)

Gleason sum at diagnosis, n (%)
�6 225 (51))) 243 (56.8) 141 (69.1) 33 (78.6) 4052 (65)
7 179 (41) 164 (38.3) 55 (27.0) 7 (16.7) 1980 (32)
�8 37 (8) 21 (4.9) 8 (3.9) 2 (4.8) 225 (4)
Missing 26 (6) 40 (8.5) 18 (8.1) 15 (26.3) 418 (6)

Clinical tumour stage, n (%)
T1a/b 5 (1) 5 (1.2) 3 (1.5) 2 (4.6) 112 (2)
T1c 234 (52) 248 (57.7) 115 (55.8) 19 (44.2) 4313 (69)
T2 192 (43) 170 (39.5) 81 (39.3) 20 (46.5) 1765 (28)
T3/4 16 (4) 7 (1.6) 7 (3.4) 2 (4.6) 70 (1)
Missing, n (%) 20 (4) 38 (8.1) 16 (7.2) 14 (24.6) 415 (6)

Gleason sum in surgical specimen, n (%)
�6 52 (27) 47 (32) 4 (19) NA 1416 (45)
7 118 (62) 90 (62) 16 (76) NA 1586 (51)
�8 21 (11) 9 (6) 1 (5) NA 140 (4)
Missing, n (%) 276 (59) 322 (69) 201 (91) 57 (100) 3533 (53)

Pathological tumour stage, n (%)
pT2 74 (40) 78 (54) 17 (81) NA 2319 (75)
pT3 112 (60) 66 (46) 4 (19) NA 755 (25)
pT4 1 (1) 0 (0) 0 (0) NA 2 (0)
Missing, n (%) 280 (60) 324 (69) 201 (91) 57 (100) 3599 (54)

Postoperative radiotherapy, n (%)
Adjuvant 6 (1) 8 (2) 5 (2) 1 (2) 131 (2)
Salvage 274 (59) 228 (49) 60 (27) 1 (2) 563 (8)
None 187 (40) 232 (50) 157 (71) 55 (96) 5981 (90)

Missing data are not included in column percentages.
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(95% CI 74–77%) and 69% (95% CI 67–71%), respectively.
Competing risk analysis did not show any substantial differ-
ences from the Kaplan-Meier approach (Supplementary fig-
ure 1). In the sensitivity analysis, with censoring at time of
last PSA, incidence rates were largely the same for the first
five years, after which they increased compared to censoring
only for death (Supplementary figure 2).

Failure after BCR occurred in all groups, regardless of time
to BCR. The risk of failure was significantly higher among
patients having BCR within two years from surgery compared
to the other groups. Statistically significant difference was
also seen between patients with 2–5 and 5–10 years to BCR.

Confidence intervals for patients with >10 years to BCR were
wide and the risk did not significantly differ from the other
groups, except for BCR within two years (Figure 3(b), Table

Figure 2. Number of radical prostatectomies per year.

Figure 3. (a) Kaplan–Meier plot of biochemical recurrence-free survival after radical prostatectomy with 95% confidence intervals. At least one postoperative PSA
<0.2mg/ml was required for inclusion, hence there are no recurrences within the first months. Curve is truncated when number at risk falls below ten. BCR – bio-
chemical recurrence. (b) Kaplan–Meier plot of failure-free survival after BCR according to time from surgery to BCR with 95% confidence intervals. Each curve is trun-
cated when number at risk in the group falls below ten. BCR: Biochemical recurrence.

Table 2. Pairwise comparison of the distribution of failure-free survival
according to category of time to biochemical recurrence as in Figure 3(b).

0–2 y 2–5 y 5–10 y

2-5 y <0.001 – –
5-10 y <0.001 0.047 –
>10 y 0.030 0.601 0.578

Log-Rank test, p-values for each comparison.
y: years.
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2). Sensitivity analysis of patients having BCR from 2005 and
forward showed the same relationships as when all patients
were included; follow-up after BCR was shorter due to the
applied restriction (Supplementary figure 3). Cumulative inci-
dence of failure for all patients 15 years after BCR was 53%
(95% CI 46–60%), vs 50% (95% CI 43–55%) in competing risk
analysis; this effect was seen in all groups, except for the
group with > 10 years to BCR where the incidence remained
largely the same in competing risk analysis. In analysis based
on clinical risk groups, there was a continued risk for BCR
throughout the follow-up in all risk groups; failure after BCR
also occurred in all risk groups (Supplementary figure 4a,b).

Discussion

The aim of radical prostatectomy is to achieve cure from
prostate cancer. In this large, population-based study, we
demonstrate a continued risk for BCR throughout the study
period of up to twenty years. The risk was highest within the
first two years after surgery, after which it declined slightly.
After five years, the risk did no longer decrease but remained
the same up to 15 years. For patients alive 10 years after sur-
gery, the risk for BCR is still substantial. Median age at radical
prostatectomy in Sweden in 2016 was 65 years (interquartile
range [IQR] 60–69 years) and 67 years (IQR 62–70 years), for
robot assisted and open radical prostatectomy, respectively
[18]; life expectancy at age 65 was 19 years the same year
[19]. Hence, the risk for long-term BCR is relevant for a large
group of patients. Patients with BCR within two years of sur-
gery had the most unfavourable prognosis; for patients with
BCR after more than two years, the risk for failure was still
substantial. Even though the majority of patients with sal-
vage hormonal treatment neither developed distant metasta-
sis nor died from prostate cancer during follow-up, we
consider such treatment as failure. Adverse effects of ADT
are potentially severe, showing a wide range of manifesta-
tions including secondary morbidity and reduced quality of
life [20]. While side-effects of antiandrogen monotherapy are
less pronounced, with exception for gynecomastia [21], hor-
monal treatment of any kind is not consistent with cure.

In a study in 2003, Han et al showed 5, 10 and 15-year
BCR-free survival rates of 84%, 72% and 61% respectively [3].
Their cohort of 2091 consecutive patients underwent radical
prostatectomy in one centre between 1982 and 1999. Our
population-based cohort is mainly of later date, starting in
the early days of PSA testing in Sweden; nevertheless, their
results are comparable to our findings. In contrast, Bianco
et al in 2005 showed rates of cancer control, defined as free-
dom from BCR or any other therapeutic interventions, similar
between 10 and 15 years, 77% and 75% respectively, while
the 5-year rate was 82% [2]. Their cohort of 1746 patients
were all undergoing surgery by one single surgeon over the
course of twenty years. Due to the great heterogeneity of
oncological results between surgeons [22], these results are
thus not necessarily applicable to an unselected population.

Van den Broeck et al. in a systematic review in 2019, con-
cluded that there is an inverse relationship between interval
to BCR and oncological outcomes after radical

prostatectomy; albeit this association was not uniformly
reported in included studies [4]. In 2011, Boorijan et al. in a
study of 2426 patients with BCR, showed that though can-
cer-specific mortality was higher for patients with shorter
interval to BCR, this was attributable to adverse clinicopatho-
logic features, and that time to BCR did not independently
predict neither systemic progression nor prostate cancer
mortality[6]. As in our study, BCR was more common within
the first years after surgery. Our results are not adjusted for
clinicopathologic risk factors; nevertheless, this supports our
findings that there were no statistically significant differences
in prognosis according to interval to BCR for patients with
BCR occurring more than two years after surgery.

Incomplete data on PSA-history is a limitation in our material.
Exclusion due to lack of postoperative PSA values constituted
5% of the initial sample, and was in part caused by short inter-
val from surgery to end of study. In general, availability differs
between participating laboratories and is thus mainly depending
on location; dropout due to lack of PSA is not considered as sys-
tematic in relation to the study endpoints. The lack of data on
medication prescribed before 2005 is another limitation. Since
failure is in part defined as hormonal treatment, this might
falsely lengthen the interval to failure for patients with short
interval to BCR who had surgery during the first half of the
study period, resulting in underestimation of their risk. However,
sensitivity analysis of patients having BCR from 2005 showed
the same results regarding risk for subsequent progression as in
the main analysis. Since there has been no standardized criteria
for when hormonal treatment should be started after BCR, tim-
ing of treatment in relation to clinical progression might differ
over time and between locations. We consider systematic differ-
ences related to time to BCR unlikely. Data on surgical path-
ology is only available for patients having surgery from 2007, for
whom we lack long-term follow-up. Therefore, no adjustment
for pathological features has been possible. Since this is a geo-
graphical cohort having surgery during two decades, follow-up
has not been standardized and practice have varied regarding
time of discontinuation. After discontinuation of PSA follow-up,
BCR is likely to remain undetected until symptoms arise, result-
ing in underestimation of risk for recurrence when patients are
censored at death or end of study. Censoring at last PSA on the
other hand is likely to overestimate the risk, since patients with
symptoms that may indicate recurrence will be PSA-tested
whether regular follow-up have been discontinued or not.
Regardless of method of censoring, we see the same pattern;
the risk for recurrence persists fifteen years after surgery. We
suggest that length of follow-up after radical prostatectomy
should be related to remaining life expectancy, with discontinu-
ation at a time point when treatment for BCR, if it occurs, would
no longer be considered. Such an approach would agree with
current guidelines regarding choice of primary therapy.
Strengths of our study includes the large sample size, the popu-
lation-based design and the length of follow-up.

Conclusions

Time from surgery alone can not determine a safe time point
after which follow-up can be discontinued. After the first few
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years, BCR has similar impact on the risk of significant dis-
ease progression, regardless if five, ten or 15 years have
passed since surgery. This is especially important to younger
patients with a long life-expectancy.
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