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ABSTRACT
Background: This study investigated prostate cancer (PC)-specific survival and overall survival (OS) in
a population-based castration-resistant PC (CRPC) cohort.
Methods: Data from Stockholm Prostate-Specific Antigen (PSA) and Biopsy Register patients with
increasing PSA despite gonadotropin-releasing hormone treatment or surgical castration (n¼ 1,712)
included PSA values and biopsies from 2003 to 2015 and were linked to the National Prostate Cancer
Register and Prescribed Drug Register. Kaplan-Meier method estimated PC-specific survival and OS,
stratified by metastasis at PC diagnosis, and Cox regression estimated hazard ratios (HRs) for Gleason
score and T-stage at PC diagnosis and for age and calendar period at CRPC onset by metastasis status
at diagnosis.
Results: Median OS after CRPC onset was 23.2months (95% CI¼ 21.0–25.9) among patients without
metastases (M0) at primary diagnosis, and 13.2months (11.3–14.5) among patients with metastases
(M1). Median PC-specific survival from CRPC onset was 30.3 (27.5–34.1) months and 13.3 (12.1–15.8)
months for M0 and M1 patients, respectively. Biopsy Gleason score � 8 was associated with higher
all-cause mortality than �6 (HR¼ 2.07 [95% CI¼ 1.43–3.01]) and PC-specific mortality (2.07 [1.27–3.40])
after CRPC among patients with M0 disease. Patients developing CRPC from 2012 onward had lower
all-cause mortality (HR¼ 0.71 [95% CI¼ 0.60–0.85] [M0]; 0.60 [0.47–0.77] [M1]) and PC-specific mortality
(0.73 [0.57–0.94] [M0]; 0.62 [0.46–0.84] [M1]) compared with those prior to 2012.
Conclusions: M1 disease at PC diagnosis was associated with worse survival after CRPC onset versus
M0. Higher Gleason score at diagnosis was associated with higher mortality after CRPC onset in M0
patients at diagnosis.

ARTICLE HISTORY
Received 31 December 2019
Accepted 29 February 2020

KEYWORDS
Castration-resistant prostate
cancer; overall survival;
population-based observa-
tional study

Introduction

Prostate cancer (PC) is the second most common cancer in
men worldwide, accounting for 15% of cancers diagnosed in
men [1]. Androgen deprivation therapy (ADT) has historically
been the standard of care for many patients across different
stages of disease. Initial ADT achieves responses in nearly all
patients; however, progression to castration-resistant disease
or metastases within 5 years has been shown to be a marker
for more aggressive disease [2]. Men with high-risk non-
metastatic castration-resistant PC (nmCRPC), characterized by
rapidly rising prostate-specific antigen (PSA) despite castrate
levels of testosterone, are at significant risk for development
of metastases and PC-specific death [3]. After treatment with
docetaxel plus prednisone was shown to be effective for
patients with metastatic CRPC (mCRPC) [4], other therapies

with positive results in clinical trials were introduced for
treatment of mCRPC; these therapies included abiraterone
acetate plus prednisone [5–7], cabazitaxel [8], enzalutamide
[9,10], radium-223 [11] and sipuleucel-T [12]. Each of these
agents has demonstrated improved overall survival in spe-
cific CRPC patient populations in randomized phase III trials.
In 2018, based on clinical study results showing improved
metastasis-free survival compared with ADT alone, two
androgen receptor inhibitors, apalutamide and enzalutamide,
were approved for use in patients with nmCRPC [13,14]. In
another phase III trial in patients with nmCRPC, treatment
with darolutamide significantly prolonged metastasis-free
survival compared with placebo [15].

Survival data for agents used in CRPC have come from
randomized controlled studies; however, compared with
mCRPC, limited data outside of the clinical trial setting are
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available for nmCRPC. Population-based PC outcomes,
including predictors of time to metastases in CRPC [16],
treatment patterns in mCRPC [17,18] and clinical course in
patients without metastases at initiating ADT [19] have been
described in multiple studies. However, there are limited
data focusing on the impact of metastases at initial diagnosis
on survival outcomes in CRPC outside of clinical trials [20].
Understanding the real-world impact of metastases in CRPC
has become especially important with the availability of
recently approved antiandrogens for treating nmCRPC. In
this retrospective, population-based study, the overall and
prostate-specific survival among patients with CRPC in the
real-world setting in Stockholm, Sweden were assessed.

Methods

Study population and patient databases

The Stockholm PSA and Biopsy Register (STHLM-0) is a popula-
tion-based register that contains data on every PSA test and
prostate biopsy taken in Stockholm County since 2003 [21]. By
linking these data to the National Cancer Register, the National
Prostate Cancer Register, the Cause of Death Register and the
National Prescribed Drug Register (in which only prescribed

and expediated drugs are registered), a longitudinal cohort
could be generated. These registers are maintained by the
National Board of Health and Welfare in Sweden. The STHLM-0
cohort consists of �400,000 men and more than 1.8 million
PSA tests. Based on the inclusion criteria described herein, all
patients included in this study had a first PC diagnosis on or
after 1 June 2005 and all patients entered the first CRPC phase
on or after 1 January 2006 (Figure 1).

Inclusion criteria

Men with a diagnosis of prostate cancer in the STHLM-0
cohort, who had rising PSA after meeting criteria for ADT or
surgical castration (described below), were included in this
analysis. The use of prescribed ADT was a prerequisite used
to define medical castration.

Exclusion criteria

Patients with any of the following criteria were excluded: no
surgical castration or no ADT prescription, no PC diagnosis
recorded before the first ADT prescription plus 90 days, fail-
ure to fulfill the 3months cumulative ADT criteria, no PSA
record after the castration date, failure to fulfill the castration

All patients in the STHLM-0 cohort having a PC diagnosis
between 1 June 2005 and 31 December 2015

(N=21,695)

Patients having
surgical castration

(n=205)

Patients with ≥1 ADT
prescription
(n=8,033)

Patients with a confirmed
PC diagnosis

(n=204)

Patients with a confirmed
PC diagnosis

(n=7,969)

Surgically castrated 
PC patients

(n=204)

Medically castrated
PC patients
(n=6,413)

All castrated PC patients
(n=6,589)

CRPC patients
(n=1,712)

Patients without PC diagnosis
recorded before being

surgically castrated + 90 days
(n=1)

Patients without surgical castration or any ADT
prescription excluded

(n=13,497)

Patients without a PC diagnosis recorded
before first ADT prescription + 90 d excluded

(n=64)

Patients not fulfilling the 3 mo cumulative ADT
criterion excluded

(n=1556)

Patients not having PSA test after the castration
date excluded

(n=29)

Patients having a date of PSA nadir before
castration date excluded

(n=618)

Patients not fulfilling the CRPC criteria excluded
(n=3,865)

Medically castrated patients
without adequate ADT between the castration

and castration resistance data excluded
(n=394)

Figure 1. Study schema. ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer; PSA, prostate-specific antigen.
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resistance criteria, a record of a nadir value before the castra-
tion date or no adequate ADT between the castration date
and the castration resistance date (thereby excluding men
receiving intermittent hormonal treatment).

Definitions used

Surgical castration
The castration criteria were fulfilled if a patient had a record
of surgical castration in the Swedish National Prostate Cancer
Register. The date associated with the procedure was used
as the date of castration.

ADT criterion of 3 months’ cumulative use
For patients with at least one ADT record, treatment duration
was calculated based on Anatomic Therapeutic Chemical
code, dose and pack size. A patient was defined as being
medically castrated if the patient had been cumulatively
receiving ADT for at least 3months within a total period of
6months according to records in the Swedish National
Prescribed Drug Register (Appendix).

Nadir PSA value and date
For patients who were identified as meeting the criteria for
either ADT or surgical castration, PSA patterns were assessed
in the STHLM-0 cohort. The nadir value was defined as the
lowest observed PSA value after the start of ADT or surgical
castration and the nadir date was the date for this PSA test.

Castration-resistant PC
We defined the date of entering castration resistance as the
date of PSA testing when there was a doubling of nadir PSA
value with the last value greater than 2 ng/ml or there was
an absolute increase of 5 ng/ml or greater. Serum testoster-
one levels are not available in the database used in
this study.

Compliance
ADT treatment was defined as adequate if the following two
criteria were fulfilled: (1) coverage criteria – the total medica-
tion duration had to cover at least 40% of the time from the
medical castration date to the CRPC date and during the rest
of the follow-up; (2) compliance criteria – each medication
duration had to cover at least 40% of the time from the cur-
rent dispensation start date to next dispensation start date
and the time from this estimated treatment end date to next
dispensation start date had to be � 220 days during the
time of follow-up.

Cause of death
The cause of death for any patient who died during the fol-
low-up period was identified using the Swedish Cause of
Death Register. A death from PC was noted if the primary
cause of death denoted by International Classification of

Diseases (ICD) code was set for ‘prostate cancer’ denoted as
ICD-10¼C619.

Statistical analyses

Baseline characteristics were provided and stratified by
metastasis status at time of initial PC diagnosis
(M1¼metastatic disease and M0¼ non-metastatic disease
[M0 included Mx at PC diagnosis]). The Kaplan–Meier method
and 95% confidence intervals were used to estimate overall
survival, PC-specific survival and median time to these events
from onset of CRPC. Multivariable Cox regression models
were used to assess all-cause- and PC-specific mortality for
age at CRPC onset, T stage at PC diagnosis, Gleason score at
diagnosis and calendar period at CRPC diagnosis (early:
2006–2011 vs late: 2012–2015). For these analyses, patients
were stratified by their metastasis status at PC diagnosis.

Results

Patient characteristics

A total of 1,712 patients met the inclusion criteria (Figure 1).
The characteristics of these patients at the time of diagnosis
or at the time of inclusion (specified in the table) are pre-
sented in Table 1. At the time of PC diagnosis, 1,123 (63%)
patients had M0 disease and 467 (27%) patients had M1 dis-
ease. Of those patients with M0 disease at PC diagnosis, only
26 had undergone radical prostatectomy and 38 patients
had been treated with any type of radiotherapy with curative
intent. The mean and median PSA values at diagnosis were
399 and 85, respectively. When patients were stratified by

Table 1. Baseline patient and clinical characteristics of 1,712 patients in
Sweden who had onset of CRPC during the years 2006–2015.

n¼ 1,712 n n/N, % M0a M1 Missing

Age at PC diagnosis (years)
<70 554 32 300 215 39
70–80 673 39 453 164 56
>80 485 28 370 88 27

Age at CRPC onset (years)
<70 421 25 212 182 27
70–80 629 37 404 176 49
>80 662 39 507 109 46

Gleason score at time of PC diagnosis
�6 104 6 90 12 2
7 511 30 401 103 7
�8 877 51 561 297 19
Missing 220 13 71 55 94

Clinical T stage at time of PC diagnosis
T1b 320 19 250 66 4
T2 407 24 331 71 5
T3 689 40 444 231 14
T4 187 11 93 94 0
Missing 109 6 5 5 99

Castration duration prior to CRPC (months)
<6 107 6 50 48 9
6–<13 532 31 306 183 43
13–<37 729 43 529 155 45
37–<60 181 11 146 16 19
� 60 64 4 53 7 4
Missing 99 6 39 58 2

CRPC, castration-resistant prostate cancer.
aIncludes Mx patients.
bIncludes patients with Tx and one patient with T0.
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metastasis status at PC diagnosis, the corresponding values
were 238 and 69 [M0] and 791 and 214 [M1], respectively.

Overall survival and PC-specific survival for patients
with CRPC

Median overall survival time after onset of CRPC for patients
with or without metastases after the development of CRPC
was 13.2months (95% CI¼ 11.3–14.5) and 23.2months (95%
CI¼ 21.0–25.9), respectively (Figure 2A). The median PC-spe-
cific survival time after onset of CRPC for patients with or
without metastases was 13.3months (95% CI¼ 12.1–15.8)
and 30.3months (95% CI¼ 27.5–34.1), respectively
(Figure 2B).

Among patients with M0 disease at time of PC diagnosis,
greater age (comparing patients aged >80 years with those
<70 years [HR¼ 1.71; 95% CI¼ 1.37–2.12; p< 0.001]) and
higher Gleason score (comparing Gleason �8 with Gleason
�6 [HR¼ 2.07; 95% CI¼ 1.43–3.01; p< 0.001]) were associ-
ated with higher all-cause mortality in a multivariable model
(Figure 3A). However, among men with M1 disease at PC
diagnosis, a higher Gleason score at diagnosis was not

associated with higher all-cause mortality after progressing
to CRPC (Figure 3B). Among patients with M0 disease at the
time of diagnosis, those who developed CRPC in the ‘later’
period, 2012–2015, had a lower all-cause mortality compared
with those who developed CRPC in the ‘earlier’ period,
2006–2011 (HR¼ 0.71; 95% CI¼ 0.60–0.85; p< 0.001)
(Figure 3A). Similarly, for those patients with M1 disease at
time of PC diagnosis, development of CRPC in the later
period (2012–2015) was associated with significantly lower
mortality compared with development of CRPC in the earlier
period (2006–2011) (HR¼ 0.60; 95% CI¼ 0.47–0.77; p< 0.001)
(Figure 3B).
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Figure 2. Kaplan–Meier method and 95% confidence intervals used to estimate
overall survival (A) and PC-specific survival (B) and median time to these events
from onset of CRPC. CRPC, castration-resistant prostate cancer.

(A)

(B) Covariate HR (95% CI)

Age at inclusion 

   <70 Reference
   70-80 1.04 (0.80-1.35)
   >80 1.30 (0.95-1.76)

T stage 

   T1 Reference
   T2 1.14 (0.73-1.77)
   T3 0.98 (0.69-1.38)
   T4 1.45 (0.96-2.19)

Gleason score 

   ≤6 Reference
   7 0.99 (0.50-1.96)
   ≥8 0.94 (0.49-1.82)

Calendar year 

   2006-2011 Reference
   2012-2015 0.60 (0.47-0.77)

0.6 1 3

Covariate HR (95% CI)

Age at inclusion 

  <70 Reference
  70-80 1.08 (0.86-1.35)
   >80 1.71 (1.37-2.12)

T stage

   T1 Reference
   T2 1.07 (0.85-1.35)
   T3 1.10 (0.89-1.37)
   T4 1.15 (0.83-1.59)

Gleason score 
   ≤6 Reference
   7 1.43 (0.98-2.09)
   ≥8 2.07 (1.43-3.01)

Calendar year

   2006-2011 Reference
   2012-2015 0.71 (0.60-0.85)

0.6 1 3

Figure 3. Hazard ratios from multivariable Cox regression model of all-cause
mortality from onset of CRPC for age at PC diagnosis, T stage at PC diagnosis,
Gleason score at PC diagnosis and calendar period of CRPC (early/late) by
metastasis status at diagnosis (M0 [A] and M1 [B]). References for comparison
were < 70 for age, T1 for stage, � 6 for Gleason score, and 2006–2011 for
year. CI, confidence interval; CRPC, castration-resistant prostate cancer; HR, haz-
ard ratio; M0, non-metastatic disease; M1, metastatic disease.
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PC-specific survival from CRPC was also assessed by metasta-
sis status at PC diagnosis using multivariable models. Among
patients with M0 disease, higher Gleason score was associated
with increased mortality (comparing Gleason � 8 with Gleason
� 6 [HR¼ 2.07; 95% CI¼ 1.27–3.40; p¼ 0.004]) (Figure 4A). For
patients with M1 disease, high T stage at PC diagnosis was asso-
ciated with higher PC-specific mortality (comparing stage 4 with
stage 1 [HR¼ 1.72; 95% CI¼ 1.07–2.77; p¼ 0.025]) (Figure 4B).
Development of CRPC in the later calendar period (comparing
2012–2015 with 2005–2011) was associated with lower PC-spe-
cific mortality for both M0 (HR¼ 0.73; 95% CI¼ 0.57–0.94;
p¼ 0.013) and M1 (HR¼ 0.62; 95% CI¼ 0.46–0.84; p¼ 0.002)
(Figure 4A and B).

Discussion

In this population-based cohort of men with CRPC, those
with metastases at the time of original PC diagnosis had
inferior survival after the onset of CRPC than those with no
metastases. We also found that a higher Gleason score at the
time of diagnosis was associated with worse overall and
cause-specific survival among CRPC patients with M0 disease
at PC diagnosis but not among men with M1 disease
upfront. Patients who were included in the study in later
years also seemed to have lower overall and cause-specific
mortality after the occurrence of CRPC, regardless of meta-
static status at diagnosis, compared with patients who
entered the study in early years. This result may, in part, be
explained by truncated follow-up of the later cohorts, but
could also be attributed to disease aggressiveness, introduc-
tion of newer agents for CRPC and the fine-tuning of meth-
ods used in clinical staging of patients.

It is somewhat surprising that men diagnosed with a
Gleason 6 tumor are represented in this cohort, as these
tumors are thought to not be able to metastasize or have a
very low potential to differentiate into a more aggressive
cancer. The most likely explanations for this were that most
of these men were diagnosed in the years when sextant or
octant prostate biopsies were the gold standard and there
was a larger risk of being under-staged at the time of diag-
nosis, before the introduction of magnetic resonance imag-
ing in the diagnosis of PC.

Biological interpretation

These data suggest that Gleason score at primary diagnosis
is an indicator of overall and prostate-specific survival after
CRPC among patients with non-metastatic at primary PC
diagnosis. The level of differentiation of the primary tumor in
patients with metastatic disease at PC diagnosis does not
seem to affect the later course of the disease. This may be
explained by several mechanisms. Patients having metastases
at diagnosis clearly have a tumor with strong malignant
potential regardless of the morphological signs of low differ-
entiation and the Gleason score may, therefore, be less pre-
dictive. Possibly, under-grading of Gleason score may also be
more prevalent among men with metastasized disease as it
may be more clinically relevant to diagnose the prostate can-
cer by fewer biopsies rather than to do full systematic biop-
sies to cover the full prostate. Previous studies have reported
an association between low Gleason score at diagnosis and a
worse prognosis in the castration-resistant stage of disease
[16,22], but we are unaware of studies that assessed the
prognostic value of biopsy Gleason score by M stage in a
cohort of men with CRPC.

Study limitations

Retrospective studies of population-based records have some
inherent limitations due to available data within registers. In
this study, no records on use of docetaxel or other chemo-
therapies were available for patients, as these are hospital-

(A)

(B) Covariate HR (95% CI)

Age at inclusion

  <70 Reference
   70-80 1.00 (0.75-1.35)
   >80 1.08 (0.75-1.55)

T stage

   T1 Reference
   T2 1.35 (0.81-2.27)
   T3 0.98 (0.65-1.48)
   T4 1.72 (1.07-2.77)

Gleason score

  ≤6 Reference
   7 0.71 (0.35-1.45)
   ≥8 0.70 (0.36-1.37)

Calendar year

   2006-2011 Reference
   2012-2015 0.62 (0.46-0.84)

0.6 1 3

Covariate HR (95% CI)

Age at inclusion

  <70 Reference
   70-80 1.05 (0.80-1.37)
   >80 1.24 (0.94-1.62)

T stage

   T1 Reference
   T2 1.04 (0.77-1.40)
   T3 1.07 (0.81-1.41)
   T4 1.15 (0.76-1.73)

Gleason score

   ≤6 Reference
   7 1.24 (0.75-2.06)
   ≥8 2.07 (1.27-3.40)

Calendar year

   2006-2011 Reference
   2012-2015 0.73 (0.57-0.94)

0.6 1 3

Figure 4. Hazard ratios from multivariable Cox regression model of PC-specific
mortality from onset of CRPC for age at PC diagnosis, T stage at PC diagnosis,
Gleason score at PC diagnosis and calendar period of CRPC (early/late) by
metastasis status at diagnosis (M0 [A] and M1 [B]). References for comparison
were < 70 for age, T1 for stage, � 6 for Gleason score and 2006–2011 for year.
CI, confidence interval; CRPC, castration-resistant prostate cancer; M0, non-
metastatic disease; M1, metastatic disease.
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administered drugs and therefore not captured in the
Prescription Drug Register in Sweden. In addition, some
patients may have been enrolled in clinical studies for newer
therapeutic agents and the analyses conducted did not con-
trol for patients participating in clinical trials. The present
cohort is mainly from the era before early chemotherapy and
novel antiandrogenic medications and the absolute survival
times after entering castration resistance can only be gener-
alized to patients of today not being fit for this type
of medication.

According to the European Association of Urology, the defin-
ition of CRPC includes having a testosterone level of < 50ng/dl
or 1.7nmol/l plus either three consecutive rises in PSA 1week
apart resulting in two 50% increases over nadir and a PSA
>2 ng/ml or radiographic progression, defined as the appear-
ance of new lesions in the bone or soft tissue. For this ana-
lysis, we did not have access to serum testosterone levels. In
addition, only a fraction of the patients had three consecu-
tive PSA samples taken within this short time span, thus
reflecting the population-based setting in which the data
were collected.

Study strengths

The strengths of this study comprise several facets, including
the size of the cohort, the length of follow-up time and the
completeness of data in the population-based registers [23].
The STHLM-0 cohort enables longitudinal follow-up of
detailed clinical variables with full coverage in the area of PC
and the only loss in follow-up is death or emigration. Deaths
without a record in the Cause of Death Register are uncom-
mon. Furthermore, in Sweden, all patients with a cancer
diagnosis are treated in publicly funded hospitals, which ena-
bles the possibility of equal treatment options being made
available for all patients. This reduces the risk of missing
information and selection bias. In addition, previous research
has shown that the National Prostate Cancer Register of
Sweden is of high quality [23].

Conclusions

Our real-world observational study demonstrated that having
M1 disease at PC diagnosis was associated with worse overall
survival in the castration-resistant phase. In addition, higher
Gleason score at diagnosis was associated with increased
overall and PC-specific mortality in patients with M0 disease
at PC diagnosis. Entering CRPC in the later calendar period
was a predictor for superior overall and PC-specific survival
from onset of CRPC. Overall, patients with M0 disease at the
time of diagnosis of PC experienced longer survival from the
onset of CRPC than those with M1 disease at the time of
diagnosis. These findings confirm the negative impact of the
development of M1 disease on patient outcomes in a real-
world setting. Potentially owing to disease aggressiveness,
the use of newer agents and/or the increased use of refined
clinical staging methods, patients who developed CRPC in
the later period (2012–2015) survived longer than those who
developed CRPC in the earlier period (2006–2011). The recent

availability of agents to treat patients with CRPC before the
development of metastases has generated a renewed
emphasis on earlier treatment. Trials with these agents have
shown that they significantly delay disease progression in
nmCRPC, which suggests that earlier treatment of patients
with CRPC is highly beneficial [13–15]. However, continued
study is needed to more fully characterize CRPC, regardless
of metastatic status, to better identify those patients who are
most likely to benefit from earlier treatment. In addition,
more study is needed to determine which treatments for
CRPC provide the most benefit at earlier disease stages.
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Appendix

Algorithm to ensure criterion of 3 months’ use of ADT

The following algorithm was applied to calculate the date when the 3
months’ cumulative ADT criteria were fulfilled: for patients with the first
ADT prescription duration longer than 3months, the date when the 3
months’ treatment criteria were fulfilled was the start date of the first
drug dispensation plus 90 days. For patients with the first ADT prescrip-
tion shorter than 3months and with a record of subsequent ADT pre-
scription, the criteria were fulfilled if the combination of the first and
second prescriptions corresponded to a treatment duration of cumula-
tively at least 3months; the date when the 3 months’ treatment criteria
was fulfilled was the start date of the second dispensation plus 90 days
minus the first prescription duration. If the combination of the first and
second prescription treatment durations was cumulatively shorter than
3months, both the first and second prescriptions had to be at least
1month and the actual date for fulfilling the 3 months’ treatment crite-
ria was the start date of the third dispensation plus 30 days. Patients
with an ADT dispensation record earlier than the end of the last dispen-
sation were assigned the 3 months’ treatment date as the date for the
first time of dispensation plus 90 days. For patients with an ADT dispen-
sation record later than the end of the last dispensation, we allowed an
additional 3 months’ period; consequently, we excluded patients who
did not fulfill the 3 months’ treatment criteria in fewer than 180 days.
The castration date was defined as the date when the 3 months’ treat-
ment criteria was fulfilled.

Surgical castration definition

The hospital admission date related to the castration, as recorded in the
Swedish National Patient Register, was used as an estimate of the actual
surgery date (i.e. castration date).
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