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ABSTRACT
Objective: To investigate time spent in hormone-sensitive and castration-resistant disease states in
men with advanced prostate cancer in Sweden, and the associated health economic impact.
Materials and methods: Registry study (NCT03619980) of the Prostate Cancer data Base Sweden with
data from the National Prostate Cancer Register, including the Patient-overview Prostate Cancer (PPC)
and other national healthcare registries. The primary endpoint was time in each disease state.
Secondary endpoints were co-medications, comorbidities and healthcare resource utilization (HRU) and
cost in each disease state.
Results: In total, 1,869 men with advanced prostate cancer registered in PPC between 2014 and
2016, with data on the start of androgen deprivation therapy, were identified. Median time to
progression and median survival were 4 and 11 years, respectively, for men with non-metastatic
(nm) hormone-sensitive prostate cancer (HSPC); 1 and 7 years for men with metastatic (m) HSPC; and
1 and 8.5 years for men with nm castration-resistant prostate cancer (CRPC). Median survival for men
with mCRPC was 4 years. Total annual mean costs for HRU per patient increased with increasing sever-
ity of disease, from 41,064 Swedish krona (SEK) for nmHSPC to 288,242 SEK for mCRPC.
Conclusion: Progression time from mHSPC and nmCRPC to the mCRPC state was short and survival in
the mCRPC state was approximately 4 years. Survival times were longer than expected, likely due to
the selection of long-term survivors among prevalent cases. Healthcare costs were high for men with
mCRPC. Further studies are needed to confirm our pilot study findings.
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Introduction

Prostate cancer is the most common cancer among men in
Nordic countries, with approximately 24,000 men diagnosed
each year [1,2]. In parallel with a strong increase in prostate
cancer incidence since the 1990s, there has been a modest
decline in prostate cancer mortality during the same time
period [1]. This, combined with an aging population, has
resulted in a rapid increase in prostate cancer prevalence.

Most men who are diagnosed with prostate cancer have
localized disease, some of whom subsequently start andro-
gen deprivation therapy (ADT) due to cancer progression.
Approximately 15% of men with prostate cancer have metas-
tasis at diagnosis, and these men have short survival [3].
Since the 1940s, ADT had been the mainstay treatment for
metastatic (m) prostate cancer [4]. After a variable amount of
time on ADT, disease progression reaches the castration-
resistant prostate cancer (CRPC) state [4,5]. In Sweden, 2,400

men die from prostate cancer each year, and, in all likeli-
hood, a large majority of these men have transitioned
through the mCRPC state [6].

In recent years, several life-prolonging treatments have been
introduced for men with advanced prostate cancer.
Randomized trials have demonstrated prolonged survival and
improved quality-of-life in men with non-metastatic (nm) CRPC,
mCRPC and, recently, also in men with metastatic hormone-
sensitive prostate cancer (HSPC; also referred to as castration-
sensitive prostate cancer) [4,7]. The uptake of these treatments
has been slow, with large regional differences, where high
treatment costs may have contributed to these differences [8,9].
Little is known about how long men spend in each prostate
cancer disease state and the subsequent effect this has on
healthcare resource utilization (HRU) and costs.

To address this lack of information, we aimed to assess the
time spent in each disease state in men with advanced prostate
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cancer and the associated HRU and costs using real-world data
from the Patient-overview Prostate Cancer (PPC), a novel part
of the National Prostate Cancer Register (NPCR) of Sweden.

Materials and methods

Setting and data sources

This non-interventional, registry study was conducted at the
Regional Cancer Centre, Uppsala €Orebro, Sweden. Data were
extracted from the Prostate Cancer data Base Sweden
(PCBaSe), a research database that was created by linking
data in NPCR, including its primary registration and the novel
PPC, with data from other national healthcare registries and
demographic databases [10]. These include The Prescribed
Drug Registry, The National Patient Registry, Cause of Death
Registry, and the longitudinal integration database for health
insurance and labor market studies (LISA socioeco-
nomic database).

Since 1998, the primary registration in NPCR captures 98%
of all men diagnosed with prostate cancer in The Cancer
Registry, to which registration is mandated by law. NPCR cur-
rently holds data on primary treatment and work-up for >

180,000 men diagnosed with prostate cancer in Sweden.
PPC is a novel part of NPCR, initiated in 2014, which con-

tains longitudinally registered data from men with advanced
prostate cancer [11]. PPC was initiated to overcome the main
shortcoming of the primary registration in NPCR, which is
lack of follow-up data on prostate-specific antigen (PSA) pro-
gression, imaging, and treatments other than those regis-
tered in The Prescribed Drug Registry, such as chemotherapy
and radionuclide treatment, beyond the period of primary
treatment and work-up. These data are not captured by link-
ages to The National Patient Registry or The Prescribed Drug
Registry in PCBaSe. Men who start ADT for prostate cancer
are eligible to be registered in PPC and, for men who have
already reached the CRPC state at the time of inclusion in
PPC, selected data from the date of ADT initiation are
retrieved from medical records and entered into PPC.

This study was approved by the Regional Ethics Review
Board in Uppsala and is registered with ClinicalTrials.gov
(NCT03619980).

Study population

The study population comprised men registered in PPC
between 1 January 2014 and 31 December 2016. For these
men, prospective data were available from the date of regis-
try entry until death or 31 December 2016, and data related
to events prior to their entry into PPC were extracted from
medical records going back no further than 1 January 2006.
Prostate cancer disease states are defined in Table 1. Men
were excluded from the study if they did not have a start
date for ADT initiation in PPC, if the start date in PPC did
not coincide with that of a filled prescription for an ADT in
The Prescribed Drug Registry, or if they had started ADT
before 2006.

The primary endpoint was time from date of entry into
each prostate cancer disease state to date of progression to
a new disease state or death. Secondary endpoints included
co-medications, comorbidities, HRU, and cost for each dis-
ease state. HRU was measured by number and type of pros-
tate cancer treatment regimens, frequency and duration of
hospitalization, type and frequency of out-patient visits, fre-
quency of imaging, and frequency of laboratory tests (PSA
and alkaline phosphatase).

Three sensitivity analyses of the primary endpoint were
conducted. The first analysis used an alternative definition of
CRPC, based on PSA progression according to the PPC regis-
try manual and Swedish National Guidelines for prostate can-
cer (Table 1). A temporal sensitivity analysis was also
performed, restricted to men who started ADT after
1 January 2013. The third sensitivity analysis was performed
in men with mCRPC, stratified by the presence or absence of
metastases at the date of prostate cancer diagnosis, based
on imaging registered in NPCR. This was performed to assess
whether the disease trajectory prior to entry into the mCRPC
state affected the duration of time in the mCRPC state.

Statistical analyses

This was a descriptive study and did not include an a priori
hypothesis or any power calculations. No formal statistical
comparisons between any groups were planned.

The study group included men registered in PPC between
1 January 2014 and 31 December 2016 who had a first
record of lifelong ADT within the study period (2006� 2016).

Table 1. Definition of prostate cancer disease states.

Disease state Definition

Non-metastatic hormone-sensitive prostate cancer Start date for ADT
No date for imaging with metastatic disease

Metastatic hormone-sensitive prostate cancer Start date for ADT
Date for imaging with metastatic disease

Non-metastatic castration-resistant prostate cancer Date for CRPC based on clinical assessmenta or PSA progressionb

No date for imaging with metastatic disease
Metastatic castration-resistant prostate cancer Date for CRPC based on clinical assessmenta or PSA progressionb

Confirmed by date for imaging with metastatic diseasec or initiation of treatment for mCRPC

ADT included monotherapy with bicalutamide, GnRH analogs or orchiectomy.
aThe occurrence of one or more signs of progression (two consecutive PSA values of > 2 mg, local progression evaluated by digital rectal examination, or imag-
ing with new or growing metastases during treatment with a GnRH analog or after orchiectomy).
bIncrease of 5 ng/mL in serum PSA compared to preceding value.
cAs waiting times for imaging can be long, a 1-month minimum time threshold was applied to changes in disease state due to imaging.
ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer; GnRH, gonadotropin-releasing hormone; PSA, prostate-specific antigen.
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Time to progression was estimated using competing risk ana-
lysis of cumulative incidence of progression or death and
overall survival was estimated using Kaplan–Meier analysis.
Unit prices from official sources were used for cost calcula-
tions, which are presented as annual cost per patient (2018
Swedish krona [SEK]). HRU was assessed by use of NordDRG
weights [12], with additional information taken from
Southern and South-Eastern healthcare regions pricelists
[13–15]. Pharmaceutical costs, when not available in the
Prescribed Drug Registry, were estimated based on informa-
tion from The Dental and Pharmaceutical Benefits Agency
(www.tlv.se) and www.apoteket.se.

Results

Patient characteristics

Of the 2,435 eligible men registered in PPC up to
31 December 2016, 566 men were excluded, resulting in a
study group of 1,869 men with prostate cancer. Reasons for
exclusion were: no ADT initiation date (n¼ 307); not regis-
tered in primary registration of NPCR (n¼ 115); ADT initiation
prior to 2006 (n¼ 100); discrepancy in ADT start date
between PPC and The Prescribed Drug Registry (n¼ 37); and
no confirmation of ADT initiation date (n¼ 7). At the start of
ADT, 79% of men were aged � 66 years and 3% were aged
� 55 years. At prostate cancer diagnosis, 32% of men had
metastases. Table 2 shows the characteristics of men by dis-
ease state. Mean age at entry into disease state ranged from
70 years for mHSPC to 75 years for nmCRPC, and mean time
from the date of prostate cancer diagnosis to entry into the

disease stage ranged from 1 year for mHSPC to 5 years
for nmCRPC.

Disease state transitions are illustrated in Figure 1. Slightly
more than one-half of men in the mCRPC state had made a
transition from the mHSPC state, whereas roughly one-quar-
ter had made a transition from the nmHSPC state, and
another one-quarter from the nmCRPC state. Over 90% of
men who died had made the transition through the
mCRPC state.

Primary endpoint

Men in the nmHSPC state had an almost 3-fold longer time
to progression than men in the mHSPC and nmCRPC states.
Median time to progression and median survival were 4 and
11 years, respectively, for men in the nmHSPC state, 1 and
7 years for men in the mHSPC state, and 1 and 8.5 years for
men in the nmCRPC state. Median time to death, the only
possible transition for men in the mCRPC state, was 4 years
(Figures 2 and 3, and Supplementary Table S1).

Sensitivity analyses based on an alternative definition of
CRPC, according to PSA increases, resulted in a decrease in
the number of men in the nmCRPC and mCRPC states and
ensuing slight decreases in median time to progression and
death in men with CRPC, while median time to progression
increased slightly in men with HSPC with no change in
median time to death (Supplementary Table S2). Temporal
sensitivity analyses, restricted to 991 men who started ADT
after 1 January 2013, showed that the median time to pro-
gression was shorter for men with HSPC and similar for men
in the nmCRPC state compared to the full study group. Time

Table 2. Patient characteristics by disease state at date of entry into disease state for men registered in PPC.

nmHSPC mHSPC nmCRPC mCRPC

Patients, n 1,034 884 356 1,172
Age, years, mean ± SD 72.2 ± 7.4 70.1 ± 8.2 74.8 ± 7.1 72.7 ± 7.9
Years since prostate cancer diagnosis

Mean ± SD 2.6 ± 3.4 1.2 ± 2.9 5.3 ± 3.8 4.5 ± 4.0
Median 0.7 0.1 4.7 3.3

Mean ALP at disease state entry,a mkat/L 1.53 4.2 2.15 3.43
Prostate cancer risk category at diagnosis,b n (%)

Low 80 (8) 30 (3) 12 (4) 54 (5)
Intermediate 289 (28) 56 (6) 85 (24) 188 (16)
High 399 (38) 93 (11) 139 (39) 258 (22)
Regionally metastatic 144 (14) 67 (8) 61 (17) 123 (10)
Distant metastases 113 (11) 635 (72) 55 (15) 541 (46)
Missing 9 (1) 3 (0) 4 (1) 8 (1)

Primary prostate cancer treatment at prostate cancer diagnosis,c n (%)
GnRH analog 244 (24) 550 (62) 123 (35) 545 (47)
Antiandrogend 220 (21) 74 (8) 59 (17) 126 (11)
Other ADT, including orchiectomy 19 (2) 57 (6) 5 (1) 57 (5)
Radical prostatectomy 197 (19) 65 (7) 59 (17) 166 (14)
Radiotherapy 169 (16) 68 (8) 47 (13) 136 (12)
Watchful waiting 44 (4) 13 (1) 17 (5) 30 (3)
Active surveillance 45 (4) 13 (1) 9 (3) 21 (2)
Other/missing 96 (9) 44 (5) 37 (10) 91 (8)

A man can be included in more than one disease state due to transitioning between states.
aLatest value captured in PPC, up to 6months before state entry.
bA modified version of the National Comprehensive Cancer Network risk categorization was used (localized low-risk: T1–2, Gleason score � 6, and PSA < 10 ng/l; inter-
mediate-risk: T1–2, Gleason score 7, and/or PSA > 10 to < 20 ng/l; high-risk and locally advanced: T1–3, Gleason score 8–10, and/or PSA > 20 to < 50 ng/l; regionally
metastatic: T4 and/or N1, and/or PSA > 50 to < 100 ng/l, and no distant metastases; distant metastases: M1 and/or PSA > 100; missing: missing information for
categorization).
cEach man was assigned to one single primary treatment.
dBicalutamide only.
ADT, androgen deprivation therapy; ALP, alkaline phosphatase; CRPC, castration-resistant prostate cancer; GnRH, gonadotropin-releasing hormone;
HSPC, hormone-sensitive prostate cancer; m, metastatic; nm, non-metastatic; PSA, prostate-specific antigen; SD, standard deviation.
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to death was shorter for men in the nmCRPC and mCRPC
states, compared to that for the full study group
(Supplementary Table S3). There were too few events for
men with nmHSPC or mHSPC in this time frame to reach a
median survival estimate. The majority of men with mCRPC
did not have metastases at the date of diagnosis (61%) and,
in an analysis based on the presence or absence of metasta-
ses at date of diagnosis, we found no difference between

these two groups in median time from date of entry into the
mCRPC state to death (Supplementary Table S4).

Secondary endpoints

Among men with HSPC, regardless of metastatic status, the
most common prostate cancer treatments were ADT, by use
of antiandrogens or gonadotropin-releasing hormone (GnRH)
analogs. Men in the nmCRPC state were almost exclusively

Figure 1. Transitions between disease states for men with advanced prostate cancer. A man can be included in more than one disease state due to transitioning
between states. CRPC, castration-resistant prostate cancer; HSPC, hormone-sensitive prostate cancer; m, metastatic; nm, non-metastatic.

(A) (B)

(C) (D)

Figure 2. Time from entry into disease state to progression or death. A man can be included in more than one disease state due to transitioning between states.
Stacked cumulative incidence analysis. CRPC, castration-resistant prostate cancer; HSPC, hormone-sensitive prostate cancer; m, metastatic; nm, non-metastatic.
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treated with a GnRH analog (92%), while those in the mCRPC
state received multiple different treatments, with GnRH ana-
logs (74%), androgen receptor-targeted therapies (68%), and
docetaxel (41%) among the most common (Figure 4).

Co-medications received in the year prior to disease state
entry are reported in Supplementary Table S5. Overall, the
most common co-medications were analgesics and antipyret-
ics, antithrombotic agents, and opioids, with an increased
usage in more advanced disease states, particularly
in mCRPC.

The presence of comorbidities was similar among all dis-
ease states (Supplementary Table S6). The most common
comorbidities in each disease state were diabetes, myocardial
infarction, congestive heart failure, and cerebrovascu-
lar disease.

HRU is presented in Supplementary Table S7. There were
few hospitalizations with prostate cancer as the primary
diagnosis in any disease state; however, the incidence was
highest in men in the mCRPC state, for whom the duration
of hospitalization with prostate cancer as the primary

(A) (B)

(C) (D)

Figure 3. Time from entry into disease state to death from any cause. A man can be included in more than one disease state due to transitioning between states.
Kaplan–Meier analysis. CI, confidence interval; CRPC, castration-resistant prostate cancer; HSPC, hormone-sensitive prostate cancer; m, metastatic;
nm, non-metastatic.

Figure 4. Prostate cancer treatments by disease state. A man can be included in more than one disease state due to transitioning between states. Men may have
received more than one treatment. aAntiandrogen includes: bicalutamide; bOther chemotherapy includes: cisplatin, cyclophosphamide, estramustine, etoposide
gemcitabine, carboplatin, methotrexate or mitoxantrone; cART includes: enzalutamide or abiraterone. ART, androgen receptor-targeted therapy; CRPC, castration-
resistant prostate cancer; GnRH, gonadotropin-releasing hormone; HSPC, hormone-sensitive prostate cancer; m, metastatic; nm, non-metastatic.
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diagnosis was the longest. Men in the mCRPC state were
also most likely to be hospitalized for any reason; only 40%
of these men had no hospitalizations, vs 61%, 68% and 69%
of men in the nmHSPC, mHSPC and nmCRPC states, respect-
ively. Accordingly, the number of outpatient physician visits,
imaging procedures and laboratory tests was higher in men
in a more advanced disease state.

Total mean costs for HRU per patient per year increased
from 41,064 SEK in the nmHSPC state, 81,072 SEK in the
mHSPC state and 76,667 SEK in the nmCRPC state to 288,242
SEK in the mCRPC state, with prostate cancer treatments
comprising the largest portion (Figure 5). For men in the
mCRPC state, these treatments made up 55% of total HRU
costs, whereas for men in other disease states it was no
larger than 26% of total HRU costs.

Discussion

Using real-world data from over 1,800 men with advanced
prostate cancer from a clinical cancer register, including
prevalent cases, we analyzed the time spent in each disease
state and the associated HRU and costs. Our findings suggest
that time to progression was approximately 4 years for men
in the nmHSPC state, with an annual cost for HRU of 41,064
SEK. For men in the mHSPC state, time to progression was
approximately 1 year and HRU costs were 81,072 SEK. Time
to progression was approximately 1 year for men in the
nmCRPC state, with associated HRU costs of 76,667 SEK. In
men in the mCRPC state, time to death was approximately
4 years and HRU was highest at 288,242 SEK.

HRU increased with increasing severity of disease and
total annual mean cost per patient increased 7-fold from the
nmHSPC state (41,064 SEK) to the mCRPC state (288,242
SEK). Differences in prostate cancer treatments, including
increased use of chemotherapy (mostly docetaxel) and
androgen receptor-targeted drugs was the main driver of
cost in the mCRPC state, but an increase in hospitalizations
also contributed. As only limited prospective data were avail-
able, analysis of HRU related to nurse visits, telephone con-
sultations, imaging and laboratory tests were based on a
smaller sample size and may be affected by missing data in
PPC. Lack of comparable studies in terms of design,

population and date of analysis makes validation of our find-
ings and comparison to the existing literature challeng-
ing [16].

Our analyses have some inherent limitations. This was a
pilot study in PPC, a novel part of NPCR, which captured
36% of men in NPCR who had filled a prescription for andro-
gen receptor-targeted therapy (abiraterone or enzalutamide)
[11]. The major limitation of our study was the inclusion of
both prevalent and incident cases in PPC. This entailed selec-
tion of long-term survivors among prevalent cases, resulting
in an exaggeration of the survival times in each disease state.
We observed a median survival of 7 years in men in the
mHSPC state; however, in a recent population-based study of
men with de novo metastatic prostate cancer in NPCR (i.e.
95% of all men with prostate cancer in Sweden), median sur-
vival was found to be around 3 years [3]. Recent randomized
trials in men with mHSPC have reported survival times of
4–5 years in the experimental arms and 3–4 years in the con-
trol arms [17–19]. Similarly, we report a median survival of
approximately 4 years in men in the mCRPC state; however
other population-based cohort studies have reported survival
times of 1–3 years [20–22]. In order to minimize the influence
of selection for long-term survivors, we performed a tem-
poral sensitivity analysis, which was restricted to men who
started ADT after 1 January 2013. Survival times were found
to be shorter and closer to the survival times reported in the
literature. Shorter survival times are expected when exclud-
ing long-term survivors and may, therefore, be conservative.
Additional analyses on an incident cohort with longer follow-
up are required to determine whether the mix of prevalent
and incident cases in this sample biased the results. Other
limitations of our study are that approximately 20% of eli-
gible men in PPC who met the inclusion criteria were
excluded due to missing data and that a large proportion of
men transitioned from nmHSPC to mCRPC, i.e. hormone-sen-
sitive men with no metastases who directly transitioned to a
state with both metastases and castration resistance. The
latter may relate to lack of regular imaging during routine
follow-up in these men, in combination with the potential
for missing data in PPC.

Nonetheless, a key strength of this study is the use of a
real-life data set, outside of a randomized controlled trial.
This provides comprehensive data from a longitudinal

Figure 5. Annual mean HRU costs per patient by disease state. A man can be included in more than one disease state due to transitioning between states. Costs
are based on list prices and are provided in SEK 2018. aIncludes nurse visits, telephone consultations, imaging examinations, and laboratory tests (PSA and ALP).
n¼ 363, n¼ 282, n¼ 112, and n¼ 1,084 for nmHSPC, mHSPC, nmCRPC, and mCRPC, respectively. ALP, alkaline phosphatase; CRPC, castration-resistant prostate
cancer; HSPC, hormone-sensitive prostate cancer; m, metastatic; nm, non-metastatic; PSA, prostate-specific antigen; SEK, Swedish krona.
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registration of prostate cancer-specific variables in addition
to data from a number of nationwide, population-based
healthcare registers with known high-quality data [23,24]. No
more than 2% of men in the nmHSPC, mHSPC, and nmCRPC
states died of prostate cancer; it is likely that these men had
missing data in PPC that precluded a transition to the
mCRPC state, and that all men who die of prostate cancer
make a transition through the mCRPC state. Thus, although
our results were somewhat affected by selection bias, we
argue that even if the time spent in each disease state was
inflated, our results suggest that many men will make a rapid
transition to a CRPC state and will remain in these states for
several years. To the best of our knowledge, there are few
other studies that have attempted to assess the time spent
in these disease states [20–22]. With time, the proportion of
incident cases will increase in PPC and this will improve the
validity of future studies. Meanwhile, these results provide an
approximation of the time spent in each prostate cancer
state in men with advanced prostate cancer, and an indica-
tion of the cost of treatment of men with advanced pros-
tate cancer.

A number of novel treatments have recently been shown
to increase the survival and quality-of-life in men with meta-
static disease, and more such drugs will soon become avail-
able [4,7]. Our results indicate that healthcare costs are
related to disease state; therefore, with survival duration
increasing in men with advanced prostate cancer, additional
funding may be required in the future. Data from random-
ized trials are considered the gold standard for assessing the
efficacy of drugs, but real-life data are required in order to
assess whether results from randomized trials, which are
often based on selected patient groups, are also attained in
clinical practice where men are generally older and have
more comorbidities. PPC was created to longitudinally collect
data on men with advanced prostate cancer in Sweden. As
PPC matures with longer follow-up and a larger number of
patients, it will serve as an increasingly valuable resource for
real-world data studies.

In conclusion, these real-world data from a clinical cancer
register, including prevalent cases, suggest that time to pro-
gression was approximately 1 year for men in the mHSPC
state, approximately 4 years for men in the nmHSPC state,
and approximately 1 year for men in the nmCRPC state. In
men in the mCRPC state, time to death was approximately
4 years. Survival times were longer than expected, likely due
to selection of long-term survivors among prevalent cases.
The annual healthcare cost increased substantially with
increasing severity of disease from 41,064 SEK for men in the
nmHSPC state to 288,242 SEK for men in the mCRPC state.
Additional larger studies are needed to conclusively elucidate
the time spent in each prostate cancer disease state.
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