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ABSTRACT

Purpose: In randomised clinical trials, doublet and triplet therapy improved survival compared to stan-
dard androgen deprivation therapy (ADT) in men with de novo metastatic castration-sensitive prostate
cancer (MCSPC). Guidelines recommend doublet therapy since 2020 and triplet therapy since 2022. The
aim of this study was to assess the uptake of upfront doublet and triplet therapy at a population level and
assess trends in survival for all men with mCSPC.

Methods: We included men registered with de novo mCSPC in 2016-2024 in the National Prostate Cancer
Register of Sweden. We estimated the annual proportion of men with de novo mCSPC who upfront received
doublet therapy (ADT plus androgen receptor pathway inhibitor [ARPI] or docetaxel) or triplet therapy
(ADT plus docetaxel and ARPI). Kaplan—Meier curves were used to estimate 3-year overall survival.
Results: In 9294 men diagnosed with de novo mCSPC, the use of upfront doublet therapy increased from
19% in 2016 to 66% in 2024, and the use of triplet therapy rose from 4% in 2021 to 17% in 2024. Uptake was
highest among men below age 65 years, of whom 46% received doublet and 48% received triplet therapy
in 2024. Three-year survival increased from 51% (95% Cl: 49-52%) in 2016-2018 to 61% (95% Cl: 58-64%)
in 2022-2024. Among men below age 65, survival increased from 69% (95% Cl: 65-73) in 2019-2021 to
77% (95% Cl: 71-84) in 2022-2024.

Conclusions: The uptake of doublet and triplet therapy increased substantially during the study period,
in particular among men below age 65. In parallel, 3-year overall survival increased in all men diagnosed
with de novo mCSPC. These data provide support for the benefit of upfront doublet or triplet therapy in
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clinical practice.

Introduction

Doublet and triplet therapy - i.e. combinations of androgen depri-
vation therapy (ADT) with an androgen receptor pathway inhibi-
tor (ARPI) and/or docetaxel — has been shown to increase survival
compared to ADT only in men with de novo metastatic castra-
tion-sensitive prostate cancer (mCSPC) in randomized clinical tri-
als (RCTs) [1-71.

Doublet therapy with ADT plus docetaxel has been
recommended in clinical guidelines since 2016, ADT plus ARPI
since 2020 and triplet therapy since 2022 [8-11]. Following these
recommendations, the uptake of doublet therapy has increased in
clinical practice in the United States and in Europe [12-14]. The
increase in use of doublet therapy in 2017-2020 was paralleled by
increased survival in all men with mCSPC in our previous study [12].

The aim of this study was to update our previous study of
doublet therapy and to assess the uptake of triplet therapy among
men with de novo mCSPC in Sweden and to describe time trends
in survival.

Materials and methods
Data sources

The National Prostate Cancer Register (NPCR) of Sweden is a clini-
cal cancer register with the aim to register data to ensure
high-quality care for men with prostate cancer and adherence to
national guidelines [15, 16]. NPCR captures virtually all men (>
98%) diagnosed with prostate cancer in Sweden compared to the
Cancer Register, to which registration is mandated by law [17, 18].
In Prostate Cancer data Base Sweden (PCBase), NPCR has been
linked to other health care registers and demographic databases,
including The Patient Register, The Prescribed Drug Register and
The Cause of Death Register [19]. In 2025, we enriched PCBase
with data from health care Information Technology (IT) systems in
all regions in Sweden, creating PCBase Xtend that holds longitu-
dinal information on prostate-specific antigen (PSA), prostate
biopsies, magnetic resonance imaging (MRI) of the prostate, ADT
administered by healthcare providers and chemotherapy [20].
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The Swedish Ethical Review Authority approved of this project.
The study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Study population

The study population consisted of men diagnosed with de novo
mCSPC from 2016 to 2024 and registered in NPCR. The diag-
nosis was defined by the presence of skeletal or visceral
metastases on radionuclide bone scan, computed tomogra-
phy (CT), positron emission tomography (PET)/CT, or MRI of
the skeleton. Data on emigration from Sweden were extracted
from The Emigration Register.

Characterisation of prostate cancer at baseline

We extracted information on age, PSA at diagnosis, clinical T
stage, Gleason score, number of bone metastases, presence of
visceral metastases and use of PET/CT from NPCR.

Treatment

We extracted information on treatment with docetaxel within 6
months after diagnosis from NPCR. This information is available
since March 2017. NPCR captured 70% of upfront docetaxel
treatments after a diagnosis of mCSPC in a validation study of
500 men diagnosed in 2018-2022 [21]. We complemented this
information with data on the use of docetaxel from regional
health care IT systems (Supplementary Table 1). Slightly

Table 1. Baseline characteristics of men diagnosed with de novo metastatic castration-sensitive prostate cancer in 2016-2024 and registered in The National

Prostate Cancer Register of Sweden.

Baseline characteristics

Year of diagnosis

2016-2018 2019-2021 2022-2024
N (%) N (%) N (%)
No. of men 3004 (100) 3105 (100) 3185 (100)
Age (years)
Median (IQR) 74 (69-81) 75 (69-80) 75 (69-81)
<65 363 (12) 424 (14) 394 (12)
65-79 1763 (59) 1811 (58) 1843 (58)
>80 878 (29) 870 (28) 948 (30)
Health-adjusted life expectancy (years)
Median (IQR) 11(7-15) 11 (7-15) 11 (7-15)
<5 446 (15) 443 (14) 436 (14)
5-15 1801 (60) 1851 (60) 2004 (63)
=15 757 (25) 811 (26) 745 (23)
PSA (ng/mL)
Median (IQR) 104 (28-434) 110 (28-401) 89 (25-354)
<20 557 (18) 563 (18) 634 (20)
20-99 896 (30) 926 (30) 1017 (32)
100-199 410(14) 433(14) 382(12)
> 200 1110 (37) 1152 (37) 1124 (35)
Missing 31 (1) 31 (1) 28 (1)
T stage
T1-T2 1020 (34) 1010 (33) 1036 (33)
T3-T4 1868 (62) 1919 (62) 1969 (62)
Missing 116 (4) 176 (5) 180 (5)
Gleason score
<8 550(19) 528(17) 497 (16)
8-10 2112 (70) 2181 (70) 2352 (74)
Missing 342(11) 396 (13) 336 (10)
Number of metastases
1-3 165 (5) 814 (26) 776 (24)
>4 294 (10) 1292 (42) 1263 (40)
Missing 2545 (85) 999 (32) 1146 (36)
Visceral metastases
Yes 390(13) 474 (15) 448 (14)
No 2213 (74) 2611 (84) 2675 (84)
Missing 401 (13) 20(1) 62 (2)
PET/CT
Yes 231 (8) 345 (11) 516 (16)
No 2773 (92) 2760 (89) 2669 (84)

IQR: interquartile range; PSA: prostate-specific antigen; PET/CT: positron emission tomography/computed tomography.
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different time periods were covered in the regions since the
implementation of new IT systems occurred at different calen-
dar times, the extent of migration of data to new IT systems var-
ied and because the regions delivered data at different calendar
times to this project. The proportion of men covered by this
complementary data collection was 71% in 2016, 90% in 2020-
2021 and 13% in 2024 (Supplementary Table 2).

Use of ARPI was based on filled prescriptions for abiraterone
(Anatomical Therapeutic Chemical code L02BX03), enzalutamide
(LO2BB04), apalutamide (L02BB05) and darolutamide (L02BB06)
in the Prescribed Drug Register.

The start of treatment of an ARPI was defined at the date of a
first filling of an ARPI prescription in the Prescribed Drug
Register. The start of treatment with docetaxel was the date
recorded in NPCR or in a regional health care IT system. Doublet
therapy was defined as the initiation of an ARPI or docetaxel
within 6 months from diagnosis, and triplet therapy (i.e. ADT,
ARPI and docetaxel) was defined as the use of both an ARPI and
docetaxel within 6 months from diagnosis.

Life expectancy

Health-adjusted life expectancy was calculated based on age
and comorbidity [22]. Baseline comorbidity was quantified
based on the combined information from a Multidimensional
Diagnosis-based Comorbidity Index (MDCI) [23, 24] and a Drug
Comorbidity Index (DCI) [25-27].

Mortality

Follow-up started at the date of diagnosis and ended on
December 31, 2024 or at the date of death or migration out of
Sweden, whichever event came first. The date of death was
extracted from The Cause of Death Register.
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Statistical analysis

We computed the annual proportion of men with de novo
mCSPC who received doublet or triplet therapy. Crude overall
survival was estimated by use of Kaplan-Meier analysis in three
calendar periods (2016-2018, 2019-2021 and 2022-2024) and
according to age at diagnosis (below 65, 65-79 and above 80
years). Median follow-up was estimated using a reverse Kaplan-
Meier approach [28, 29].

To account for potential changes in baseline characteristics
over time, we also estimated standardised survival curves using
a parametric survival model adjusted for age, PSA, Gleason
score, clinical T stage and comorbidity (DCI and MDCI) (see
Supplementary Materials for details) [30]. All analyses were
performed using R version 4.3.2.

Results
Characteristics of the study population

Between 2016 and 2024, 9294 men were diagnosed with de
novo mCSPC, evenly distributed across three calendar periods
(Table 1). Baseline characteristics remained stable over time,
with a median age at diagnosis of 75 years (IQR 69-80) and
virtually no changes in the distribution of clinical T stage or
Gleason score. Median PSA at diagnosis decreased slightly
from 104 ng/mL (IQR: 28-434) in 2016-2018 to 89 ng/mL
(IQR: 25-354) in 2022-2024. PET/CT was used in 231 (8%) men
in 2016-2018 and 516 (16%) men in 2022-2024.

Uptake of combination therapy

Use of upfront doublet or triplet therapy increased from 19% in
2016 to 66% in 2024 (Figure 1). Doublet therapy increased
slightly from 45% in 2020 to 49% in 2024, with 48% receiving
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Figure 1. Uptake of doublet and triplet therapy in men with de novo metastatic castration-sensitive prostate cancer, 2016-2024.
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ADT + ARPI and only 1% receiving ADT + docetaxel. Triplet ther-
apy reached 17% in 2024.

In relation to age, doublet or triplet therapy was used in 94%
of men below age 65 in 2024, 77% among men aged 65-79 and
35% among men above age 80.

Characteristics of men treated with triplet therapy

Men treated with triplet therapy were younger and had a more
advanced disease, reflected by high PSA levels, clinical T stage
and Gleason score (Table 2). In the oldest age group, less than
1% received triplet therapy.

Survival

Survival improved in all age groups during the entire study
period (Figure 2, Supplementary Table 3). Among men < 65

years, 3-year survival increased from 69% (95% Cl: 65-73) in
2019-2021 to 77% (95% Cl: 71-84) in 2022-2024 and for men >
80 years, survival increased from 40% (95% Cl: 37-43) to 46%
(95% Cl: 40-52), whereas no increase was observed in men aged
65-79. Standardised survival curves showed the same patterns
(Supplementary Figure 1, Supplementary Table 3).

Discussion
Summary of findings

In this nationwide population-based study, use of upfront dou-
blet or triplet therapy in men with de novo mCSPC increased
substantially between 2016 and 2024. In 2024, approximately
half of men received doublet therapy, and one fifth received tri-
plettherapy.Triplet therapy essentially replaced ADT + docetaxel
in the most recent years. The uptake of these therapies was par-
ticularly high in men below age 65. In 2024, nearly all these men

Table 2. Baseline characteristics of men diagnosed with de novo metastatic castration-sensitive prostate cancer in 2022-2024 according to received

treatment.
Baseline characteristics Treatment
ADT ADT + ARPI ADT + docetaxel ADT + docetaxel + ARPI
N (%) N (%) N (%) N (%)
No. of men 1128 (100) 1406 (100) 129 (100) 522 (100)
Age (years)
Median (IQR) 81 (75-85) 75 (69-79) 70 (64-74) 68 (63-73)
<65 42 (4) 156 (11) 34 (26) 162 (31)
65-79 454 (40) 946 (67) 89 (69) 354 (68)
>80 632 (56) 304 (22) 6 (5) 6(1)
Health-adjusted life expectancy (years)
Median (IQR) 7 (4-9) 11(8-15) 14 (12-18) 16 (13-20)
<5 357(32) 67 (5) 6 (5) 6(1)
5-15 706 (63) 1005 (71) 67 (52) 226 (43)
=15 65 (5) 334 (24) 56 (43) 290 (56)
PSA (ng/mL)
Median (IQR) 73 (21-277) 80 (23-345) 95 (24-294) 199 (51-660)
<20 250 (22) 305 (22) 30(23) 49 (9)
20-99 380 (34) 462 (33) 36 (28) 139 (27)
100-199 139(12) 156 (11) 14(11) 73 (14)
> 200 339(30) 476 (33) 49 (38) 260 (49)
Missing 20 (2) 7(1) 0(0) 1(1)
T stage
T1-T2 391 (35) 491 (35) 36 (28) 118 (23)
T3-T4 647 (57) 844 (60) 89 (69) 389 (75)
Missing 90 (8) 71 (5) 4(3) 15(2)
Gleason score
6-7 203 (18) 215(15) 21 (16) 58(11)
8-10 702 (62) 1105 (79) 97 (75) 448 (86)
Missing 223 (20) 86 (6) 11(9) 16 (3)
Number of metastases
1-3 165 (15) 146 (10) 39(30) 98 (19)
>4 930 (82) 1234 (88) 90 (70) 421 (80)
Missing 33(3) 26 (2) 0(0) 3(1)
Visceral metastases
Yes 289 (26) 411 (29) 24(19) 52(10)
No 394 (35) 495 (35) 66 (51) 308 (59)
Missing 445 (39) 500 (36) 39(30) 162 (31)

IQR: interquartile range; PSA: prostate-specific antigen; ADT: androgen deprivation therapy; ARPI: androgen receptor pathway inhibitor.
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Figure 2. Standardised 3-year overall survival for men with de novo metastatic castration-sensitive prostate cancer diagnosed in 2016-2024. A total of 4687
(51%) men died for any cause during a median follow-up of 4.2 years (IQR: 2.2-6.3).

received doublet or triplet therapy. The increased use of doublet
and triplet therapy was paralleled by an increase in 3-year sur-
vival in all men with mCSPC.

Strength and limitations

This study has several strengths. NPCR captures nearly all men
diagnosed with prostate cancer in Sweden and has been linked
to other high-quality nationwide registers and health care IT
systems in PCBase Xtend, providing comprehensive data on
cancer characteristics, time-updated information on treatments,
comorbidities and follow-up [15, 18, 31-33].

Some limitations should be noted. We did not have full
coverage of upfront docetaxel during the study period, despite
that we had access to data both from NPCR and regional health
care IT systems. Use was particularly underestimated in 2023-
2024. Men diagnosed before 2022 who received ADT, docetaxel
and an ARPI within 6 months from diagnosis likely received
docetaxel and ARPI in sequence.

Previous studies and interpretation

To our knowledge, this is the first population-based study to
assess uptake of triplet therapy after its inclusion in clinical
guidelines [8-10]. In a previous study with a similar design, we
found an increased use of doublet therapy in Sweden up to
2020[12]. Similar increases were also documented in the United
States and Europe, with treatment intensification associated
with improved survival [13, 14]. In this study, we observed a
continued increase of doublet therapy — primarily ADT + ARPI
- and triplet therapy largely replaced the use of ADT plus
docetaxel.

Men who received triplet therapy were young and had
disseminated disease. This is in accordance with Swedish
guidelines that recommend triplet therapy for young and fit

men with advanced disease, i.e. men with high-volume
metastatic disease [10, 34].

RCTs have shown increased survival in men who received
triplet therapy. For example, The PEACE-1 trial reported a 25%
reduction in mortality at 4 years with ADT + docetaxel +
abiraterone compared to ADT + docetaxel [5]. The ARASENS trial
showed a 32% improvement at 3 years with ADT + docetaxel +
darolutamide compared to ADT + docetaxel [6]. Participants in
these trials were younger (median age 66-67) and had lower
PSA levels (14-27 ng/mL) than men in our study (median age 75;
PSA 89 ng/mL in 2022-2024). Similar differences apply to RCTs
comparing doublet therapy with ADT only [2, 3].

The use of PET/CT doubled from 8 to 16% between 2016-
2018 and 2022-2024. This may have led to an increase in men
diagnosed with lower-volume metastatic prostate cancer since
PET/CT has a higher sensitivity compared to conventional
imaging [35]. Although tumor characteristics were stable over
time and adjusted analyses showed similar improvements in
survival as unadjusted analyses, this change in imaging
modalities may still have contributed somewhat to the higher
observed survival in the last calendar period (Will-Roger’s
phenomenon). Nevertheless, we argue that the increased 3-year
survival in men with de novo mCSPC observed during the study
period is at least partly attributable to increased use of doublet
and triplet therapy. In men below age 65, there was a gradual
improvement between the three time periods, whereas for men
aged 65-79 years, thisimprovement was only apparent between
the two earliest time periods.

Conclusion

The uptake of doublet and triplet therapy among men with de
novo mCSPC increased substantially from 2016 to 2024 in
Sweden. In 2024, triplet therapy had largely replaced ADT +
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docetaxel, and use of ADT + ARPI continued to increase during
the study period. The increased use of doublet and triplet ther-
apy was paralleled by an increased 3-year survival. These data
provide support for the benefit of upfront doublet or triplet
therapy in clinical practice.
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