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Real-world evidence

(ADT) monotherapy (69.4%), followed by ADT + an androgen receptor pathway inhibitor
(ARPI; 15.2%), ADT + chemotherapy (14.0%), and triplet therapy (1.2%). The use of ARPIs
increased over time. ADT + ARPI showed the highest persistence (53.8%) and a 5-yr
switch-free survival rate of up to 72.3%. ADT monotherapy had 5-yr switch-free survival
rates of 21.3-58.6% and adverse event-free survival rates of 64.7-81.2%. Addition of an
ARPI improved switch-free survival (24.1-72.3%) but lowered adverse event-free sur-
vival (55.2-82.7%). Chemotherapy-based and triplet therapies showed variable results
without consistent survival benefit. Limitations include residual confounding, inconsis-
tent adverse event reporting, and possible data overlap.

This is the largest RWD study of systemic mHSPC
treatment. Despite evidence, ADT monotherapy remains the most used first-line ther-
apy. Increased use ADT + ARPI is associated with better persistence and improved out-
comes in the real-world setting, supporting its broader adoption in clinical practice.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

ADVANCING PRACTICE

What does this study add?

This study provides the most comprehensive real-world analysis to date of treatment patterns and outcomes in patients
with metastatic hormone-sensitive prostate cancer. It highlights that despite strong clinical evidence supporting combi-
nation therapies, androgen deprivation therapy (ADT) monotherapy remains the most common first-line treatment. This
study also shows that a combination of ADT and androgen receptor pathway inhibitors is associated with better treat-
ment persistence and improved clinical outcomes. These findings support a shift toward broader implementation of com-
bination therapy in real-world clinical practice.

Clinical Relevance

The study analyzed real-world treatment patterns for metastatic hormonal sensitive prostate cancer between 2016-2020
in over 67,000 patients across Europe and the US and provides the most comprehensive real-world analysis to date. In
that period, ADT monotherapy remained the most common first-line treatment. The study shows that ADT + ARPII com-
bination is associated with improved clinical outcomes, including survival. These findings support a shift toward broader
implementation of combination therapy in real-world clinical practice. Associate Editor: Elena Castro.

Patient Summary

We looked at real-world treatment patterns for metastatic hormone-sensitive prostate cancer in over 67 000 patients
across Europe and the USA. Many patients still receive older treatments of androgen deprivation alone, although newer
drug combinations are being used more often. Our findings suggest that a combination of hormone therapy and newer

drugs leads to fewer drug switch and adverse events.

1. Introduction

Primary androgen deprivation therapy (ADT) has been the
standard of care (SOC) for metastatic prostate cancer
(mPCa) for over 50 yr [1-3]. Over the past two decades,
the introduction of docetaxel chemotherapy and new
androgen receptor pathway inhibitors (ARPIs) has trans-
formed the treatment paradigm significantly, with “tri-
plets” now recognized as the new SOC for mPCa [4].

In this scenario, the current European Association of
Urology (EAU) prostate cancer (PCa) guidelines suggests to
drive metastatic hormone-sensitive PCa (mHSPC) treatment
choice by fitness for docetaxel, nature of the disease (low/

high volume as per the CHARTEED criteria [5]; syn-
chronous/metachronous), patient preference, specific
adverse event profile, treatment availability, logistics, and
cost [4]. The use of treatments in practice and the actual
treatment trajectories in mPCa patients remain underex-
plored. To date, mHSPC patients treated with systemic ther-
apies have not been characterized thoroughly using real-
world data (RWD). The analysis of such data may provide
valuable insights into treatment pathways and clinical out-
comes in everyday practice.

PIONEER is a project within the European network of
excellence for big data in PCa. It is one of the four projects
under the Innovative Medicine Initiative (IMI) that fall
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within the “Big Data for Better Outcomes” initiative [6]. The
main aim of PIONEER is to improve PCa care across Europe
through the application of big data analytics [6]. Through a
comprehensive stakeholder prioritization exercise that
included input from health care professionals, pharmaceuti-
cal companies, and PCa patients, the PIONEER Consortium
identified significant knowledge gaps in PCa as a priority
for all stakeholders [7]. Among the ten highest-priority
research questions, this study aims to address question
number three: to describe the real-world treatment history,
trajectories and outcomes of patients with mHSPC accord-
ing to the treatment they received, utilizing an international
network of RWD sources.

2. Patients and methods

2.1. Study design

A retrospective cohort study based on eight electronic
health care data sources across Europe and the USA was
conducted. Full details of the included data sources and
study design are provided in the Supplementary material
and the published protocol [8].

All the data were harmonized to the Observational Med-
ical Outcome Partnership (OMOP) Common Data Model
(CDM) [9]. Institutional review board or equivalent gover-
nance approval was obtained by all data providers prior to
an analysis. Reproducibility between data partners was
ensured by the development of a core analytical package
used uniformly across datasets. Only aggregated,
population-level (ie, not patient-level) results from each
data source were shared publicly, and all data partners con-
sented to external sharing of the result set on data.ohdsi.org.

2.2. Cohort definitions

During PIONEER study-a-thon 2, two main cohorts were
built. Complete cohort definitions, and the inclusion and
exclusion criteria are available in the Supplementary mate-
rial and the published protocol [8]. In brief, all cohorts
included adult males (>18 yr) with no history of other pri-
mary cancers (except nonmelanoma skin cancer), and no
ADT or bilateral subcapsular orchiectomy within 6 mo
before the index date to ensure hormone sensitivity. Cohort
1 focused on newly diagnosed cases of mHSPC, distinguish-
ing between synchronous (de novo) and metachronous (re-
current) presentations. Cohort 2 included patients with
mHSPC who received systemic therapy (ADT # local treat-
ment), with similar stratification based on disease timing.
Supplementary Fig. 1 summarizes the definitions of clinical
cohorts.

Patients were eligible to be included in either cohort if
they had at least 365 d of observation prior to a diagnosis
of metastatic disease in the data source. Additionally, all
cohorts were generated with a requirement of at least a
365 d of lookback period prior to the initial diagnosis date
of PCa. The lookback period was selected to be sufficiently
long to ensure adequate documentation of treatments
received prior to inclusion, and to exclude the use of ADT
as adjuvant therapy, while avoiding the exclusion of an

excessive number of patients due to insufficient historical
data.

2.3. Data sources

We performed the analyses across a network of
observational electronic health records, population-based
registries, and insurance claims data. Dataset characteristics
are reported in Supplementary Table 1. Each data source
custodian used deidentified data, and thus the analysis
was determined not to be research on humans and
informed consent was not deemed necessary at any site.
All results were reported in an aggregated form.

24. Outcomes

Detailed information is available in the published protocol
[8]. In brief, the outcomes of interest were as follows: (1)
initial treatment patterns; (2) treatment switch, defined as
the date when patients received a new treatment, including
the addition or subtraction of treatment components; and
(3) event-free survival for outcomes including adverse
events, death, hospitalization and emergency department
(ED) visit, and symptomatic progression defined as urinary
retention, hydronephrosis, acute kidney failure, bowel
obstruction, or fatigue. Outcomes were evaluated on the
index date and at 1, 3, and 5 yr. Patients are followed from
the index date until death, being diagnosed with another
malignancy (except for nonmelanoma skin cancer), or the
end of observation period.

2.5. Analysis

Baseline treatment characteristics and primary study out-
comes were summarized using descriptive statistics,
including absolute numbers and percentages to provide an
overview of the study population. Kaplan-Meier survival
analyses were conducted to estimate the time-to-event dis-
tributions for the prespecified outcomes. Sankey diagrams
were employed to examine and visualize treatment pat-
terns and switches [10].

Cohorts were developed systematically and defined
using the Observational Health Data Sciences and Informat-
ics (OHDSI) ATLAS software, hosted on the PIONEER data
analytics platform. To ensure transparency and repro-
ducibility, the defined cohorts were incorporated into an R
package, which is publicly accessible along with detailed
cohort definitions at https://github.com/bdemeulder/PIO
NEERmetastaticTreatment. This R package was distributed
across the data network to facilitate a consistent analysis.
The results of the study were compiled and made publicly
available for exploration via an interactive platform:
https://pioneer-shiny.hzdr.de/app/
PioneerMetastaticTreatmentExplorer2.

3. Results

3.1. Initial treatment distribution overview

From a sample of >100 000 000 adult individuals, 107 438
mHSPC patients were identified in cohort 1, assuming no
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Table 1 - Overall counts of the included cohorts according to database

Database Cohort 1 Cohort 1.1 Cohort 1.2 Cohort 2 Cohort 2.1 (synchronous  Cohort 2.2

(mHSPC) (synchronous (metachronous)  (mHSPC mHSPC treated) (metachronous
mHSPC) treated) mHSPC)

AMBEMR 1358 1169 44 1545 792 18

CPRD 317 238 13 703 583 9

MarketScan 3959 2791 376 2485 1602 94

NCR 10 521 9712 54 9095 9054 -

ONCO 2436 1859 - 1593 767 -

OPENCLAIMS 69 383 51 652 5 38915 24 637 1145

OPTUM 8595 6408 442 6119 3411 139

PharmetricsPlus 10 869 8108 546 7454 4813 192

Total 107 438 81 937 1480 67 909 45 659 1597

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; mHSPC = metastatic hormone-sensitive prostate cancer.

Table 2 - Treatment distribution across databases in cohort 2

Database ADT ADT + ARPI ADT + chemotherapy ADT + ARPI + chemotherapy Total
AMBEMR 1067 437 0 0 1504
CPRD 678 0 0 0 678
MarketScan 1511 488 339 32 2370
NCR 4900 254 3756 25 8935
ONCO 766 443 189 0 1398
OPENCLAIMS 29716 6028 3715 408 39 867
OPTUM 4381 1217 486 40 6124
PharmetricsPlus 5681 1800 1423 346 9250
Total 48 700 10 667 9908 851 70 126

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor.

overlap between databases. Among these patients, 67 909
fulfilled cohort 2 definition, that is, mHSPC with treatment
initiated. Table 1 summarizes the overall cohort numbers
and Table 2 the treatment distribution within cohort 2,
across the different databases. The majority of mHSPC
patients received ADT monotherapy as the first-line treat-
ment (69.4%), followed by ADT + ARPI doublet (15.2%),
ADT + chemotherapy doublet (14.1%), and ADT +
chemotherapy + ARPI triplet (1.2%) therapies.

3.2. Change in treatment distribution over time

The analysis of treatment patterns from 2016 to 2020
demonstrates a consistent notable shift in the first-line
management of mHSPC, despite small variations observed
across different cohorts. Supplementary Fig. 2 summarizes
the treatment combination distribution across the study
period in the different cohorts.

There is a consistent increase in the use of ADT + ARPI
doublet therapy seen in the analyzed RWD, for instance,
in the OPTUM cohort, the proportion of patients receiving
ADT and ARPIs increased steadily from 5.33% in 2016 to
30.34% in 2020. Similar trends were evident across other
datasets, such as MarketScan (from 5.04% in 2016 to
37.58% in 2020) and PharmetricsPlus (from 5.11% in 2016
to 22.71% in 2020), among others. This upward trajectory
highlights the growing adoption of ARPI-based regimens
as a preferred treatment option over the study period. In
contrast, the use of ADT in combination with chemotherapy
showed a consistent decline. The MarketScan cohort, for
instance, reported a decrease in ADT and chemotherapy
use from 20.15% in 2016 to 9.94% in 2020. Similar reduc-
tions were observed in other datasets, such as ONCO (from
14.29% in 2016 to 7.55% in 2020) and OPENCLAIMS (from
13.88% in 2016 to 6.52% in 2020). This decline reflects the

diminishing reliance on chemotherapy-based approaches
in PCa treatment as newer, more targeted therapies gain
prominence.

The use of intensified combination therapies, such as tri-
plet therapy with ADT + ARPI + chemotherapy, has
remained relatively stable over the years, with only minor
fluctuations across cohorts. ADT monotherapy remained
relatively stable over the study period, and there are no
noticeable patterns regarding baseline patient characteris-
tics across different treatment groups.

3.3. Treatment switch patterns

A comprehensive visual summary of the treatment trajecto-
ries for all patients is provided in the Sankey diagram
shown in Fig. 1. This graphical representation depicts the
distribution of initial treatments at baseline and illustrates
the subsequent transitions between therapeutic strategies
throughout the study period, allowing for a clear visualiza-
tion of treatment patterns and changes over time.

RWD show that the majority of patients began their
treatment with ADT monotherapy, as indicated by the large
proportion of patients in the ADT-only category at the start
of treatment. Specifically, 48 700 of 70 126 (69.4%) patients
initiated treatment with ADT alone, representing the domi-
nant starting point for PCa therapy. The most prominent ini-
tial combination therapy was ADT combined with ARPIs,
accounting for 10 667 (15.2%) patients, followed by treat-
ment with ADT combined with chemotherapy in 9837
(14.0%) patients. The proportions of patients who started
on other treatment options were even smaller; for instance,
851 (1.2%) patients started on triplet therapy.

Regarding treatment persistence, patients who started
on ADT plus ARPI combination demonstrated the highest
persistence rate, with 5999 patients (56.2%) continuing
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Treatment switch for target cohort 2 in all databases

ADT: 48 700

ADT + ARPI: 10 667 .

ADT + chemotherapy: 9,837

ADT + ARPI + chemotherapy: 851 me—

chemotherapy: 71

ARPI + chemotherapy: 27
ADT + chemotherapy + raduim-223: 86
ADT + chemotherapy + immunotherapy: 92
ADT+ ARPH radium-223: 194
ADT + ARPI + PARPI: 42
ADT + ARPHimmunotherapy: 187
radium-223: 28

[TARPI: 2,655
ADT+-radium-223: 396
ADT + immunotherapy: 1,086

25,062

RPI: 14 050

ADT+ chemotherapy: 2,474

ADT+ ARREehemotherapy: 1,696
chemotherapy: 173

End of treat‘ment 19219

Censoring event: 2 662

Fig. 1 - Plotted Sankey diagram illustrating treatment trajectories for patients with prostate cancer. The diagram visualizes the distribution of initial
therapies and subsequent treatment transitions over time. ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; PARPi = PARP

inhibitor.

treatment. Among patients on ADT monotherapy, 23 060
(47.4%) remained on ADT alone. The persistence rate
reduces for treatment combinations containing chemother-
apy; 138 patients (16.2%) remained in the triplet therapy
group of ADT + ARPI + chemotherapy, and 990 patients
(10.1%) remained in the doublet therapy group of ADT +
chemotherapy.

Among patients who started on ADT monotherapy, 7166
(14.7%) switched to ADT + ARPI and 1357 (2.8%) switched to
ADT + chemotherapy. Among patients who started on ADT +
chemotherapy, 2056 (20.9%) transitioned to ADT alone,
1121 (11.4%) switched to ADT + ARPI, and 801 (8.1%)
switched to ADT + ARPI + chemotherapy triplet. Among
patients who started on ADT + ARPI, 1562 (14.6%) transi-
tioned to ARPI monotherapy, 803 (7.5%) switched to ADT
alone, and 834 (7.8%) added chemotherapy as part of triplet
therapy. The detailed treatment switch patterns and the
respective Sankey diagrams of each database can be found
in the Supplementary material.

34. Event-free survival with different treatments

Table 3 summarizes the 5-yr event-free survival of mHSPC
patients, stratified for treatment pattern, across different

databases for the predefined outcomes of interest, namely,
adverse events, death, hospitalization and ED visit, symp-
tomatic progression, and treatment switch. These findings
are represented graphically in the combined survival curves
in Fig. 2.

Across the databases, ADT monotherapy yielded 5-yr
treatment switch-free survival rates ranging from 21.3%
to 58.6%. When an ARPI was added to ADT, consistently
higher treatment switch-free survival rates were seen,
ranging from 24.1% to 72.3%. No consistent pattern was
observed for chemotherapy-containing doublet or triplet
therapy for treatment switch. The ADT monotherapy group
reported 5-yr adverse event-free survival rates in the range
of 64.7-81.2% across the different databases. Generally
lower adverse event-free survival rates were observed in
the intensified combination treatment groups, ranging from
55.2% to 82.7% for ADT + ARPI, even lower rates ranging
from 49.8% to 74.2% for ADT + chemotherapy, and rates
ranging from 60.8% to 74.4% for triplet therapy. Similar pat-
terns could be observed for hospitalization and ED visits,
with smaller differences between ADT monotherapy and
the combination groups. ADT monotherapy yielded slightly
higher but statistically significant 5-yr hospitalization-free
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Table 3 - Five-year event-free survival (95% CI) across databases stratified by initial treatments

Database ADT ADT + ARPI ADT + Chemo ADT + Chemo + ARPI
Adverse events

AMBEMR 71.5 (67.8; 75.5) 69.7 (62.7; 77.4) NR NR

CPRD 71.0 (64.0; 78.9) NR NR NR

MarketScan 77.5 (72.4; 82.9) 74.2 (65.4;84.1) 74.2 (68.9; 79.8) NR

NCR NR NR NR NR

ONCO 64.8 (59.6; 70.3) 55.2 (48.5; 62.9) 49.8 (40.9; 60.7) NR
OPENCLAIMS 81.2 (80.6; 81.8) 80.2 (78.8; 81.7) 74.0 (72.3; 75.8) 74.4 (69.9; 79.2)
OPTUM 79.3 (77.5; 81.2) 82.7 (79.8; 85.7) 73.2 (68.4; 78.3) NR
PharmetricsPlus 64.7 (62.4; 67.1) 55.7 (41.1; 75.5) 60.2 (55.2; 65.6) 60.8 (50.0; 74.0)
Death

AMBEMR 87.5 (84.9;90.13) 85.6 (79.4; 92.3) NR NR

CPRD 33.5 (26.91;41.59) NR NR NR

MarketScan 99.8 (99.48;100) NR NR NR

NCR 36.1 (34.36;37.94) 37.4 (28.4; 49.1) 45.7 (43.8; 47.7) NR

ONCO 99.7 (99.04;100) NR NR NR
OPENCLAIMS NR NR NR NR

OPTUM 62.9 (60.33;65.65) 58.5 (52.3; 65.4) 66.8 (59.2; 75.6) 70.5 (57.5; 86.5)
PharmetricsPlus NR NR NR NR
Hospitalization and ED visit

AMBEMR 99.8 (99.5;100.0) 99.8 (99.4; 100.0) NR NR

CPRD 65.5 (56.0; 76.5) NR NR NR

MarketScan 78.3 (72.3; 85.0) 72.2 (56.7; 92.0) 72.2 (62.7; 83.2) NR

NCR NR NR NR NR

ONCO 99.9 (99.7; 100.0) NR 99.5 (98.6; 100.0) NR
OPENCLAIMS 80.0 (79.4; 80.6) 77.4 (75.7; 79.1) 74.5 (72.6; 76.5) 74.5 (69.1; 80.4)
OPTUM 68.7 (66.2; 71.2) 68.0 (62.4; 74.1) 63.0 (55.5; 71.5) NR

PharmetricsPlus
Symptomatic progression

66.9 (64.5; 69.3)

62.9 (51.2; 77.1)
71.5 (65.3; 78.3)

63.9 (55.1; 74.2)
37.4 (28.4; 49.1)
36.7 (17.7; 76.2)
66.4 (64.5; 69.4)

AMBEMR 75.5 (72.2; 79.0)
CPRD 45.0 (37.3; 54.3) NR
MarketScan 71.2 (67.3; 75.4)
NCR 36.1 (34.4; 37.9)
ONCO 66.0 (58.4; 74.6)
OPENCLAIMS 69.7 (69.0; 70.4)
OPTUM 60.2 (57.4; 63.1)

PharmetricsPlus
Treatment switch

56.8 (54.0; 59.7)

64.7 (59.7; 70.0)
54.5 (46.4; 63.9)

70.0 (61.7; 79.5)

68.8 (62.5; 75.6)
33.1 (24.5; 44.6)
61.0 (52.1; 71.6)
72.3 (70.7; 73.9)

AMBEMR 44.9 (41.0; 49.2)
CPRD 26.7 (21.0; 33.9) NR
MarketScan 56.9 (51.6; 62.8)
NCR 21.3 (19.8; 22.9)
ONCO 45.5 (37.3; 55.5)
OPENCLAIMS 58.6 (57.8; 59.4)
OPTUM 22.9(20.9; 25.1)

PharmetricsPlus

52.7 (49.5; 56.2)

24.1 (19.4; 30.0)
58.8 (52.8; 65.4)

63.5 (59.1; 68.2)

NR
NR

68.0 (59.4; 77.9)
45.7 (43.8; 47.7)
61.6 (50.0; 75.9)
62.1 (60.0; 64.3)
52.6 (43.4; 63.7)
53.5 (48.4; 59.2)

NR
NR

19.6 (10.9; 35.4)
30.8 (28.9; 32.8)
27.1 (17.5; 41.8)
37.1 (35.0; 39.2)
16.2 (12.1; 21.6)
31.9 (26.2; 38.9)

65.1 (57.1; 74.2)

NR
55.5 (34.0; 90.4)
63.1 (57.2; 69.7)
NR

64.3 (54.4; 76.1)

NR
NR

54.9 (36.2; 83.4)
NR

NR

70.1 (65.5; 75.0)
13.7 (3.2; 58.7)
60.6 (51.1; 72.0)

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; Chemo = chemotherapy; CI = confidence interval; ED = emergency

department; NR = not reported.

survival rates ranging from 65.5% to 99.9%, compared with
ADT + ARPI (from 62.9% to 99.8%), ADT + chemotherapy
(from 63.0% to 99.5%), and triplet therapy (from 65.1% to
74.5%). No consistent patterns can be identified across the
treatment groups in terms of mortality and symptomatic
progression.

4. Discussion

This large-scale, multinational observational study offers a
comprehensive evaluation of real-world treatment patterns
and outcomes in patients with mHSPC. Leveraging the fed-
erated infrastructure of the OHDSI network and the stan-
dardized OMOP CDM, the study successfully harmonized
disparate data environments to analyze treatment distribu-
tion, changes over time, treatment switch behavior, and
event-free survival in over 111 000 mHSPC patients. The
findings contribute valuable real-world insights into how
mHSPC is managed globally and how treatment choices
may influence long-term outcomes. With the largest avail-

able patient-level cohort of men with mPCa undergoing sys-
temic treatment, our study provides one of the first
resources of real-world evidence to improve our under-
standing of the current landscape of the treatment pattern
in this setting. In addition, it represents the first major
attempt for in-depth treatment characterization and a
treatment pattern analysis of men with mPCa at the largest
scale to date. A central observation is that ADT monother-
apy continues to dominate as the initial treatment strategy
for mHSPC, accounting for nearly 68.9% of patients, despite
the enormous strides in the last 10 yr in the metastatic
armamentarium. Despite clear clinical guideline recom-
mendations promoting treatment intensification with ARPIs
or chemotherapy based on randomized clinical trials [4],
uptake of combination therapies remains moderate. Only
15.2% of patients received ADT + ARPI as their initial regi-
men, and even fewer began with ADT + chemotherapy
(14.1%) or triplet therapy (1.2%). This finding confirms, at
a larger scale, the real-world results from a previous sys-
tematic review and a smaller retrospective study [11,12].
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Fig. 2 - Combined 5-yr survival curves for the outcomes of interest (adverse event, death, hospitalization and ED visit, symptomatic progression, and
treatment switch), per database, stratified by treatment. ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; ED = emergency
department.

However, temporal trends between 2016 and 2020 indicate ing that the integration of clinical trial evidence into prac-
a meaningful shift in treatment practice. The proportion of tice is ongoing but uneven. The adoption of triplet therapy
patients initiating therapy with ADT + ARPI increased stea- (ADT + ARPI + chemotherapy) remained low and relatively
dily, tripling or more across nearly all databases. In contrast, stable across the study period, with some surprising early
the use of ADT + chemotherapy declined during the same uptake observed even before definitive trial results were
period. This may reflect increasing clinician confidence in available widely. This suggests variability in early-adopter

the efficacy of ARPIs, their favorable toxicity profiles com- behavior across health care systems or possibly off-label
pared with chemotherapy, and most importantly the use based on evolving clinical experience.
updated evidence around 2017 supporting their use as the The above patterns of first-line treatments reflect the

SOC. This pattern is especially evident in selected databases, paradigm shift in mHSPC treatment over the years. The
such as OPTUM, MarketScan, and PharmetricsPlus, suggest- increasing adoption of ADT + ARPI combination in the late
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2010s coincides, naturally, with the maturation of clinical
evidence supporting its efficacy. Abiraterone, for instance,
was initially approved by the Food and Drug Administration
for metastatic castration-resistant PCa in 2011 and had its
indication expanded to mHSPC in 2017 after the LATITUDE
trial [13,14]. ADT + ARPI was subsequently recommended as
a first-line treatment in the 2018 update of the EAU guide-
lines. However, another main driving force in real-life adop-
tion of combination therapy, or the lack thereof given the
high prevalence of ADT monotherapy, has been the financial
factors. Cost barriers and reimbursement issues were iden-
tified previously as qualitative factors influencing whether
ARPI-based intensification is used [12]. Reimbursement
policies can also explain the uneven adoption of this SOC
across different databases, as different health systems have
been shown to have different drug approval status, treat-
ment funding, and out-of-pocket costs for patients [15].
The low rate of chemotherapy-containing regimen usage
may also be driven by patient-related factors such as toler-
ability, age, comorbidity burden, and socioeconomic factors.
Treatment switch patterns further highlighted real-world
treatment dynamics. Sankey diagram visualizations and
switch metrics revealed that patients who initiated on
ADT + ARPI had the highest persistence rate of 53.8%, com-
pared with the 46.3% persistence rate for ADT monotherapy
and substantially lower persistence for chemotherapy-
containing regimens. These findings reinforced the notion
that ARPI-containing regimens may be more tolerable and
sustainable in the long term. Furthermore, patients on
ADT monotherapy were those most likely to escalate treat-
ment, with 14.4% switching to ADT + ARPI and smaller pro-
portions escalating to chemotherapy-containing
combinations. These switches may reflect delayed treat-
ment intensification in response to progression, patient
preference, or clinician hesitation to initiate combination
therapy upfront. Notably, some patients de-escalated ther-
apy or cycled between treatment strategies, suggesting
variability in treatment goals and possibly side-effect man-
agement. For instance, among patients starting with ADT +
ARPI, some switched to an ARPI alone or even back to ADT
alone, indicating clinical scenarios that required treatment
modification. Patients initially on ADT + chemotherapy also
switched in diverse directions, including to ADT alone or tri-
plet therapy, revealing a complex interplay between treat-
ment efficacy, toxicity, and disease progression.

Event-free survival outcomes stratified by treatment
type provided important insights into the comparative
effectiveness of different regimens in routine care. For treat-
ment switch-free survival at 5 yr, ADT + ARPI outperformed
ADT monotherapy and ADT + chemotherapy consistently
across multiple databases. Assuming treatment failure is a
major driving force of treatment switch, these findings sug-
gested external validity of ADT + ARPI trials in the real-
world setting. In contrast, ADT + chemotherapy and triplet
therapy showed less consistent and more variable out-
comes. The heterogeneity across databases suggests differ-
ences in case mix, data capture, and health care system
factors influencing survival estimates. Interestingly, in
terms of adverse event-free survival, hospitalization, and
ED visit-free survival, ADT monotherapy reported consis-

tently higher rates than or comparable rates with combina-
tion regimens. This may reflect lower baseline severity
among patients selected for ADT alone, as well as a reduced
toxicity burden of monotherapy. Conversely, intensified
therapies, while more effective in disease control, may be
associated with higher short-term toxicity, especially in
frailer patients. For example, adverse event-free survival
for ADT + chemotherapy ranged from 49.8% to 74.2%, con-
sistently lower than monotherapy, underscoring the clinical
tradeoffs between efficacy and tolerability outside the ideal
trial patient population. Mortality and symptomatic pro-
gression outcomes did not show consistent patterns favor-
ing any single treatment group. This might be due to
multiple confounding variables, such as differential
follow-up time, competing risks, or underlying patient
health status, which were not fully adjusted for in this
descriptive analysis.

The strengths of this study include its large sample size,
broad geographic coverage, and methodological rigor via
the use of the OMOP CDM and a federated analytic
approach. The study-a-thon framework also illustrates the
power of collaborative research networks to generate real-
world evidence with clinical relevance. Importantly, the
use of a common analytical pipeline ensured reproducibility
and transparency across the participating sites, enhancing
the validity of comparisons. This study harnesses the power
of big data, which can be defined as “an information asset
characterized by such a high volume, velocity and variety
to require specific technology and analytical methods for
its transformation into value” [16]. PIONEER+ was able to
create a multidisciplinary environment of technologies,
methods, and support where clinicians may overcome the
technological barriers of big data analyses in PCa. Indeed,
our findings, aligning with previous experiences, confirm
the unique opportunity offered by the PIONEER+ project
to provide real-world evidence on PCa treatment [17].

Nonetheless, this study has limitations. The use of obser-
vational data introduces potential biases, including unmea-
sured confounding and incomplete information on relevant
clinical factors such as performance status, socioeconomic
background, prostate-specific antigen (PSA) levels, serum
testosterone levels, or metastatic burden, thus limiting our
ability to analyze disease volume, individual risk, and cas-
tration resistance status. The lack of patient stratification
into low- versus high-volume or low- versus high-risk
groups may certainly introduce an additional bias, as it pre-
vents meaningful subgroup analyses. This limitation stems
from the fragmented nature of the available data, which
does not allow for consistent stratification. Moreover, the
substantial proportion, albeit not overwhelmingly domi-
nant, of claims data may also have implications on data
quality. Nonetheless, the data presented still offer a mean-
ingful snapshot of the current clinical practice. It is also
important to highlight that the clinical reasons underlying
treatment switches cannot be determined from the avail-
able data. Potential factors may include economic consider-
ations, such as changes in reimbursement criteria,
treatment-related adverse events and drug tolerability, dis-
ease progression not captured in the databases due to the
lack of biomarkers such as PSA levels or imaging data, as
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well as patient preferences. The reliance on administrative
codes to define metastasis and symptomatic progression
may affect accuracy, and variations in coding practices
across databases can influence the observed estimates. For
instance, this could have led to an underestimation as the
absence of relevant coding was considered to indicate the
absence of a disease. The highly varied nature of data
sources also created heterogeneity in the data, for instance,
chemotherapy combinations were more prevalent in NCR, a
European registry, than in US claims-based databases,
reflecting differences in either regional practice or coding
behaviors. Some treatment regimens, particularly triplet
therapy, had small sample sizes in certain databases, reduc-
ing statistical power. Moreover, the lack of information on
supportive care measures, such as the use of bone-
protective agents or the management of treatment-related
side effects, should be acknowledged as it may have played
a role in the outcomes results, specifically adverse events
and access to ED. As a result, we were unable to determine
what proportion of patients receiving ADT + ARPI also
received a bone agent, or whether these rates varied by
country. Finally, due to the nature of the RWD, we were
unable to describe the follow-up duration for patients with-
out an event.

5. Conclusions

Despite the current evidence supporting doublet or triplet
therapy as the SOC, the majority of mHSPC patients were
still treated with ADT monotherapy in real life, according
to big data. The increasing adoption of ADT + ARPI and the
declining use of chemotherapy reflect broader shifts in clin-
ical practice favoring more targeted therapies. Persistence
and event-free survival outcomes suggest potential advan-
tages of ARPI-containing regimens, although further adjust-
ment for confounding is necessary. This study provides a
comprehensive, international snapshot of real-world treat-
ment trajectories in mHSPC, illuminating how the disease
is managed across diverse health care systems and how
therapeutic approaches are evolving in response to emerg-
ing clinical evidence. Our findings may provide meaningful
guidance for clinicians, policymakers, and researchers
working to optimize mHSPC care and support the develop-
ment of future clinical guidelines. Further studies are
needed to better understand the underlying drivers of treat-
ment choices and treatment switches.
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