
E U R O P E A N U R O L O G Y 8 5 ( 2 0 2 4 ) 4 5 7 – 4 6 5
avai lable at www.sciencedirect .com

journal homepage: www.europeanurology.com
Clinical Characterization of Patients Diagnosed with Prostate Cancer
and Undergoing Conservative Management: A PIONEER Analysis
Based on Big Data
Giorgio Gandaglia a,b,*,y, Francesco Pellegrino b,y, Asieh Golozar c,d,y, Bertrand De Meulder e,y,
Thomas Abbott f, Ariel Achtman g, Muhammad Imran Omar a,h, Thamir Alshammari i, Carlos Areia j,

Alex Asiimwe k, Katharina Beyer l, Anders Bjartell m, Riccardo Campi a,n,o, Philip Cornford p,

Thomas Falconer q, Qi Feng f, Mengchun Gong r,s, Ronald Herrera k, Nigel Hughes t, Tim Hulsen u,

Adam Kinnaird v, Lana Y.H. Lai w, Gianluca Maresca x, Nicolas Mottet a, Marek Oja y,z,

Peter Prinsen aa, Christian Reich bb, Sebastiaan Remmers cc, Monique J. Roobol cc, Vasileios Sakalis dd,

Sarah Seager ee, Emma J. Smith a, Robert Snijder f, Carl Steinbeisser k, Nicolas H. Thurin ff,

Ayman Hijazy e, Kees van Bochove gg, Roderick C.N. Van den Bergh hh, Mieke Van Hemelrijck l,

Peter-Paul Willemse a,ii, Andrew E. Williams jj, Nazanin Zounemat Kermani kk,

Susan Evans-Axelsson k,�, Alberto Briganti a,b,�, James N’Dowa,h,�, on behalf of the PIONEER

Consortium

aGuidelines Office, European Association of Urology, Arnhem, The Netherlands; bDepartment of Urology and Division of Experimental Oncology, Urological
Research Institute, IRCCS San Raffaele Hospital, Milan, Italy; cOdysseus Data Services, New York, NY, USA; dOHDSI Center, Northeastern University, Boston, MA,
USA; eAssociation EISBM, Vourles, France; fAstellas Pharma, Inc., Northbrook, IL, USA; g The Movember Foundation, Melbourne, Australia; hAcademic Urology
Unit, University of Aberdeen, Scotland, UK; iRiyadh Elm University, Riyadh, Saudi Arabia; jUniversity of Oxford, Oxford, UK; kBayer AG, Berlin, Germany;
l Translational Oncology and Urology Research, King’s College London, London, UK; mDepartment of Translational Medicine, Lund University, Lund, Sweden;
nUnit of Urological Robotic Surgery and Renal Transplantation, University of Florence, Careggi Hospital, Florence, Italy; oDepartment of Experimental and
Clinical Medicine, University of Florence, Florence, Italy; p Liverpool University Hospitals, Liverpool, UK; qDepartment of Biomedical Informatics, Columbia
University, New York, NY, USA; rNanfang Hospital, Southern Medical University, Guangzhou, China; sDHC Technologies, Beijing, China; t Epidemiology, Janssen
R&D, Belgium; uPhilips Research, Department of Hospital Services & Informatics, Eindhoven, The Netherlands; vUniversity of Alberta, Edmonton, Canada;
wUniversity of Manchester, Manchester, UK; xDepartment of Urology, NHS Grampian, Scotland, UK; y Institute of Computer Science, University of Tartu, Tartu,
Estonia; z STACC, Tartu, Estonia; aaNetherlands Comprehensive Cancer Organization, Eindhoven, The Netherlands; bb IQVIA, London, UK; cc Erasmus University
Medical Centre, Cancer Institute, Rotterdam, The Netherlands; ddDepartment of Urology, General Hospital of Thessaloniki Agios Pavlos, Thessaloniki, Greece;
eeRWS, IQVIA, Durham, NC, USA; ff INSERM CIC-P 1401, Bordeaux PharmacoEpi, Université de Bordeaux, Bordeaux, France; gg The Hyve, Utrecht, The
Netherlands; hh St Antonius Hospital, Utrecht, The Netherlands; iiDepartment of Urology, Cancer Center, University Medical Center Utrecht, Utrecht, The
Netherlands; jj The Institute for Clinical Research and Health Policy Studies at Tufts Medical Center, Boston, MA, USA; kkDepartment of Computing, Data Science
Institute, Imperial College London, London, England
https://doi.org/10.1016/j.eururo.2023.06.012
0302-2838/� 2023 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-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

y First authors; these authors contributed equally.
� Last authors; these authors contributed equally.
* Corresponding author. Unit of Urology/Division of Oncology, URI, IRCCS Ospedale San Raffaele,
Milan, Italy. Tel. +39 02 2643 4066; Fax: +39 02 2643 7286.
E-mail address: Gandaglia.giorgio@hsr.it (G. Gandagli.

https://doi.org/10.1016/j.eururo.2023.06.012
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2023.06.012&domain=pdf
mailto:Gandaglia.giorgio@hsr.it
https://doi.org/10.1016/j.eururo.2023.06.012
https://doi.org/10.1016/j.eururo.2023.06.012


E U R O P E A N U R O L O G Y 8 5 ( 2 0 2 4 ) 4 5 7 – 4 6 5458
Article info

Article history:
Accepted June 19, 2023

Associate Editor:
James Catto

Statistical Editor:
Andrew Vickers

Keywords:
Prostate cancer
Conservative management
Survival
Outcomes
Big data
PIONEER
Abstract

Background: Conservative management is an option for prostate cancer (PCa) patients
either with the objective of delaying or even avoiding curative therapy, or to wait until
palliative treatment is needed. PIONEER, funded by the European Commission
Innovative Medicines Initiative, aims at improving PCa care across Europe through the
application of big data analytics.
Objective: To describe the clinical characteristics and long-term outcomes of PCa
patients on conservative management by using an international large network of real-
world data.
Design, setting, and participants: From an initial cohort of >100 000 000 adult individuals
included in eight databases evaluated during a virtual study-a-thon hosted by PIONEER,
we identified newly diagnosed PCa cases (n = 527 311). Among those, we selected
patients who did not receive curative or palliative treatment within 6 mo from diagnosis
(n = 123 146).
Outcome measurements and statistical analysis: Patient and disease characteristics were
reported. The number of patients who experienced the main study outcomes was quan-
tified for each stratum and the overall cohort. Kaplan-Meier analyses were used to esti-
mate the distribution of time to event data.
Results and limitations: The most common comorbidities were hypertension (35–73%),
obesity (9.2–54%), and type 2 diabetes (11–28%). The rate of PCa-related symptomatic
progression ranged between 2.6% and 6.2%. Hospitalization (12–25%) and emergency
department visits (10–14%) were common events during the 1st year of follow-up.
The probability of being free from both palliative and curative treatments decreased dur-
ing follow-up. Limitations include a lack of information on patients and disease charac-
teristics and on treatment intent.
Conclusions: Our results allow us to better understand the current landscape of patients
with PCa managed with conservative treatment. PIONEER offers a unique opportunity to
characterize the baseline features and outcomes of PCa patients managed conservatively
using real-world data.
Patient summary: Up to 25% of men with prostate cancer (PCa) managed conservatively
experienced hospitalization and emergency department visits within the 1st year after
diagnosis; 6% experienced PCa-related symptoms. The probability of receiving therapies
for PCa decreased according to time elapsed after the diagnosis.
� 2023 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-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PCa) is the second leading cause of male
cancer death worldwide [1]. Despite high incidence rates,
5-yr disease-specific survival improved significantly from
73% to 82% over the past decade, partly due to widespread
availability of prostate-specific antigen (PSA) testing [2].
Although curative-intent therapies are available for men
with nonmetastatic disease and life expectancy of �10 yr,
conservative approaches have been introduced >20 yr ago
[3] and are now popular thanks to the availability of long-
term data and recommendations by international guideli-
nes [4,5]. The definition of ‘‘conservative management’’
includes both active surveillance (AS) and watchful waiting
(WW), which are options recommended by the European
Association of Urology (EAU) and the American Urological
Association (AUA) guidelines for selected men with PCa
[4,5]. Despite this, patients undergoing conservative man-
agement have poorly been characterized so far using real-
world data [6–8]. This is key since guidelines recommenda-
tions, which are based on level 1 evidence coming from ran-
domized controlled trials (RCTs) [4], could not reflect the
real-life scenario. Therefore, these might be less generaliz-
able at a population level, where <40% of cancer patients
would be eligible in RCTs [9]. For example, older patients
or the ones with serious comorbidities are typically
under-represented in prospective trials. Moreover, RCTs
typically include men managed at high-volume centers,
which might not reflect what is happening in the daily clin-
ical practice [10–13]. Although real-world data typically do
not provide information on treatment intent or detailed dis-
ease features, the availability of these data sources describ-
ing the characteristics and outcomes of PCa patients
managed conservatively represents a unique opportunity
to fill knowledge gaps and complement the evidence com-
ing from randomized studies.

PIONEER is a European network of excellence for big data
in PCa that is part of the Innovative Medicine Initiative’s
(IMI’s) ‘‘Big Data for Better Outcomes’’ program [14]. The
overall aim of PIONEER is to improve PCa care across Europe
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through the application of big data analytics. Through a
broad stakeholder prioritization exercise including health-
care professionals, pharmaceutical companies, and PCa
patients, the PIONEER consortium identified this PCa
knowledge gap as a priority for all stakeholders. The aim
of this study is to describe the clinical characteristics and
long-term outcomes of PCa patients on conservative man-
agement by using an international large network of real-
world data.
2. Patients and methods

2.1. Study design, setting, and data sources

A retrospective cohort study based on eight electronic healthcare data

sources across Europe and the USA, including electronic health records

(EHRs), population-based registries, and insurance claims data, was con-

ducted. Full details about included data sources are provided in the Sup-

plementary material. This study was initiated during a dedicated

PIONEER study-a-thon (March 8–12, 2021) in collaboration with the

IMI European Health Data & Evidence Network (EHDEN) and the global

Observational Health Data Sciences and Informatics (OHDSI) community

using the OHDSI open science approach [15]. The aims of the study-a-

thon were to design a study protocol to characterize PCa patients under-

going conservative management and to evaluate the preliminary results.

Clinicians, patients, data scientists, and researchers converted data to the

Observational Medical Outcome Partnership (OMOP) Common Data

Model (CDM), ensuring consistent representation of clinical terms across

multiple coding systems and allowing for conducting analyses through a

federated model. The study group regularly met every week after the

study-a-thon to finalize the study protocol, which was then released

on the May 28, 2021 [16]. Prior to the analysis, all data partners obtained

institutional review board or equivalent governance approval. Repro-

ducibility 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 consented to the external

sharing of the result set on data.ohdsi.org.

2.2. Data sources

We performed the analyses across a network of observational EHRs

(MAITT [University of Tartu and STACC], Optum deidentified Electronic

Health Record Dataset, and Tufts Medical Center [TMC]) and

population-based registries based on insurance claims data (Columbia

University Irving Medical Center [CUIMC], IQVIA AmbulatoryEMR, IQVIA

OncoEMR, IQVIA PharMetricsPlus, and MarketScan), which were stan-

dardized into the OMOP CDM, version 5.3.1, and included records for

>100 000 000 individuals. Among those, we identified newly diagnosed

PCa cases (n = 527 311). The complete specification for the OMOP CDM is

available at https://ohdsi.github.io/CommonDataModel/cdm531.html.

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.

2.3. Study population and follow-up

During the PIONEER study-a-thon, three cohorts of patients were built.

More detailed cohort definitions and inclusion criteria are available in

the Supplementary material and the published protocol. In cohort 1,

adult men with newly diagnosed PCa were identified based on the first

diagnosis of PCa in their record (index date). Men had to have undergone
a prostate biopsy or a PSA test with a value of �50 ng/ml within 30 d of

the diagnosis. Men with a prior PCa diagnosis, a prostate dysplasia diag-

nosis, or prior exposure to PCa-specific drugs (androgen deprivation

therapy [ADT] and androgen agonist/inhibitor) within 365 d prior to

the index date were excluded. Men from cohort 1 who received curative

or palliative treatment for their PCa within 6 mo from the initial diagno-

sis were included in cohort 2 ‘‘immediate management’’. Those who did

not receive the treatment were included in cohort 3 ‘‘conservative man-

agement.’’ The index date for cohorts 2 and 3 was set at 6 mo after diag-

nosis. All cohorts were generated with a requirement of at least a 365 d

of lookback period prior to the PCa initial diagnosis date. Cohorts were

followed from their specific cohort index date to the earliest of death,

diagnosis with another malignancy (except for nonmelanoma skin can-

cer), or end of observation.

2.4. Covariates and outcomes of interest

Information on patient demographics and disease characteristics was

collected from 1 to 365 d prior to the index date. The data collected at

the index date included age, year, and country of diagnosis. The main

outcomes of our study were as follows: (1) ‘‘symptomatic progression,’’

which included PCa-specific events that were defined during the PIO-

NEER study-a-thon and included skeletal-related event, urinary reten-

tion, hydronephrosis or acute kidney failure, bowel obstruction, or

fatigue (European Organisation for Research and Treatment of Cancer

score >2); and (2) initiation of ‘‘palliative treatments’’ such as hormonal

manipulation, systemic therapy, surgical treatments, and palliative

radiotherapy following symptoms. We also assessed the distribution of

emergency department (ED) visits and hospitalizations as secondary

outcomes. Patients are followed up from the index date until death, diag-

nosis with another malignancy (except for nonmelanoma skin cancer),

or end of observation period.

2.5. Statistical analysis

Baseline patient demographics and disease characteristics at the time of

diagnosis were reported using medians and proportions for continuous

variables and categorical variables, respectively. The number of patients

who experienced the main study outcomes was quantified for each stra-

tum and the overall cohort. Kaplan-Meier analyses were used to esti-

mate the distribution of time to event data, namely, overall survival,

time to treatment initiation, time to symptomatic progression, hospital-

ization, and ED visit from the index date.

2.6. Stratifications

Men within cohort 3 were stratified based on preindex characteristics

determined a priori during the PIONEER study-a-thon based on their

clinical relevance and detailed in the study protocol.
3. Results

3.1. Baseline characteristics

Overall, 527 311 men with PCa (cohort 1) across eight data-
sets including records from >100 000,000 adult individuals
were identified. Among these, 123 146 were managed with
conservative treatment and included in cohort 3. Table 1
summarizes clinical characteristics of men in cohort 3. The
median age at diagnosis ranged from 63 to 73 yr across
the eight datasets evaluated. Comorbidity prevalence was
heterogeneous among men included in cohort 3. The most
common comorbidities were hypertension (35–73%), obe-

https://ohdsi.github.io/CommonDataModel/cdm531.html


Table 1 – Characteristics and baseline comorbidities (1 yr prior to index) of prostate cancer patients managed conservatively (conservative
management) after diagnosis in a network of databases across the USA and Europe

CUIMC
(n = 1743)

IQVIA
AmbulatoryEMR
(n = 17 834)

IQVIA
OncoEMR
(n = 207)

MAITT
(n = 163)

Marketscan
(n = 40 049)

Optum
(n = 27 525)

IQVIA
PharMetricsPlus
(n = 35 482)

TMC
(n = 143)

Year of diagnosisa 2013
(2001–
2018)

2017 (2014–2019) 2018 (2016–
2019)

2017
(2015–
2018)

2012 (2009–
2016)

2017 (2013–
2019)

2018 (2016–2019) 2016
(2015–
2019)

Age at diagnosis 68 (62–74) 68 (63–74) 73 (65–79) 70 (65–
76)

63 (59–72) 69 (63–74) 63 (58–67) 64 (59–
72)

Comorbidities
Total CVD events 56 (3.2) NR NR 11 (6.7) 1028 (2.6) 934 (3.4) 607 (1.7) NR
Type 2 diabetes 272 (16) 1925 (11) 36 (18) 29 (18) 8339 (21) 7651 (28) 6150 (17) 24 (20)
Hypertension 883 (51) 6254 (35) 97 (49) 119 (73) 23 028 (57) 19 223 (70) 21 387 (60) 89 (73)
Obesity 311 (18) 6404 (36) 33 (17) 15 (9.2) 4363 (11) 5814 (21) 7729 (22) 66 (54)
Anxiety 49 (2.8) 265 (1.5) 11 (5.5) 13 (8) 1492 (3.7) 1865 (6.8) 2753 (7.8) 14 (11)
Respiratory diseaseb 227 (13) 1376 (7.7) 28 (14) 24 (15) 6598 (16) 5360 (19) 4474 (13) 21 (17)
Other malignancies 231 (13) 532 (3) 39 (20) 9 (5.5) 5077 (13) 3312 (12) 1985 (5.6) 16 (13)
Stroke 16 (0.9) NR NR NR 311 (0.8) 269 (1) 168 (0.5) NR
VTE 22 (1.3) 139 (0.8) 5 (2.5) NR 595 (1.5) 548 (2) 510 (1.4) NR

Family historyc 56 (3.2) 1767 (9.9) 9 (4.5) NR 2286 (5.7) 2342 (8.5) 4138 (12) NR
PSA at diagnosis 4.2 (0.6–8) NR 7.6 (0.7–

148.9)
6.0 (1.6–
9.4)

NR NR NR 4.5 (1.6–
8.9)

cT stage
cT1 NR NR NR 25 (15) NR NR NR NR
cT2 NR NR NR 15 (9.2) NR NR NR NR
cT3–4 NR NR NR 6 (3.7) NR NR NR NR

Grade group (Gleason
score)
GG 1 NR NR NR 11 (6.7) NR NR NR NR
GG 2 NR NR NR 5 (3.1) NR NR NR NR
GG 3 NR NR NR NR NR NR NR NR
GG 4 NR NR NR NR NR NR NR NR
GG 5 NR NR NR NR NR NR NR NR

EAU risk category
Low risk NR NR NR NR NR NR NR NR
Intermediate risk NR NR NR 11 (6.7) NR NR NR NR
High risk NR NR NR 20 (12) NR NR NR NR

CUIMC = Columbia University Irving Medical Center; CVD = cardiovascular disease; EAU = European Association of Urology; GG = grade group;
MAITT = University of Tartu and STACC; NR = data not available or not reported by the data partner; Optum = Optum Clinformatics; PSA = prostate-specific
antigen; TMC = Tufts Medical Center; VTE = venous thromboembolism.
Data are reported as median (interquartile range) and n (%).
a Median (range).
b Prevalent asthma or chronic obstructive pulmonary disease.
c Family history of prostate cancer or history of selected germline mutations.
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sity (9.2–54%), and type 2 diabetes (11–28%). Overall,
hypertension was the most common comorbidity in all
age groups (Supplementary Table 2). Moreover, the preva-
lence of all comorbidities increased with age, except anxiety
and obesity, which instead had a negative trend. PSA values
were reported by four datasets (CUIMC, IQVIA OncoEMR,
MAITT, and TMC), and the median PSA varied between 3.9
and 7.6 ng/ml across datasets. Of men, <12% had a positive
family history for PCa. Information on disease characteris-
tics were available only for those in the MAITT dataset,
where the rates of cT2, grade group 1, and high-risk PCa,
Table 2 – Number of patients with prostate cancer who were managed wit
up

Curative treatment Palliative treatment

CUIMC 205 151
IQVIA AmbulatoryEMR 370 1341
IQVIA OncoEMR NR 34
MAITT 18 40
MarketScan 9822 5322
Optum 6701 4401
IQVIA PharMetricsPlus 8808 3819
TMC 12 5

CUIMC = Columbia University Irving Medical Center; ED = emergency departme
reported by the data partner; Optum = Optum Clinformatics; TMC = Tufts Medic
according to the EAU risk classification, were 9%, 7%, and
12%, respectively.
3.2. Outcomes

Table 2 depicts the number of patients who experienced
symptomatic progression, ED visits, and hospitalization,
and received palliative and curative-intent treatments.
Table 3 describes the number of patients who did not expe-
rience the event at different time points for all datasets. Fig-
ure 1 shows the free-to-outcome probability. The free-to-
h conservative management experiencing outcomes during the follow-

Symptomatic progression ED visit Hospitalization

275 424 487
1366 NR 47
16 NR NR
11 NR 74
5642 13 305 11 377
3834 7090 8507
3902 8303 8728
25 32 37

nt; MAITT = University of Tartu and STACC; NR = data not available or not
al Center.



Table 3 – Number of patients followed without an event at different time points

Index Year 1 Year 5 Year 10 Year 15 Year 20

Treatment Initiation
CUIMC 1743 (0) 1271 (170) 576 (273) 232 (297) 102 (310) 48 (310)
IQVIA AmbulatoryEMR 17 834 (0) 12 935 (938) 2652 (1550) 133 (1637) 1 (1640) 0 (1640)
IQVIA OncoEMR 207 (0) 98 (26) 13 (33) 2 (33) 1 (34) 0 (34)
MAITT 163 (0) 100 (31) 19 (54) 1 (54) 0 (54) 0 (54)
MarketScan 40 049 (0) 20 289 (8015) 3266 (10 870) 276 (11 079) 8 (11 091) 1 (11 092)
Optum 27 525 (0) 14 682 (5289) 2466 (7437) 218 (7599) 1 (7605) 0 (7605)

IQVIA PharMetricsPlus 35 482 (0) 17 866 (6776) 1056 (9258) 1 (9296) 0 (9296) 0 (9296)
TMC 143 (0) 108 (9) 46 (15) 2 (15) 1 (15) 0 (15)

Hospitalization
CUIMC 1743 (1) 1280 (186) 490 (389) 169 (454) 69 (478) 29 (485)
IQVIA AmbulatoryEMR 17 834 (0) 13 691 (27) 3007 (44) 166 (47) 1 (47) 0 (47)
MAITT 163 (0) 97 (37) 14 (74) 1 (74) 0 (74) 0 (74)
MarketScan 40 049 (0) 21 464 (6610) 3100 (10 798) 208 (11 344) 8 (11 376) 1 (11 377)
Optum 27 525 (17) 15 320 (4725) 2264 (8041) 168 (8494) 1 (8507) 0 (8507)

IQVIA PharMetricsPlus 35 482 (0) 18 632 (5653) 972 (8667) 1 (8728) 0 (8728) 0 (8728)
TMC 143 (0) 103 (15) 33 (36) 2 (37) 1 (37) 0 (37)

Symptomatic progression
CUIMC 1743 (0) 1380 (52) 604 (178) 223 (235) 93 (257) 36 (272)
IQVIA AmbulatoryEMR 17 834 (0) 13 319 (457) 2622 (1233) 122 (1363) 1 (1366) 0 (1366)
IQVIA OncoEMR 207 (0) 105 (12) 13 (15) 2 (16) 1 (16) 0 (16)
MAITT 163 (0) 122 (4) 28 (11) 2 (11) 0 (11) 0 (11)
MarketScan 40 049 (0) 24 673 (2227) 4128 (5042) 282 (5604) 9 (5642) 1 (5642)
Optum 27 525 (7) 17 533 (1632) 3100 (3521) 233 (3827) 1 (3834) 0 (3834)
IQVIA PharMetricsPlus 35 482 (0) 21 348 (1955) 1329 (3859) 1 (3902) 0 (3902) 0 (3902)
TMC 143 (0) 110 (6) 37 (24) 2 (25) 1 (25) 0 (25)

ED visit
CUIMC 1743 (1) 1281 (175) 493 (346) 169 (401) 63 (416) 21 (422)
MarketScan 40 049 (0) 21 113 (6888) 2498 (12 662) 128 (13 278) 4 (13 305) 1 (13 305)
Optum 27 525 (24) 15 982 (3618) 2423 (6703) 203 (7081) 1 (7090) 0 (7090)
IQVIA PharMetricsPlus 35 482 (0) 19 257 (4718) 946 (8232) 1 (8303) 0 (8303) 0 (8303)
TMC 143 (0) 105 (11) 37 (29) 2 (32) 1 (32) 0 (32)

Death
CUIMC 1743 (0) 1423 (14) 685 (34) 279 (52) 131 (55) 61 (60)
MAITT 163 (0) 126 (2) 33 (7) 1 (7) 0 (7) 0 (7)
TMC 143 (0) 115 (3) 50 (7) 2 (7) 1 (8) 0 (8)

CUIMC = Columbia University Irving Medical Center; ED = emergency department; MAITT = University of Tartu and STACC; Optum = Optum Clinformatics;
PSA = prostate-specific antigen; TMC = Tufts Medical Center.
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curative and palliative treatment probabilities decreased
during follow-up in all analyzed databases, with the highest
rate of change during the first 2–4 yr (up to 38%) and 12–16
yr (up to 42%) for curative and palliative treatment, respec-
tively. The decrease in the free-to-event probability was
more consistent for the other outcomes.

The rate of PCa-related symptomatic progression ranged
between 2.6% and 6.2% during the 1st year after diagnosis,
1.4% and 8.6% during the 2nd year, and 2.1% and 5.4% there-
after (Table 4). The rate of palliative treatment ranged
between 4.1% and 12% during the 1st year of follow-up,
1.9% and 3.7% during the 2nd year, and 3.1% and 14% there-
after. The most common events were hospitalization and ED
visit, with large differences between the year of follow-up
and database. The percentage of patients hospitalized var-
ied between 12% and 25% and between 12% and 25% during
the 1st and the 2nd years of follow-up, respectively. The
probability of ED visit ranged between 10% and 14% in the
1st year of follow-up and between 8.2% and 14% in the
2nd year of follow-up. The proportion of men who under-
went curative treatment after the first 12 mo from diagnosis
decreased during the follow-up in all datasets (from 1.4–
19% to 0.3–4.5%).

Owing to the lack of information on disease characteris-
tics in most of the available data sources, we had appropri-
ate data to perform subgroup analyses only for patients
stratified according to chronic obstructive pulmonary dis-
ease (COPD), type 2 diabetes mellitus (T2DM), obesity, and
age. Using Kaplan-Meier analyses, PCa patients with COPD
(Supplementary Fig. 1B) and T2DM (Supplementary
Fig. 1C) had the highest probability of ED visit and hospital-
ization, whereas obese men had the highest probability of
curative treatment and symptomatic progression in one
dataset (CUIMC) and of being hospitalized in the MarketS-
can, Optum, and PharMetricsPlus datasets (Supplementary
Fig. 1A). On the contrary, none of these comorbidities were
associated with overall survival (Supplementary Fig. 2).
Grouping patients by age, we observed that the oldest
men had the worst outcomes (palliative treatment, ED visit,
hospitalization, symptomatic progression, and overall sur-
vival) but the lowest probability of curative treatment (Sup-
plementary Figs. 3 and 4).
4. Discussion

Using the largest available patient-level cohort of men with
PCa undergoing conservative management, our study pro-
vides one of the first real-world evidence resources to
improve our understanding of the current landscape of the
disease in this setting. In addition, it represents the first
major attempt for in-depth characterization of men with
PCa undergoing conservative management at a large scale
aimed at answering one of the PIONEER research questions



Fig. 1 – Outcomes (curative and palliative treatment initiation, emergency department visit, hospitalization, and symptomatic progression) in the
conservative management cohort across the PIONEER network. Kaplan-Meier (KM) plots are presented only for databases with available information on
conservative management cohort. KM plots are censored at 20 yr. CUIMC = Columbia University Irving Medical Center; ED = emergency department;
MAITT = University of Tartu and STACC; Optum = Optum Clinformatics.
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prioritized by healthcare professionals, pharmaceutical
companies, and PCa patients.

Our findings are several-fold. First, we were able to char-
acterize PCa patients undergoing conservative manage-
ment, to describe the most common comorbidities and
their outcomes at intermediate-term follow-up. Men man-
aged with conservative treatment were in their late 60s or
early 70s, and on average, had several relevant comorbidi-
ties. This observation might be related to disease manage-
ment according to the most recent EAU and AUA
guidelines [4,5], where conservative management with
WW is recommended for men with PCa who have life
expectancy shorter than 10 and 5 yr, respectively. Previous
studies showed minimal benefit from local treatment in PCa
patients with limited life expectancy. Albertsen et al. [17]
analyzed 65-yr-old patients with PCa managed with conser-
vative treatment and showed that those with a Charlson
comorbidity index score of >2 were most likely to die of
other causes than PCa after 10 yr of follow-up. On the con-
trary, the authors of the SPCG-4 trial focusing on the age at
diagnosis reported an unclear advantage of surgery over
conservative management in cancer-specific and overall
mortality in PCa patients aged 65 yr or older in the pre-
PSA era [18]. Their results were also confirmed by Lu-Yao
et al. [8] using a population of 31 137 men receiving conser-
vative management for clinically localized (T1 or T2) PCa
diagnosed in the PSA-testing era.

Second, our data indicate a high level of heterogeneity in
comorbidity prevalence among these patients. Such hetero-
geneity may partially be explained by different geographic
regions data were obtained from and the different distribu-
tion of these comorbidities in each region/geography, differ-
ence in practice patterns across different regions, and the
heterogeneity in the capture of comorbidities in each data-



Table 4 – Frequency of outcomes during year 1 (0–365 d after index), year 2 (366–730 d after index), and year 3+ (731+ d after index) of follow-up
in the conservative management cohort across the PIONEER network

CUIMC
(N = 1743)

IQVIA AmbulatoryEMR
(N = 17 834)

MAITT
(N = 163)

MarketScan
(N = 40 049)

Optum
(N = 27 525)

IQVIA PharMetricsPlus
(N = 35 482)

0–365 d after index
Curative treatment
(%)

7.2 1.4 7.4 19 18 18

Symptomatic
progression (%)

3.4 2.6 NR 6 6.3 5.7

ED visit (%) 11 NR NR 18 14 14
Hospitalization (%) 12 0.15 25 18 18 16
Palliative treatment
(%)

4.1 4.1 12 8.9 11 7.4

366–730 d after index
Curative treatment
(%)

2.2 0.41 NR 4.1 4.5 4.4

Symptomatic
progression (%)

1.4 1.6 8.6 3 3.6 2.3

ED visit (%) 8.2 NR NR 14 9.7 8.7
Hospitalization (%) 7.2 0.1 17 8.8 9.8 7.1
Palliative treatment
(%)

2.9 1.9 NR 3.7 3.6 3

731+ d after index
Curative treatment
(%)

4.5 0.26 NR 4.5 4.4 3.1

Symptomatic
progression (%)

5.4 2 4.9 4.4 4.6 2.1

ED visit (%) 22 NR NR 23 16 9
Hospitalization (%) 24 0.1 17 17 17 7
Palliative treatment
(%)

15 3.5 3.1 8.7 6.8 3.1

CUIMC = Columbia University Irving Medical Center; ED = emergency department; MAITT = University of Tartu and STACC; NR = data not available;
Optum = Optum Clinformatics.
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base. Differences in the intent of conservative management
can also explain the heterogeneity observed in the distribu-
tion of comorbidities observed in our study. That being said,
the most common comorbidities were hypertension, obe-
sity, and T2DM, which are some of the most frequent
pathologies in western elderly men [19–22].

Third, the risk of curative and palliative treatments var-
ied substantially during follow-up and was higher during
the first years after diagnosis. By contrast, the event-free
rate for PCa-related symptoms and progression, ED visits,
and hospitalization decreased consistently over the
follow-up. This would provide important information for
patient counseling to clinicians who are proposing conser-
vative management as an alternative option to PCa patients.
Moreover, our findings highlight that the probability of
experiencing PCa-related symptomatic progression is still
consistent >5 yr after diagnosis with consequent implica-
tions for tailoring follow-up protocols in this setting. Our
findings also highlight differences after grouping by age.
The frequency of curative and palliative treatment was,
respectively, lowest and highest in the oldest patients. In
this context, Lu-Yao et al. [8] showed how the risk of treat-
ment varied according to patient age, with lower 15-yr risk
of curative treatment for patients �75 yr old than for
patients aged 65–74 yr. On the contrary, they reported the
highest 15-yr risk of ADT in the oldest population.

Finally, we evaluated how long-term outcomes of PCa
patients on conservative management vary, according to
prespecified individual patients’ characteristics. We found
that the oldest patients had the highest risks of ED visit,
hospitalization, and symptomatic progression, and the
worst overall survival. Likewise, our data show that patients
with COPD and T2DM had the highest risks of hospitaliza-
tion and ED visit. It is likely that these results may be
explained by the well-known association of these patholo-
gies with the highest risk of complications [21,22]. Taken
together, these observations might reflect the clinician
choice to offer WW to old and comorbid patients, who
therefore would be at a higher risk of symptomatic progres-
sion and would be considered for palliative approaches. By
contrast, younger men without comorbidities would typi-
cally be included in AS programs. These individuals could
be considered for curative-intent treatments at the time of
disease progression.

Our findings demonstrate for the first time that PIONEER
offers a unique opportunity to systematically assess the sta-
tus of real-world evidence in PCa and that this large project
can answer specific research questions prioritized by key
stakeholders. Indeed, this represented the first attempt in
using large-scale real-world data to gain insight into a clin-
ically important question on the management of PCa. The
study provided meaningful insights into the potential value
and limitations of real-world data, the importance of an evi-
dence quality framework to ensure generation of reliable
and valid evidence that can inform clinical decision-
making. The results of the study also highlight the need
for an in-depth large-scale assessment of the natural history
and treatment pathways of men with PCa. This ongoing
effort will complement the findings from the current study,
and provide further insights into the patterns of care for PCa
across geography and the impact of different treatment
strategies in patients’ outcomes.

Despite several strengths, there are some limitations that
need to be considered. This study has been performed using



E U R O P E A N U R O L O G Y 8 5 ( 2 0 2 4 ) 4 5 7 – 4 6 5464
data recorded in a collection of EHRs, claims, and tumor reg-
istries. Lack of details for cancer attributes such as PSA
levels, Gleason score, and clinical stage at the time of PCa
diagnosis precluded us from further investigation of
patients’ characteristics and outcomes according to disease
characteristics. Of note, longitudinal data on PSA level and
other disease features are typically available only within
EHR systems. Since most of the data in this study are com-
ing from large administrative claims, we were unable to
retrieve this information and stratify patients accordingly.
Similarly, a lack of information on treatment intent and
the difficulty in distinguishing WW from AS represent
major limitations of the study. Indeed, due to the retrospec-
tive nature of our study design and the use of population-
based data, treatment intent upon PCa diagnosis was not
generally captured. As such, identification of patients who
were initially treated with conservative management (co-
hort 3) was based on the lack of events (drugs, observations,
or procedures indicative of immediate PCa treatment) fol-
lowing PCa diagnosis. Moreover, medical conditions may
also be underestimated as these were based on the presence
of condition codes, with the absence of such a record taken
to indicate the absence of a disease. Finally, due to the nat-
ure of the real-world data, we could not describe the follow-
up duration for patients without an event.

5. Conclusions

Our results allow us to better understand the current land-
scape of patients with PCa managed with conservative
treatment. PIONEER offers a unique opportunity to charac-
terize for the first time the baseline features and outcomes
of PCa patients managed conservatively using real-world
data.
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