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Background: Metastatic prostate cancer (PCa) constitutes ~5% of all new PCa diagnoses in Western countries. For most cases,
primary consideration should be given to systemic therapies as the first-line approach based on evidence from randomized
controlled trials (RCTs). Despite the importance of RCTs as the pinnacle of evidence in modern medicine, concerns have been raised
about their applicability to real-life scenarios. These trials often feature participants who are younger with better performance statuses
and prognoses compared to their real-world counterparts. The PIONEER project falls under the Innovative Medicine Initiative’s (IMI)
“Big Data for Better Outcomes” initiative, aimed at revolutionizing PCa care in Europe. The central focus lies in improving cancer-
related outcomes, enhancing health system efficiency, and elevating the quality of health and social care. This study endeavours to
evaluate the generalizability of RCT findings concerning newly diagnosed metastatic PCa.
Methods: A systematic review of the literature will be conducted to compile patient characteristics from RCTs addressing this
subject within the past decade. To create a real-world benchmark, patients with recently diagnosed metastatic PCa from a network
of population-based databases will serve as a comparison group. The objective is to assess the applicability of RCT results in two
ways. First, a comparison will bemade between the characteristics of patients with newly diagnosedmetastatic PCa enroled in RCTs
and those with the same condition included in our databases whichmight represent the real-world setting. Second, an evaluation will
be undertaken to determine the proportion of real-world patients with newly diagnosedmetastatic PCawhomeet the criteria for RCT
enrolment. This study will rely on extensive observational data, primarily sourced from population-based registries, electronic health
records, and insurance claims data. The study cohort is established upon routinely gathered healthcare data, meticulously mapped
to the Observational Medical Outcomes Partnership Common Data Model.
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Rationale and background

Prostate cancer (PCa) is the second most common solid tumour
and the second leading cause of cancer deaths in men
worldwide[1,2]. The widespread adoption of early detection
strategies based on prostate-specific antigen (PSA) led to an

increase in PCa incidence and a stage migration phenomenon,
with more indolent PCa being detected and fewer cases of
metastatic PCa being diagnosed in the USA and Europe[3].
However, metastatic PCa still accounts for more than 5% of all
new PCa diagnoses in Western countries[4]. The updated guide-
lines recommend offering androgen deprivation therapy (ADT)
combined with androgen receptor pathway inhibitors and/or
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chemotherapy as first-line therapy for these patients[5,6]. These
recommendations are based on the results of randomized con-
trolled trials (RCTs) which demonstrated a survival benefit of this
therapeutic approach[7–18]. Of note, RCTs represent the highest
hierarchical level of evidence based on a single experiment[19].
These studies are designed to determine the efficacy of an inter-
vention under idealized and controlled circumstances including
strict adherence to structured protocols, the use of restrictive
inclusion and exclusion criteria, and patient randomization[20].
For RCTs to be clinically useful, their results must also be
applicable to a defined group of patients in a specific therapeutic
setting in the real-life scenario; this is known as external validity
(or generalizability)[20]. The generalizability of RCTs has been
called into question[20–22]. Indeed, a literature review found that
less than 40% of cancer patients would be eligible for RCTs[21].
Indeed, patients included in RCTs are often younger, healthier
and with a less aggressive cancer than those with the same disease
in the real-world scenario[20–22]. Moreover, RCTs are typically
carried out in high-volume centres, which might not reflect what
is happening in the daily clinical practice[20–22]. This hypothesis
has been tested and demonstrated only for few cancers[21], and
never for PCa. In the face of such a paucity of data, the PIONEER
Consortium, which is a novel project of the Innovative Medicine
Initiative’s (IMI’s) “Big Data for Better Outcomes” programwith
the mission to transform PCa care with particular focus on
improving cancer-related outcomes, health system efficiency and
the quality of health and social care across Europe. The EAU
Prostate Cancer Guideline panel and other PCa Key Opinion
Leaders were consulted to propose the most critical questions in
the field of PCa to be answered using big data. Through this
process, 44 key questions were identified. Afterwards, the
PIONEER consortium conducted a two round Delphi survey to
build consensus between the two stakeholder groups: healthcare
professionals (including representatives from pharmaceutical
companies) and PCa patients. Respondents were asked to con-
sider what impact answering the proposed questions would have
on better diagnosis and treatment outcomes for PCa, while
scoring these questions [on a scale of 1 (not important) to 9
(critically important)]. The results were analyzed by calculating
the percentage of respondents scoring each question as not
important (score 1–3), important (score 4–6) or critically
important (score 7–9). A modified Delphi Methods was then
adopted for this prioritization process to build consensus among
the participants. In the second round, participants were shown a
summary of the percentage of other participants’ (patients and
healthcare professionals) who considered the question “critically
important” in round one. Among the identified clinical questions,
the following ones aimed at evaluating the generalizability of
RCTs on newly diagnosed metastatic PCa were prioritized: “Can
we integrate data coming from randomized trials into popula-
tion-based and prospective cancer registries?” and “Are results
obtained using currently available data sources generalizable to
all PCa patients?”[23].

Objectives

This study aims to evaluate the external validity of RCTs on
newly metastatic PCa. In detail, this study aims:
(1) To compare the characteristics of patients with newly

diagnosed metastatic PCa who were enroled in RCTs

with those of patients with this disease in the real-world
setting;

(2) To assess the proportion of real-world patients with newly
diagnosed metastatic PCa who would have been eligible for
RCT inclusion following the application of RCT selection
criteria.

Hypotheses

The null hypothesis of this study is that there is no difference in
the characteristics of patients with newly metastatic PCa enroled
in RCTs and those with the same condition in real-world settings.

Methods

Data sources

The study will rely on large observational data, namely popula-
tion-based registries, electronic health records (EHR) and insur-
ance claims data (Table 1). The data will be analyzed using a
federated model, where the data remain with the data custodians
and only the analysis results are shared and published. Case series
will not be considered.

Study design

The study will take place in two steps. First, we will perform a
systematic review of the literature to identify studies reporting the
results of RTCs on newly diagnosed metastatic PCa. We will
collect demographics and clinical characteristics of the patients
included in the RCTs and selection criteria used by each RCTs
reviewing the original protocol published with the full manuscript
or in ClinicalTrials.gov. Second, we will identify patients with
newly metastatic PCa in an observational cohort based on rou-
tinely collected healthcare data which has been mapped to the
ObservationalMedical Outcomes Partnership (OMOP) Common
Data Model (CDM). Patients’ demographics and clinical char-
acteristics at or prior to index date (defined below) and treatments
of these individuals at or after their index date will be described
(clinical characterization). Then, we will compare demographics
and clinical characteristics of these patients with the character-
istics of patients who were enroled in the selected RCTs. Finally,
we will assess the proportion of patients in out cohort with newly
diagnosed metastatic PCa who would have been eligible for RCT
inclusion following the application of RCTs’ selection criteria.

HIGHLIGHTS

• Most patients with metastatic prostate cancer (PCa) at
diagnosis are typically managed with systemic therapy
based on findings from randomized controlled trials
(RCTs).

• The generalizability of RCTs has been called into question.
• Our study will evaluate the generalizability of RCTs

findings concerning newly diagnosed metastatic PCa.
• We aim at identifying areas for further research and

improve the interpretation and application in daily clinical
practice of the RCTs findings.
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Table 1
Data sources formatted to the OMOP CDM with prostate cancer patients to be included in the PIONEER Study-a-thon as of April 2021a.

Source full name
Country
code

Data
provenance

Source
short name Patient count History Patient type Data collection

Optum de-identified
Electronic Health Record
Dataset

USA EMR Optum EHR
- EMR, US

96 million -2006 EHR/Privately Insured Optum© de-identified Electronic Health Record Dataset
represents Humedica’s Electronic Health Record data a
medical records database. The medical record data includes
clinical information, inclusive of prescriptions as prescribed
and administered, lab results, vital signs, body
measurements, diagnoses, procedures, and information
derived from clinical Notes using natural language processing
(NLP).

CDW Bordeaux University FRA EHR Bordeaux ~6700 Electronic Health Records
- 1.8M persons
- Malignant prostate cancer
- 6700 persons (ICD-10 code: C61) •40% dead (in or out-
hospital death)

- Hospital treatments: Surgery, Radiation therapy, Hormone
therapy, Chemotherapy, Active surveillance /Watchful
waiting

Netherlands Cancer registry NLD IKNL 295 000 The NCR compiles clinical data of all individuals newly
diagnosed with cancer in the Netherlands. Cancer
registration clerks register newly diagnosed cancer patients
since 1989 on a national basis. Over the past 30 years, this
registry has provided clinicians and researchers with a wealth
of clinical data (e.g. stage and primary treatment) on cancer
patients of all ages. See https://iknl.nl/en for more
information.

MAITT (University of Tartu
and STACC)

EST EHR, insurance
claims,

prescriptions

MAITT ~17 000–18 000 2012–2019 10% random sample from Estonian population
- All 2012–2019 records of the sample from three data
sources:
◦ Digital Prescription database of Estonia -> 99% of all
prescriptions

◦ Insurance claims from national Health Insurance Fund
(EHIF) -95% of Estonian people are insured by EHIF

◦ EHR from national centre Health Information System
(HWISC) - central repository for electronic health records
(EHR)

- Counts: ~150 000 persons all together and ~1700 patients
with prostate cancer (ICD-10 diagnosis code C61)

Medaman NDL Medaman 3130 Pathology, Procedures, selected lab
results from 2016–present.

Medications from 2020–present

“Co-ordinating and supporting Belgian hospitals during
standard real-world data coding and bi-annual official
reporting to Federal Ministry of Health

Organising hospital-based Clinical Documentation Improvement
initiatives

Data analysis
Data visualization (Tableau)
Hospital data:
Emergency department
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One-day care
Hospital stay”

Durham Veterans Affair
Medical Center

USA DVAMC millions VA OMOP data reflects the national Department of Veterans
Affairs healthcare system, which is the largest integrated
provider of medical and mental health services in the United
States. Care is provided at 170 VA Medical Centers and 1063
outpatient sites serving more than 9 million enroled Veterans
each year.

Epic Legacy Columbia
University Irvine Medical
Center (CUIMC) MERGE

USA CUIMC 6 666 613 General practice electronic health records, outpatient specialist
electronic health records, inpatient hospital electronic health
records, hospital billing/summary

TUFTS Medical Center USA EHR, Tumour
Registry, State
vital statistics.

TRDW ~1 000 000 2007–present Adult and paediatric patients who receive
care in inpatient or outpatient settings that

are part of Tufts MC.

Data are collected from multiple EHR sources including a
oncology-specific EHR, and fused with information on the same
patients from the CoC-accredited Tufts Tumour Registry (using
mappings from the NAACCR format to OMOP) and with current
death data from the Massachusetts Registry of Vital Records
and Statistics. NLP is used to collect and standardize concepts
from unstructured sources in the EHR on a variety of symptoms,

measurements (e.g. echocardiogram-derived
measures of heart function).

Clinical Practice Research
Datalink (CPRD)

USA CPRD 58 603 Electronic health records from primary care. Data includes
conditions, observations, measurements, and procedures
that the general practitioner is made aware of in additional to
any prescriptions as prescribed by the general practitioner.

MarketScan USA MarketScan Commercial Claims and Encounters, Medicare Supplements
captures person-specific clinical utilization, expenditures,
and enrolment across inpatient, outpatient, prescription drug,
and carve-out services from a selection of large employers,
health plans, and government and public organizations.

OPTUM claims USA EMR OPTUM
claims

651 765 Optum© de-identified Electronic Health Record Dataset
represents Humedica’s Electronic Health Record data a
medical records database. The medical record data includes
clinical information, inclusive of prescriptions as prescribed
and administered, lab results, vital signs, body
measurements, diagnoses, procedures, and information
derived from clinical notes using natural language processing
(NLP).

IQVIA OpenClaims USA OpenClaims A United States database of open, pre-adjudicated claims from
January 2013 to May 2020. Data are reported at anonymized
patient level collected from office-based physicians and
specialists via office management software and
clearinghouse switch sources for the purpose of
reimbursement. A subset of medical claims data have
adjudicated claims.
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Table 1

(Continued)

Source full name
Country
code

Data
provenance

Source
short name Patient count History Patient type Data collection

IQVIA OncoEMR USA OncoEMR Oncology EMR US is comprised of anonymized patient records
collected from electronic health records in oncology specialty
hospital setting. Data coverage includes 1.36M patients,
14.8K providers and 552 care sites with outpatient visit.
Dates of service include from 1997 through present.
Observation time is defined by the first and last consultation
dates. Drugs are captured as prescription records with
product, quantity, dosing directions, strength, indication and
date of consultation.

IQVIA PharMetrics Plus USA Pharmetrcis
Plus

PharMetrics Plus (PMTX+ ) US is comprised of anonymized
patient records collected from adjudicated claims (accepted
and paid by the payer). Data coverage includes 145M
patients across inpatient, outpatient, ER, Pharmacy,
Laboratory, Ambulance, Home, Telehealth and Non-hospital
visits, covering 12.8% of the national population. Dates of
service include from 2006 through present. Observation time
is defined by the first and last consultation dates. Drugs are
captured as prescription records with product, quantity,
dosing directions, strength, indication and date of
consultation.

Information System for
Research in Primary Care
(SIDIAP)

ESP SIDIAP 26 000 The Information System for Research in Primary Care (SIDIAP;
www.sidiap.org) is a primary care records database that
covers ~80% of the population of Catalonia, North-East
Spain. Healthcare is universal and tax-payer funded in the
region, and primary care physicians are gatekeepers for all
care and responsible for repeat prescriptions.

aThis does not represent the final list and more databases might be included if they are deemed suitable for the purpose of the study.
EMR, electronic medical records; IKNL, Integraal Kankercentrum Nederland; NCR, Netherlands Cancer Registry; DVAMC, durham veterans affair medical center; TRDW, tufts research data warehouse
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RCT identification and evaluation

A systematic review of the literature will be conducted using the
PubMed/MEDLINE, Cochrane library’s Central, EMBASE, and
Scopus databases.Wewill search from January 2013 up to 1 June
2023. This time frame was chosen because all the relevant RCTs
providing level 1 evidence on novel systemic therapies in addition
to androgen deprivation in metastatic hormone-sensitive PCa
have been published since 2015. Research terms that will be used
for the research are the following: “(prostate cancer OR prostate
adenocarcinoma) AND (metastatic)”. Then, we will select only
original articles reporting results from RCTs and we will exclude
studies reporting results from the same RCT. We will collect the
following patients’ demographics and clinical characteristics:
• Age
• Race
• BMI
• Charlson comorbidity index
• Performance status (ECOG)
• Cardiovascular diseases
• Chronic kidney injury
• Liver diseases
• PSA
• Gleason score
• Extra-prostatic localization (pelvic lymph nodes, bone, others)
The published manuscript, supplementary files and

ClinicalTrials.gov will be used to collect inclusion and exclusion
criteria of each RCTs and other information such as:
• Drugs evaluated in the RCT
• Number of arms of the RCT
• Number of patients evaluated
• Number of patients included (overall and in each arm)
• Hospital setting (academic, non-academic)
• Country

Target cohorts

Newly metastatic PCa will be identified in the predefined data
sources as adult patients with newly diagnosed metastatic PCa
with at least 365 days of prior observation. The following will be
the inclusion criteria:
• Male adults (age≥ 18)
• No other primary cancer except for non-melanoma skin

cancer any time prior to index and within 30 days of index
• At least a diagnosis of metastatic disease (index date)
• At least one diagnosis of PCa dx with first PCa dx between

3 months prior and 1 month after INDEX (90 days prior or to
30 days to index)

• no history of PCa or prostate dysplasia within 365 days prior
to index

• no drug exposure to ADT or androgen agonist/inhibitor
within 365 days prior to index

Features of interest

Wewill identify the following patients’ demographics and clinical
characteristics in the target cohort as assessed during the year (− 1
to − 365 days) pre-index date (PCa diagnosis):
• Age
• Race
• BMI
• Charlson comorbidity index

• Performance status (ECOG)
• Cardiovascular diseases
• Chronic kidney injury
• Liver diseases
• Bone marrow failure
• Adrenal insufficiency
• Diagnosis of HIV
• PSA
• Gleason score
• Extra-prostatic localization (lymph nodes, bone, central ner-

vous system, others)
We will identify the treatment of the patients included in our

cohort at or after their index date (0–365 days). This will be
categorized as ADT alone, ADT plus radiotherapy, ADT plus
androgen receptor targeted agents (ARTA), ADT plus che-
motherapy, and ADT plus ARTA plus chemotherapy.

Analysis: characterizing cohorts

All analyses will be performed using code developed for theOHDSI
Methods library. A diagnostic package built off the OHDSI Cohort
Diagnostics (https://ohdsi.github.io/CohortDiagnostics/) library, is
included in the base package as a preliminary step to assess the
fitness of use of phenotypes on your database. If a database passes
cohort diagnostics, the full study package will be executed. Baseline
covariates will be extracted using an optimized SQL extraction
script based on principles of the Feature Extraction package (http://
ohdsi.github.io/FeatureExtraction/) to quantify Demographics,
Condition Group Eras, and Drug Group Eras Additional cohort-
specific covariates will be constructed using OMOP Standard
Vocabulary concepts. At the time of executing Feature Extraction,
the package will create a data frame in which individuals’ age will
be extracted. Individuals’ medical conditions, procedures, mea-
surements and medications will be summarized (1) over the year
prior to their index date (−365 to 1 day), 2) at index date (0 day).
Number and proportion of persons with feature variables during
time-at-risk windows will be reported. Standardized mean differ-
ences (SMD) will be calculated when comparing characteristics of
study cohorts, with plots comparing the mean values of char-
acteristics for each of the characteristics (with the colour indicating
the absolute value of the standardized difference of the mean).

Baseline disease characteristics at diagnosis will be reported
using medians and proportions for non-normally distributed
continuous variables and categorical variables, respectively.

Wewill compare the sample size of each studywith the number
of patients with newly diagnosed metastatic PCa identified in our
cohort. Patient characteristics will be compared between patients
included in the selected RCTs and those identified in our cohort
using the Wilcoxon rank-sum and Fisher’s exact test for con-
tinuous and categorical variables, respectively. Finally, we will
assess the proportion of patients in our cohort who would have
been eligible for RCT inclusion following the application of
RCTs’ inclusion/exclusion criteria.

Since available datasets may not represent the general popu-
lation distribution because they may be affected by selection
biases, additional analyses will be performed. Indeed, some of
these databases are commercial claims databases containing data
from insured individuals. Since the majority of these are active
workers, the older part of the population could be under-
represented. Therefore, we will repeat our analysis in two dif-
ferent ways:

Gandaglia et al. International Journal of Surgery Protocols (2024)

69

https://iknl.nl/en
http://ohdsi.github.io/FeatureExtraction/
http://ohdsi.github.io/FeatureExtraction/


• Using subpopulations of randomly selected patients that
match the US male population in terms of age distribution
(median and interquartile range). Then, from this subpopula-
tion, newly diagnosed metastatic PCa patients will be selected
and we will compare their characteristics with those of
patients included in the RCTs.

• Using a post-stratification weights method[24]. First, we
stratify our dataset population by age (e.g. <45 years,
46–55 years, 56–65 years, 66–75 years, and > 75 years) and
calculate the age group distribution. Using the male census
data, we get the age group distribution in the US male
population. We calculate the weights for each age group by
dividing the proportion of that age group in the US population
by proportion of that age group in our dataset. Then, we
perform weighted analyses for the variables of interest.

Logistics of executing a federated analysis

Sites will run the study analysis package locally on their data
coded according to OMOP CDM. Only aggregate results will be
shared with the study coordinator. Result files will be auto-
matically staged into a ZIP file that can be transmitted using the
OhdsiSharing R Library (http://ohdsi.github.io/OhdsiSharing/)
or through a site’s preferred SFTP client using a site-specific key
provisioned by the OHDSI Study Coordinator. Local data
stewards are encouraged to review study parameters to ensure
minCellCount function follows local governance. At a minimum,
it is encouraged to keep this value to greater than 5 to avoid any
potential issues with re-identification of patients. (Note: covari-
ates are constructed using controlled ontologies from the OMOP
standard vocabularies though some labels may be replaced with
publication-friendly labels due to space restrictions of the sub-
mitting journal).

Sample size and study power

This study is undertaken using routinely collected data, all
patients meeting the eligibility criteria above are included. No
formal sample size and power calculation is performed.

Strengths and limitations

Strengths

The study will provide useful information on the generalizability
of RCTs on newly diagnosed metastatic PCa using as a reference
a large patient-level cohort of PCa patients, that should represent
the real-life scenario. Indeed, data will be obtained from multiple
centres and providers from at least five countries and two con-
tinents. Lastly, the use of routinely collected data from multiple
sources maximizes the external validity and generalizability of the
findings.

Limitations

This study is carried out using data recorded in a collection of
EHR, claims and tumour registries. As with any healthcare
database used for secondary data analysis, the patient records
might be incomplete in many respects and may have had erro-
neous entries, leading tomisclassification of study variables. Data
regarding diagnosis of PCa, treatments, pathology and lab results
or baseline covariates prior to enrolment within the database may
not be available. PCa specific characteristics such as stage or

grade at diagnosis or the extent of the disease ormutational status
of genes implicated in PCa are not readily available in some of the
EHR and claims databases. Treatment provided in hospitals or
any other setting outside each participating institution is not
included. The available datasets may not represent the general
population distribution because they may be affected by selection
biases. Indeed, some of the available databases are commercial
claims databases containing data form of insured individuals.
Since themajority of these are active workers, the older part of the
population could be underrepresented. For this reason, we will
perform supplementary analyses as listed above. Medical condi-
tions may be underestimated as they will be based on the presence
of condition codes, with the absence of such a record taken to
indicate the absence of a disease. Meanwhile, medication records
indicate that an individual was prescribed or dispensed a parti-
cular drug, but this does not necessarily mean that an individual
took the drug as originally prescribed or dispensed. A formal
sample size and power analysis are not feasible due to the nature
of the data and our hypothesis. Our data sources do not provide
information regarding the hospital setting (e.g. academic vs.
community hospital) where patients were treated. This prevents
us from performing supplementary analyses on patients treated in
a specific setting. Patient race is not commonly reported in our
database, and therefore this characteristic cannot be compared
between patients enroled in RCTs and those identified in our
cohort. Finally, we cannot exclude that a minority of the patients
included in the identified data sources might have been already
included in RCTs. Therefore, they might have received therapies
which were not considered as standard of care at the time of
assessment.

Protection of human subjects

The study uses only de-identified data. Confidentiality of patient
records will be maintained at all times. Data custodians will
remain in full control of executing the analysis and packaging
results. There will be no transmission of patient-level data at any
time during these analyses. Only aggregate statistics will be
captured. Study packages will contain minimum cell count
parameters to obscure any cells which fall below allowable
reportable limits. All study reports will contain aggregate data
only and will not identify individual patients or physicians.

Management and reporting of adverse events and
adverse reactions

According to the new guidelines for good pharmacovigilance
practice (EMA/873138/2011)[25] and ISPE[26], there is no
requirement for expedited reporting of adverse drug reactions
from studies with secondary use of data (such as electronic
healthcare databases).

Plans for disseminating and communicating study
results

The results of the study will be presented at international
Urological meetings in the form of abstracts. The final results will
be published as full-text paper in an international peer-reviewed
urological journal.
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Results of this study will be published following guidelines,
including those for authorship, established by the International
Committee of Medical Journal Editors[27]. When reporting
results of this study, the appropriate Strengthening the Reporting
of Observational Studies in Epidemiology checklist will be
followed[27].
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