
Prostate cancer is the most common cancer 
in men by incidence in Europe, with 450,000 
new cases diagnosed in 2018 (refs1,2). 
However, across Europe, prostate cancer 
incidence varies five- fold, with the highest 
incidence in Northern and Western Europe, 
and the lowest in Central and Eastern 
Europe; the estimated incidence is highest 
in Ireland (189.3 per 100,000 men), whereas 

are approximately €117 million in the UK. 
The figure is two- fold to three- fold higher 
in France and Germany, possibly owing to 
variations in care protocols and reflecting that 
primary care costs are not included in UK 
values1. Furthermore, the economic burden 
associated with prostate cancer is predicted 
to dramatically increase in the coming 
years, owing to ageing of the population, 
as ~85% of all cases of prostate cancer are 
diagnosed in men aged >65 years2–4. Despite 
these numbers, the amount of funding for 
prostate cancer research has historically been 
relatively low — for example, in 2018–2019, 
Cancer Research UK spent £13 million on 
prostate cancer research out of their total 
annual budget of £442 million, whereas 
in the same year £28 million was spent on 
breast cancer research5. Thus, progress in 
prostate cancer research is limited compared 
with other major cancer types2; for example, 
mortality statistics published by Cancer 
Research UK indicate that breast  
cancer mortality has been steadily declining 
since the 1970s, whereas prostate cancer 
mortality is still on the rise, increasing by 
around 18% in the UK over the same period.

Currently, a number of critical questions 
remain unresolved regarding the screening, 
diagnosis and treatment of prostate cancer, 
which relate to the epidemiology of the 
disease. First, prostate cancer incidence is 
variable across different European countries 
(37–189 per 100,000)2. The differences in 
prostate cancer incidence in men of different 
racial and ethnic backgrounds suggest the 
involvement of genetic factors. For example, 
a study from the UK indicates that the 
age-adjusted incidence rates for prostate 
cancer were 647 per 100,000 among men of 
African or Caribbean heritage, whereas the 
inci dence was much lower among Europeans  
(213 per 100,000) and South Asians (199 per  
100,000)6. However, environmental factors 
can also be implicated, as differences in 
incidence are also observed among men 
of the same genetic heritage who live in 
different European countries2. Furthermore, 
inequalities in prostate cancer survival are 
also observed across the European Union, 
where Estonia and Latvia have the highest 
mortality (37.3 per 100,000 and 35.7 per 
100,000, respectively), whereas mortality 

Albania (37 per 100,000) and Romania  
(47.2 per 100,000) have the lowest inci-
dence2. In 2018, the estimated numbers of 
men who died from prostate cancer were 
107,300 for Europe (40 European countries) 
and 81,500 for the 28 member countries 
of the European Union2. Total annual 
estimated costs for the treatment of prostate 
cancer in the first year following diagnosis 
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Abstract | Prostate Cancer Diagnosis and Treatment Enhancement Through the 
Power of Big Data in Europe (PIONEER) is a European network of excellence for big 
data in prostate cancer, consisting of 32 private and public stakeholders from  
9 countries across Europe. Launched by the Innovative Medicines Initiative 2 and 
part of the Big Data for Better Outcomes Programme (BD4BO), the overarching 
goal of PIONEER is to provide high- quality evidence on prostate cancer 
management by unlocking the potential of big data. The project has identified 
critical evidence gaps in prostate cancer care, via a detailed prioritization exercise 
including all key stakeholders. By standardizing and integrating existing 
high- quality and multidisciplinary data sources from patients with prostate cancer 
across different stages of the disease, the resulting big data will be assembled into 
a single innovative data platform for research. Based on a unique set of 
methodologies, PIONEER aims to advance the field of prostate cancer care with a 
particular focus on improving prostate- cancer- related outcomes, health system 
efficiency by streamlining patient management, and the quality of health and 
social care delivered to all men with prostate cancer and their families worldwide.
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is the lowest in Spain and Italy (13.2 per 
100,000 and 10.7 per 100,000, respectively)2.

A variety of risk factors have been 
investigated for prostate cancer, including 
metabolic syndrome, obesity, diet and 
genetics7. However, the evidence regarding 
specific risk factors for prostate cancer 
remains inconclusive and, importantly, 
knowledge is lacking regarding patient 
characteristics, including molecular 
characterization, for optimal stratification 
of patients at the time of diagnosis7. Several 
diagnostic and prognostic tests for prostate 
cancer based on molecular biomarkers 
have emerged. These include Oncotype 
Dx Prostate, Prolaris, Decipher, Decipher 
PORTOS and ProMark8. The variety of 
different biomarkers and related tests that 
have become available have created the 
challenge of how to assess and prioritize 
these biomarkers9. Moreover, the variable 
pattern of prostate cancer screening and 
serum PSA testing across countries hinders 
a meaningful interpretation of available 
epidemiological studies on the main risk 
factors for prostate cancer. Lithuania is 
among the few countries in the world 
with a national prostate cancer screening 
programme, which has been running since 
2006 (ref.10). However, prostate cancer 
screening is one of the most controversial 
topics in urology, as thresholds for screening 
frequency and interval vary, and serum PSA 
thresholds for biopsy differ across studies11. 
This lack of knowledge means that safe 
identification of the candidates for active 
surveillance is suboptimal and predicting 
which patients will respond to specific 
treatments remains difficult7,12.

Meaningful engagement of all key 
stakeholders — including clinicians, 
pharmaceutical companies, payers, and — 
most importantly — patients13,14 is required 
to define the most important unanswered 
questions in prostate cancer research. 
However, active engagement of patients in 
the planning and execution of research is 
lacking, as the traditional health system does 
not facilitate active patient engagement; 
thus, research findings and priorities might 
not reflect outcomes that are important from 
a patient perspective15.

Furthermore, knowledge gleaned from 
clinical practice, including knowledge 
informed by real- world data, is not 
effectively implemented, with variability 
within and across European countries, 
as real- world data are stored in different 
formats (for example, electronic health 
records and patient registries)16. PIONEER 
will collect an array of data from a 
variety of sources, including different 

prospective and retrospective cohorts, 
patient registries, electronic health records, 
clinically recorded imaging data, patient 
encounters, problem lists containing 
information about the diagnosis and medical 
condition, medication lists and histories, 
cancer therapy data, pathology reports and 
health- related quality- of- life outcome data. 
Ineffective implementation of knowledge 
collected from clinical practice could lead to 
inequality in prostate cancer care, increased 
risk of short- term and long- term adverse 
effects associated with the interventions 
recommended to patients, as well as excess 
costs related to inappropriate management17. 
A 2019 systematic review identified 
geographical inequalities in the management 
of prostate cancer, and highlighted the 
requirement for an improved understanding 
of the complex social, environmental and 
behavioural reasons for these variations.  
In this review, patients from disadvantaged 
areas were shown to face a higher disease 
burden. These patients have poorer survival, 
more advanced disease and increased 
mortality. Fulfilling this need is one of 
the objectives of PIONEER17.

In this Perspectives article, we describe 
PIONEER, a European network of 
excellence for big data in prostate cancer. 
We explain the methodology that will be 
adopted in the project and detail the eight 
work- packages of PIONEER, the challenges 
we might face and the future direction of the 
PIONEER network.

Introducing PIONEER
PIONEER will leverage existing valuable 
clinical prostate cancer datasets by 
bringing together a complementary 
group of world- leading clinical, 
epidemiology, genetics, urology, big 
data science, health economics and 
health technology assessment (HTA) 
research experts, together with patient 
organizations such as UCAN18 (a urological 
cancer charity dedicated to providing 
support to urological cancer patients and 
their families), europa Uomo19, and the 
european Alliance for Personalized Medicine14,20. 
The academic section of the PIONEER 
consortium includes 32 partners and is 
coordinated by the European Association 
of Urology (EAU) and their Guidelines 
Office, with financial support from 
the european Commission through the 
Innovative Medicines Initiative 2 (IMI2)21, 
complemented by contributions from 
the pharmaceutical industry and private 
partners of the European Federation of 
Pharmaceutical Industry Associations 
(Supplementary information). In addition, 

the PIONEER consortium will build on the 
success and lessons learnt from previous 
successful IMI projects such as Unbiased 
Biomarkers in Prediction of Respiratory 
Disease (U- BIOPRED) and the other 
components of the Big Data for Better 
Outcomes Programme (BD4BO) IMI2 
framework22 (fig. 1).

To date, many prostate cancer outcomes 
and diagnostic, predictive, prognostic and 
therapeutic factors (DPPTs) have been 
arbitrarily defined and, in the case of 
DPPTs, have mainly been investigated 
in single cohorts8. Even in randomized 
controlled trial (RCT) data, heterogeneity 
in outcome definitions and measurement 
limits critical appraisal and statistical 
synthesis of data across different studies23. 
This lack of consensus means that analyses 
cannot harness the power and precision 
of all the available data. Thus, clinical 
decision- making is more dauntingly 
complex than it should be for health- care 
providers, who must choose from a wide 
array of diagnostic tools and treatment 
modalities, despite a lack of consensus on 
the most important prostate cancer- related 
outcomes and DPPTs. This complexity 
contributes to unacceptable inequalities 
in the management of men with prostate 
cancer observed throughout Europe1. Thus, 
confirming the effectiveness of treatments, 
the accuracy of diagnostic tests, or the utility 
of predictive biomarkers, can be only be 
achieved with confidence if prostate cancer 
outcomes and DPPTs become standardized. 
These standardized definitions can then be  
applied to the large studies contributing data 
to the PIONEER platform (including 
data from patients with different lifestyles 
and from a range of health- care systems) 
in order to identify which outcomes can 
enable clinicians to discern which patient 
will benefit from which treatments, and to 
facilitate both drug development and 
appropriate patient care.

PIONEER’s vision
The vision for PIONEER is to transform the 
management and clinical practice of prostate 
cancer across all disease stages towards a 
data- driven and outcome- driven, value-based 
and patient- centric health- care system.  
By applying advanced big data analytics, and 
developing a data platform of unparalleled 
scale, quality and diversity, PIONEER will 
empower meaningful improvement in clinical 
practice, prostate cancer disease- related 
outcomes, and health economic outcomes 
across the European health- care landscape. 
PIONEER aims to bring together information 
from various sources, including the clinical, 
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epidemiology, genetics, and health economics 
fields. PIONEER will assemble, standardize, 
harmonize and analyse data from diverse 
populations of men with prostate cancer 
across different stages of the disease in order 
to provide evidence- based data for improving 
decision- making by the identified key 

stakeholders14. In order to realize this goal, 
PIONEER has brought together world experts 
in clinical research, epidemiology, genetics, 
urology, big data science, health economics, 
private partners (European Federation of 
Pharmaceutical Industry Associations) and 
health- technology assessment.

Approach and methodology. In PIONEER, 
a dual approach to using prostate cancer big 
data has been used to develop an outcome- 
driven, value- based, and patient- centric 
health- care system. First, in PIONEER 
critical evidence gaps in prostate cancer will 
be identified by combining the knowledge 
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of academic and industry professionals and 
patients, which will enable a focus on  
a consensus list of research priorities and 
questions. Next, existing high- quality  
and multidisciplinary prostate cancer data 
regarding all stages of the disease will be 
integrated, standardized and harmonized 
into a single data platform22,24, using 
readily available and proven tools, such 
as transMArT25, Observational Health 
Data Sciences and Informatics (OHDsi) 
and the sAs open Platform, based on 
suitable data harmonization techniques 
(Observational Medical Outcomes Partnership  
(OMOP) Common Data Model) and advanced 
analytical methods26,27. Such methods 
will include machine learning, predictive 
modelling, multi-omics data integration 
methods, data visualizations as devel oped  
by The Hyve (a private company providing 
IT services for open- source biomedical  
informatics solutions) in the IMI1- funded 
project the european Medical information  
framework(EMIF)28 and by the European 
Institute for Systems Biology and 
Medicine29 and the Data Science Institute 
at Imperial College London (DSI- ICL30) 
in the Unbiased Biomarkers in Prediction 
of Respiratory Disease outcomes31 and 
European Translational Information 
and Knowledge Management Services 
(eTRIKS)32 projects.

Statistical analyses will be facilitated 
by using the Klynveld Peat Marwick 
Goerdeler (KPMg) Data Observatory 
within the DSI- ICL30, enabling the 
analysis of complex datasets in a virtual 
environment. The PIONEER statistical 
team will use the eTRIKS Analytical 
Environment32, OHDSI r package 
open source27 and SAS analytics software 
solutions for analysing and interpreting 
data26.

Prioritization of research questions
In order to prioritize the most important 
questions in the field of prostate cancer, 
members of the EAU Prostate Cancer 
Guide line panel and other prostate cancer key  
opinion leaders were contacted to determine 
the most important questions in the field 
of prostate cancer; 44 viable questions were 
identified.

The PIONEER consortium then 
performed a prioritization survey among 
two stakeholder groups: health- care 
professionals (including pharmaceutical 
companies) and patients with prostate 
cancer. The patients were identified 
through various organizations such as EAU, 
EAUN, Europe Uomo, Ecancer, European 
Cancer Patient Coalition, Prostate Cancer 
UK and UCAN. Early involvement of all 
relevant stakeholders is a key enabler, as 
being actively involved in the design and 
prioritization of the research questions 
addressed by PIONEER will help to ensure 
ongoing stakeholder engagement, enabling 
the objectives of PIONEER to be met.

In total, 73 health- care professionals 
(including doctors, allied health- care 
professionals including nurses and research 
scientists) and 57 patients participated 
in round one of the surveys, which were 
presented in English. The results were 
analysed by calculating the percentage 
of respondents scoring each question as 
‘not important’, ‘important’ or ‘critically 
important’. In addition to the original 
44 questions, 12 additional questions were 
proposed during the first round. For the 
second round the patient surveys were also 
translated into French, German, Italian and 
Spanish, and 49 health- care professionals 
and 169 patients (including 53 English, 
19 French, 31 German, 53 Italian and 
13 Spanish) participated in round two of the 

surveys. These 56 questions (44 questions 
from round one and 12 additional  
questions from round two) were then 
re-ordered according to the highest 
percentage for ‘critically important’.  
The questions covered all stages of prostate 
cancer focusing on various aspects of the 
condition including screening, diagnosis, 
risk stratification including the genomic 
profile, treatment, and complications of 
treatment. The detailed results will be 
presented in a separate publication, but in 
the meantime, these data are being used to 
inform the PIONEER consortium, so that 
the stakeholder groups’ priorities are met in 
an accountable and transparent manner.

PIONEER work packages
PIONEER has developed eight individual 
work packages (WPs): project management 
and coordination (WP 1), four core research 
themes (WP 2–5) and three cross- cutting 
support themes (WP 6–8) (BOx 1).

WP 1: project management and administra-
tion. PIONEER WP 1 ensures the efficient 
management of the consortium and the 
progress of the project towards the planned 
objectives and deliverables. Implementation 
of an appropriate governance structure is a 
crucial aspect of the consortium manage-
ment, to enable efficient interaction of the 
different stakeholders, including manage-
ment bodies and external scientific and 
ethical advisory boards, and preparation of 
decision- making by the management team 
of PIONEER. Given the large number of  
academic organizations, institutes and pri-
vate companies participating in PIONEER,  
a considerable amount of coordination  
will be required to ensure an appropriate 
flow of information between the different 
WPs, to facilitate internal communication 
between the participants and to coordinate 
external stakeholder interactions support-
ing dissemination and communication  
(WP 7: dissemination and communication). 
Furthermore, PIONEER is a part of the IMI’s 
BD4BO initiative and the sustainability of 
the project’s outcomes beyond the project 
duration is an integral objective.

WP 2: disease understanding and outcome 
definition. The aim of WP 2 is to develop 
standardized definitions and measurements 
of prostate cancer outcomes and DPPTs 
across the different stages of prostate cancer 
care, taking into account the opinions of the 
key stakeholders (BOx 1).

The objectives of WP 2 are, therefore, to 
reach a consensus on which prostate cancer 
outcomes are most important for health- 

Box 1 | PIONEER research objectives

PIoneeR aims to optimize the diagnosis and therapeutic management of men with prostate 
cancer across different stages of the disease worldwide by delivering insights from clinical  
and real- world data and sharing best practices. The specific objectives of PIoneeR are  
as follows.

•	To improve disease understanding and deliver a core set of clinically relevant standardized 
prostate cancer- related outcomes (work package (WP) 2 with WP 3, WP 4 and WP 5).

•	To develop a large and harmonized repository of prostate cancer data that can be used to 
improve evidence- based decision- making and enable a wide variety of data re- use scenarios  
(WP 4 with WP 3 and WP 5).

•	To provide unique tools for the standardization and analysis of complex prostate cancer datasets 
from a variety of sources, using different data models and different terminology, while taking into 
account different layers of information (for example, genomics and transcriptomics) (WP 3 and 
WP 5, with contributions from WP 4).

•	To raise awareness of PIoneeR as well as the dissemination and widespread implementation of 
PIoneeR results (WP 6 and WP 7 with all WPs).

•	To address the barriers related to data sharing and data protection (WP 8 with all WPs).
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care professionals and patients, how they 
should be defined and measured, which 
DPPTs are the most important for various 
stakeholders, and how they should be 
defined and measured, for all stages of 
the disease. Development of the core 
outcome measures and relevant economic 
aspects can guide payers to make the right 
reimbursement decisions.

For the standardization of outcomes, 
PIONEER will update and integrate existing 
Core Outcome Sets (COS) developed using 
the Core Outcome Measures in Effectiveness 
Trials (COMeT) and International 
Consortium for Health Outcomes 
Measurement (iCHOM) processes23,33,34. 
These COS were developed for patients with 
localized prostate cancer. We have involved 
both groups in this task and have created an 
up- to- date COS for use within PIONEER for 
patients with localized prostate cancer, that 
could be used for future effectiveness trials 
and clinical audits. We are now working 
on developing COS for DPPTs. We will 
conduct a systematic review in order to 
identify existing DPPTs for the different 
stages of prostate cancer care (that is, 
screening, diagnostic, staging and treatment 
activities) and assess which of these have 
discriminatory and predictive value. For all 
systematic reviews, PIONEER will follow  
the Preferred reporting items for systematic  
reviews and Meta-Analysis guidelines35. Such 
systematic reviews will map current practice 
and complexities involved in the diagnosis, 
prognosis and management of men with 
prostate cancer and provide an overview of 
the outcomes currently used in research. 
In addition to assessing the published 
literature in our systematic reviews, we 
will also evaluate the data collected in the 
different data resources of PIONEER. This 
process will result in a structured database 
of verbatim outcome names, definitions 
and measures. The outcomes database will 
be categorized according to the generic 
Williamson–Clarke taxonomy36, with additional 
prostate- cancer- specific outcomes and 
definitions provided, which will structure 
and homogenize the available COS.

The identified outcomes and DPPTs 
for each stage of prostate cancer will then 
be prioritized in PIONEER based on the 
preferences of the different stakeholders 
involved using a modified Delphi consensus- 
building process as advocated by the COMET 
initiative37 and demonstrated in other 
prostate- cancer- specific studies23,38.

The last step will be to identify how to 
measure the identified COS and DPPTs. 
Currently, selecting an appropriate outcome 
measure instrument is challenging given 

the heterogeneity of the reported outcomes. 
Often, no single best measurement has been 
defined for a specific outcome. Thus, the 
optimal definition for clinician- reported 
outcomes, such as progression or recurrence, 
will be based on a consensus of relevant 
stakeholders. In addition, the optimal 
tools to use for assessing patient- reported 
outcomes, such as urinary function and 
quality of life, might rest on the assessment 
of the tool’s content validity within the target 
population, then on other psychometric 
properties, and finally on the assessment 
of its feasibility in research and practice. 
Ultimately, WP 2 is aimed at developing a 
pragmatic way of selecting the appropriate 
definitions and measurements for use in 
patients from all backgrounds with all stages 
of prostate cancer.

The final definitions and measurements 
will be used in two ways. First, they will 
harmonize the outcomes definitions data 
within PIONEER datasets, and second, they 
will become the COS recommended to be 
collected as a minimum for all future routine 
data collection, observational studies and 
clinical trials, to ensure the homogeneity 
of outcome reporting. Substantial progress 
has already been made in standardizing and 
harmonizing outcomes for interventions in 
patients with localized and locally advanced 
prostate cancer. PIONEER WP 2 first 
identified all reported outcomes (such as 
overall survival, prostate- cancer- specific 
survival, metastasis- free survival, 
biochemical recurrence- free survival) from 
clinical trials of interventions for prostate 
cancer by conducting systematic reviews. 
Once the reviews were concluded, expert 
group consensus meetings were held with 
clinicians, patients, academics and industry 
representatives, at which the identified 
outcomes from clinical trials were discussed 
in detail in order to standardize terminology 
and to recommend a COS for localized 
prostate cancer that can be used for all 
future research, including clinical trials 
and studies. COS will also be developed 
for non- localized prostate cancer. WP 2 is 
currently working on the systematic review 
protocol of diagnostic and prognostic factors 
for all stages of prostate cancer.

WP 3: data access and sources. WP 3 
is aimed at identifying, approaching 
and negotiating appropriate data access 
agreements (DAAs) with a variety of 
potential holders of high- quality, prostate- 
cancer- based datasets across European 
and non- European patient populations 
(BOx 1). WP 3 will collect, standardize 
and harmonize existing prospective and 

retrospective data into a single innovative 
data platform developed by WP 4.

As part of the initial proposal for the 
PIONEER consortium, 27 potential data 
providers were identified. This number 
has since grown to over 60 data sources 
and is expected to continue to grow as 
new sources are identified. Potential 
data contributors include large clinical 
practices and medical centres, life sciences 
companies, data aggregators and payers, 
and governments.

WP 3 will contact biomedical institutes 
and hospitals holding clinical data to 
assess their willingness to participate by 
obtaining a signed letter of intent and collect 
information about the contents of their 
databases by filling in a data contributor 
Fact Sheet. These Fact Sheets form the basis 
of the ‘clinical fingerprint’ (omics data type 
relevant to prostate cancer) used in the 
EMIF central metadata catalogue developed 
by The Hyve (WP 4)28.

Once the data providers’ intent to 
participate is confirmed, WP 3 will begin 
to negotiate appropriate DAAs. The DAA 
templates are based on other IMI project 
agreements (such as HARMONY, which 
uses big data to improve outcomes in 
patients with haematological malignancies39) 
that have been modified by Pinsent Mason 
Associates to suit PIONEER data providers’ 
needs. To encourage participation in the 
PIONEER consortium, the DAAs outline 
the policies and procedures under which 
their data can be accessed and analysed. The 
DAAs will also include sections that satisfy 
country- specific General Data Protection 
Regulations (GDPRs), data governance and 
value propositions tailored to each type of 
data provider. Suggested value propositions 
include authorship, benchmarking, 
clinical decision- making, transparency 
initiatives, technical support and networking 
opportunities. In exchange for signing the 
agreements, data providers are given certain 
rights and privileges, for example, the right 
to propose research questions, request 
authorship on PIONEER publications and 
opt out of study participation, along with 
accepting certain obligations, including 
a commitment to participate in studies 
whenever possible.

Upon signing the DAAs, WP 3 will work 
to convert, harmonize and map the datasets 
into a common data model similar to  
other IMI projects, such as EMIF, using a 
variety of approaches and software while 
also maintaining security and consistency. 
The multiple datasets will be linked to  
form the PIONEER platform used for 
subsequent analyses.
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The overall objective of PIONEER is to 
establish a long- term sustainable research 
network, with established policies and 
procedures for access to and analysis of 
big data from multiple sources. WP 3 is 
establishing data management plans to 
support this sustainability goal, including 
options for data providers to continue their 
participation after the initial funding phase 
or to withdraw their participation and have 
their data appropriately decommissioned 
from the PIONEER platform. PIONEER will 
develop a large and harmonized repository 
of prostate cancer data that can be used to 
improve evidence- based decision- making 
and enable a wide variety of data re- use 
scenarios.

The biggest challenge is centred around 
the development of an appropriate data 

access framework that will motivate 
contributors to participate and satisfy GDRP 
and privacy regulations while also enabling 
meaningful research collaborations.

WP 4: data platform. PIONEER WP 4 
will develop a pan- European data- sharing 
platform with a two- pronged approach to 
addressing the project’s needs. One part 
of the platform must be able to access 
population- based registry data such as 
electronic health records, and the second 
part must be able to handle extensive clinical 
and omics data for translational analysis by 
WP 5 (data analytics). To achieve this, the 
project will build upon and use approaches 
developed in a number of other IMI 
projects, such as IMI1 EMIF28 and IMI1 
eTRIKS32.

For data integration and analysis of 
longitudinal prostate cancer registries, 
PIONEER will use OMOP and OHDSI27 
technology, whereas for cohort studies 
that also include omics data besides deep 
phenotypic and clinical data, tranSMART25 
technology will be used (fig. 2). Components 
from both technologies are still under 
development for PIONEER.

WP 4 will also use the EMIF catalogue to 
facilitate centralized storage, management 
and sharing of metadata from available 
prostate cancer datasets. This catalogue 
will provide a list of all the data sources 
registered by PIONEER, through a 
portal and search tools, to enable users 
to discover data sources that are most 
relevant to their research needs according 
to a variety of data source and dataset 
descriptors and to support the access 
request process.

All data will be harmonized — that 
is, data from multiple sources will be 
integrated together (using tranSMART) — 
or standardized — meaning that data  
from multiple sources will be made 
consistent and clear (using OHDSI–OMOP) 
— before being loaded onto the platform 
of choice (BOx 1). The open- source and 
available tools of the IMI1 eTRIKS 
and IMI1 EMIF projects will be used for 
the harmonization of data that are loaded 
into tranSMART.

We have envisioned distinct possibilities 
for the technologies used depending on the  
nature of the data (centralized versus feder-
ated data). In particular, central instal lation 
of tranSMART and OMOP-ATLAS will be 
chosen for data that may leave the source 
server or repository, whereas federated 
installations of OMOP- ATLAS will be  
chosen for data that are not allowed to leave 
the data provider’s premises.

Certain federated data sources might 
contain omics information. Currently, no 
existing platform supports the federation 
of omics data and the development of 
a completely new platform would be 
beyond the resources and time available to 
PIONEER. If the need for such a platform 
arises, PIONEER has the choice to either 
adapt tranSMART to support federated 
analysis or to support omics in the federated 
OHDSI platform. Within OHDSI, a working 
group is underway, aimed at creating 
support for the analysis of genomics data40.

WP 5: data analytics. PIONEER WP 5 
is in charge of planning, performing and 
evaluating the bioinformatics and systems 
biology analyses to answer PIONEER 
research questions.

EMIF catalogue

Metadata

Omics support

• Population-based registry
• Epidemiological research

Catalogue with information
about the prostate cancer datasets

Prostate
cancer

datasets

Centralized
set-up

Federated set-up

• Cohort data
• Clinical research

Fig. 2 | Data collection in PIONEER. For data integration and analysis of longitudinal prostate  
cancer registries, Observational Medical Outcomes Partnership and Observational Health Data 
Sciences and Informatics (OHDSI) technology will be used, whereas for cohort studies that also 
include omics data besides deep phenotypic and clinical data, tranSMART technology will be used. 
EMIF, European Medical Information Framework; PIONEER, Prostate Cancer Diagnosis and 
Treatment Enhancement Through the Power of Big Data in Europe. Innovative Medicine Initiative 
(IMI) logo: copyright 2020 IMI2 JU, all rights reserved. European Medical Information Framework 
(EMIF) logo: copyright EMIF, all rights reserved. tranSMART Foundation logo: copyright 2014–2020 
i2b2 tranSMART Foundation, all rights reserved. OHDSI logo: copyright 2020 Observational Health 
Data Sciences and Informatics.
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Fig. 3 | Overview of the PIONEER project and expected outcomes.  Prostate Cancer Diagnosis and Treatment Enhancement Through the Power of 
Big Data in Europe (PIONEER) will gain access to a unique and comprehensive dataset that consists of the most relevant prostate cancer clinical trials 
and registries, large epidemiological cohorts, electronic heath records and real- life data from different European (and non- European) patient popu-
lations. The data will be harmonized, followed by analysis. ETL, extract, transform, load; GPU, graphics processing unit; OHDSI, Observational Health 
Data Sciences and Informatics; OMOP, Observational Medical Outcomes Partnership. tranSMART Foundation logo: copyright 2014–2020 i2b2  
tranSMART Foundation, all rights reserved. OHDSI logo: copyright 2020 Observational Health Data Sciences and Informatics. Apache, Apache Spark, 
Spark and the Spark logo are either registered trademarks or trademarks of the Apache Software Foundation in the United States and/or other  
countries. No endorsement by The Apache Software Foundation is implied by the use of these marks. The R logo is copyright 2016 The R Foundation 
http://www.r- project.org/logo.
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The team in WP 5 will provide 
a unique toolkit of standard and 
cutting- edge analytical methods for the 
analysis of big data, from both open- source 
and industry- developed methods (BOx 1). 
Research questions and COS have been 
identified in the survey conducted by 
PIONEER WP 2. Each of the research 
questions that will be tackled in PIONEER 
requires different tools and analytical 
workflows, which will be provided by  
WP 5 via the centralized tranSMART omics 
platform built by WP 4 (fig. 3).

Data analytical workflows in WP 5  
are built around two main sources: 
open- source software (mainly R packages) 
and commercial software (provided by SAS 
Analytics Software and Solutions)26. Each 
source has its advantages and limitations 
with regard to technical possibilities, 
user- friendliness and built- in visualization 
capabilities. The different research questions 
are likely to require different types of 
analytical methods, and different sources 
will, therefore, be better suited to meet the 
requirements of specific questions. We also 
expect that open- source and commercial 
analytical methods will feed each other to 
generate the best possible results for the 
benefit of the project and the patients.

The data analysis aims of PIONEER will 
be achieved by performing the following 
tasks. First, to write, evaluate and circulate 
data analysis plans and standard operating 
procedures for data analysis. We will use 
the visual capabilities of the data analysis 
platform to explore and characterize the 
demographic and geographic data available 
to us. During this process, we will constantly 
be alert for data errors and outliers to 
seek the cleanest and most reliable data 
possible. Initial analyses will be performed 
by generating data descriptive statistics to 
assess the existing predictive models in our 
dataset and decide on our benchmarks and 
internal validation schemes. This approach 
will enable confident use of advanced 
analytical methods, including but not limited 
to, multiple omics data analysis41, topology 
data analysis42, regression modelling (for 
example, the OPLSDA method43), genetic 
risks prediction44 and random forest 
machine learning45. As the databases will 
be a collection from disparate populations 
and/or database sources, meta- analytic 
techniques will be employed to account 
for interpopulation and intrapopulation 
variability and hetero geneity46,47. 
Knowledge-based software including 
gProfiler48, MalaCards49 and STRING50 will 
be used to help us understand the results of 
these analyses.

The various predictive models will then 
be combined into a predictive algorithm 
for use by health- care providers. PIONEER 
WP 5 will demonstrate the improvement 
conferred by the newly developed predictive 
models to investigate the economic burden 
of prostate cancer management, and will 
provide user- friendly scores and evaluation 
schemes for the benefit of physicians and 
patients, for example, nomograms51 against 
over- diagnosis and over- treatment. WP 5  
will also provide recommendations and 
guidance documents, disseminated to 
professional and patient organizations, 
such as the EAU, International Shared 
Decision- Making Group, Europa Uomo, and 
Movember, in collaboration with PIONEER 
WP 7 (dissemination and communication 
work package)52.

The list of analytical tools that are 
expected to be useful in PIONEER is 
still being refined. However, predictive 
modelling and machine learning (random 
forests, linear modelling, support- vector 
machines, and partial least squares 
regression) will certainly be required. 
Data visualization will be available 
in both the tranSMART and OHDSI 
platforms directly and externally using 
dedicated software included in the SAS 
suite and R packages. We will also monitor 
and make use of developments in the 
broader computational systems biology 
community as they become available to 
use. If big data analytics capabilities require 
high- performance computing to answer 
PIONEER research questions, this will be 
provided through a sPArK infrastructure 
hosted at the DSI- ICL.

Finally, WP 5 will employ partnerships 
and research seminars to form partnerships 
in order to benefit from industry partners’ 
internal knowledge and developments and 
the experience of PIONEER members who 
are involved in other IMI projects, such as 
eTRIKS, B4B (Brains for Brain), EMIF and 
parallel BD4BO IMI projects22,28,32,53.

WP 6: HTA regulator. The concepts 
of HTA can be traced back to the 1960s. 
HTA is a systematic process to assess both 
the intended and unintended effect of 
health technology, comparing the balance 
of benefits and harms. This process 
usually includes assessment of the clinical 
effectiveness and cost- effectiveness of the 
technology, along with their legal, ethical 
and social aspects54.

Through WP 6, a framework for using 
innovative technologies in prostate cancer 
will be sought in the PIONEER project for 
development and validation using real- world 

data (BOx 1), an umbrella term for different 
types of health- care data that are not 
collected in conventional RCTs, including 
patient data, data from clinicians, hospital 
data, data from payers and social data55.  
The validation of these technologies will use 
various health data in real time to aid the 
speed and accuracy of decision- making for 
health- care professionals.

Many HTA and payer groups, such as 
the European Association of Personalized 
Medicine, appreciate the potential of 
real- world evidence. PIONEER will 
work with such bodies as well as HTA 
regulators to establish minimum evidence 
requirements and identify potential 
uncertainties that will require extra data 
at an early stage. In addition, PIONEER 
will seek to develop reference models for 
use in economic evaluations and, as a key 
objective, will explore whether a core set 
containing reference models for different 
stages of prostate cancer or an overarching 
modelling framework can be developed. 
The development of reference models is 
necessary in order to explore the effect of 
new technologies at single points along 
the care pathway, as well as investigating 
treatment sequencing as the disease 
progresses through its multiple stages.

Effective evaluation of the medical, 
social, economic and ethical issues of 
technologies in a systematic, transparent, 
unbiased, robust manner will promote 
safe, effective health policies that are 
patient- focused and obtain best value 
— whether at the time of launch or 
their usage in real- life circumstances56. 
Evidence from RCTs has traditionally been 
the gold standard for decision- making 
regarding market access of cancer drugs. 
However, considerable amounts of data 
have been generated from an increasingly 
diverse plurality of sources (for example, 
electronic health records), and these offer 
new oppor tunities for evidence collection, 
and openness to evidence produced by 
methods other than classic RCTs will be 
helpful. In the case of adaptive clinical trials, 
real- world evidence is crucial.

Medical Adaptive Pathways to Patients that 
have been tested in a European Medicines 
Agency (EMA) project and found to be 
effective will be developed in PIONEER. 
Medical Adaptive Pathways to Patients 
constitute a prospectively planned process, 
starting with the early authorization of a 
medicine in a restricted patient population, 
followed by iterative phases of evidence 
gathering and adaptations of the marketing 
authorization to expand access to the 
medicine to broader patient populations57. 
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The iterative phases of evidence gathering 
are key, as they should use real- world 
evidence to detect patient responses to 
new therapies in a real- time setting57.

In addition, many commonly used 
mobile applications (such as Health) are 
gathering real- world evidence on a daily 
basis58. Mobile applications could also solve 
issues surrounding data interoperability 
(that is, the ability of different platforms to 
work together), given that a data standard is 
already in place when using iOS or Android 
platforms59. In theory, the real- time datasets 
collected via mobile apps could then be sent, 
for example, as standard XML files to any 
internet database in Europe and other parts 
of the world.

Several health databases, such as Project 
Data Sphere, have already provided an 
opportunity to search, identify and target 
anonymized or pseudoanonymized patient 
data60. These data can be made available 
to health- care professionals, offering them 
integrated real- time updates in the case of 
national health records.

Such databases would have the practical 
benefit of radically reducing the development 
time usually needed in RCTs, as data are 
readily accessible. Through the stakeholders’ 
engagement, policy recommendations will be 
proposed in PIONEER to develop this area in 
a structured manner.

The key to successful and effective 
stakeholder integration is the generation  
of relevant evidence to address uncertainties 
and support decision- making in relation to 
regulatory approval, HTA recommendation, 
reimbursement approval and patient access. 
The approach of WP 6 will be aimed at 
achieving this objective.

WP 7: dissemination and communication. 
Optimal and effective dissemination of 
PIONEER results is essential for the ulti-
mate success of the project. Through WP 7, 
information about the project and its imple-
mentation status will be communicated to all 
relevant stakeholders, including the public, 
by the provision of comprehensible, educa-
tional and operable data on PIONEER’s out-
comes. WP 7 will coordinate communication 
activities with other relevant research and 
stakeholder networks and enable the dissem-
ination of project- developed platforms for 
use by the wider scientific community. These 
stakeholders will include policy- makers 
who have a key role in shaping the research 
agenda and will, therefore, facilitate the 
implementation and adoption of PIONEER’s 
results (BOx 1).

WP 7 will also ensure effective 
communication within the consortium, 

as effective internal communication 
between consortium partners is of 
utmost importance. Each partner must be 
informed about the progress of the entire 
project and share common goals and 
objectives.

PIONEER’s objectives are to influence 
current and future research agendas and 
clinical development processes, and to 
reshape clinical practice based on up- to- date 
evidence derived from real- life data. To 
achieve these objectives, the support of 
all relevant stakeholder groups will be 
required, which relies on an effective 
communication and dissemination strategy. 

This strategy forms the basis of all PIONEER 
communications and will be periodically 
revised to reflect stakeholders’ feedback 
relating to the different communication 
tools and channels. For example, WP 7 
has developed social media guidelines 
for the consortium members. Primarily, 
the PIONEER dissemination approach is 
two- fold, with the initial phase focused on 
increasing general awareness of the project 
and the second phase geared towards 
tailored messages delivered to specific 
stakeholder audiences.

The PIONEER project website has 
been developed and was launched during 

Glossary

Adaptive clinical trials
in adaptive clinical trials, the parameters of the trials 
could be modified during the course of the study, based 
upon the observations of participants.

Big data
Big data describes very- high- volume data that could be 
difficult to process using traditional methods, database 
and software techniques.

COMET
COMeT’s objective is to encourage the development of 
evidence- based core outcome sets.

Delphi consensus- building process
Delphi consensus- building is a structured approach to 
decision- making.

European Medical Information Framework
(eMif). A central metadata catalogue that is a unified 
platform to support a wide range of studies.

Europa Uomo
An organization supporting patients with prostate 
diseases in general and prostate cancer in particular.

European Alliance for Personalized Medicine
(eAPM). An alliance that brings together various 
stakeholders including health- care experts,  
health-care organizations and institutions,  
and patient advocates.

European Commission
One of the executive arms of the european Union.  
The role of the european Commission is to propose and 
enforce legislation, as well as implement policies and the 
european Union budget.

Federated data model
in a federated data model, the data are converted  
into a standard format within the environment of the 
data provider and made available for research upon 
request.

Health- technology assessment
A systematic process to assess both the intended and 
unintended effects of health technology, comparing the 
balance of benefits and harms.

ICHOM
An organization committed to developing standard sets 
of condition- specific outcomes.

KPMG
A data observatory enabling data visualization from 
various angles.

Medical Adaptive Pathways to Patients
(MAPPs). Prospectively planned processes, starting with 
the early authorization of a medicine in a restricted 
patient population, followed by iterative phases of 
evidence gathering and adaptations of the marketing 
authorization to expand access to the medicine to 
broader patient populations.

OHDSI
An international network of researchers and 
observational health databases.

Observational Medical Outcomes Partnership 
(OMOP) Common Data Model
Allows systematic analysis of disparate observational 
databases.

Payer
The private or public entity that pays for health-care 
services. examples include private insurance companies 
or a government- supported single public system  
(for example, the National Health service in the UK).

Preferred Reporting Items for Systematic Reviews 
and Meta- Analysis guidelines
A checklist of 27 items containing reporting standards in 
systematic reviews and meta- analysis.

R package
A software environment for statistical computing.

SAS open Platform
A data analytics platform.

SPARK infrastructure
A unified analytics engine for big data processing.

tranSMART
A knowledge management and big data analytics platform.

UCAN
A urological cancer charity dedicated to providing 
support to patients and their families.

Williamson–Clarke taxonomy
Consists of 38 items and was developed to provide a 
robust scope to classify core outcome sets that are listed 
in the COMeT database in a way that classifies what the 
outcome is at the conceptual level rather than how  
the outcomes are measured.
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the project’s kick- off meeting (14 May 
2018), under the registered domain https://
prostate-pioneer.eu. In addition, a PIONEER 
Twitter account was created in May 2018  
(@ProstatePioneer), and currently has  
>650 followers.

Identification and engagement of 
PIONEER’s target audience is a key step 
towards successful dissemination of the pro-
ject outcomes. Dissemination of the message 
that would have the maximum impact could 
be potentially challenging. To overcome 
communication barriers, determining the 
medium through which PIONEER will com-
municate with different target audiences and 
the timing of message delivery are important. 
The social media guidelines provide some 
particular advice to overcome some of these 
barriers. In order for the audience to be 
receptive, information must be good quality, 
timely, contextually relevant and appropriate 
to the intended audience.

WP 8: legal, ethical and governance issues. 
PIONEER WP 8 will guide the consortium 
on legal, ethical and governance issues. 
WP 8 has five main objectives. First, WP 8 
will seek to map best practices and related 
issues concerning governance of big data 
solutions in health- care. Second, this WP 
will consolidate lessons learnt to assist the 
development of a sustainable governance 
structure covering issues that might arise 
from the use of big data collected from 
human participants (for example, use of 
personal data, patient confidentiality, patient 
consent and data ownership). Next, WP 8 
will facilitate the responsible use of data by 
providing advice and guidance to enable 
all project participants to understand and 
comply with relevant legal, regulatory 
and ethical requirements on privacy and 
data protection. WP 8 will also coordinate 
PIONEER’s activities with other IMI2 
BD4BO projects to share, test and evaluate 
ideas. Finally, this group will provide 
guidance on dealing with informed consent 
forms in the event that the project includes 
prospective data gathering (BOx 1).

Currently, universally accepted best 
practices for the involvement of patients and 
the public in such initiatives do not exist. 
Taking into account the existing debate on 
data protection and the role of patients in 
clinical research, an Ethical Advisory Board 
will be established in PIONEER. WP 8 will 
identify the existing best practices to involve 
not only participants and other stakeholders 
but also patients and patient organizations 
in the definition and solution of relevant 
ethical and legal issues. WP 8 will protect  
the privacy rights of the people whose 

personal data are processed, ensure the 
clinicians’ professional duty of confi denti-
ality and protect the interests of participants 
and researchers61.

The timing of the PIONEER project 
coincides with the implementation of the 
GDPRs, which came into force in May 2018 
(ref.62). The introduction of the GDPRs 
is the most important change in the data 
privacy law in the past 20 years and creates 
a challenge to the project as it allows 
individual member states of the European 
Union to apply or to derogate from certain 
aspects of the GDPRs62. One of these aspects 
is the secondary use of health- care data 
for research purposes; thus, in PIONEER, 
differing compliance requirements in 
different member states must be understood 
and managed. We will explore ways to 
ensure that we are compliant with the 
GDPRs, including avoiding the transfer of 
personal data from data provider to data 
platform by using a federated data model 
and/or by using anonymization to take 
the relevant data outside of the GDPR 
framework. These approaches would enable 
implementation of a mixed model in which 
shared data could be handled efficiently and 
securely in a centralized data and knowledge 
management platform61.

Planned outcomes of PIONEER
In PIONEER, meaningful improvement 
in clinical practice, prostate cancer 
disease- related outcomes and 
health- economic outcomes across the 
European health- care system will be 
enabled, by assembling, standardizing, 
harmonizing and analysing high- quality big 
data from diverse populations of patients 
across different stages of prostate cancer to 
provide evidence- based data for improving 
decision- making.

A number of planned outcomes have 
been identified (fig. 3). These include  
reaching a consensus on the most important 
prostate cancer outcomes (WP 2), identi-
fication of critical evidence gaps in prostate 
cancer, standardization of outcome defi-
nition and outcome measures (WP 2),  
providing new insights into patient strati-
fication, and ultimately enabling improved 
standardized care pathways with known  
predictable outcomes.

Challenges in PIONEER
Some important challenges are likely to be 
encountered in the PIONEER project, not 
only of a legal and ethical nature but also 
methodological challenges, such as data 
quality, data inconsistency, the limitation of 
observational studies, and analytics issues.

The use of big data in medical research 
and in health- care systems raises complex 
ethical issues, which have implications 
for policy and legal frameworks. Such 
challenges range from consent, data privacy 
and cyber security to wider social aspects 
regarding how patient data can be used.  
In PIONEER, an appropriate framework 
will be established (noting the potential 
for different applications of certain 
regulations between different member 
states) to ensure that data access, release, 
linkage and governance of combined 
datasets of the consortium are compliant 
with legal, regulatory and ethical 
requirements, and that relevant WPs 
are handling data accordingly to ensure 
patient trust.

In PIONEER, methodological challenges 
will also be faced, including the variability 
of data quality, the inconsistency of data, 
the limitation of observational studies, and 
analytics issues. The success of this project 
depends on several factors, including 
logistical aspects (public and private 
collaboration), data availability, access 
to data, data quality and harmonization 
and the adoption of a new- generation 
technology into the platform. The biggest 
challenges of PIONEER will be maintenance 
of the PIONEER platform to enable 
continued accessibility to researchers 
and clinicians looking to improve patient 
management.

Plans for PIONEER
By 2023, essential information for targeted 
care and management of patients will 
be delivered from within PIONEER. 
A central data hub supporting a network of 
interdisciplinary personnel will be housed 
in PIONEER in order to address critical 
scientific questions.

The project will highlight the benefits 
and power of big data to answer important 
clinical questions. Transparency and 
strict legal oversight will guarantee the 
protection of patients’ privacy. Our 
aspiration is to include data from as many 
countries as possible to represent patients 
with prostate cancer not just in Europe 
but worldwide.

The potential of PIONEER is immense; 
the key to unlocking this potential is a 
strong foundation. PIONEER’s unique 
collaborative structure coupled with 
outstanding commitment from all 
participants will hopefully provide a model 
for other similar big data projects for the 
benefit of patients, health- care professionals 
and other relevant stakeholders in other 
diseases.
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