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Abstract
Background: Patients with cancer often have to make complex decisions about treatment, 
with the options varying in risk profiles and effects on survival and quality of life. Moreover, 
inefficient care paths make it hard for patients to participate in shared decision-making. 
Data-driven decision-support tools have the potential to empower patients, support 
personalized care, improve health outcomes and promote health equity. However, decision-
support tools currently seldom consider quality of life or individual preferences, and their 
use in clinical practice remains limited, partly because they are not well integrated in 
patients’ care paths.
Aim and objectives: The central aim of the 4D PICTURE project is to redesign patients’ 
care paths and develop and integrate evidence-based decision-support tools to improve 
decision-making processes in cancer care delivery. This article presents an overview of this 
international, interdisciplinary project.
Design, methods and analysis: In co-creation with patients and other stakeholders, we 
will develop data-driven decision-support tools for patients with breast cancer, prostate 
cancer and melanoma. We will support treatment decisions by using large, high-quality 
datasets with state-of-the-art prognostic algorithms. We will further develop a conversation 
tool, the Metaphor Menu, using text mining combined with citizen science techniques and 
linguistics, incorporating large datasets of patient experiences, values and preferences. 
We will further develop a promising methodology, MetroMapping, to redesign care paths. 
We will evaluate MetroMapping and these integrated decision-support tools, and ensure 
their sustainability using the Nonadoption, Abandonment, Scale-Up, Spread, and Sustainability 
(NASSS) framework. We will explore the generalizability of MetroMapping and the decision-
support tools for other types of cancer and across other EU member states.
Ethics: Through an embedded ethics approach, we will address social and ethical issues.
Discussion: Improved care paths integrating comprehensive decision-support tools have the 
potential to empower patients, their significant others and healthcare providers in decision-
making and improve outcomes. This project will strengthen health care at the system level by 
improving its resilience and efficiency.
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Plain language summary 
Improving the cancer patient journey and respecting personal preferences: an overview 
of the 4D PICTURE project
The 4D PICTURE project aims to help cancer patients, their families and healthcare 
providers better undertstand their options. It supports their treatment and care choices, 
at each stage of disease, by drawing on large amounts of evidence from different types of 
European data. The project involves experts from many different specialist areas who are 
based in nine European countries. The overall aim is to improve the cancer patient journey 
and ensure personal preferences are respected.

Keywords:  artificial intelligence, care paths, communication, cost-effectiveness, design, ethics, 
prognostic modelling, public health, shared decision-making
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Background
Treatment decision-making by patients with can-
cer, their significant others and clinicians can be 
complex,1 in particular when a choice has to be 
made between different treatment regimens (such 
as chemotherapy, surgery, radiotherapy – or no 
treatment) with different risk profiles, and effects 
on survival and quality of life. This pertains to 
curative oncological care as well as palliative care. 
Decision-support tools, which are computer-based 
tools developed to support decision analysis and 
participatory processes, have the potential to lead 
to improved access to innovative, high quality, 
oncological care. They could enhance patient 
empowerment and treatment adherence, leading 
to better health outcomes and more health equity.2 
The latter is of the essence, as access to the latest 
state-of-the art care is now often easier for privi-
leged groups, and differs between countries.3 
Moreover, underrepresentation in medical 
research of underserved groups such as older per-
sons, migrants and persons with multiple condi-
tions, is leading to bias and less optimal care for 
those groups.4 A plethora of decision-support tools 
for clinical decision-making in oncology have been 
developed, including some specifically to be used 
by patients and clinicians together. However, 
many fail to live up to their expectations. To reach 
the full potential of decision-support tools in onco-
logical care, three main challenges need to be over-
come, related to quality, patient preferences and 
implementation. In the 4D PICTURE project, we 
will address these in a comprehensive manner.

Challenge 1: The quality and outcomes of 
decision-support tools are insufficient
Current decision-support tools have various 
limitations. First, prognostic algorithms are 

often developed on small single-study datasets 
using poor methodology.5 This not only limits 
their application to the diverse patient popula-
tion seen in a specific clinical practice, but also 
their generalizability to other settings. This 
holds even more true for models predicting 
treatment benefits, which require larger sample 
sizes and assumptions. Importantly, invalid 
models might lead to harmful decisions due to 
wrong predictions. Second, to achieve high-
quality oncological care, predicting clinical out-
comes such as survival are only one piece of the 
puzzle. Specifically, in the context of increasing 
survival rates, prediction of patient reported 
outcomes (PROMS) such as quality of life are 
also key. Information on these outcomes is 
important in supporting patients in navigating 
preference-sensitive treatment decisions, in 
which there is not one best treatment but deci-
sions depend on patients’ values and prefer-
ences for these outcomes. Models predicting 
such outcomes are rare. In the 4D PICTURE 
project, we will develop these models, focusing 
on three types of cancers that are well known for 
such complex preference-sensitive treatment: 
melanoma, prostate cancer and breast cancer. 
Third, each prediction carries inherent uncer-
tainty. At present, uncertainty is not explicitly 
considered or communicated with patients, 
while the uncertainty surrounding the predicted 
outcomes of different treatments clearly will 
affect decisions. This is also relevant for policy-
makers, as prognostic models are a key opportu-
nity to deliver care that is more appropriate and 
to improve value by limiting overuse of costly 
resources, and direct these resources towards 
high-risk patients.6 This will also be addressed 
in the project.
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Challenge 2: Decision-support tools do not 
sufficiently address patients’ preferences
Every patient is different, and no cancer is the 
same. Personalized medicine catered for the 
smart combination of health data and new tech-
nologies, has the potential to change patients’ 
prognosis. However, when preference-sensitive 
treatment decisions need to be made, individual 
predicted outcomes should be weighed against 
patients’ preferences and needs in the context of 
their personal situation, in every phase of the dis-
ease. Oncological prognostic models reinforce a 
‘tumourized’ approach of decision-making (as 
they do not include patients’ treatment prefer-
ences), rather than a person-centred approach. 
Shared decision-making (SDM) is such a person-
centred approach. It is increasingly advocated as 
the preferred decision-making model for prefer-
ence-sensitive decisions, to include both the best 
available evidence as well as patients’ preferences 
in decision-making.7 SDM is one of the 10 spe-
cific rights of the European Code for Cancer 
Patients. At its core, SDM is a process in which 
decisions are made in a collaborative way between 
clinicians and patients and their significant oth-
ers, based on trustworthy information in accessi-
ble formats.8 Research has shown that SDM 
results in increased satisfaction (of both patients 
and professionals) with the communication and 
the decision, more informed decisions,9,10 and 
better coping with side effects.11 Patients who 
have been supported in SDM by a decision aid 
tend to choose more conservative, less extensive 
treatment options.12 This means that SDM could 
also lead to lower societal financial burden, more 
equitable distribution of resources and more sus-
tainable health care.

Incorporating patients’ preferences in decision-
making is a difficult and complex task for clini-
cians. It is not always clear which aspects are 
important for patients (e.g. the burden of treat-
ment, treatment focusing on comfort or on living 
as long as possible, or of side effects). Critically, 
clinicians do not always ‘speak the language of 
patients’. Several tools have been developed to 
include patients’ preferences in medical decision-
making. Most of these tools are aimed at support-
ing patients to express preferences about a fixed 
set of treatment options. Unfortunately, their 
effectiveness is limited, and many tools are diffi-
cult to understand for vulnerable patients with 
limited health literacy.13 Barriers to sensitive con-
versations about patients’ preferences for treat-
ment and care are ingrained in the healthcare 

system: a power imbalance between clinicians 
and patients,13 reluctance to engage in personal 
conversations and a taboo to talk about cancer, 
serious illness or palliative care.14

What is needed is a radical new type of conversa-
tion tool, one that invites clinicians, cancer 
patients and their wider support system to engage 
in meaningful conversations about the ‘lived 
experience’ of cancer. One that can accommo-
date and appreciate the different ways in which 
patients experience and navigate their illness. It is 
such a tool that we will develop, using the ‘largest 
and least utilized resource in healthcare’: the 
patient.15 Increasingly, patients share their expe-
riences and knowledge about their conditions 
through first-person accounts on blogs, social 
media and online fora. The main advantage of 
such data is that it offers an uncensored and thus 
a potentially wider pool of information unre-
stricted by the medical setting whose volume is 
not easily obtainable by other means. Moreover, 
patients are more likely to share some types of 
information with fellow patients than with their 
physicians,16 hence providing access to authentic 
accounts of patients’ experiences, challenges and 
preferences. However, one limitation to this is 
that we can expect a bias as to who has access to 
the online space, and also a bias in who shares 
their experiences in the online world.16 The sys-
tematic textual analysis of data will provide a rich 
source to support the development of conversa-
tion tools, one that builds on their own language, 
metaphors and narratives, as exemplified below 
in section ‘Methods’.

Challenge 3: Implementation of decision-
support tools is fragmented and uncoordinated
Decision-support tools often fail to be imple-
mented successfully after the lifetime of a project, 
and even successfully implemented decision- 
support tools fail to be sustained over time.17 
Decision-support tools are not always adopted by 
clinicians or patients due to time constraints in 
the clinical encounter, the difficulties for patients 
to understand them, the perceived negative 
impact of the use of decision-support tools on the 
doctor–patient relationship and lack of fit into the 
care path.18–22 Some oncologists indicate that 
they merely consult decision-support tools with-
out patients, before the consultation, to support 
their own decision-making or to convince patients. 
Yet there is some evidence that patients may con-
sider decision-support tools helpful when making 

Ewout W. Steyerberg 
Department of Public 
Health, Erasmus MC, 
University Medical Center 
Rotterdam, Rotterdam, 
The Netherlands 

Medical Decision Making, 
Department of Biomedical 
Data Sciences, Leiden 
University Medical Center, 
Leiden, The Netherlands

Sheila A. Payne 
International Observatory 
on End of Life Care, 
Lancaster University, 
Lancaster, UK

Anne M. Stiggelbout 
Medical Decision Making, 
Department of Biomedical 
Data Sciences, Leiden 
University Medical Center, 
Leiden, The Netherlands 
Erasmus School of 
Health Policy and 
Management, Erasmus 
University, Rotterdam, The 
Netherlands
†Author is deceased

*Shared last authorship

#4D PICTURE 
Collaborator Authorship:  
The scientific members 
of the 4D PICTURE 
consortium who are 
not authors on this 
manuscript. Names and 
affiliations are as follows:
Claudia Cruz Oliveira1

Elena Semino24

Monique Roobol25

Ignacio López-Forniés4

Marleen Kunneman3

Suzan Verberne26

Anne Kuld8

Erik M. van Mulligen27

Bettina Mølri Knudsen10

Jan A. Kors27

Lionne D. F. Venderbos25

Marco Donia8

Linetta B. Koppert28

Amara C. Nwosu29,30

Elfi M. Verheul1,31

Yeray Sañudo4

Marie Kremer18

Jorge Gracia32

Antonio Antón33

Maud Schreijer1

Chris Bangma25

Laura Hartman21

David van Klaveren1

Monserrat Aiger Valles4

Lucia Pitarch32

Lara R. Hallsson5

Michel Wouters34

Ellen Kapiteijn35

Nienke de Glas36

Marieke van Buchem37

Frank Doornkamp3

Simona Borštnar7

Leonard Wee38

Therese Pross16

Marta Silva17

Enea Venegoni17

Nora Lorenzo17

Susanne Wallberg15

Kathrina Dankl18

Teresa Puértolas de 
Jesús33

Juan Lao Romera33

Paula Gomila Pons33

http://journals.sagepub.com/home/pcr


Palliative Care & Social Practice 18

4	 journals.sagepub.com/home/pcr

treatment decisions.23 In our recent research, cli-
nicians, patients and their significant others 
described that inefficient care paths made it hard 
for them to participate in SDM.1 Inefficient care 
paths included logistic problems (such as waiting 
times for tests and unavailability of information 
from referring hospitals), lack of overview of the 
entire treatment trajectory (including unclear 
responsibilities) and poor and inconsistent infor-
mation provision. This may lead to high levels of 
stress, fear and disempowerment of patients and 
their significant others.1 Therefore, sustainable 
implementation of decision-support tools requires 
a wider systems approach, focusing not solely on 
the medical encounter but on the larger care path, 
appreciating the longitudinal nature of decisions 
that require ongoing adherence. Each consulta-
tion should not be considered as stand-alone, but 
as a ‘chapter in the entire story of a person’s 
illness’.1

In the 4D PICTURE project, we will redesign 
patients’ care paths, leveraging untapped poten-
tial of design methodologies, to better accommo-
date decision-support tools and support SDM. 
We will use service design methodology, follow-
ing an established design process24 and a design 
thinking approach25: an iterative process includ-
ing further specifying the problems to be solved 
and, through co-design with stakeholders, gen-
erating proposals to solve these problems. 
Service design has been applied successfully in 
several other healthcare improvement initiatives, 
however, its application in oncology is limited 
and its use to support SDM is novel. We will 
build on the novel service design methodology 
MetroMapping,26 which will be further explained 
in section ‘Design, methods and analysis’.

In this article, we provide an overview of the 4D 
PICTURE project, including its work packages, 
methods and foundations. It is meant to high-
light how this 5-year international project, with 
teams in Austria, Belgium, Denmark, Germany, 
the Netherlands, Slovenia, Spain, Sweden and 
the UK, will address the above challenges. 
Moreover, it will show that for such challenges, 
interdisciplinary research is needed, including 
service design, data science, ethics, the social sci-
ences and health economy, and involving clini-
cians from various medical specialties and patient 
representatives. Various designs and methods are 
used in the different work packages, which are 
discussed below.

Aim and Objectives
The central aim of the 4D PICTURE project is to 
redesign patients’ care paths and develop and 
integrate evidence-based decision-support tools 
to improve decision-making processes in cancer 
care delivery.

This central aim translates into the following spe-
cific scientific objectives:

Objective 1. To develop data-driven algo-
rithms, resulting in prognostic tools, accompa-
nied by indications of certainty of estimates of 
individual benefit and harms from treatment, 
and supported by a structure for FAIR data 
management and dynamic analysis (work 
package 2: Modelling).
Objective 2. To develop a conversation tool for 
cancer patients, their significant others, their 
clinicians and citizens, based on text mining 
analyses of patient experience ‘big’ data and 
citizen science methods (work package 3: Text 
mining).
Objective 3. To further develop and apply 
internationally a promising service design 
methodology, called MetroMapping, to rede-
sign care paths (work package 4: Design).
Objective 4. To evaluate the service design 
methodology ‘MetroMapping’ and the deci-
sion-support tools. Additionally, to systemati-
cally evaluate the short- and long-term costs 
and effects of MetroMapping methodology 
(work package 5: Practice).
Objective 5. To guide policy-making by 
exploring the generalizability of the Metro
Mapping methodology and the decision- 
support tools for patients with other types of 
cancer and in other countries (work package 
6: Policy).
Objective 6. To guarantee the development of 
ethically and socially responsible decision- 
support tools by integrating social and ethical 
considerations in the process (work package 7: 
Ethics).

Design, methods and analysis
In this section, we first address some unique 
aspects of our project, discuss the framework that 
we use for the development, evaluation and 
implementation of our tools and methods and 
provide a generic overview of the various methods 
we use. This is followed by the studies that will be 
carried out in the different work packages.
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Unique aspects of the 4D PICTURE project
Interdisciplinary and international approach.  
Research on decision-making in oncology is typi-
cally conducted in silos with little crossover 
between technical data sciences, patient prefer-
ences science and implementation science. This 
impedes progress. To identify innovative solutions 
that can tackle profound challenges facing the 
field of data-driven decision-support tools, we 
must move beyond data, information and tech-
nology towards sociotechnical systems that recog-
nize both people and technologies and their 
interdependencies within the organizational con-
text. We will therefore take an interdisciplinary, 
multi-stakeholder approach in this project, to 
truly integrate health services research, oncology, 
palliative care, data science, design, citizen sci-
ence, ethics, health economics and implementa-
tion science to support more equitable, innovative 
and sustainable healthcare systems. The 4D PIC-
TURE project team is based in nine countries: 
Austria, Belgium, Denmark, Germany, the Neth-
erlands, Slovenia, Spain, Sweden and the UK.

Patient and public involvement.  Involvement of 
patients, patient representatives and citizens, often 
referred to as patient and public involvement (PPI), 
is at the heart of the 4D PICTURE project. Co-
production of the knowledge and products gener-
ated in the 4D PICTURE project will contribute to 
the quality, feasibility and eventual impact of the 
project. It is a sharing of power, with researchers and 
PPI members working together to develop the 
agenda, design and implement the research, and 
interpret, disseminate and implement the findings.27

PPI in the 4D PICTURE project will be under-
taken as follows:

•• We will install a Patient and Public involve-
ment Board: in each country, three to five 
cancer patients, family caregivers and/or their 
representatives. They will provide regular 
advice about key issues in the work packages.

•• We have prominent patient representation 
among the project partners (ECO) and 
Advisory Board members (Europa Donna, 
Europa Uomo).

•• Some of the consortium members are (ex) 
cancer patients themselves and can draw 
from their personal experiences.

Methodological framework for development, eval-
uation and implementation of healthcare applica-
tions.  The conceptual basis of the 4D PICTURE 

project is guided by the evidence-based, theory-
informed NASSS conceptual framework that 
guides development, evaluation and implementa-
tion of data and technology applications in 
healthcare.21 This framework will support our 
understanding of how to develop and implement 
sustainable decision-support tools. This matters 
because about 80% of data and technology proj-
ects in healthcare fail to be implemented success-
fully after the lifetime of a project.17 The 
underlying idea of the NASSS model is that fail-
ure of sustainable implementation is due to high 
levels of complexity in one or more of seven 
domains (micro, meso, macro levels). These 
domains relate to (1) the illness or condition, (2) 
the technology of the tool, (3) the value proposi-
tion – both supply and demand side, (4) the 
adopter system: clinicians, patients and their sig-
nificant others, (5) the organization, (6) the wider 
system, including the context of policy, regula-
tory or professional bodies and public percep-
tions and (7) embedding and adapting over time. 
Complexities may relate to, for instance, unpre-
dictable disease trajectories, (costs of) software 
or lack of involvement of stakeholders. For sus-
tainable implementation of the decision-support 
tools as developed in the 4D PICTURE project, 
we will identify and lower complexity in these 
seven domains.22

Multiple methods approach.  In the development 
of the decision-support tools, as well as a bal-
anced evaluation of their value for cancer patients, 
their significant others, clinicians, healthcare sys-
tems and the larger society, we integrate:

•• Various research designs, including qualita-
tive approaches such as interviews, focus 
groups and a Delphi study, as well as quan-
titative methodology, such as prognostic 
modelling, text mining and an evaluation 
study with observations of real-world 
implementation of the developed tools.

•• Various data collection methods, including 
questionnaires, interviews, audiotaped con-
sultations and unstructured patient data 
from patient fora, social media and blogs.

•• Various analysis techniques, including 
quantitative statistics, qualitative coding 
and automated machine learning.

The MetroMapping methodology and integration  
of the decision-support tools.  We will further 
develop a promising service design methodology, 
called MetroMapping. MetroMapping is a 
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methodology through which patients’ care paths 
can be optimized and redesigned. It uses service 
design methodology, which aims to create a valu-
able ‘service’ through a human-centred, holistic 
and iterative approach acceptance. The Metro-
Mapping methodology involves five layers (see 
Figure 1):

•• Layer Experience: All experiences with the 
current care path are assessed from patients, 
their significant others and clinicians. We 
use the novel methods from work package 3 
(Text mining) and standard design probe 
methods.

•• Layer Metro line: a visual overview of the 
entire care pathway and decision moments. 
Each phase in the diagnosis and treatment 
pathway is represented in colour, and tran-
sitions from one branch (e.g. the diagnosis 
process) to another (e.g. chemotherapy or 
radiotherapy) are shown. This visualizes 
the choices and what they depend on (e.g. 
the result of a scan or a patient’s prefer-
ence) and the moments a patient has con-
tact with healthcare providers.

•• Layer Information: Patients need informa-
tion, for example to prepare for a decision, 
to know the place and location of treatments 

Figure 1.  The MetroMapping methodology.
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or to be prepared for side effects. This layer 
clarifies the information needed and in 
what way it can be provided (e.g. in a con-
versation, with a website or app). By align-
ing the information layer with the metro 
line, it becomes clear that with a change in 
the trajectory new information may be 
needed.

•• Layer Companions: Providing insight into 
who (and in what role) accompany the 
patient during the care trajectory: all people 
who ensure that the patient gets the desired 
and medically best treatment, adheres to 
treatment and receives care quickly in an 
acute situation. Important roles are those of 
the significant other, the treating physician, 
but also of the nurse or case manager.

•• Layer Context: Concerning the physical 
context in which the trajectory takes place 
and the artefacts (physical objects) that 
patients may encounter. The physical con-
text may be at home, or in, for example, a 
primary care practice or a hospital. One can 
think of consultation rooms, but even of 
parking garages. Which route do patients, 
their families and clinicians follow, and how 
are they influenced by what they see or 
experience? Artefacts may concern devices 
patients use, for example, a port-a-cath for 
the administration of chemotherapy.

Once experiences with the current, inefficient 
care path have been assessed and the trajectory 
has been visualized (an effort including patients, 
their significant others, clinicians and quality of 
care staff), it can subsequently be redesigned to 
improve the healthcare delivery decision-making 

processes. Important assets of the MetroMapping 
methodology are its flexibility for heterogeneous 
cancer care paths and its intuitively attractive vis-
ual language, enabling both engagement of 
patients with various levels of health literacy and 
multidisciplinary collaboration.

In the information layer, prognostic tools and a 
conversation tool will be integrated (see Figure 1).

Prognostic tools are tools that help show – with a 
carefully designed user-centred interface – what 
outcomes may be expected given current care,  
or how cancer treatments might affect survival 
rates and quality of life of cancer patients. 
Prognostic tools are based on robust and trans-
parent modelling of structured clinical data. They 
will be embedded in a website.

A conversation tool, with visual and textual com-
ponents, aims to open up conversations about 
cancer (including preferred language and per-
sonal preferences). Its development is based on 
methods combining text mining and citizen sci-
ence, using unstructured patient experience data, 
such as expressed in blogs and patient fora.

Aiming to maximize the potential implementa-
tion of MetroMapping methodology in different 
cultures and settings across Europe, Metro
Mapping can also be used without these two  
decision-support tools, depending on local 
circumstances and needs. Also, each of these 
tools can be used as a stand-alone tool.

After the MetroMapping process has been com-
pleted, an individual patient tool called Personal 

Figure 2.  The Personal Care Path Navigator.
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Care Path Navigator can be created (see Figure 2). 
This tool results from the redesigned care path 
and details the individual care trajectory of a 
patient. It is a personal diagnostic and treatment 
plan (trajectory), collaboratively created by a 
patient, his or her significant other, and clinician 
in a process of SDM, that fits the needs and pref-
erences of that patient. The tool includes, for 
instance, timing and number of check-ups, 
appointments, involved clinicians and roles. The 
tool is adaptive, for example, when a specific 
treatment is not effective.

The prognostic tools will be developed in work 
package 2 (Modelling), the conversation tool in 
work package 3 (Text mining) and the Personal 
Care Path Navigator in work package 4 (Design); 
the work packages are all described in the next 
section.

The work packages
In the next sections, we will describe our pro-
posed methods per objective and work package. 
The Supplemental Appendix provides an over-
view of the related deliverables. Figure 3 visual-
izes the interconnectedness between the work 
packages. Work package 1 (Coordination) con-
cerns the coordination of the project and is left 
out of the descriptions.

Work package 2: Modelling (Objective 1, Months 
1–54).  The overall objective of work package  
2 Modelling is to support decision-making  
about cancer treatment by better predicting out-
comes with and without a specific treatment for 
patients with breast cancer, prostate cancer or 

melanoma. We have ensured access to a unique 
combination of high-quality datasets, also includ-
ing data from disadvantaged populations, from 
various sources, containing data on ~17,000 mel-
anoma patients, ~186,000 breast cancer patients 
and ~34,000 prostate cancer patients which will 
be managed and analysed according to FAIR data 
principles. The datasets contain a rich set of pre-
dictors, including clinical, tumour, imaging and 
biomarker data as well as patient and treatment 
characteristics. In addition to clinical outcomes, 
many datasets also contain PROMS (i.e. quality 
of life measures). In collaboration with work 
package 7 (Ethics), we will report on the repre-
sentativeness of the data sets.

To predict outcomes, we will first apply and 
expand on methods to reliably produce predic-
tions for individual patients (prognostic model-
ling). To inform treatment decisions the goal is 
not only to predict outcomes, but to quantify the 
expected benefits of specific treatments, which 
differ by patient. Such heterogeneity of treatment 
effect will be analysed from the framework set out 
in the Predictive Approaches to Treatment effect 
Heterogeneity (PATH) Statement.28 We aim to 
develop at least six algorithms. Subsequently, we 
will address causes and consequences of uncer-
tainty in prognostic algorithms and assess possi-
bilities for presentation of uncertainty to 
policymakers, clinicians, patients and citizens, 
with work package 6 (Policy). The prognostic 
algorithms will be developed into a decision-sup-
port tool, for instance, through implementation 
into a digital calculator, and integrated in the 
MetroMapping methodology in work package 4 
(Design).

Figure 3.  The work packages of the 4D PICTURE project.
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Work package 3: Text mining (Objective 2, Months 
1–54).  The objective of work package 3 (Text 
mining) is both to develop a conversation tool and 
to obtain input for care path redesign for patients 
with cancer, their significant others, their clini-
cians and citizens based on text mining analyses 
of patient experience ‘big data’ and citizen science 
methods. The conversation tool will be based on 
the ‘Metaphor Menu for People Living with Can-
cer’, a resource for patients developed by Lan-
caster team members as part of a previous project 
(http://wp.lancs.ac.uk/melc/the-metaphor-
menu/), which will be extended to three new lan-
guages (Danish, Dutch and Spanish). These will 
feed into the MetroMapping methodology in 
work package 4 (Design) and will be evaluated via 
interviews and questionnaires as part of work 
package 5 (Practice). Metaphor and narratives 
are well known to be framing devices that people 
use both to express and make sense of their expe-
riences. As such, metaphors can provide insights 
into people’s views, challenges and attitudes and 
can be used in the conversations between clini-
cians and patients and their significant others. 
The analysis will be used to produce exemplar 
metaphors and narratives that capture particular 
critical moments in patients’ cancer experiences 
over time (e.g. diagnosis, the start of treatment, 
life after treatment, palliative care and end-of-life 
decisions). We will apply an interdisciplinary 
approach that combines the strengths of text min-
ing or natural language processing techniques, 
corpus linguistics and qualitative (narrative) 
research to efficiently convert the stories of expe-
riences of people with cancer and their significant 
others into usable knowledge about how they 
experience their care trajectory, including palli-
ative care. The tool will be integrated in the 
MetroMapping methodology in work package 4 
(Design).

Work package 4: Design (Objective 3, Months 
6–36).  The objective of this work package is to 
further develop and test internationally the ser-
vice design methodology MetroMapping (https://
metromapping.org/en/) to redesign care paths 
and to integrate the prognostic tools and the con-
versational tool as developed in work package 2 
(Modelling) and work package 3 (Text mining). 
Service design methodology is characterized by 
its holistic nature, sequential and iterative appli-
cation, application in the real context and ability 
to understand the influence of contextual factors 
(such as fit of the tool into the clinical pathway). 
A key element is co-design with important 

stakeholders, in this project to be understood as 
co-designing with patients and their significant 
others as service users, and clinicians and quality 
of care staff as service providers.

In this work package, MetroMapping will be exe-
cuted by local service designers in hospitals in 
three countries in which forerunners use service 
design in oncology (West: Netherlands, South: 
Spain, North: Denmark). Per country, the local 
team will select two care paths (breast, prostate 
cancer or melanoma), including palliative care, 
based on the local situation. The redesign of the 
care path will be done by means of service design 
tools to detect intangible aspects of the experi-
ence of services, such as stakeholders’ preferences 
and needs and context elements that can affect 
the decision-making. The design tools will be 
used in context, during actual interactions 
between stakeholders, and help to identify the 
existing (or lacking) information and touch 
points. We will develop MetroMapping further, 
including guidelines and strategies for its imple-
mentation in an international context.

Work package 5: Practice (Objective 4, Months 12–
56).  This work package concerns the empirical 
evaluation of MetroMapping and the decision-
support tools. The adapted service design meth-
odology MetroMapping and decision-support 
tools developed in the 4D PICTURE project will 
be applied in a multi-centre mixed methods study 
(Denmark, the Netherlands and Spain) to evalu-
ate (1) the use of MetroMapping in routine prac-
tice, (2) the developed decision-support tools (i.e. 
the prognostic and conversation tools), (3) the 
use of the conversation tool among citizens and 
(4) the short- and long-term effects, costs and 
cost-effectiveness of MetroMapping. A mixed 
methods approach using quantitative and qualita-
tive measures will be applied and results will be 
reported based on method-specific standard 
guidelines.

Ad (1): The use of MetroMapping in routine prac-
tice will be evaluated using a pre-test–post-test 
design. We evaluate the impact of the implementa-
tion of MetroMapping on the decision-making 
process and other outcomes using different ques-
tionnaires, such as the I-SHARE for SDM and  
the Decisional Regret Scale.29–32 Uni- and multi-
variate statistics will be used to compare pre-/ 
post-test outcome changes, controlling for socio-
demographic and clinical characteristics. To detect 
a small-to-medium effect (Cohen’s d of 0.3), with 
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a power of 0.80 and an alpha of 0.05, we need a 
sample size of 176 patients both in the pre- and 
post-implementation phase (N = 352). We increase 
the sample size to 500 (100 breast, 100 prostate, 
50 melanoma, in both the pre- and post-imple-
mentation phase) to account for the unknown het-
erogeneity across countries and care paths. We will 
additionally audio record, code and analyse a sub-
sample of 10 decision consultations per tumour 
type per hospital in both phases, to assess SDM 
(60 in both pre- and post-implementation, so 120 
in total). In the post-implementation phase we will 
interview a subsample of 5 of the patients whose 
consultations were audiotaped per care path per 
country (30 in total) about their experiences with 
the redesigned care path.

Ad (2) and Ad (3): To evaluate the developed 
prognostic tools and conversation tools we will 
introduce the tools to both patients (in different 
stages of their illness) and healthcare profession-
als from four countries (UK, the Netherlands, 
Spain and Denmark). Twelve consultations in 
which the prognostic tool is used and 12 consul-
tations in which the conversation tool is used will 
be audio-recorded. Qualitative, interpretative 
phenomenological analysis supported by conver-
sation analysis techniques will be used to analyse 
the consultation encounter. Key themes will be 
generated and explorative comparisons between 
countries and settings will be made.

Ad (4): An online survey will be performed in 
Austria, Denmark, Germany, the Netherlands, 
Slovenia, Spain, Sweden and UK (N = 500 per 
country, total N = 4000) to study citizens’ experi-
ences and attitudes regarding engagement in con-
versations about illness, cancer and palliative 
care, as well as the value of conversation tools, in 
particular the Metaphor Menu, which will be 
shown to survey participants.

Ad (5): To inform health technology and reim-
bursement bodies of different countries/legisla-
tions, short- and long-term health-economic 
consequences of MetroMapping will be assessed 
conducting a cost-effectiveness analysis (a) along 
the MetroMapping evaluation study using 
Bootstrap sampling and (b) in the case of mela-
noma using decision-analytic state-transition 
modelling33,34 for a lifelong time horizon. The 
model will be populated and validated with data 
derived from the pre-test and post-test studies, 
scores from the prognostic models and inpatient 

and outpatient costs, complemented by parame-
ters from the published literature and national 
databases (cost catalogues, statistical life tables, 
etc.).

Work package 6: Policy (Objective 5, Months 
1–60).  We will develop and evaluate MetroMap-
ping and its embedded decision-support tools in 
three countries (Denmark, Spain and the Nether-
lands) and three cancer types (breast, prostate 
and melanoma). We also wish to explore the 
requirements for implementation of the Metro-
Mapping methodology and the decision-support 
tools for patients with other types of cancer and in 
the other partner countries.

First, we will finalize the MetroMapping method-
ology in a Delphi consensus study with a total of 
60 stakeholders in Denmark, Spain and the 
Netherlands. The group will work towards reach-
ing consensus on the manual, to decide upon 
common elements as well as situation-specific 
elements, for international dissemination, result-
ing in an open resource manual, and building 
blocks for the metro line. We will build a business 
case for the implementation.

Next, we will evaluate the generalizability of the 
methodology and tools to other cancer types and 
other countries, in hospitals in Germany, Sweden 
and Slovenia, using qualitative interviews and 
focus groups with a total of 10–15 oncologists, 
patients and their significant others, service 
designers and quality of care staff per country (a 
total of approximately 40 interviews).

In each of the eight countries involved, we will 
next discuss the MetroMapping methodology, 
the decision-support tools and the study results 
in interviews with policymakers and guideline 
developers from ministries, health systems, hos-
pitals, patient societies, oncology and palliative 
care professional societies, and payers, to facili-
tate implementation. We aim at 10–15 inter-
views per country, resulting in approximately 
80–100 interviews.

Work Package 7: Ethics (Objective 6, Months 
1–60).  The objective of this work package is to 
include social and ethical considerations in the 
entire development process of the data-driven 
digital support tools. We use an embedded ethics 
approach,35,36 supplemented with methods of 
empirical bioethics and bioethical ‘parallel 
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research’.37,38 This aims to ensure that the models 
and tools are ethically and socially acceptable, 
truly enhance health, well-being and patient 
autonomy, do no unintended harm and contrib-
ute to health equity.

To achieve this, ethicists will be embedded in the 
project from the start. They will work closely 
together with researchers from the other work 
packages to anticipate, identify and address the 
ethical and societal issues that arise during the 
research, development and implementation trajec-
tories. Embedded ethicists will regularly join meet-
ings of the other work packages, pay visits to 
research teams and organize ethics meetings to 
learn about the work being done and to discuss 
emerging ethical questions or concerns. Issues that 
are expected to come up include risk of bias, trans-
parency and explainability of the text mining mod-
els; and effects on inclusivity, equity and autonomy 
of the developed tools. The aim is to collaborate 
with members of the work packages in addressing 
those issues. Literature reviews and qualitative 
interviews with developers and end-users will also 
be conducted to support the ethical analyses and 
to integrate the moral views of those involved in 
the process. Drawing on the wealth of scholarly 
work in bioethics and digital ethics we will trans-
late and integrate key ethical values and principles 
to the context of the 4D PICTURE project.

Work Package 8: Dissemination (Months 1–60).  To 
achieve efficient dissemination and communica-
tion of project information and innovation activi-
ties to key stakeholders and to increase the impact 
of the project, different communication tools will 
be used. From the start of the project, the 4D 
PICTURE project website (https://4dpicture.
eu/) will deliver freely accessible information on 
decision-support tools to cancer patients, their 
significant others, clinicians and the public. As 
the project continues, additional traditional and 
modern (social) media will be used to deliver the 

main messages to the audience, using, for 
instance, e-newsletters, podcasts, virtual semi-
nars and policy and awareness reports. Project-
related content will be shared consistently 
through all named channels. Scientific data and 
development will be made freely accessible to 
professionals through peer-reviewed journal arti-
cles. Further, the prognostic tools and the con-
versation tool will be made open access available 
to the international community. Our dissemina-
tion strategy will be an ongoing dialogue with 
potential users throughout the duration of the 
4D PICTURE project.

Expected scientific contribution
With the cross-national and multidisciplinary 
consortium, we expect to achieve novel gains for 
patients with cancer, healthcare providers, citi-
zens in general and for policy. These gains relate 
to decision-support tools, based on state-of-the 
art statistical modelling, text mining and design, 
on insight into patients’ preferences and experi-
ences. A system approach will be taken to imple-
ment these tools in hospital settings. We hope 
that the developed tools and their implementa-
tion will result in improvements in the care 
paths of patients with cancer. Embedded ethi-
cists will take care that potential issues will be 
anticipated, timely identified and addressed. 
Table 1 gives a detailed description of the key 
expected scientific contributions of the 4D 
PICTURE project.

Conclusion
Improved care paths integrating comprehensive 
decision-support tools have the potential to 
empower patients, their significant others and 
healthcare providers in decision-making and 
improve outcomes. This project will strengthen 
health care at the system level by improving its 
resilience and efficiency.
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