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Abstract: 

Background: Population-based cancer registers (PBCR) are important for 
monitoring trends in cancer epidemiology, facilitating the implementation of effective 
cancer services.  Adolescents and Young Adult (AYA) with cancer are a patient group 
with a unique set of needs.  The utility of PBCR in AYA is limited by the lack of AYA-
specific data items.   STRONG AYA, an international multidisciplinary consortium is 
addressing this through federated learning (FL) methodology and novel data 
visualisation concepts. A Core Outcome Set (COS) has been developed to measure 
outcomes of importance through clinical data and Patient Reported Outcomes 
(PROs).    

We describe how data from the Yorkshire Specialist Register of Cancer in Children 
and Young People (YSRCCYP), a PBCR in the UK is being used within STRONG 
AYA and how the subsequent analyses can guide patient consultations.     

Methods: Data from the YSRCCYP were imported into a Vantage 6 node, from 
which FL analyses are performed along with data provided by other consortium 
members. The results are extracted into the PROMPT software and integrated into 
patient electronic healthcare records.   

Results:  Healthcare professionals can view the results of individual PROs at 
various time points and in comparison, to summary analyses carried out within the 
STRONG AYA infrastructure.  Results can be filtered by age, disease, country and 
stage.   

Conclusion:  We have demonstrated how a regional PBCR can contribute to a pan-
European infrastructure and analyses viewed to enhance patient consultations. Such 
analyses have the potential to be used for research and policy-making, improving 
outcomes for AYA. 
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Introduction 

Cancer in adolescents and young adults (AYA), aged between 15-39 years, accounts 

for approximately 5% of new cancers diagnosed in Europe(1).  Although rare, cancer 

remains one of the commonest causes of death in this population(2).  For AYAs 

diagnosed with cancer, serious illness occurs at a key developmental time of life.  

This means that not only are they at risk of physical health implications but also 

delayed or non-achievement of developmental milestones including educational 

attainment, development of relationships and personal independence.  In those that 

survive their cancer, the illness can result in long lasting impairment of quality of life 

(QoL), affecting not only on AYAs, but also on those who care for them and wider 

society.    

Population-based cancer registers (PBCR) record all new cases of cancer within a 

defined population. They are important for monitoring trends in cancer incidence, 

mortality and survival over time, facilitating the setting of policy priorities and the 

planning of services.  Whilst detailed research can be carried out using PBCR in 

common cancers, in AYA cancers the utility is often limited by the lack of AYA specific 

data items collected relating both to the distinct cancers common in this population, 

and the need to assess long-term impact on QoL.   

In 2016 a report by the National Cancer Institute (NCI) AYA Cancer Progress Review 

Group recognised the value of pooling cohorts, including PBCR, for research 

purposes in AYA care(3).  Further support was given by the AYA Working Group of 

the European Society for Medical Oncology (ESMO) and the European Society for 

Paediatric Oncology (SIOP Europe) who concluded that rapid solutions to ‘speak the 

same language’ among AYA cancer professionals was essential to improve 

outcomes for AYA.  The STRONG AYA consortium(4) was founded in 2022 based on 

these principles.   

STRONG AYA is a pan-European consortium comprised of AYAs with lived 

experience, healthcare professionals (HCPs), researchers, and policy makers who 

together aim to optimise data collection, management, and application for a number 

of purposes, including clinical decision making.  Acknowledging the specific 

information needed to reflect the unique situation of AYA, STRONG AYA has 

developed a standardised Core Outcome Set (COS)(5) to measure clinical and QoL 
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variables, in part through Patient Reported Outcomes (PROs).  This COS is being 

collected via seven data stations across five European countries. In addition to 

prospective data, the STRONG AYA initiative has an inclusive perspective on re-

using existing datasets: available retrospective data is harmonised to the COS, 

maximising data reuse(6) and enabling additional analyses.   

To date, this has led to the inclusion of over 26 500 AYAs from previously conducted 

studies, registers, and patient records.  The data are stored in decentralised data 

stations, local to site of collection by each participating institution. Data are 

accessible for analysis using the modern privacy enhancing technique of Federated 

Learning (FL). Here only the results of analyses are exchanged, rather than 

centralising individual level data. 

Visualisation of such European-wide analyses in clinic alongside a patient’s 

individual data can empower patients to take an active role in their management and 

provides clinicians with a valuable opportunity for personalised patient care.  

In this paper, we describe how PBCR data from England, UK, were integrated within 

the STRONG AYA infrastructure to develop an innovative real-world hospital 

application. Specifically, we present an initial conceptualisation for visualising 

STRONG AYA analyses in conjunction with individual-level health characteristics, 

using the Hospital Anxiety and Depression Scale (HADS)(7) as a case study. 
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Materials and methods 

Data description 

The Yorkshire Specialist Register of Cancer in Children and Young People 

(YSRCCYP)(8) collects detailed sociodemographic and clinical information on 

children and young adults that have been diagnosed with cancer in the Yorkshire and 

Humber region since 1974. The cohort has been described previously in some 

detail(9) but has since extended the upper age range from 29 to 39 years to align 

with the international definition of AYAs.  Acknowledging the importance of QoL 

measures in AYAs, regulatory approvals were obtained to further enhance the scope 

of the YSRCCYP through linkage of PRO data.  Retrospective PROs flow into the 

YSRCCYP from the Leeds Teaching Hospital NHS Trust (LTHT) through studies led 

by the Patient-Centred Outcomes Research Group (PCOR) at the University of 

Leeds(10).    

Overcoming data inclusion challenges  

The YSRCCYP’s data format is bespoke to the region and local healthcare system.  

In international collaborations, where harmonisation is required with other patient 

cohorts this can be problematic, in particular for data related to geographically 

specific concepts (e.g. definition of educational levels) and further compounded in 

FL,  

where individual-level data itself is not shared. In the STRONG AYA infrastructure, 

this challenge has been overcome by creating a shared terminology map(11) that 

links data items within STRONG AYA concepts to set standards. This map is used in 

conjunction with the Flyover tool(12,13) which maps local formats onto the STRONG 

AYA terminology map, producing semantically interoperable resource-description-

frameworks (RDF) across the FL infrastructure. A schematic overview of this process 

for the YSRCCYP is provided in figure 1. 
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 Figure 1: Yorkshire Specialist Register of Cancer in Children and Young People update and  
inclusion in the STRONG AYA federated learning ecosystem.  

Abbreviations: AYA: Adolescent and young adult; LTHT: Leeds Teaching Hospital NHS Trust 
 RDF: Resource description framework; PRO: Patient reported outcome;  

YSRCCYP: Yorkshire Specialist Register of Cancer in Children and Young People. 
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Implementation of federated analyses in a clinical setting 

LTHT in collaboration with PCOR(10) co-host the software package PROMPT.   

Designed in-house at LTHT, PROMPT has been in use since 1999 to manage PROs 

and is integrated into the local electronic patient record (EPR) system. PROMPT 

retrieves an individual’s PROs alongside healthcare data.  Traditionally PRO results 

are displayed with reference ranges derived from the clinical literature or instrument-

defined ‘normal ranges’, but these are often historical and not AYA specific. Through 

STRONG AYA we sought to provide bespoke reference ranges specific to this 

population. 

This was achieved by implementing a bridging process(14) between (i) the reference 

range within the database service hosted by LTHT and (ii) the STRONG AYA 

infrastructure, using Vantage 6(15,16). This process can periodically query the 

STRONG AYA data and returns values that can be used to populate the reference 

database.  

A schematic overview of this process is illustrated in figure 2. The implementation 

code bridging these two services is available on GitHub. 

For our initial use-case, we used the STRONG AYA descriptive statistics 

algorithm(17). This algorithm computes federated descriptive statistics including 

sample size counts, median and inter-quartile ranges, and allows for detailed data 

stratification.  

The STRONG AYA descriptive statistics algorithm is open-source and available on 

GitHub. 

Using this algorithm, we queried the STRONG AYA infrastructure for HADS data:  

`Total Anxiety Score` and `Total Depression Score` using their semantically 

interoperable codes – being ncit:C118111 and ncit:C118112 respectively(18).  

The configuration file used to run this query with our implementation can be found in 

supplementary figure 1 and are available on GitHub.     
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Figure 2: Workflow of populating the PROMPT information portal using reference data coming from the STRONG AYA ecosystem. 

Abbreviations: AYA: Adolescent and young adult; MSCI: Maria Skłodowska-Curie National Research Institute of Oncology;  
PRO: Patient reported outcome; YSRCCYP: Yorkshire Specialist Register of Cancer in Children and Young People. 
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Healthcare professional workshop 

This work was informed by an online workshop, carried out with the purpose of 

determining how a portal may be used in the clinical setting both from the viewpoint 

of healthcare professionals (HCPs) and patients. Ten HCPs from a range of 

backgrounds, one scientific researcher and one AYA with lived experience attended.  

The workshops have previously been described(19).  
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Results  

Aggregate data 

The FL query revealed that 368 recordings for HADS Anxiety and Depression scales 

were currently available in the STRONG AYA infrastructure (table 1). Review of the 

STRONG AYA data management portal revealed that aggregates could be produced 

from two of the seven STRONG AYA partners, from existing observational research 

data, as shown in table 1.   

Table 1: Retrospective data recordings included to date in the STRONG AYA infrastructure. 
Asterisk (*): Retrospective data collating is still in progress and subject to change.  

Double asterisk (**): The Netherlands Cancer Institute also contributes data of 
 the Netherlands Cancer Registry and has national coverage.  

Abbreviations: HADS: Hospital Anxiety and Depression Scale. 

Data station  Data 
source  

Number 
of included individual 

AYA recordings  

Number 
of   

HADS   
recordings  

Netherlands   
Cancer Institute,  
Amsterdam (NL)  

Registry,   
routine-

care, and   
research **  

7764*  20  

The Christie,  
Manchester (UK)  

Routine-
care  

6462  -  

IRCCS National Cancer 
Institute Foundation,  

Milan (IT)  

Registry  t.b.c*  -  

Yorkshire Specialist 
Register of Cancer in 
Children and Young 

People,  
Leeds (UK)  

Registry 
and 

research  

9095  138  

Centre Léon Bérard,  
Lyon (FR)  

Routine-
care  

3045  -  
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Gustave Roussy, Paris (FR)  Routine-
care  

253*  -  

Maria Skłodowska-Curie 
National Research Institute 

of Oncology  
Warsaw (PL)  

Research  210  210  

Total    26 829*  368  

 

PROMPT integration 

As proof of concept, the HADS aggregated interquartile ranges have been visualised 

in PROMPT alongside a fictitious patient’s HADS scores.  This is shown in figure 3 

and supplementary figures 2 and 3. Here, we illustrate HADS scores over a three-

month follow-up period, displayed in both a table and a graph. The table 

(supplementary figure 2) uses a ‘traffic light’ colour-coded system: green represents 

scores within the STRONG AYA reference range, and orange shows scores outside 

of this range. The line graph in figure 3 shows longitudinal measures for the patient 

alongside the reference range (represented as the green overlaid band) enabling 

contextualisation of the patient’s scores with those of the STRONG AYA FL analysis.   

 

 

Figure 3: PROMPT clinician view of a patient PROMs displayed as a line graph with overlaid green band 
showing the aggregate interquartile Q1, median (Q2), and Q3 levels determined through federated descriptive 

statistics returned from the STRONG AYA infrastructure. 
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Extending this use of STRONG AYA-based reference values we were also able to 

display anxiety scores stratified by gender and for specific cancers for fictitious LTHT 

patients. This can be viewed as a distribution (histogram) chart using a dashboard 

view, mapping the patients’ value against the STRONG AYA reference ranges 

(supplementary figure 3).  

Discussion  

We describe how regional cancer registration data can be used in FL analyses within 

a pan-European initiative and be visualised directly within the clinical setting to aid 

and direct patient care.  

PROs have demonstrated clinical value in facilitating the identification and 

monitoring of symptoms, evaluation of long-term treatment outcomes and supporting 

shared decision-making(20–22). They have shown to maintain patient health and 

QoL and to reduce burden on healthcare services(23,24).  Our intention is that cross-

sectional analyses presented via the HCP portal will help AYA navigate challenges 

and hurdles presented to them along their treatment journey, enabling AYA to 

normalise their challenges against peers of the same age with the same diagnoses 

across Europe. Through presentation of longitudinal analyses, we aspire to enable 

AYAs to conceptualise how these might change over time and identify a need for 

intervention where appropriate.  

The success and sustainability of such an application will be dependent on positive 

adoption by clinicians.   Previously cited barriers include scepticism, unfamiliarity, 

time restraints and a preference for physiological measures(25). To overcome these 

barriers, we consulted HCPs across the consortium to ensure the product had 

meaningful content for users.  Nonetheless, we accept that an identical portal may 

not be immediately applicable across all consortium members, both in terms of 

technological readiness and cultural barriers.   

We identified that a lack of AYA-specific comparator data was a previous limitation of 

PROMPT.  Here we provide an approach to procure dynamic and up-to-date 

reference range data that can be tailored to an individual’s specific case.  
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Sustainability and areas for future development  

Here we present a proof-of-concept for what is possible, through the STRONG AYA 

infrastructure and PROMPT at LTHT. The STRONG AYA infrastructure holds great 

potential, and across the consortium there are a number of other existing HCP and 

patient facing systems that can be similarly adopted to incorporate such a 

workflow(26–29). Whilst here we have focused on the visualisation of HADS 

reference scores, there are many other use cases for the infrastructure. 

Implementation of more complex models are possible, and our next steps include the 

visualisation of more sophisticated regression models including survival analyses.  

Cox regression modelling and Kaplan-Meier curves will enable consortium-wide 

survival rates to be produced enabling comparison of rates from individual centres or 

countries, and prognostic modelling.  

Patient input and feedback is crucial to the acceptability and meaningful clinical utility 

of this HCP portal.  Workshops are planned to obtain feedback locally at LTHT to 

guide ongoing development.  This will ensure it is accessible and applicable to all 

patient groups. 

The more data collected within the STRONG AYA infrastructure, the more 

representative, and more detailed the analyses will become.  We hope that through 

dissemination and ongoing collaborations, the STRONG AYA initiative will be 

adopted internationally by other cancer centres to improve outcomes for AYAs.  We 

acknowledge that the collection of PRO data is a time commitment for AYA. By 

demonstrating the potential benefits to patients of providing PROs and streamlining 

the collection process, we aspire to routine PROs collection becoming an integral 

part of the patient care pathway. 

Conclusions  

Through STRONG AYA, regional PBCR data gains added value from the 

incorporation of a co-developed COS for AYAs and through integration with a pan-

European infrastructure.  This effort enables the unique data needs of AYAs to be 

met and facilitates research into QoL and survivorship outcomes in a safe and 

secure manner.  By visualising such insights within clinical settings, this approach 

can directly inform patient care and drive shared decision-making, thus improving 

AYA outcomes on an international scale.    
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Code availability 

The main implementation bridging from the PROMPT system to the STRONG AYA 
ecosystem in Vantage6 is available on GitHub: https://github.com/STRONGAYA/v6-
py-client-in-dotnet, and Zenodo: 10.5281/zenodo.18483806.  
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Supplementary material 

Supplementary figure 1. Configuration of our implementation to retrieve Hospital Anxiety and 
Depression Scale scores. 

 

 

Supplementary figure 2. PROMPT clinician view of a patient PROMs displayed in a table 

with colour thresholds set to reference interquartile ranges determined through federated 

descriptive statistics returned from the STRONG AYA infrastructure. 

 

 

{ 
  "name": "HADS scores descriptive statistics", 
  "description": "Task to score and take the descriptive statistics for HADS anxiety and 
depression scales.", 
  "databaseLabels": "rdf_store", 
  "image": "ghcr.io/strongaya/v6-descriptive-
statistics@sha256:b3f86469fc339a77cbc5edac139912243db8e1051d0dfcbd508321a0100dd9
5", 
"input": { 
    "method": "central", 
    "kwargs": { 
      "variables_to_describe": { 
        "ncit:C118111": { 
          "datatype": "numerical" 
        }, 
        "ncit:C118112": { 
          "datatype": "numerical" 
        } 
      } 
    } 
  }, 
  "algorithm_repository": "https://github.com/STRONGAYA/v6-descriptive-statistics", 
  "algorithm_wiki": https://github.com/STRONGAYA/v6-descriptive-statistics/wiki 
} 
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Supplementary figure 3: PROMPT clinician dashboard view showing a fictitious HADS score 

distribution for all female patients on the colorectal treatment pathway; the green background 

is the aggregate interquartile Q1, median (Q2), and Q3 levels determined through federated 

descriptive statistics returned from the STRONG AYA infrastructure. 
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