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Abstract. Rare cancers hinder data sharing and secondary use due to low incidence,
heterogeneous pathways, and fragmented sources. The IDEA4RC project addresses
these issues by creating a federated ecosystem for harmonized data exchange across
European Centers of Excellence. This paper presents the IDEA4RC HL7 FHIR
Implementation Guide (IG), which operationalizes the IDEA4RC common data
model—organizing 279 clinical variables across 19 entities—into computable
specifications for semantic and computational interoperability. The IDEA4RC HL7
FHIR IG combines logical models, constrained resource profiles, terminology
bindings, and grouped ConceptMaps that document traceable mappings from model
entities (e.g., Cancer Episode) to FHIR profiles. Developed within a
multi-stakeholder European consortium, the data model was co-designed with
clinical partners and it is the topic of a specific paper; here we report its technical
translation into a computable FHIR IG primarily led by technological partners; with
clinicians supporting concept interpretation and early implementation feedback.
Compared to existing initiatives such as mCODE, our approach strengthens
longitudinal and episode-based representation needed for European research
contexts. The resulting IDEA4RC HL7 FHIR IG underpins robust rare cancer data
sharing and paves the way for broader harmonization across oncology standards,
including future convergence with the HL7 Cancer Common Model Project.
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1. Introduction

The secondary clinical data use is increasingly recognized as a cornerstone for advancing
oncology research and improving patient outcomes [1]. Leveraging real-world data
enables predictive modelling, treatment optimization, and evidence-based decision-
making, but requires robust frameworks for interoperability and data quality [1]. Despite
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these benefits, rare cancers present additional challenges due to their low prevalence,
fragmented data sources, and the need for cross-border collaboration [2]. These
challenges are compounded by heterogeneous data formats, inconsistent terminologies,
and regulatory constraints, which hinder large-scale data integration and reuse [2].
Existing common data models (CDMs) and interoperability frameworks, including
OMOP [3], OSIRIS [4], and HL7 FHIR-based initiatives such as mCODE (minimal
Common Oncology Data Elements) HL7 FHIR Implementation Guide (IG) [5], have
made significant progress in structuring and exchanging health data. Nevertheless, these
models often lack the specificity, temporal depth, and usability required to represent rare
cancer care pathways comprehensively [6]. The IDEA4RC project was launched to
address these limitations by developing a federated data ecosystem tailored to rare
cancers (Sarcoma vs Head & Neck) within the European context. A cornerstone of this
ecosystem is the IDEA4RC common data model [7], which organizes 279 clinical
variables across 19 entities, covering the entire cancer journey from diagnosis to follow-
up. The model emphasizes semantic interoperability through standardized vocabularies
(e.g., SNOMED CT, ICD-O, LOINC) and supports longitudinal analyses by explicitly
modelling episodes and temporal relationships. A detailed description of the data model
is beyond the scope of this article; a dedicated manuscript is currently under submission
[6]. IDEA4RC is a European multi-stakeholder consortium (technological, clinical,
ethics and regulatory partners); while the common data model was co-designed with
clinical partners and is documented in [6,7], this paper reports its operationalization into
an HL7 FHIR IG to operationalize this model and enable computable interoperability.
FHIR provides a modular, resource-based framework widely adopted for health data
exchange, but its flexibility requires context-specific constraints and profiles to ensure
consistency. The IDEA4RC HL7 FHIR IG addresses this need by defining logical
models, resource profiles, terminology bindings, and validation artefacts aligned with
the IDEA4RC data model and is a core interoperability element of the IDEA4RC
platform. It ensures semantic alignment and secure data exchange across all components:
it enables federated analysis on the Vantage6 platform by harmonising data from
multiple centres, it supports the ETL process, integrating data from institutions that are
natively FHIR-based; it underpins one of the query builder tools, allowing standardised
data exploration and cohort discovery. Overall, FHIR ensures interoperability, scalability,
and compliance across the IDEA4RC ecosystem. The IDEA4RC approach is fully
aligned with the EU commitment to interoperable health data exchange, as demonstrated
by the Xt-EHR Joint Action, which develops HL7 FHIR-based specifications for the
European Electronic Health Record Exchange Format (EEHRxF) in support of the
European Health Data Space (EHDS) [8]. Furthermore, all IDEA4RC data is stored and
transmitted in pseudonymized form, in compliance with European data protection
regulations, ensuring privacy and security by design. This paper focuses on the
methodology used to create the IDEA4RC HL7 FHIR IG, the resulting artefacts, and the
lessons learned from adapting international standards to European requirements for rare
cancer research. We also discuss the relationship with existing initiatives, such as
mCODE, and outline future directions for harmonization with broader oncology data
standardization efforts.
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2. Methods

The development of the IDEA4RC HL7 FHIR IG followed an adaptive, iterative, and
incremental approach, allowing publication of intermediate versions aligned with
updates to the IDEA4RC data model. This ensured continuous feedback and
synchronization with other partners. The methodology comprised three main steps: (1)
Logical modelling: Entities from the IDEA4RC data model co-designed with clinical
experts (such as Patient, Cancer Episode, Diagnosis, Radiotherapy and Treatment
Response), initially captured in spreadsheets, were represented as FHIR Logical Models
to maintain traceability between logical and implementable layers. HL7 FHIR
Obligations were used to distinguish structural constraints from functional expectations
and to capture cancer-type-specific requirements (Sarcoma vs Head & Neck); (2)
Profiling and mapping: Resource profiles were created first to represent the entities of
the IDEA4RC data model, applying constraints, cardinalities, and terminology bindings
(e.g., SNOMED CT, ICD-O, LOINC, ATC). Subsequently, FHIR ConceptMap
resources were defined to document the relationships between IDEA4RC Logical
Models and IDEA4RC FHIR profiles; (3) Tooling and publication: The IDEA4RC HL7
FHIR IG was implemented using FHIR Shorthand (FSH), compiled with SUSHI into
computable artefacts, and published via the HL7 FHIR IG Publisher. All source files
were managed in a GitHub repository, enabling formal version control and continuous
integration. The IG Publisher generated both the human-readable guide and the machine-
readable NPM (Node Package Manager) package for validation and implementation.
Intermediate versions of the IDEA4RC HL7 FHIR IG were released following updates
to the IDEA4RC data model, enabling early feedback and alignment with the activities
of the other IDEA4RC partners. The IDEA4RC HL7 FHIR IG is based on FHIR R4 and
its design was aligned with European initiatives supported by the EFMI FAIR WG as
well as EU funded projects such as FHIR4FAIR, x-e¢Health, FAIR4Health, and
PanCareSurPass. Consistent with HL7 guidance to reuse existing 1Gs, IDEA4RC
adopted the mCODE where feasible. mCODE HL7 FHIR IG defines a minimal set of
structured oncology data elements for EHR interoperability [4]. However, due to scope
and context differences—U.S.-centric workflows and limited longitudinal,
episode-based modelling—custom elements were added (e.g., derived outcomes), while
retaining compatible extensions.

3. Results

The IDEA4RC HL7 FHIR IG delivers a comprehensive set of artefacts that
operationalize the IDEA4RC data model within the HL7 FHIR framework. These
artefacts include: FHIR Logical Models, representing the entities of the IDEA4RC data
model, ensuring conceptual and logical traceability; Resource Profiles, defining the
structure of HL7 FHIR resources to represent the entities of the IDEA4RC data model
such as Patient, different Conditions (e.g. primary cancer), Observations (e.g. diagnosis
details, treatment response), and Procedures (e.g. Radiotherapy); Terminology bindings,
leveraging international standards (SNOMED CT, ICD-O, LOINC, ATC) and project-
specific value sets; ConceptMap resources, documenting mappings between logical
model elements and FHIR profiles, enabling transparent alignment; Obligations to
capture functional constraints and cancer-type-specific requirements; Extensions for
attributes not covered by base FHIR resources or existing IGs. In details, FHIR
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ConceptMap resources are designed to express relationships between concepts defined
in different code systems. They enable semantic alignment by specifying how a source
concept corresponds to one or more target concepts, including the nature of the
relationship (e.g., equivalent, broader, narrower). In IDEA4RC HL7 FHIR IG,
ConceptMaps were used to represent relationships between elements of distinct models
(Figure 1); each ConceptMap was organized into groups, where each group represents
the mapping between one entity of the IDEA4RC data model, that is an IDEA4RC
Logical Model (such as Cancer Episode, Diagnosis, or Radiotherapy) and the
corresponding FHIR profiles defined in the IDEA4RC HL7 FHIR IG, that are the
IDEA4RC FHIR Profiles. This grouping approach ensures clarity, modularity, and end-
to-end traceability from conceptual/logical design to implementable specifications. The
IDEA4RC HL7 FHIR IG is published as a browsable web guide and as a computable
package (NPM) for validation and implementation. It includes human-readable
documentation, differential and snapshot views of profiles, artefact indexes, and
downloadable artefacts (profiles, value sets, ConceptMaps). The latest build is publicly
accessible online [9]. Intermediate versions were released throughout the project
lifecycle, reflecting updates to the IDEA4RC data model and feedback from other
IDEA4RC partners.
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Figure 1 The relation between IDEA4RC Logical Models, IDEA4RC FHIR Profiles and ConceptMaps

4. Discussion and conclusions

The IDEA4RC HL7 FHIR IG demonstrates the feasibility of translating a domain-
specific oncology data model into a computable specification that supports semantic and
syntactic interoperability across heterogeneous European contexts. By combining logical
models, explicit mappings, and robust profiling practices, this IG ensures traceability
from conceptual design to implementation, facilitating both data harmonization and
validation. Compared to mCODE, IDEA4RC addresses gaps in longitudinal
representation and episode-based structuring required for secondary research. While
mCODE remains a valuable reference for core oncology concepts, its U.S.-centric scope
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and focus on primary data capture limit its direct applicability for secondary research in
Europe. Future work should explore convergence opportunities, leveraging shared
concepts and harmonizing extensions to reduce fragmentation. For the current
implementation, IDEA4RC adopted HL7 FHIR R4 as the base version, considering its
maturity and widespread adoption. In the future, the project may evaluate the
development of an R5-based guide to facilitate adoption in countries where RS is gaining
traction, or even transition to R6 as it becomes stable. Beyond current R4 adoption,
upgrading to R5/R6 entails non-trivial risks for legacy implementations: although
normative content follows strict inter-version compatibility rules, STU/Draft elements
may evolve, impacting profiles, search parameters, extensions, and package
dependencies. Implementers should plan for version negotiation, manage
package/version pinning, and assess breaking deltas before rollout. The evolution will
also consider alignment with the HL7 Europe Base and Core FHIR Implementation
Guides, published for both R4 [10] and RS [11], ensuring consistency with European
interoperability frameworks. Based on this experience, HL7 Europe launched the Cancer
Common Model Project to create an agnostic common data model for oncology data,
enabling mappings across OMOP, HL7 FHIR, and other frameworks. This alignment, as
highlighted by our experience is critical to achieving sustainable interoperability for both
clinical and research use cases. Basing on the agnostic common data model for oncology
data, HL7 Europe will develop a HL7 European Cancer FHIR IG and collaborate with
the mCODE community to create an international implementation, ensuring convergence
of core oncology concepts and supporting global interoperability [12]. In summary, the
IDEA4RC HL7 FHIR IG provides a robust foundation for interoperable rare cancer data
sharing and lays the groundwork for broader harmonization across oncology standards.
Ultimately, the IDEA4RC experience underscores the importance of co-design, iterative
development, and pragmatic adaptation of international standards to meet the nuanced
requirements of cancer research in general.
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