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Abstract. In the field of oncology, a close integration of cancer research and patient 
care is indispensable. Although an exchange of data between health care providers 
and other institutions such as cancer registries has already been established in 
Germany, it does not take advantage of internationally coordinated health data 
standards. Translational cancer research would also benefit from such standards in 
the context of secondary data use. This paper employs use cases from the German 
Cancer Consortium (DKTK) to show how this gap can be closed using a harmonised 
FHIR-based data model, and how to apply it to an existing federated data platform.  

Keywords. FHIR, Oncology, Interoperability, DKTK, biobanking, comprehensive 
cancer center 

1. Introduction 

Large scale medical research often spans dozens of institutions, making it imperative that 

the data being collected and shared is comparable across sites. To this end, data handling 

systems need to be able to exchange harmonised data across locations and organisations. 

These systems in turn need well-defined health data standards to enable interoperability. 

At present, HL7’s Fast Healthcare Interoperability Resources (FHIR) promises to 

address the interoperability problem, improving usability of health data [1]. Established 

in 2012 as the federated data management body of the German Cancer Consortium 

(DKTK) [2], the Clinical Communication Platform (CCP) plays a central role in the 

collection and exchange of clinical data and biosamples among German cancer centres 
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and thus provides an important bridge between disciplines and institutions [3]. To this 

end, the CCP uses the so-called bridgehead to connect the multiple participating sites of 

the consortium. With its distributed infrastructure, consisting of multiple data 

warehouses and search interfaces, the bridgehead enables scientists to query and request 

data and biosamples across partner institutions [4]. As a result of the expansion of the 

bridgehead architecture to all Comprehensive Cancer Centers (CCC) and biobanks of the 

German Biobank Node [5], maintaining interoperability among the bridgeheads in over 

22 university hospitals is becoming a major issue. This stems from the fact that data 

transformation from one dataset to another can induce a loss of information [6]. Also, 

serving multiple research networks (each with their own focus on disease areas or types 

of data or biomaterial) by hosting multiple instances of the bridgehead software would 

lead to added overhead for local IT operations. Instead, we propose to create a modular 

FHIR dataset that covers oncology but can be expanded to different use-cases. The 

modular nature of such a dataset allows a common data format to be used in data transfer 

between multiple sites, and makes it possible to store the data in a structured manner. 

2. Methods 

Since all German cancer care providers are obligated to report patient data to cancer 

registries following the ADT/GEKID schema [7], we used its XML representation as a 

starting point and compared it with the extended version created in DKTK at the data 

element level and the structural level. In order to simplify the identification of the entity 

types for the data model, a codification of the cancer disease (cancer lifecycle) was 

created based on the analysis of the tumor documentation (Figure 1). The next step was 

to determine how to represent the DKTK data model using HL7 FHIR. Based on the 

previous analysis, the FHIR resources were identified and the structure of the model was 

visualised with the clinFHIR software [8]. The results were discussed with technical and 

domain experts in various meetings and telephone conferences. Before expanding and 

adapting the FHIR resources (profiling) to fit various DKTK and ADT data elements, 

other oncology FHIR profiling endeavours were analysed regarding their reuse in 

DKTK: (1) mCode, an initiative of the American Society of Clinical Oncology (ASCO) 

in collaboration with the MITRE Corporation, aims to establish a core set of structured 

data elements for oncological electronic health records [9]. (2) Breast Cancer Data 

(BCD), a joint project of the Clinical Information Council (CIC) and the Clinical 

Information Modeling Initiative (CIMI), maintains a set of data elements used for breast 

cancer staging [10]. (3) The Cancer Care Record (CCR), initiated at the University 

Hospital of Cologne, form the basis for the dataset of the national Network Genomic 

Medicine (nNGM) Lung Cancer [11]. Another project, which was originally designed 

for the data transmission of ADT in CDR format, also provides a solid basis as a guide 

for the modelling of cancer data[12]. The following tools were used to implement the 

FHIR profiles: (1) Forge: FHIR profile editor, a desktop application for tailoring the 

FHIR resources to specific FHIR profiles [13]. (2) Simplifier: HL7 FHIR registry for 

hosting FHIR profiles and examples [14]. (3) FHIR-Validator: Java application to 

validate FHIR profiles and examples [15]. The definition of the profiles was created 

based on the FHIR specification in its current version FHIR R4 [16]. We also used 

Logical Observation Identifiers Names and Codes (LOINC) [17]. To speed up the 

profiling process, an additional Java program was developed, which parses the ADT 

schema and the DKTK Metadata Repository [18] (Samply MDR, implementing the ISO 
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11179 standard). It generates collections of permissible terms that contain coded values 

of data elements (FHIR ValueSets and CodeSystems). In addition, it supplements the 

FHIR profiles with extra information about the data elements, such as the cardinality, 

“must-support” markers and a human-readable description of the content. To take into 

account the habits of the user and domain experts and to help them understand the data 

model and the mapping between the specific data content of the FHIR resource, the 

DKTK data set (in its former implementation) and the ADT specification, the individual 

data elements and the mapping to FHIR were provided as an “MDRSheet” Excel 

spreadsheet [19]. In some cases, there were no corresponding data elements in the FHIR 

specification. These cases were evaluated to determine whether additional FHIR 

extensions were necessary. For each profile, a corresponding example was created. These 

examples were packaged together into a single FHIR bundle [16]. For the FHIR 

modelling of certain data structures such as the TNM Classification of Malignant 

Tumours (TNM) [20], several viable alternative models could be constructed. To build 

the one best suited to DKTK purposes, criteria such as simplicity and compatibility with 

the data set of the German cancer registries were applied. 

 

 

Figure 1. Lifecycle of tumour documentation (simplified). 

3. Results 

FHIR is based on the concept of “resources” describing many aspects of healthcare [21]. 

The following FHIR resources were identified as being relevant to the current DKTK 

data model: Condition, Observation, Procedure, MedicationStatement, Patient, 

Organization, Specimen, ClinicalImpression and Encounter. As part of our analysis, we 
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performed a search for existing oncology FHIR profiles, looking in particular for ones 

that might already meet our requirements. However, we were not able to find a perfect 

match. The primary issues can be summarized as follows: (1) FHIR version: all profiles 

of the projects analysed (mCode, CCR, BCD) were specified with old FHIR versions 

(STU2/3). (2) Value sets: value sets were defined in SNOMED, which was, at the time 

of our analysis, not yet licensed in Germany (mCode). (3) Modelling: certain clinical 

information was too detailed and thus distributed over multiple FHIR profiles. This 

makes the data both difficult to read and to retrieve (mCode, BCD). (4) Specificity: some 

profiles were organ-specific, describing e.g. only breast cancer (BCD). 

 

Figure 2: FHIR data model: Resources (simplified). Colours indicate different resource types, arrows 

represent the references between the resources. 

3.1. Data Model 

The content of the data model in its current version covers the use cases of DKTK and, 

to describe biosample data, the German Biobank Alliance (GBA) [22]. In order to ensure 

the compatibility and possible data ingress from the established tumour documentation, 

the architecture is based on the ADT data structure. The data model is also designed to 

be: (1) simple and realistic, reflecting clinical and biomedical reality, (2) flexible and 

expandable for specialised applications, (3) future-proof andinteroperable. In addition to 

the technical requirements, functional considerations werealso taken into account. The 

main requirements for the model can be summarized asfollows: (1) Allow direct linking 

of all events with the patient (examinations, therapiesetc.). (2) Representation of the 

primary diagnosis through the combination of ICD-10[23] and ICD-O-3 [24] 

(localization/topography). (3) Additional linkage of all events(sample, therapies etc.) 

directly with the primary diagnosis (as far as possible). (4) Chronological representation 

of the different events (e.g. examinations and therapies). (5) Consideration of other 

diseases the patient may be suffering from (e.g. comorbidities). (6) Coverage of different 
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therapy types in relation to the primary diagnosis. (7) Representation of follow-ups and 

further development of the primary tumour, the metastases and the lymph nodes.  

In its current version, the data model of the DKTK and the Comprehensive Cancer 

Centres [25] (Figure 2) comprises three categories of information: Patient-identifying 

data, medical/clinical data and data about biosamples. The clinical data include the 

primary diagnosis, treatments and the subsequent follow-ups. The data model allows 

biosample data to be recorded dependent or independent of the primary diagnosis. 

3.2.  FHIR Profiles 

In the following, the relevant profiles are described according to the categories already 

mentioned (see section 3.1). Detailed descriptions can be viewed on the Simplifier 

platform. Of particular note in this context are the following points: (1) no elements have 

been removed from the base FHIR Resources, in order to maintain interoperability with 

other FHIR implementations. (2) All file names and URLs of the FHIR profiles were 

named according to a consistent naming scheme. 

3.3.  Clinical data: primary diagnosis 

For each primary tumour, several data elements are required for a complete description. 

These include the classification according to ICD-10 and ICD-O-3, as well as body-site-

laterality. The primary diagnosis can reference further Observations (TNM, histology) 

as evidence and assessment for the primary diagnosis (The words between the brackets 

show the underlying base FHIR resource): 

 Primary diagnosis (Condition): includes parameters used to classify the 

primarydisease such as ICD-10, ICD-O-3 (topography) and the body site, as 

well as links to histology (topography) and TNM classifications 

(pathological/clinical) 

 Histology (Observation): indicates the histology of the tumour, based on the 

current ICD-O-3 classification (morphology) 

 Metastasis (Observation): indicates whether metastases have been found 

 Grading (Observation): indicates the degree of tumour differentiation 

 TNMc / TNMp (Observation): clinical or pathological staging of the primary 

tumour according to the current TNM classification of UICC 

3.3.1.  Clinical data: therapy 

For each primary diagnosis, the therapies performed (surgery, radiation, systemic 

therapies) are defined using the following profiles. The therapy outcome (R-

classification) is incorporated into the model via further Observations: 

 Surgery (Procedure): includes surgical data such as OPS [26] and body site 

 Radiotherapy (Procedure): covers the radiotherapy data 

 Systemic therapy (MedicationStatement): includes chemotherapy and all types 

of therapy not covered by surgical data or radiotherapy 

 Residual status (Observations): overall and local assessment of the residual 

tumour (R-classification) 

 Overall assessment of tumour status (Observation): overall assessment of the 

disease, such as partial remission, complete remission and progressive disease 
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3.3.2.  Clinical data: follow-ups 

As with the primary diagnosis, the follow-up is linked to several observations, such as 

the status of the tumour, the lymph nodes and the metastases: 

 Follow-up (ClinicalImpression): contains parameters for the development of 

the disease and is linked to corresponding Observations, especially TNM and 

histology. ClinicalImpression was chosen as a counterpart to the “progression” 

in ADT following a discussion in the HL7 interoperability forum. This resource 

would serve as a kind of data container with a series of observations for tracking 

the progression of the primary disease. 

 Treatment case (Encounter): models a timeline of the clinical progression of 

the disease. This includes different clinical events such as therapies and 

observations. 

 Vital status (Observation): records the vital status of the patient such as date of 

last contact or death 

3.3.3. Biosamples 

Depending on the use case, the biosample data can be linked to the primary diagnosis 

and/or the patient. The biosample data includes in particular the type and date of 

sampling. This profile was taken with minor modifications from the German Biobank 

Alliance: Specimen (Specimen): records of biosample data. It includes, for example, the 

type and date of collection of the sample. This profile acts as a bridge between the 

profiles of oncology and the profiles of biobanks (GBA), allowing researchers to search 

for biosamples in biobanks associated with specific patient groups/diagnoses [27] via the 

bridgehead infrastructure. In order to link the biomaterial to the primary diagnosis, the 

resource ServiceRequest was used. Since this link has already been realised by an 

extension, this profile will most likely be removed in the next releases. 

3.4.  Terminology and Mapping 

Coded values used to describe clinical concepts in the use cases under consideration can 

be found on the Simplifier platform. Whenever possible, the codes from the ADT dataset 

were used to create the FHIR ValueSets. In some cases, coded data types were missing 

in the ADT dataset. For these we substituted the more precise definitions from the 

DKTK’s existing dataset. The Observation profiles, such as histology, metastasis and 

TNM (see section 3.3) were given unique codes (usually LOINC or OIDs). This is 

needed to identify the correct definition, for example, by a FHIR server. 

FHIR provides a notation to allow mapping between the data elements of FHIR and 

other established metadata specifications [1]. This feature was used to map FHIR data 

elements to corresponding ADT and ISO standard 11179-3 fields. 

4.  Discussion 

Standardising data specifications is an important step towards making patient-related 

information sharable across organisations [6] or – in our case – across research networks. 

To this end, an oncology model FHIR standards-based architecture for DKTK use cases 

was developed, incorporating feedback from both experts in the domain oncology and in 
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medical informatics. An important result of this work is that by using the HL7 FHIR 

standard, it is also possible to model specific clinical domains such as oncology without 

significant gaps. The use of embedded mapping annotations helps to bridge the gap 

between FHIR and the already existing national standards. 

However, we also faced some difficulties during the development of the profiles: 

 The ADT data set as a national reference has, for example, value sets that are 

missing or deviate from the international standard (e.g. the version of the ICD-

10 and the body-site-laterality) 

 Some observations lacked suitable LOINC codes (e.g. UICC staging, tumour 

topography and morphology); this could now be remedied by using SNOMED. 

 For many value sets, such as the UICC TNM staging system, no national or 

international code systems are available. Creating code systems to fill these 

gaps would greatly assist in making interpretation across different health care 

organisations more comparable 

 In Germany, SNOMED’s license is restricted to the Medical Informatics 

Initiative (MII) [28] and, thus, not usable at every site participating in our 

networks. Therefore, the ubiquitous adoption of FHIR profiles with SNOMED 

annotations was not feasible but should be addressed in the future. 

To address these problems, to bring this work to the wider community and to share the 

experience and results with other organisations in the healthcare in general and in the 

oncology domain in particular, discussions have already been held with HL7-Germany 

and the national MII [29]. The following steps were agreed upon: 

 Combined with parts of other oncology-related FHIR profiling endeavours 

(section 2), this work will provide base FHIR oncology profiles for the MII 

 Foundation of a community for the maintenance and support of German 

oncological base profiles as an open source project 

While FHIR was originally designed for information exchange rather than storage, it 

offers a solid information model reflecting decades of international expertise and can be 

queried with both FHIR Search and Clinical Quality Language. Thus, we are beginning 

to store FHIR resources natively in the bridgehead. This also avoids complex 

transformations from other data models to FHIR and back. 

With the words of Palfrey and Gasser, interoperability is not an end in itself, but a 

way to achieve higher societal goals; in this case improving the quality of healthcare 

[30].This work and its adoption as a standard by the bridgehead infrastructure is a small 

step in that direction. 
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