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Abstract. Introduction In the last decade numerous real-world data networks have 
been established in order to leverage the value of data from electronic health records 
for medical research. In Germany, a nation-wide network based on electronic health 
record data from all German university hospitals has been established within the 
Medical Informatics Initiative (MII) and recently opened for researchers´ access 
through the German Portal for Medical Research Data (FDPG). In Bavaria, the six 
university hospitals have joined forces within the Bavarian Cancer Research Center 
(BZKF). The oncology departments aim at establishing a federated observational 
research network based on the framework of the MII/FDPG and extending it with a 
clear focus on oncological clinical data, imaging data and molecular high throughput 
analysis data. Methods We describe necessary adaptions and extensions of existing 
MII components with the goal of establishing a Bavarian oncology real world data 
research platform with its first use case of performing federated feasibility queries 
on clinical oncology data. Results We share insights from developing a feasibility 
platform prototype and presenting it to end users. Our main discovery was that 
oncological data is characterized by a higher degree of interdependence and 
complexity compared to the MII core dataset that is already integrated into the 
FDPG. Discussion The significance of our work lies in the requirements we 
formulated for extending already existing MII components to match oncology 
specific data and to meet oncology researchers needs while simultaneously 
transferring back our results and experiences into further developments within the 
MII. 
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1. Introduction 

In the last decade numerous real world data networks (e.g. SPHN [1], PCORnet [2], 

OHDSI [3]) have been established in order to leverage the value of data from electronic 

health records for medical research. Some of those networks cover a broad spectrum of 
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clinical data, while others have focused on disease specific data (e.g. the National 

COVID Cohort Collaborative (N3C) [4], the 4CE consortium [5], the CODEX platform 

[6]) or clinical specialty registries, such as the German Emergency Department Data 

Registry AKTIN [7]. Many scientific results have illustrated that large-scale 

international observational research is feasible and that such collaborative approaches 

can overcome many of the logistic and methodological challenges associated with 

observational study designs (e.g. [8]). In Germany, a nation-wide network based on 

electronic health record data from all German university hospitals has been established 

within the Medical Informatics Initiative (MII) [9] and recently opened for researchers´ 

access through the German Portal for Medical Research Data (FDPG) [10]. Most of the 

software code of the MII/FDPG infrastructure [11] is published as open source, to 

support wide stream cooperative development and participation of researchers from 

many areas.  

In Bavaria, the six university hospitals have joined forces within the Bavarian 

Cancer Research Center (BZKF) to combine outstanding oncological research with high-

performance cutting-edge medicine. Besides performing numerous multicenter clinical 

trials involving all six BZKF partners, the oncology departments have also decided to 

establish a federated observational research network based on an Oncology Real World 

Data Research Platform. To avoid reinventing the wheel, BZKF researchers have 

decided to build their federated research infrastructures on the framework (technological 

components, regulatory groundwork and organizational structures) of the MII/FDPG, 

reuse as many components as possible and extend it with a clear focus on oncological 

clinical data, imaging data and molecular high throughput analysis data. Thus, several 

independent IT infrastructure subprojects have been initiated, each associated with a 

different data type focus (e.g. genomic analysis data from molecular tumor boards, 

radiology imaging data and clinical data), but all following the general strategy to add 

subsets of an oncology patient journey to research data repositories located within the 

local university hospital IT infrastructures. Finally, the concept of privacy preserving 

federated analysis and federated learning approaches [12] was adopted as the main 

strategic foundation by the BZKF partners to support network-wide analysis. This 

strategic focus is to be further specified and implemented within the MII data integration 

center (DIC) infrastructures. 

The objective of this paper is to describe necessary adaptions and extensions of 

existing MII components with the goal of establishing a Bavarian oncology real world 

data research platform with its first use case of performing federated feasibility queries. 

We share insights from developing a feasibility platform prototype and evaluating it with 

end users. 

2. Methods 

In a first step we analyzed the dedicated tumor documentation systems at the six Bavarian 

university hospitals and their data export capabilities. We compared the variations of 

systems in use, access to tumor data from within the DIC and the format of data present 

in the data bases. Secondly, we further evaluated the existing FDPG components and 

functionalities for their potential to serve as a basis for a specialized oncology data 

feasibility portal within the BZKF. We assessed compatibility of the FDPG components 

with all six sites and with oncological data. Important criteria lie within the technical 

infrastructure inside of each DIC which should be able to embed an input data server 
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populated with oncology specific data in HL7 FHIR® format. Finally, the stepwise 

defined high-level BZKF IT strategy framed all work focusing on clinical oncology data 

(within this subproject) to serve as a joined link between all IT and data gathering 

subprojects within the BZKF. As already pursued within earlier projects for establishing 

harmonized multicenter IT networks [13–15], we adapted the strategy of data-driven 

development accompanied by stakeholder workshops while aiming at a detailed 

requirements analysis built on experiences from oncology researchers within the BZKF 

network. The stakeholder workshop focused on discussing the most important types of 

queries and how we can accurately represent them, bringing together a diverse group of 

oncology researchers. 

3. Results 

3.1. Feasibility Platform Prototype 

We developed a first prototype of the BZKF feasibility platform (see figure 1). The 

prototype is based on the existing MII FDPG platform which is constructed from generic 

and thus extensible components to enable secure and privacy-preserving distributed 

feasibility queries for FHIR® data [11]. To safeguard privacy, the query result is 

presented as an aggregated number of patients and obfuscated at each site before being 

sent to the central platform and displayed to the end user. The user can select desired 

criteria via a user interface (UI), an intermediate structured query is assembled and 

distributed to all participating sites for execution within each hospital, before the user 

receives the results. A search ontology service is required for displaying selectable 

hierarchical concepts and query composition, while the middleware ensures secure 

transportation of the query. Finally, an execution service translates the structured query 

to a FHIR search query or a Clinical Quality Language (CQL) query that can be 

processed by a FHIR server, which stores all the relevant data. 

For the first version of our prototype, we extended the FDPG platform by the 

following oncological criteria: histology (ICD-O-3 and grading), TNM staging, distant 

metastases and procedures like surgery, system therapy or radiotherapy with their 

intention and residual status. Tumor documentation systems are established at all six 

BZKF sites which transfer data to the state cancer registries in an ADT/GEKID XML 

schema [16]. This standard format was specified by the Working Group of German 

Tumor Centers (ADT) and the Society of Epidemiological Cancer Registries in Germany 

(GEKID) as a legal obligation for clinical cancer registration and provides a suitable 

representation of relevant oncological concepts. From those we selected key criteria to 

be displayed in the UI and identified attributes to each key element that help to refine a 

query. To display oncological concepts in the user interface, we extended the FDPG 

search ontology generator [17]. The tool simplifies FHIR profiles to the relevant criteria 

and their associated hierarchies and displays them in a tree-like format for ease of use. 

The search ontology generator requires FHIR structure definitions of oncological 

concepts. The harmonized MII core data set (CDS) represented in HL7 FHIR is presently 

limited to basic clinical data (e.g. patient demographics and encounter data, diagnosis, 

procedures, laboratory analysis and medication), but a dedicated oncology extension 

module is currently in development [18]. Since the German Cancer Consortium (DKTK) 

FHIR representation [19] of the ADT/GEKID schema was the starting point for the 

definition efforts of the MII oncology extension module, we applied this schema as a 
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temporary basis for the search ontology generation to display oncological concepts in the 

BZKF feasibility tool prototype. 

 

 

 

Figure 1. Prototype of the Feasibility Platform with Oncological Search Criteria. 

 

3.2. Stakeholder Involvement for Feasibility Tool Prototype Evaluation 

In order to learn about the most important concepts to be used for oncological feasibility 

queries, we conducted a workshop involving stakeholders from various groups, including 

directors and employees of comprehensive cancer centers, a Department of Radiation 

Oncology director, and the Head of the Working Group on Clinical-Scientific 

Digitalization. We presented the prototype and discussed relevant data attributes for 

oncological feasibility queries. After the workshop, we had asked oncology researchers 

to provide us with typical example cohort queries. We sent out worksheets with all 

available criteria and asked for a written feedback with exemplary queries. The 

occurrence count of each concept is specified in brackets hereinafter. From a total of nine 

feedback responses, the ICD10 diagnosis code (9 times) was the most frequently 

mentioned category closely followed by radiotherapy/chemotherapy with or without 

intention and the tumor entity (6 times each). 

In those queries tumor entities classify cancer types by body parts/organs (e.g. anal 

carcinomas =  C21.1 anal canal carcinoma + C44.5 carcinoma of the anal margin) [20] 

or histological features (e.g. basal cell carcinomas include ICD-O-3 morphology codes 

8090-8110) [21]. The following criteria were mentioned frequently: date of diagnosis 

and TNM (4 times each),  UICC/WHO stage (3 times). The data elements ICD-O-3, date 

of surgery, residual status after surgery, smoking status, sex, recurrent tumor, distant 

metastasis location, WHO stage and ADT extension module Mamma were mentioned 

once each.  
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Table 1. Original Example Queries from Oncological Researchers. 

Example Queries 

what is the number of  

 all patients with anal carcinomas with date of surgery in 2021 or 2022 

 all patients with NSCLC (Non-Small Cell Lung Cancer) diagnosed in 2022 

 all patients with mamma carcinoma, diagnosed between 2018 and 2023, HER2-positive 

 all patients with glioblastoma, histology WHO stage IV, chemotherapy protocol Procarbazin or 
Lomustin, diagnosed in 2022 

 all patients with malignant neoplasm of the bronchi and lungs, UICC stage III or IV and primary 
radiotherapy with curative or palliative intention 

 all non-smoking patients with NSCLC, T1-T3, N0, with curative radiotherapy alone without 
consideration of subsequent palliative radiotherapy, from 2020 to 2021 

 all patients staged T3 N2 before surgery, N3 or R1-R2 past surgery, who need postoperative radio or 
chemotherapy 

 all female patients < 30 years of age, C50, ICD-O-3 8500/3, T1-T3 who have received radiotherapy 

 all patients with C43 and age <50 at diagnosis, BRAF mutation, UICC II - IV, >T2, neoadjuvant 
chemotherapy 

 

 

We then categorized the requested concepts into three distinct categories: 

 Represented Criteria: search criteria already represented in feasibility queries 

with the current FDPG feasibility tool release (ICD10 diagnosis code, date of 

diagnosis) 

 Modifiable Criteria: Search criteria requiring modifications to the current FDPG 

feasibility tool release to meet more complex user requirements (see 3.3) 

 Unqueryable Elements: Elements that cannot be queried because this 

information is not directly part of the ADT specification; nevertheless, such 

information can be retrieved by more complex analysis later (see 4.) 

3.3. Defining Adaptions to Enhance Platform Utility for Oncology Data 

Workshop attendees requested a search feature that incorporates the use of tumor entities 

instead of listing ICD10 or ICD-O-3 codes, respectively long OR-Clauses to cover all 

possible classification system codes which match one tumor entity term. As a result, 

users do not have to select all concepts individually. Moreover, we observed a 

discrepancy in the interdependence of criteria between the oncological data elements and 

the existing MII CDS criteria. It is crucial to have precise references from any type of 

therapy (surgery, radiotherapy, system therapy) to the original diagnosis in oncological 

search criteria. Otherwise, a patient with multiple tumors may be mistakenly counted as 

part of a cohort even if the therapy was performed for the other tumor. This “vagueness” 

issue can be addressed by adjusting the platform backend to ensure that the reference 

from the therapy to the corresponding diagnosis is always included in the query. 

Furthermore, a modification of the representation of interdependent concepts in the 

graphical user interface is necessary. Certain criteria cannot be queried currently due to 

the absence of FHIR search parameters. While the FHIR specification offers a variety of 

search parameters for many data fields of every resource type [22], some fields do not 

have corresponding parameters or need to be queried in combination with multiple other 

fields to avoid vagueness. Thus, the definition of custom search parameters is required. 

In the DKTK oncology FHIR profiles, we identified 14 relevant data elements without 
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corresponding custom search parameters although they greatly enhance utility and were 

repeatedly emphasized as crucial criteria in the feedback of experts. To enable querying 

of these criteria, we generated custom search parameters for the DKTK profiles.  

4. Discussion  

Our article examines the requirements for an oncological real-world data platform to 

conduct federated feasibility queries on clinical oncology data across six German 

hospitals using HL7 FHIR conform data. We presented a prototype of the platform, 

analyzed user feedback and example queries collected from an end-user workshop that 

identified several needs for adaption to the current platform setup. Our key finding is that 

oncological data is more complex and interdependent than the basic modules of the MII 

CDS provided by the current FDPG release. Based on our initial experiences, we 

identified the need for adjustments to the backend, user interface, and search ontology 

generation of the feasibility platform, which is currently integrated by the FDPG 

platform developer team. To display and query complex interdependent oncological 

concepts, the structured query and the search ontology generator require major adaptions. 

The ability to query interdependent concepts with multiple attributes is not only a benefit 

for oncological concepts, but can also be helpful for future CDS extension modules and 

the entire MII. At present, one exemplary query cannot be expressed because the DKTK 

oncology FHIR profiles do not encompass the organ-specific supplementary modules 

(e.g. module mamma, module prostate) that ADT/GEKID recently introduced. However, 

since the MII extension module oncology has already integrated these modules into its 

information model, criteria associated with these modules will be queryable in the future 

once the transition to the MII extension module oncology is completed. Those examples 

nicely illustrate the advantage of an open source development strategy, since it allowed 

us to quickly build our BZKF work on previous FDPG developments, and now transfer 

our results and experiences back into further developments and projects within the MII. 

Our approach to conducting federated feasibility queries in oncology requires 

harmonized data in FHIR format across all participating sites. A major future challenge 

is to create an extract-transform-load (ETL) job that can be delivered to all BZKF sites 

regardless of varying DIC infrastructures, software setups and tumor documentation 

systems. Furthermore, the workshop with medical professionals provided only a glimpse 

of example queries and is not fully comprehensive yet. We intend to conduct further 

workshops where we iteratively present development steps of the BZKF RWD platform 

and integrate stakeholder feedback immediately. Further, we aim at extending the search 

capabilities in close collaboration with the research experts and their assessment of 

relevant search parameters for feasibility queries in oncology.  

To further improve the effectiveness of feasibility queries, there are two potential 

options to consider. The first is expanding the criteria available for querying by extending 

the MII oncology extension module with further data elements which are currently not 

part of the ADT/GEKID dataset. Tumor documentation systems today contain a wealth 

of information that goes beyond what is currently included in the ADT/GEKID dataset. 

However, extracting this additional data may present challenges due to heterogeneity of 

tumor documentation systems and IT infrastructures across different sites. Furthermore, 

adding data elements can cause a challenge in terms of data mapping and harmonization 

which might require adaptions to the existing FHIR profiling. Therefore, standardization 

and harmonization work, as planned to be pursued in the MII PM4Onco project, is very 
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important and needs to then be reflected also in the take-over of such extensions in the 

local documentation systems. In the future, additional CDS extension modules will be 

developed to also include many more relevant oncology data elements (e.g. collected in 

molecular tumor boards or from patient reported outcome data). 

Finally, it is important to differentiate between data elements that improve feasibility 

queries and are essential during the time of the feasibility inquiry, and information that 

can be obtained through distributed analysis on exported complete datasets. While some 

information may not be essential at the outset, it may still be accessible later in the project 

(e.g. examining an entire exported dataset in detail can provide insights into whether a 

particular therapy qualifies as a "primary" or "sole" treatment option). Even though some 

elements could not be queried at the time, they may still become available during the 

subsequent analysis phase. 
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