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Abstract: (1) Background: Tumor-specific standardized data are essential for AI-based progress
in research, e.g., for predicting adverse events in patients with melanoma. Although there are
oncological Fast Healthcare Interoperability Resources (FHIR) profiles, it is unclear how well these
can represent malignant melanoma. (2) Methods: We created a methodology pipeline to assess to what
extent an oncological FHIR profile, in combination with a standard FHIR specification, can represent
a real-world data set. We extracted Electronic Health Record (EHR) data from a data platform, and
identified and validated relevant features. We created a melanoma data model and mapped its
features to the oncological HL7 FHIR Basisprofil Onkologie [Basic Profile Oncology] and the standard
FHIR specification R4. (3) Results: We identified 216 features. Mapping showed that 45 out of 216
(20.83%) features could be mapped completely or with adjustments using the Basisprofil Onkologie
[Basic Profile Oncology], and 129 (60.85%) features could be mapped using the standard FHIR
specification. A total of 39 (18.06%) new, non-mappable features could be identified. (4) Conclusions:
Our tumor-specific real-world melanoma data could be partially mapped using a combination of an
oncological FHIR profile and a standard FHIR specification. However, important data features were
lost or had to be mapped with self-defined extensions, resulting in limited interoperability.

Keywords: interoperability standard; HL7 Fast Healthcare Interoperability Resources (FHIR); oncology
profile; structured data; Electronic Health Record (EHR) data; data information model; oncology;
dermato-oncology; malignant melanoma

1. Introduction
1.1. Background and Significance

Health Level 7 (HL7) Fast Healthcare Interoperability Resources (FHIR)
(https://hl7.org/fhir/ (accessed on 6 May 2024)) is one of the most common interna-
tional standards for interoperability and thus data exchange between healthcare software
systems. FHIR describes clinical concepts as patterns using resources and combines them
with rules and constraints into profiles [1] for specific use cases. FHIR intentionally im-
plements the most frequently used clinical concept information [2] using the 80/20 rule,
meeting 80 percent of the interoperability needs for resources with 20 percent of the require-
ments [3]. However, FHIR is also intended to be adapted with profiles for more specific
use cases [3]. For these adaptations, either standardized or specialized FHIR profiles can
be used or (further) developed, or existing ones can be extended in a non-standardized,
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self-defined manner by using existing generic elements or creating extensions. In Germany,
various standardization projects use FHIR, e.g., Medizinische Informationsobjekte [Medical
Information Objects] (MIOs) for the elektronische Patientenakte [Personal Health Record]
(ePA) [4] and Digitale Gesundheitsanwendungen [Digital Health Applications] (DiGAs) [5],
Informationstechnische Systeme in Krankenhäusern [Information Technology in Hospitals]
(ISiK) [6], and the Medizininformatik Initiative [Medical Informatics Initiative] (MII) [7] Core
Data Set (CDS) [8]. To apply appropriate technical standards, FHIR should be used for
clinical data models.

Research in oncology is dynamic, with new methods constantly revealing new biomark-
ers [9]. Thus, treatment decisions need to be based on actual tumor-specific data. For in-
stance, tumor thickness is the most important prognostic factor for primary melanoma [10]
but cannot be applied, e.g., to leukemia. Although there are already recent studies focused
on FHIR in oncology [1,11–13], and several German studies/projects [14,15] and an interna-
tional project [16] adapting the standard FHIR for oncology, it is uncertain how well these
can represent specific tumors like melanoma. Even more specific FHIR profiles might be
required to present individual oncological diseases.

As FHIR has evolved since its introduction in 2011 [1], so has real-world data man-
agement within healthcare institutions. For instance, the local FHIR-based healthcare
data platform, the Smart Hospital Information Platform (SHIP), of the University Hospital
Essen, Germany was initiated over 10 years ago. These data platforms need to be regularly
updated to ensure the highest possible level of interoperability by checking new FHIR
specifications/profiles for their suitability, implementations, and required mapping efforts.
In other medical fields, related work has already demonstrated mappings of German
Electronic Health Record (EHR) data to the Observational Medical Outcomes Partnership
(OMOP) Common Data Model (CDM) [17] and FHIR [18] standards and extended FHIR
profiles [14,19–21] for context-specific use. The oncological HL7 FHIR Basisprofil Onkologie
[Basic Profile Oncology] [22] cooperates with the German OncoLogical Data Standard
(GOLD) [23], combining various German and international oncology data sets into one
FHIR-based maximum data set [15]. Unlike GOLD and the MII [8] Modul Onkologie [Mod-
ule Oncology] that is currently being drafted [24], the Basisprofil Onkologie [Basic Profile
Oncology] is already in a released and approved status and therefore ready to use.

Malignant melanoma is a suitable example of a specific tumor due to its increased
observed relevance and its further predicted incidence increase [25] as well as its specific
attributes, e.g., of systemic immunotherapies. Immunotherapies, e.g., with the agents
nivolumab and pembrolizumab, enhance immune responses [26] and can induce specific
immune-related adverse events (irAEs) [27,28] which may result in unpredictable patient-
specific life-threatening conditions [29]. Standardized high-qualitative EHR data are needed
to improve results.

1.2. Objectives

We aim to assess to what extent an oncological FHIR profile can represent malignant
melanoma or whether further, more specialized FHIR profiles are needed.

Our approach provides a methodology pipeline to examine a reference FHIR profile
and a standard FHIR specification. The focus is on the coverage of (clinical) data features
and the compatibility of the terminologies used. These are relevant indicators for the
further development of the standards and potential automation of mapping and updating
real-world data to new FHIR specifications and profiles. Therefore, we used real-world
data of patients with melanoma from the Department of Dermatology of the University
Hospital Essen, Germany and the HL7 oncological FHIR Basisprofil Onkologie [Basic Profile
Oncology] in a single-center study. We considered the data features of malignant melanoma
required for the prediction of irAEs in first-line immunotherapy.
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2. Materials and Methods

Below, the materials and methods used for mapping clinical real-world data of patients
with melanoma to oncological FHIR profiles are elaborated. As shown in Figure 1, these in-
clude the description of the EHR data used (see Section 2.1); data extraction, pre-processing,
and validation (see Section 2.2); clinical concept modeling (see Section 2.3); reference FHIR
profile selection (see Section 2.4); and data model mapping with its statistical metrics (see
Section 2.5).
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Figure 1. Study pipeline with initial situation (gray), processing steps of our study (green), and future
usage (blue).

2.1. Real-World Electronic Health Record (EHR) Data

In our single-center study, we used German EHR data from patients diagnosed with
malignant melanoma from the Department of Dermatology University Hospital Essen,
Germany as an example. We used retrospective data documented in the information system
Cerner Medico (https://www.cgm.com/deu_de/produkte/krankenhaus/cgm-medico.html
(accessed on 6 May 2024)) and Nexus Swisslab (https://www.nexus-ag.de/lab (accessed on
6 May 2024)). As the digital healthcare data platform SHIP of the University Hospital Essen

https://www.cgm.com/deu_de/produkte/krankenhaus/cgm-medico.html
https://www.nexus-ag.de/lab
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gathers treatment data from primary systems [30] and is based on the FHIR specification
R4 (https://hl7.org/fhir/R4/ (accessed on 6 May 2024)), all data used were extracted in a
structured form.

2.2. Data Extraction, Pre-Processing, and Validation

We manually analyzed and identified relevant FHIR of patients with melanoma
using the internal resource. Our feature selection was adapted to the outcome prediction
of irAEs under first-line immunotherapy as an example and validated by conducting
unstructured interviews with two dermato-oncologists. Not only were clinically relevant
features (e.g., irAE thyroiditis) determined, but also all administrative features (e.g., final
status of irAE thyroiditis), and linking features (e.g., irAE thyroiditis of specific systemic
infusion therapy) were required for processing. Extraction from SHIP was performed using
the Python package FHIR-PYrate (https://github.com/UMEssen/FHIR-Pyrate (accessed
on 6 May 2024)) for querying FHIR resources [31] to create an FHIR-based data subset. We
specified search parameters for the queries to obtain the appropriate data for our use case.

2.3. Data Modeling

We created and visualized the clinical concept model of our use case to obtain a basis
for a subsequent comparison of its features with those of a selected oncological refer-
ence FHIR profile. We used a Unified Modeling Language (UML) class diagram for the
visualization of our clinical concept model, as a UML class diagram is one FHIR representa-
tion type [32] provided by HL7. We determined (resource) classes and represented their
features for the prediction of irAEs as FHIR resources, elements, data types, value sets,
and references.

Resource Classes: According to their structure and medical content, considering their
resource types and internally used identifier systems, we divided the extracted data into
37 different resource classes, e.g., Comorbidity, Melanoma patient, Primary tumor diagnosis,
Skin type, and Systemic infusion therapy. For each resource class, we extracted (if available)
ten different resource entities using randomly provided resource IDs and examined these
resource classes for the data elements they contain to obtain a consistent model.

Logical Areas: For a better overview and understanding of the content, we grouped
the resource classes of our data model into logical areas based on similar medical contexts:
(i) Biomarker, (ii) Case, (iii) Melanoma patient, (iv) Other Medication, (v) Risk factors, (vi) Systemic
infusion therapy, and (vii) Tumor diagnosis. The information in our model can be divided
into non-disease-specific and disease-specific information. While the Melanoma patient
area contains non-disease-specific information, all other areas contain knowledge for the
specific treatment process, with some of them being highly tumor-specific, like Systemic
infusion therapy and Tumor diagnosis. The pathological TNM (pTNM) and the clinical TNM
(cTNM) stage, the tumor status, and the tumor thickness are, among others, all pieces
of information that describe the tumor and the associated diagnosis and are therefore
summarized in the logical area Tumor diagnosis. Systemic infusion therapy describes the
systemic therapy of malignant melanoma and any irAEs that may occur as a result of this
therapy. Any medication other than systemic therapy, including its prescription and/or
intake, was grouped as Other medication. All Risk factors were already defined specifically
for dermato-oncology within the hospital in consultation with physicians prior to this
study. Comorbidities, laboratory values, and tumor markers are features for outcomes and
therefore labeled as Biomarkers.

2.4. FHIR Profile Selection

According to Ulrich et al., data sets and specifications from different country origins
can differ, e.g., in terms of the terminology used, which can lead to problems [33]. As
Table 1 shows, we considered different national (German) FHIR profiles and compared
their suitability as a reference national FHIR profile for oncology.

https://hl7.org/fhir/R4/
https://github.com/UMEssen/FHIR-Pyrate
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Table 1. Comparison of characteristics of national German oncological FHIR profiles [15,22–24] (as of
27 March 2024).

Characteristic Oncological FHIR Profile for Germany

Organization HL7 Deutschland [Germany]
Medizininformatik Initiative

[Medical Informatics
Initiative]

Vision Zero

Profile Basisprofil Onkologie [Basic
Profile Oncology]

Medizininformatik Initiative
[Medical Informatics

Initiative]—Modul Onkologie
[Module Oncology]

GOLD—German OncoLogical
Data Standard

Simplifier
https://simplifier.net/

BasisprofileOnkologie (acessed on
24 June 2024)

https://simplifier.net/
MedizininformatikInitiative-

ModulOnkologie (acessed on 24
June 2024)

https://simplifier.net/gold---german-
oncological-data-standard (acessed on

24 June 2024)

Start 2020 2022 2022
FHIR R4 R4 R4

Profiles n (status) 16 (active) 34 (draft) 1 (active), 18 (draft)
Value sets n (status) 33 (active) 50 (draft) 35 (draft)

Code systems n (status) 7 (active) 35 (draft) 1 (draft)
Extension n (status) 9 (active) 9 (draft) 6 (draft)

Connection(s)

Basis for:

• MII module oncology
(https://simplifier.net/
MedizininformatikInitiative-
ModulOnkologie (acessed
on 24 June 2024))

Based on:

• HL7 Basisprofil Onkologie
[Basic Profile Oncology]
(https://simplifier.net/
BasisprofileOnkologie
(acessed on 24 June 2024))

Combines:

• ADT/GEKID oBDS (https://
basisdatensatz.de/basisdatensatz
(acessed on 24 June 2024))

• MII CDS
• nNGM (https:

//simplifier.net/nngm-form
(acessed on 24 June 2024))

etc.

GOLD combines, among others, various German oncological data sets into one FHIR-
based maximum data set, including the Bundeseinheitlicher Onkologischer Basisdatensatz
[German Uniform Basic Oncology Data Set] (oBDS) of the Arbeitsgemeinschaft Deutscher
Tumorzentren [Association of German Tumor Centers] (ADT) and the Gesellschaft der
epidemiologischen Krebsregister in Deutschland [Association of Population-based Cancer Reg-
istries in Germany] (GEKID) and the MII CDS, the lung cancer data set of the Nationales
Netzwerk Genomische Medizin Lungenkrebs [German National Network Genomic Medicine
Lung Cancer] (nNGM) [15]. However, GOLD currently has a draft status and is still
undergoing changes.

The MII CDS consists of basic modules and specialized extension modules [8]. In
addition to the basic modules person, case, diagnosis, procedure, laboratory test results, and
medication [34] that have an active status, the specialized extension module oncology is
currently being drafted [22].

The HL7 Deutschland [Germany] Basisprofil Onkologie [Basic Profile Oncology] was
developed from 2020 to 2022 and in cooperation with Vision Zero GOLD [22]. Although
the Basisprofil Onkologie [Basic Profile Oncology] was also still under development, it has a
released status and will serve as the basis for the MII module oncology [22].

Since the profiles, value sets, codes systems, and extensions of Vision Zero GOLD and
the MII CDS module oncology are drafts so far, we used the HL7 Basisprofil Onkologie [Basic
Profile Oncology] as a reference FHIR profile for oncology.

2.5. Data Model Comparison and Metrics

To verify which features of our data model can be mapped to the Basisprofil Onkologie
[Basic Profile Oncology], we compared both data structures in tabular form, resulting in
Tables 2 and S1. Code or semantic mappings to FHIR specifications/profiles shown in
tabular form have also been presented by other studies [11,18].

We listed all features on the left-hand side of the table. In the middle part of the
table, we showed which FHIR resource and FHIR element(s) represent a feature in our

https://simplifier.net/BasisprofileOnkologie
https://simplifier.net/BasisprofileOnkologie
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/gold---german-oncological-data-standard
https://simplifier.net/gold---german-oncological-data-standard
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/MedizininformatikInitiative-ModulOnkologie
https://simplifier.net/BasisprofileOnkologie
https://simplifier.net/BasisprofileOnkologie
https://basisdatensatz.de/basisdatensatz
https://basisdatensatz.de/basisdatensatz
https://simplifier.net/nngm-form
https://simplifier.net/nngm-form
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real-world data set. If a feature can also be mapped with the Basisprofil Onkologie [Basic
Profile Oncology], we showed its representation by this profile on the right-hand side of the
table, using the FHIR resource(s) and element(s) from the profile(s)/extension(s) needed.
In addition, we also provided the FHIR data types, terminologies, and specific values (if
used for data querying) on the middle and right-hand side of the table. Finally, for better
interpretation of our mapping results, we categorized our features using feature types
and compared the feature representations using mapping levels. We also considered that
features that cannot be explicitly mapped by the reference FHIR profile may be mapped
with the standard FHIR specification, or they may be new features.

Mapping Levels: In contrast to Peng et al., we did not only differentiate between
mapped and non-mappable/missing elements in the mapping results [18] but we defined
five different mapping levels: complete mapping without adjustments (mapping level
Y for mapping to reference oncological FHIR profile; R4 for mapping to standard FHIR
specification R4), mapping with minor adjustments (mapping level MI), mapping with
major adjustments (mapping level MA), or no mapping possible (mapping level N) (see
Tables 3 and S1). We distinguished possible mappings with minor adjustments (MI) from
mappings with major adjustments (MA) to highlight differences regarding the required
implementation effort. Mapping with minor adjustments (MI) was used if the element(s)
used was/were the same and used directly related terminology (e.g., a complete value
set and subset). Mapping with major adjustments (MA) was used if the element(s) used
differed and/or used a different terminology. Since, in some cases, several elements may be
relevant for the mapping of one feature, the lowest applicable mapping level was selected.

Feature Types: For the further evaluation of the technical implementation of the
mapping and the clinical content coverage, we determined three types of features in our
data set: (i) administrative (A), (ii) clinical (C), and (iii) reference (R).

Mapping Metrics: We determined both the absolute and relative (percentage) values
of the features regarding the mapping levels and feature types within the classifications
and globally.

3. Results

We created a clinical data model for melanoma containing different resource classes
as well as logical areas of the real-world data. The model differentiates between types of
features according to the kind of information they represent and therefore their relevance to
prediction models. Afterwards, we compared its features with counterparts of the Basisprofil
Onkologie [Basic Profile Oncology] and the standard FHIR specification R4. The mappability
of our features for the specific tumor towards the oncological FHIR profile was evaluated
by determining mappability metrics. Finally, missing mandatory elements required to fully
implement the referent specification were addressed.

Below, the results of the data modeling (see Section 3.1) and the data model comparison
are reported in detail, including the applicability of the Basisprofil Onkologie [Basic Profile
Oncology] to our data model (see Section 3.2), the resulting mappability metrics (see
Section 3.3), new data features detected in our data subset (see Section 3.4), and missing
mandatory elements for implementing the Basisprofil Onkologie [Basic Profile Oncology]
(see Section 3.5).

3.1. Real-World Data Model

We created a data model for the prediction of irAEs of first-line immunotherapy for
patients with melanoma using UML, as depicted in Figure 2. Each resource class of our
model is displayed as one UML class. An exception is within the logical area of Risk factors,
where several classes were combined for better readability. The FHIR resource type, the
class descriptor, and the specialized profiles implemented are displayed within the UML
class name. Within the classes, relevant features are listed as FHIR elements using UML
attributes with bold descriptors, FHIR data types, and value sets. Instead of the initial
attribute values usually specified in UML class diagrams, logical filter values that were used
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as search parameters for querying the data are displayed. FHIR references are visualized as
direct associations between FHIR resource classes or logical areas. Multiplicities describe
the relationship of the connected classes or areas in the direction of the arrows. To reduce
the large number of references to the central areas of Melanoma patient and Case, only logical
areas were linked to these instead of the individual resource classes.
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- ICD-10-GM Code code: CodeableConcept 
<<fhir>> = „C43.0“, …, „C43.9“

<<Observation>>
cTNM Stage

- First Diagnosis extension.valueBoolean: 
boolean

- TNM Stage valueCodeableConcept: 
CodeableConcept <<uk-essen>>

- TNM-cT component.valueCodeableConcept 
<<dktk>>: CodeableConcept 

- TNM-cN component.valueCodeableConcept 
<<dktk>>: CodeableConcept 

- TNM-cM component.valueCodeableConcept 
<<dktk>>: CodeableConcept 

<<MedicationRequest>>
Other Outpatient Prescription

- Dosage Instruction dosageInstruction: Dosage

<<MedicationAdministration>>
Other Inpatient Prescription

- Dosage Instruction dosage: BackboneElement

<<MedicationStatement>>
Other Inpatient Intake

- Dosage Instruction dosage: BackboneElement

<<Medication>>
Other Medication

- Pharmaceutical Central Number code: 
CodeableConcept <<fhir>>

Other Medication

0..*  1..1

0..*  1..1

0..*  1..1

<<Observation>>
Body Height | Body Weight | Naevi | Smoking 

Status

- Body Height | Body Weight| Naevi | Smoking 
Status valueQuantity: Quantity

Risk Factors

<<Observation>>
Chronic Light Damage | Exposure to Sunlight | 

Family History of Neoplasm | HIV Infection 
Status | Organ Recipient

- Chronic Light Damage | Exposure to Sunlight 
| Family History of Neoplasm | HIV Infection 
Status | Organ Recipient valueBoolean: 
boolean

<<Observation>>
ECOG Status | Skin Type 

- ECOG Status | Skin Type 
valueCodeableConcept: CodeableConcept 
<<loinc>>

<<Observation>>
Ethnic Group | Hair Color | Outdoor Activity | 

Solarium Usage | Sunscreen Usage

- Ethnic Group | Hair Color | Outdoor Activity 
| Solarium Usage | Sunscreen Usage 
valueString: string

0..*  1..1

Figure 2. Simplified HL7 FHIR data model of real-world clinical EHR melanoma patient data as
UML class diagram, whereby elements represent prediction-relevant elements and value expressions
represent logical data filtering.
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Features: Our real-world data model consists of 37 different resource classes with a
total of 216 different features. A total of 84 (38.89%) of these 216 features are administrative
data (A), 62 (28.70%) are clinical data (C), and 70 (32.41%) are references (R) that are required
for a logical linking between the FHIR resources (see Tables 3 and S1). Administrative
features are verification and general status information, date and time information, as
well as identifier codes (for example, 21924-6: Tumor marker Cancer) and value codes (for
example, C0022917: Lactate Dehydrogenase) of the clinical findings. The clinical features
describe the actual clinical findings (for example, 247 U/l) and can be used for medical
outcome predictions, as an example.

FHIR Specifications and Profiles: In addition to the standard FHIR specification
R4, we identified different specialized FHIR profiles implemented by our real-world data
set (see Table S1). The FHIR profiles from the MII core modules were used for the labo-
ratory values (Observation resource), the other inpatient intakes and outpatient prescrip-
tions (MedicationStatement and MedicationAdministration resources), the other medication
(Medication resource), and the melanoma patients (Patient resource). In addition, the Patient
resource implements the ISiK profile from the Nationale Agentur für Digitale Medizin [Na-
tional Agency for Digital Medicine] (gematik). Profiles from the nNGM were used for the
body height (Observation resource), the body weight (Observation resource), and the medical
case (EpisodeOfCare resource).

Terminologies: We identified terminology bindings used by our data set (see Table
S1). In addition to system-internal and in-house terminologies of Cerner Medico and Nexus
Swisslab, the terminologies Logical Observation Identifiers Names and Codes (LOINC,
http://loinc.org (accessed on 6 May 2024)), SNOMED Clinical Terms (SNOMED CT,
https://www.snomed.org/value-of-snomedct (accessed on 6 May 2024)), National Cancer
Institute meta thesaurus (NCIm, http://ncimeta.nci.nih.gov (accessed on 6 May 2024)), as
well as value sets from HL7 and terminologies of the German University Hospital Cologne,
such as nNGM, are used.

3.2. Applicability of Standardized Data Model

Figure 3 demonstrates the simplified example mapping concept of the primary tumor
diagnosis of a fictitious patient to the oncological FHIR profile.
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Condition

uk-essen: true ●
uk-essen: false ●
uk-essen: 8792 ●

hl7/condition-ver-status: confirmed ●
ncimeta: C0677930 ●

fhir/icd-10-gm: C43.5 ●
1273 ●

2024-01-01 ●

Family history of neoplasm:
Personal history of neoplasm:

Case reference (ID of melanoma case):
Verification status:

Category (primary tumor):
Diagnosis (malignant melanoma of torso):

Patient reference (ID of John Doe):
Date:

Krebsdiagnose [Cancer Diagnosis]

● hl7/workflow-epiosdeOfCare: 8792
● hl7/condition-ver-status: confirmed
● hl7/condition-category: C0677930
  
● 1273
● 2024-01-01

Coding-Profil für ICD-10-GM 
[Coding Profile for ICD-10-GM]

● fhir/icd-10-gm: C43.5

✓

✗
✗

✓
✓

✓
✓
✓

Smart Hospital Information 
Platform (SHIP)

Basisprofil Onkologie [Basic Profile Oncology]

Figure 3. A sketched mapping concept of the clinical data features (left) of the primary tumor
diagnosis from SHIP (middle) to the Basisprofil Onkologie [Basic Profile Oncology] [22] (right) of a
fictitious patient. The differences are underlined. The lines and font colors indicate the mapping
types: no mapping (red font color, solid red line with a cross symbol), complete mapping (solid green
line with a check mark symbol), and mapping with adjustments (blue font color, dashed blue line
with a check mark symbol).

Based on our data model, we mapped all features in tabular form. Figure 4 shows
the (highly detailed) data model section of the resource class Primary tumor diagnosis as
an example, which resulted in the features on the left-hand side in Table 2 and their FHIR
representation in the middle of Table 2. The feature mapping of the Basisprofil Onkologie
[Basic Profile Oncology] is shown on the right-hand side in Table 2. The mapping type

http://loinc.org
https://www.snomed.org/value-of-snomedct
http://ncimeta.nci.nih.gov
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information and, if applicable, a marker indicating that it is a new feature (*), resulted from
the comparison of both FHIR representations.
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Figure 4. A detailed data model excerpt of the primary tumor diagnosis as a UML class diagram,
whereby the elements are prediction-relevant, and the value expressions represent query parameters.

The clinical features (feature type C) Family history of neoplasm and Personal history
of neoplasm of our resource class Primary tumor diagnosis cannot be mapped by profiles
or extensions of the Basisprofil Onkologie [Basic Profile Oncology] nor the standard FHIR
specification; therefore, these features are classified as mapping level N (not possible). Since
the representations of the clinical feature ICD-10-GM code differ regarding the required
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FHIR elements, mapping is only possible with major adjustments (MA), although the
terminologies used are the same.

While the administrative features Verification and Date can be completely mapped with
the reference FHIR profile (Y), different terminologies are used for the feature Category
primary neoplasm, which requires major adjustments (MA).

The representation of the Patient reference of our data model and the reference FHIR
profile match completely (Y). Finally, major adjustments (MA) are required to map the
Episode of care reference feature due to different Uniform Resource Locators (URLs).

Table 2. Mapping of primary tumor diagnosis features (left) of real-world data (middle) to Basisprofil
Onkologie [Basic Profile Oncology] [22] (right) with simplified Uniform Resource Locators (URLs).

Feature Real-World Data HL7 Basisprofil Onkologie [Basic Profile Oncology]
(Type, Mapping

Level) Resource.Element Type = Value Profile or Extension Resource.Element Type = Value

Family
history of
neoplasm

(C, N) *

Condition
.extension Extension
.extension.url uri = uk-essen
.extension.

valueBoolean boolean

Personal
history of
neoplasm

(C, N) *

Condition
.extension Extension
.extension.url uri = uk-essen
.extension.

valueBoolean boolean

Episode of
care

reference
(R, MA)

Condition Condition

.extension Extension Krebsdiagnose
[Cancer Diagnosis] .extension:Fall Extension

Extension

.extension.url uri = uk-essen Krebsdiagnose
[Cancer Diagnosis] .url uri = hl7/workflow-

episodeOfCare
.extension.

valueReference
Reference
(EpisodeOfCare) Episode of Care .valueReference Reference

(EpisodeOfCare)

Verification
(A, Y)

Condition Condition

.verification
Status

CodeableConcept
(hl7/conditionver-
status) = “confirmed”

Krebsdiagnose
[Cancer Diagnosis]

.verification
Status

CodeableConcept
(hl7/conditionver-
status) = “confirmed”

Category
of primary
neoplasm
(A, MA)

Condition Condition

.category
CodeableConcept
(ncimeta) =
“C0677930”

Krebsdiagnose
[Cancer Diagnosis] .category CodeableConcept(hl7/-

condition-category)

ICD-10-
GM code
(C, MA)

Condition Condition

.code
CodeableConcept
(fhir/icd-10-gm) =
C43.0–C43.9

Krebsdiagnose
[Cancer Diagnosis] .code.coding fhir/CodingICD10

GM

Data Type
Coding-Profil für
ICD-10-GM [Coding
Profile for
ICD-10-GM]

.system uri = fhir/icd-10-gm

Coding-Profil für
ICD-10-GM [Coding
Profile for
ICD-10-GM]

.code code

Patient
reference

(R, Y)

Condition Condition

.subject Reference(Patient) Krebsdiagnose
[Cancer Diagnosis] .subject Reference(Patient)

Date
(A, Y)

Condition Condition

.onsetDateTime dateTime Krebsdiagnose
[Cancer Diagnosis] .onsetDateTime dateTime

Feature categories: A = administrative, C = clinical, R = reference; mapping levels: Y = completely possible to
reference FHIR profile, MA = with major adjustments to reference FHIR profile, N = not possible to reference
FHIR profile/standard FHIR specification R4; * new feature.
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3.3. Mappability Metrics

Table 3 and Figure 5a show the statistical evaluation of our mapping tables (see
Table S1). Out of 37 resource classes, 7 resource classes (18.92%) could be mapped (partially)
to the Basisprofil Onkologie [Basic Profile Oncology], and 30 (81.08%) could not be mapped to
the Basisprofil Onkologie [Basic Profile Oncology] but they could be mapped to the standard
FHIR specification R4. A closer look at the clinical features shows that the reference
oncological FHIR profile is able to map content in the logical areas Risk factors (1/16, 6.25%),
Systemic infusion therapy (5/9, 55.56%), and Tumor diagnosis (13/23, 56.52%) (see Figure 5b).
All clinical features of the logical areas Biomarker (4), Case (3), Melanoma patient (3), and
Other medication (4) remained completely uncovered.

Table 3. Mapping level of real-world data features to Basisprofil Onkologie [Basic Profile Oncology]
FHIR profile [22] or, if not possible, to standard FHIR specification R4 for different feature categories
(relative and absolute values with percentage values).

Feature Type Mapping Level Total (n = 212)
To Basisprofil Onkologie [Basic Profile

Oncology]
To Standard

R4 To Both

Completely
Possible (Y)

Minor
Adjustments

(MI)

Major
Adjustments

(MA)

Completely
Possible (R4)

Not Possible
(N)

Administrative (A) 11/13.10% 2/2.38% 2/2.38% 68/80.95% 1/1.19% 84/38.89%
Clinical (C) 3/4.76% 0/0.00% 16/25.40% 33/52.38% 10/15.87% 63/28.70%

Reference (R) 7/10.00% 0/0.00% 3/4.29% 32/45.71% 28/40.00% 70/32.41%

Total (n = 212) 21/9.72% 2/0.93% 21/9.72% 129/61.57% 39/18.06% 216/100.00%
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At the feature level, out of 216 features, 21 (9.72%) features could be mapped to the
Basisprofil Onkologie [Basic Profile Oncology] without adjustments, 2 (0.93%) could be
mapped with minor adjustments, 21 (9.72%) could be mapped with major adjustments,
39 (18.06%) could not be mapped, and 133 (61.75%) could instead be mapped with the
standard FHIR specification. With or without adjustments, a total of 177 out of 216 (81.94%)
features could be mapped with a combination of the reference FHIR profile and the stan-
dard FHIR specification. As a result, a total of 39 (18.06%) features cannot currently be
represented in their given forms without using self-defined extensions, which means that
the interoperability of this information is limited. Figure 5a cumulatively illustrates, both
in proportional and absolute for each feature type, how many features must be adjusted to
map our data set with a combination of the Basisprofil Onkologie [Basic Profile Oncology]
and the standard FHIR specification.

For the administrative features, a total of 11 (13.10%) features can be mapped com-
pletely, 2 (2.38%) can be mapped with (minor) adjustments, 2 (2.38%) can be mapped with
major adjustments, 1 (1.19%) cannot be mapped, and the majority with 68 features (80.95%)
does not need any mapping, as there is no specific profile or extension in the reference
oncological FHIR profile and a mapping to the standard FHIR specification is completely
given. Of the clinical features, 3 (4.76%) can be mapped completely, 16 (25.40%) can be
mapped with major adjustments, 10 (15.87%) cannot be mapped, and 33 (52.38%) were not
mapped to the reference oncological FHIR profile but to the standard FHIR specification. A
total of 7 (10.00%) reference features can be mapped completely, 3 (4.29%) can be mapped
with major adjustments, and 28 (40.00%) cannot be mapped by the Basisprofil Onkologie
[Basic Profile Oncology], whereby an additional 32 (40.00%) features were instead mapped
to the standard FHIR specification.

3.4. New Features

As shown in Table 3, Figure 5a, and Table S1, the non-mappable features of our data set
(39/18.06%), from both the oncological FHIR profile and the standard FHIR specification
R4, can be divided into 1 (0.46%) administrative feature, 10 (4.63%) clinical features, and 28
(12.96%) reference features.

Administrative Feature: The non-mappable, administrative feature is the status of an
irAE (Observation.status), which is not provided when using the Nebenwirkung [Side Effect]
profile of the Basisprofil Onkologie [Basic Profile Oncology]. The Nebenwirkung [Side Effect]
profile is based on the FHIR R4 resource AdverseEvent, which does not provide a status,
whereas the irAEs in our real-world data set are based on resource Observation, which offers
a status.

Clinical Features: The ten non-mappable clinical features can be assigned to the cTNM
stage (n = 1), case (n = 3), primary tumor diagnosis (n = 2), and systemic infusion therapy
(n = 4) of our data model. These features are represented by FHIR extensions. In our data
set, the cTNM stage can include additional information as to whether it is a first diagnosis
(Observation.extension.valueBoolean). The case can also redundantly include the same first di-
agnosis information (EpisodeOfCare.extension.valueBoolean). In addition, the case of our data
model can contain the primary case year (EpisodeOfCare.extension.valueString) and reveal
whether it is the primary case (EpisodeOfCare.extension.valueBoolean). The primary tumor
diagnosis of our data model may also include a structured indication of whether there is a
family and/or personal history of neoplasm (both Condition.extension.valueBoolean). The sys-
temic infusion therapy of our data model can also contain information on whether it is an off-
label therapy, study therapy, or maintenance therapy (all MedicationAdministration.extension.
valueBoolean) and which therapy line (MedicationAdministration.extension.valueString) the
treatment is.

Reference Features: Although there are 28 new reference features detected, all of them
are an additional reference added to the case (Condition|MedicationAdministration|Observation.
extension.valueReference(EpisodeOfCare)). Thus, the two biomarkers comorbidity and tumor
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marker, all risk factors, all tumor diagnosis classes, and the immune-related adverse event
can be expanded to include this reference.

3.5. Mandatory Elements

To implement the oncological FHIR profile correctly, all mandatory elements required
by it must be present. The FHIR element EpisodeOfCare.type would have to be added to
the real-world data of our data model to implement the Tumorerkrankung [Tumor Disease]
profile, the Condition.clinicalStatus element for the Krebsdiagnose [Cancer Diagnosis] profile,
the AdverseEvent.actuality and AdverseEvent.category elements for the Nebenwirkung [Side
Effect] profile, and the Observation.category:survey element for the Observation-Profil ECOG
Performance Status [Observation Profile ECOG Performance Status] profile.

4. Discussion

Although the national oncological FHIR profile also maps (tumor)-specific content, we
have shown that this FHIR profile is not sufficient for mapping our specific melanoma use
case and is therefore also expected to not be sufficient for prediction models. The developed
clinical data model was essential to show these differences in detail and can also be used to
provide a basis for mapping real-world data. During feature mapping, it was also shown
that minor adjustments were required much less frequently than major adjustments due to
terminology inconsistencies.

Below, we discuss the findings and provide interpretations of our results in detail (see
Sections 4.1–4.4) and address the strengths (see Section 4.5), limitations (see Section 4.6), as
well as implications and future work (see Section 4.7).

4.1. Data Model Creation

We determined that the initial creation of a data model is essential to determine which
characteristics can be mapped with which FHIR specifications/profiles and which require
separate treatments so that they do not become lost in the subsequent processing steps.
This finding fits with the finding of Vision Zero GOLD that, in addition to a parameter list,
a smart data model is also needed to represent different aspects of the data, e.g., multiplic-
ities [15]. Like related work using object-oriented representations with classes/tables to
visualize their data models [12–14,19–21], we used a UML class diagram. We also showed
that it is beneficial to already consider the exact data structure, data types, terminologies,
and values for the subsequent mapping process.

4.2. Granularity of Mapping Level

In contrast to the study by Peng et al. [18], we decided to divide the mapping level with
adjustments into the categories of minor adjustments and major adjustments, as we assumed
that minor adjustments would be needed more frequently due to the use of the SNOMED
CT and LOINC terminologies in our real-world data set. Contrary to this expectation, our
results show that only 2 out of 23 (8.70%) mapping cases required minor adjustments rather
than major adjustments. An explanation could be that although the same terminology
or sub-value sets were used in some cases, the structural design or the path within the
resource often differed, which means that more complex mapping of the feature is to be
expected. In addition, the results confirm Vision Zero’s observation that there is often a lack
of terminological consistency when merging existing oncological data sets [15].

4.3. The Effects of the Further Development of Fast Healthcare Interoperability Resources (FHIR)

Since FHIR was introduced in 2011 [1], the standard has continued to evolve. While it
consisted of 49 resources at the time the first official version was released (DSTU 1 (Official
version), 24 October 2015), the latest official version (FHIR R4, 30 October 2019) consists of
146 resources [35]. For instance, the Observation resource initially had 16 elements [36], and
it now consists of 24 elements [37] and was updated nine times within about four years.
It can be assumed that both the standard FHIR specification and the oncological FHIR
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profiles that have already been and will be developed in the future will continue to evolve.
Continuous updates of the internal data management models within healthcare institutions
will therefore be necessary in the future to maintain a high level of interoperability.

4.4. Applicability of Oncology Standard for Tumor-Specific Melanoma

Our mapping results show that nearly one-third of the clinical features can be mapped
(completely or with minor/major adjustments) with the oncological reference FHIR profile.
The more generic logical areas of our model, namely Biomarker, Case, Melanoma patient, and
Other Medication, and most of the rather generic structured Risk factors cannot be mapped
with the oncological reference FHIR profile, but they can be mapped with the standard
FHIR specification. As it is not the aim of FHIR profiles to replace all standard resources, we
expected that these more generic data would be covered by the standard FHIR specification
instead of the oncological FHIR profile. Also, as expected, of the tumor-specific logical areas
Systemic infusion therapy and Tumor diagnosis, a little more than half of the clinical features
could be mapped. Applying the general 80/20 approach of FHIR [3] to the FHIR profile
coverage of (especially clinical features of) dermato-oncology using general oncology shows
that the oncological resources/extensions would not be defined with sufficient specificity
for our case, although it can be assumed that these clinical features would also be useful
for other oncological diseases. Since Vision Zero GOLD has already stated that there is
no comprehensive oncology data set [15], we were not surprised that no complete feature
coverage was found in our specific area of dermato-oncology as well. Nevertheless, it was
shown that the oncological FHIR profile not only represents general oncological information
but also provides more (tumor-)specific FHIR profiles and extensions, for example, for the
TNM classification used for malignant melanoma.

It met our expectation that very few administrative features would require customization
or would not be mappable, as these are mostly not tumor-specific. We expected the same for
the reference features, but there is a larger number of non-mappable features, as this relates
to a structural specialty of our real-world data set, where most resources are additionally
linked to the case. Regarding the clinical features, our results show that 10 out of 62 (16.13%)
features cannot be mapped and are therefore potentially new and not (yet) considered in the
reference FHIR profile nor the standard FHIR specification R4. Since most of these features are
an explicit attribute, e.g., whether there is a family history of neoplasm (Boolean: true/false)
or a personal history of neoplasm (Boolean: true/false), it must be discussed whether the
advantages of this explicit information outweigh the disadvantages. In an optimal world, all
EHR data (from both the patient and their relatives) would be FHIR-based and available in
the treating healthcare institution, so this information could be extracted simply by querying
whether a related person or the patient themself has already received a neoplasm diagnosis.
This querying would make the additional and explicit provision of the same information
redundant. However, in the real world, only part of the EHR data (e.g., the past two years of a
patient’s EHR, and no EHR data from relatives) are available in a healthcare institution, which
means that such a query would rely on incomplete data. Therefore, this explicit information
can provide important additional value in the real world.

4.5. Strengths

One of the strengths of our work is that we used a real-world, rich clinical data set
from a large university hospital data platform to implement our methodology pipeline.
This data platform has been used and further developed for many years for both patient
care and research. The mapping of our data set is transparent and granular at the element
level (see Table S1) and therefore fully reproducible. In addition, we not only analyze the
mappability of our numerous data features according to the plain measure of mappability,
but also differentiate between feature types and logical data model areas, as well as different
mapping levels with both the reference FHIR profile and the standard FHIR specification.
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4.6. Limitations

Although we used a specific data example from only one institution within a single-
center study, and one reference FHIR profile to answer our research question, the method-
ological pipeline of our study remains valid. However, the specific metrics of our use
case cannot be generalized, so a general statement about the necessity of FHIR profiles
for various oncological diseases cannot be made. As González-Castro et al. pointed out,
the flexibility of FHIR also comes with challenges, as there are cases where an aspect can
be mapped in different ways using FHIR [12]. To some extent, this flexibility was also
observed in the data set and profiles we used, which is why the mapping we present is
limited to one way of potentially different possibilities.

Even though both our real-world data and our data model, as well as the Basisprofil
Onkologie [Basic Profile Oncology], are based on the standard FHIR specification R4, the
newer FHIR specification R5 already exists. There have been changes from R4 to R5 where,
for example, the FHIR resource AdverseEvent now also has a status and would therefore no
longer be considered as a new (administrative) feature.

4.7. Implications and Future Work

Our results should be considered when estimating the effort required to (automatically)
implement new or updated FHIR profiles for real-world data on the one hand, and for
the (further) development of (dermato-)oncological profiles/extensions on the other. For
the continuous process of data mapping in a hospital, this means that not only must
updates to the standard resources be implemented, but also oncological FHIR profiles
and their updates should be implemented for a high degree of interoperability. At the
moment, both should be expanded to prevent the loss of specific data (e.g., labeling of
a first diagnosis and first case; the year of the first case; labeling of family and personal
history of neoplasm; labeling of off-label, study, and maintenance therapy; and therapy
line), as these are essential for a correct and comprehensive melanoma- and patient-specific
data model and research based on it, for example, in the fields of Artificial Intelligence and
prediction. Future research should further consider more recent oncological reference FHIR
profiles, like GOLD, and the MII basic and oncology modules once they have been released.
It should also be examined whether explicit information, which must be assumed to be
incomplete and/or in an unsuitable format in the real world, would offer added value
in a majority of the use cases and should therefore be taken into account in the (further)
development of (new) oncological FHIR profiles. Since we conducted a single-center study,
an extension to a multicenter study is a reasonable next step to compare the results of
multiple institutions.

5. Conclusions

To ensure interoperability, an oncological FHIR profile can be used to a certain extent
for a tumor-specific use case if it is used in combination with the standard FHIR specifica-
tion. However, our study of one selected use case showed that some features, including
clinical ones, are either lost or must be stored and exchanged in self-defined extensions
when implementing such a combination, resulting in limited interoperability. As it can be
assumed that the existing standard FHIR specifications and existing oncological FHIR pro-
files will continue to evolve, new oncological FHIR profiles will continue to be developed.
At the same time, the internal system infrastructures and thus the internal data models of
healthcare institutions will continue to evolve. Healthcare institutions will therefore need
to make a certain effort and stay up to date to ensure a high level of interoperability.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/informatics11030042/s1, Table S1: Real-world melanoma
data classes that are (partially) mapped to the HL7 Basisprofil Onkologie [Basic Profile Oncology] and
data classes that are otherwise representable by the standard FHIR specification R4.
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