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Abstract. High throughput sequencing technologies have facilitated an outburst in
biological knowledge over the past decades and thus enables improvements in
personalized medicine. In order to support (international) medical research with the
combination of genomic and clinical patient data, a standardization and
harmonization of these data sources is highly desirable. To support this increasing
importance of genomic data, we have created semantic mapping from raw genomic
data to both FHIR (Fast Healthcare Interoperability Resources) and OMOP
(Observational Medical Outcomes Partnership) CDM (Common Data Model) and
analyzed the data coverage of both models. For this, we calculated the mapping
score for different data categories and the relative data coverage in both FHIR and
OMOP CDM. Our results show, that the patients genomic data can be mapped to
OMOP CDM directly from VCF (Variant Call Format) file with a coverage of
slightly over 50%. However, using FHIR as intermediate representation does not
lead to further information loss as the already stored data in FHIR can be further
transformed into OMOP CDM format with almost 100% success. Our findings are
in favor of extending OMOP CDM with patient genomic data using ETL to enable
the researchers to apply different analysis methods including machine learning
algorithms on genomic data.
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1. Introduction

Digitalization plays an increasingly important role in modern Healthcare. The digitally
stored data however needs to be interoperable between different databases or systems,
which is not yet realized for most of the medical data [1]. To address this issue, the
German government has started the Medical Informatics Initiative (MII) to enable
collaboration on data among all German University Hospitals and to promote as well as
further enable the secondary use of data for research [2]. In this context, the National
Steering Committee of the MII has specified profiles based on the R4 version of FHIR
(Fast Healthcare Interoperability Resources)? as a national communication standard.
FHIR itself is an international standard for the exchange of electronic health records,
which was introduced by HL7 in 2014 and is since increasingly used in medical
information technology [3]. In order to store and analyze data for research questions,
MIRACUM (Medical Informatics in Research and Care in University Medicine), as one
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of four consortia of the MII, uses OMOP (Observational Medical Outcomes
Partnership)®* CDM (Common Data Model) as research repository. OMOP CDM, which
has been developed by OHDSI (Observational Health Data Sciences and Informatics)?,
is a relational data model that comprises standardized vocabularies to harmonize data
from different sources. Due to its strict structural specification, including the need for
using standard vocabularies a true standardization is supported. In contrast to that, the
communication standard FHIR pro-vides a set of modular components called “Resources”
to define various medical concepts and by that is less restrictive in terms of its structure
as so-called extensions and the use of non-standard vocabularies are allowed. However,
both FHIR and OMOP CDM can be used to store patient and clinical data.

Besides patients’ metadata, genomic data is also of increasing importance to clinical
care and secondary analysis, especially in the personalized treatment of tumor disease [4,
5]. In the past few years NGS (Next Generation Sequencing) is widely used in cancer
researches [6]. The result of NGS from a cancer research can be reported using a tab
separated data format called, VCFs (Variant Call Format), which is one of the most
commonly used file format for presenting the result of a sequencing process [7, 8]. Each
VCF file contains information of all variants of a person. The information of a variant is
presented in each row, via chromosome number, location of the variant on the chromo-
some and a unique identifier for the variant. The identifier is usually an rs id from dbSNP
(Single Nucleotide Polymorphism Database)’, but the id from other databases could also
be used here. It would be highly desirable to harmonize and standardize genomic patient
data taken from VCF files with patient data taken from clinical systems as research base
using OMOP CDM.

Originally OMOP CDM was not supporting genetic data, until 2019, when G-CDM
(Genome Common Data Model), an extension of OMOP CDM to store NGS analysis
data, was published [9]. Genomic test, Target gene, Variant occurrence, and
Variant_annotation are the four tables introduced by G-CDM, to store NGS analysis data
from CSV (comma separated values) files. Based on the previous work of G-CDM, the
OHDSI genetic work group has successfully built a new vocabulary using a
nomenclature called HGNC (HUGO Gene Nomenclature Committee)® and variants
information extracted from different gene-bank [10], to enable genetic data storage in
OMOP using MEASUREMENT table. MEASUREMENT table is a part of standard
CDM used to store the records of measurements for a certain patient e.g., laboratory tests,
vital signs, quantitative findings from pathology reports, etc.

To be as independent as possible from the source systems, the benefits of FHIR as
communication standard and the extensive activities should be used. Since the first
standard Genetics profile was developed in 2014, the HL7 Clinical Genomics Work
Group”’ has been trying to integrate genomic data into clinical care and support
interoperable ex-change of genomic data using a resource named MolecularSequence.
This resource describes an atomic sequence which was designed for storing the
alignment sequencing test result and multiple variations®, such as VCF files. Besides
MolecularSequence profile, there are many different extended profiles that could also be

3 https://www.ohdsi.org/data-standardization/

4 https://www.ohdsi.org/

5 https://www.ncbi.nlm.nih.gov/snp/
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8 https://www.hl7.org/thir/molecularsequence.html
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used for storing VCF data. For example, the Observation-genetics profile is extended
from Observation resource and is used to interpret variants from the sequence resource
[11]. A tool, namely VCF2FHIR, is implemented based on the profiles, which are defined
in General Genomic Reporting from Genomics Reporting Implementation Guide for
converting VCF data into HL7 FHIR R4 format[12]. This tool is also part of the SMART
Cancer Navigator, which needs to be connected to an EHR system [13].

In this work, we analyze the potential data coverage of VCF data in OMOP CDM
with and without using FHIR as intermediate layer. Therefore, we distinguish between
e  VCF data—OMOP CDM, using OMOP G-CDM
. VCF data—OMOP CDM, using standard MEASUREMENT table
e  VCF data—FHIR—OMOP CDM, using OMOP G-CDM
e  VCF data—FHIR—OMOP CDM, using standard MEASUREMENT table

2. Method

In order to determine the data coverage in OMOP CDM, we have used data from PPGL
(Pheochromocytomas and paragangliomas) pipeline [14] for creating semantic
mappings. The data from PPGL pipeline contains patient information, blood analysis,
tumor analysis and VCF data from each patient. Since some types of cancer could also
be inherited, the disease histories of family members are also included. Additionally, the
blood test and tumor laboratory result, including amino acid and nucleotide alteration
along with the specific gene names, are recorded.

2.1. Semantic mappings

Based on the source data, we have designed two mapping tables for OMOP CDM. One
uses G-CDM for storing genomic data (Figure 1) and the other one uses the standard
MEASUREMENT table (Figure 2). As for FHIR profiles, we have decided to use
MolecularSeqeunce resource, Observation-Genetics and FamilyMemberHistory-Genetic
profiles to store tumor analysis data based on our test data (Figure 3, Figure 4).We have
then transformed the data stored in FHIR profiles to both versions of OMOP CDM (G-
CDM and MEASURE-MENT tables).

Source Data G-CDM
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|

Figure 1. Data Mapping Concept for OMOP using G-CDM Table.
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Figure 2. Data Mapping Concept for OMOP using MEASUREMENT Table.
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Figure 3. Data Mapping Concept for FHIR to OMOP using G-CDM.
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Figure 4. Data Mapping Concept for FHIR to OMOP using MEASUREMENT.

2.2. Evaluation of mappings

89

To evaluate the data coverage in FHIR and OMOP CDM, we designed a score system,
which is inspired from the field of bioinformatics [15]. If a source data element can be
stored in the target system, it will be given a score one, otherwise a score zero. This score
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system was implemented for 9 different combinations of transforming three source files
into FHIR and into two different versions of OMOP CDM (Table 1). According to the
scores for each data element, we calculate the percentage of data coverage for each
category. The higher the scores of the system is, the higher is the data coverage rate in
the target system. Additionally, we looked into each not-mappable data element, and its
importance for the evaluation of cancer studies.

Table 1. Comparison criteria

Target system Data type

FHIR Patient information, VCF, Analysis data

OMOP CDM (1* and 2™ version) Patient information, VCF, Analysis data
3. Results

3.1. Semantic mapping tables

Each target standard system has three different mapping tables namely, patient
information data mapping table, VCF mapping table and analysis data mapping table.
Each mapping table contains information from source data and target system, as shown
in the example table (Table 2).

Table 2. An example of semantic mapping table

Column Data FHIR OMOP

Name

Patient ID 1 Patient.id PERSON.person_source value
Gender f Patient.gender PERSON.gender source value

PERSON.gender_concept_id
Diagnosis Pheochromoc  Condition.code.co ~ CONDITIONOCCURRENCE.conditionsourceval

ytoma ding.display ue
Condition.code.co  CONDITIONOCCURRENCE.conditionconceptid
ding.code

CONDITIONOCCURRENCE.conditionsourceco
nceptid

3.2. Mappability

Based on the semantic mapping table and the score system, we have calculated
the mapping scores for the 9 criteria mentioned before. The results are presented in both:
Relation between number of mapped elements (blue) and not mappable/missing elements
(orange) as well as the relative coverage of mapped elements in percentage (Figure 5).
In our analysis, FHIR receives relatively higher score than OMOP CDM for storing
VCF data since the MolecularSequence, Observation-genetics and other extensions
for genetics in FHIR are designed for storing those kind of data. Moreover, the G-CDM
is designed for storing both VCF data and cancer analysis data, therefore the data
coverage in G-CDM is also higher than it using MEASUREMENT table in both
categories. The only not-mappable data element in OMOP CDM is the id of the variant
from a public gene database, how-ever this information is not necessarily recorded in the
VCF file, if the variant not exists in any gene database. As of patient information data
and cancer analysis data, some data elements from the source data of PPGL pipeline are
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quite particular for this study only, since these two file formats are simple tab separated
files. Therefore this can also lead to data loss in both FHIR and OMOP®. The missing
information from nucleotide change in FHIR could be retrieved from the concept name
of the HGNC vocabulary.
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Figure 5. Mapping result from source data to target system.
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Figure 6. Mapping result from FHIR to 1* version of OMOP (G-CDM).

0 Supplemental File:https://caruscloud.uniklinikum-dresden.de/index.php/s/88grQzSYRm3TkaZ
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However, using FHIR as an intermediate representation between the source data and
OMOP CDM, this leads into really promising results (Figure 6, Figure 7). As stated
previously, the only missing data is the variant id from VCF file, which, via combination
of CHROM, POS, REF and ALT from VCF, the exact variant can also be found in the
gene database. All data that already stored in FHIR can be transformed into OMOP CDM
without further data loss.
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Figure 7. Mapping result from FHIR to 2", Version of OMOP (MEASUREMENT).

4. Discussion

FHIR and OMOP are the two most used standards in the field of Medical informatics.
As the need of integrating genomic data into EHR is increasing, it becomes more
important to transform the genomic data, especially the cancer analysis data, into these
two standards. There are a few limitations when using MEASUREMENT table for
storing cancer analysis data. The new vocabulary HGNC contains only the variants of
certain gene databases, such as CIVic, ClinVar, and NCIt'°. And databases such as
dbSNP and COSMIC!'! are not included in the new HGNC vocabulary. This can cause
data loss in researches that are using excluded databases. But, this problem can be solved
using a self-generated vocabulary of desired databases. Although it is already possible to
store genomic data using FHIR standards and apply some precision medicine modules
on the data using SMART on FHIR'? [5], the mainly supported FHIR version is DSTU?2,
which is not compatible with the FHIR version R4 that we are using. Therefore we
suggest OMOP CDM as the standard to store the genomic data, use this data for further
analysis and thus ensure our active role in medical studies as part of the OHDSI
community in the future.

Findings of our research indicate that while FHIR and OMOP CDM as two known
standards for storing medical data have the potential to solve many data sharing problems,
each has limitation when it comes to genomic data. FHIR can be used as an intermediate
data point between raw genomic data and OMOP CDM, for its high compatibility with

10https:// athena.ohdsi.org/search-terms/terms?vocabulary=Vocabulary&page=1&pageSize=15&query=
1 https://cancer.sanger.ac.uk/cosmic
12 https://apps.smarthealthit.org/apps/category/genomics
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our test data. The data can be stored into OMOP using ETL (Extract, Transform and
Load) process, which is our next step of this research project. Storing genomic data in
OMOP CDM enables analysis studies using machine learning methods that can be used
in early prediction and diagnosis and improvement of personalized cancer care [4, 16].
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