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Abstract

Objectives: Enabling the unambiguous communication of cancer genetic testing results and the corresponding therapeutic implications of iden-
tified genetic variants is of major clinical importance. In this report, we assess the adequacy of the Health Level Seven Fast Healthcare Intero-
perability Resources (FHIR) Genomics Reporting Implementation Guide, version 3 (also known as “FHIR Genomics”) for the structured commu-
nication of semantic objects typically appearing in real-world somatic testing reports.

Materials and Methods: The GenomeX project team, part of the CodeX FHIR Accelerator, performed the following assessment: (1) gather a
convenience sample of public somatic reports; (2) create a representative somatic report that includes a wide range of observations taken from
the sample reports; and (3) structure the representative somatic report using the FHIR Genomics standard.

Results: Attempted encodings were categorized into 1 of the 4 buckets: (1) full encoding possible (eg, DNA variants); (2) full encoding with
potential variability (eg, therapeutic implications); (3) partial encoding (eg, genomic study details); and (4) not encoded (ie, FHIR Genomics has
no explicit or acceptable semantic target, such as for coarsely granular pertinent negatives). In our sample somatic report, 47 semantic objects
were noted, of which 87% had either full encoding or full encoding with potential variability.

Conclusion: While dynamic real-world requirements, as exemplified by cancer genomics, often arise more rapidly than can be standardized, we conclude
that the FHIR Genomics version 3 standard is sufficiently robust for the communication of current actionable somatic testing results.

Lay Summary

Cancer genetic testing helps doctors choose the best treatments by identifying genetic changes in a patient’s tumor. Today, most cancer
genomic test results are delivered as long, text-heavy PDF reports that are difficult for clinicians and electronic health record (EHR) systems to
search, compare, or use for automated decision support. To improve this, health IT standards such as HL7's Fast Healthcare Interoperability
Resources (FHIR) aim to represent these results in a structured, computable format. In this study, the authors evaluated whether the current
FHIR Genomics standard (version 3) is adequate for representing real-world somatic (tumor) genetic testing reports. The research team
reviewed publicly available cancer genomics reports from multiple laboratories and created a representative example that included common
findings such as genetic variants, biomarkers, treatment implications, and test details. They then attempted to encode every part of this report
using the FHIR Genomics standard. The results showed that most information found in typical somatic reports can be represented using FHIR
Genomics. Specifically, 87% of the report elements could be fully encoded or encoded with minor variation. Some gaps remain, particularly for
reporting certain negative findings and RNA-based data. Overall, the study concludes that FHIR Genomics is robust enough to support today's
actionable cancer genomics reporting, while also highlighting areas for future improvement.
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Objective

Enabling the unambiguous communication of cancer genetic
testing results and the corresponding therapeutic implications
of identified genetic variants has been a major focus of the
Health Level Seven (HL7) Fast Healthcare Interoperability
Resources (FHIR) Genomics Reporting Implementation Guide
(also known as “FHIR Genomics”)" since its inception in
2017.

The GenomeX project team, part of the CodeX FHIR Accel-
erator, sought to assess the adequacy of the latest release (ver-
sion 3) of the FHIR Genomics standard for structured somatic
reporting. In scope for our assessment were those semantics
found in typical somatic reports, including variants, therapeu-
tic implications, clinical trial eligibility, recommendations,
specimens, testing details, and more.

Background and significance
Somatic reporting

Molecular profiling of tumors has become a standard part of
cancer care. Its use has expanded beyond testing patients
with refractory cancers to now include earlier stage patients,
with the goal of providing more personalized treatment.*™*
As a result, precision therapies are increasingly targeted to
specific stages of cancer and focus on molecular biomarkers
that may be present across different cancer types. This shift
toward molecularly guided therapies, shown to be more
effective in specific genetic subtypes, can help avoid ineffec-
tive treatments.

Patients’ genomic testing results are commonly integrated
into their electronic health record (EHR) through custom PDF
reports designed by the testing laboratory. These reports
include select genomic test findings, interpretation knowledge,
and patient care recommendations reflecting the lab’s most
current internal curation process. While state-of-the-art, these
textual reports are less than ideal®*°*—they contain only a slice
of key variants and a point-in-time snapshot of interpretations;
they are difficult and time-consuming to review; clinicians are
not assisted in evaluating relevant interactions mentioned in the
reports when making decisions; and they do not provide struc-
tured data needed for clinical decision support (CDS) guidance
or analytics. To address these limitations, EHR vendors are
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enhancing their products in anticipation of the structured
genomic findings in FHIR format and/or based on HL7 version 2
messaging.” Large research projects such as eMERGE® and
CSER” are exploring the use of FHIR Genomics, and HL7 FHIR
is gaining wide traction, as are apps based on the SMART-on-
FHIR platform for broader clinical applications.'®'*

Along with the growth in testing comes a continuous
growth in the discovery of tumor biomarkers known to affect
prognosis or choice of therapy.'® As a result, there is an onus
on the FHIR Genomics standard to stay current in order to
provide implementation guidance for new biomarkers.
Somatic testing reports may include a wide range of findings
and recommendations, including variants found in a tumor
specimen, germline variants with known links to somatic
events such as increasing risk for developing particular
cancers, molecular biomarker nongenetic observations
(eg, PD-L1 or tumor mutation burden) that affect cancer
care, therapeutic and prognostic implications of identified
variants, oncogenicity predictions, and more.

FHIR Genomics

The FHIR Genomics standard defines FHIR representations
for a range of genomic data structures (eg, variants, haplo-
types, variant implications), enabling a standards-based com-
munication of simple and structural variants, germline and
somatic variants, pharmacogenomic star alleles, HLA typing,
and other findings generated from DNA sequencing, chip
technology, cytogenetic analysis, along with variant annota-
tions and interpretations. For common use cases (eg, somatic
reporting, pharmacogenomics reporting, HLA reporting),
FHIR Genomics provides detailed use case-specific guidance.

Maturation of FHIR Genomics is based on real-world test-
ing and implementation feedback, including HL7 FHIR Con-
nectathons, the HL7 FHIR “CodeX” Accelerator project, and
the HL7 balloting process. HL7 FHIR Connectathons'* are
collaborative, hands-on FHIR integration testing events held
triannually. The HL7 FHIR Accelerator program'” is designed
to assist communities and collaborative groups across the
global health-care spectrum in the creation and adoption of
high-quality FHIR Implementation Guides or other standard
artifacts to move toward the realization of global health data
interoperability. The CodeX Accelerator is focused on driving
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Figure 1. Core feature of an FHIR Genomics somatic report includes patient findings (eg, variants) and annotations derived from those findings (eg, the

therapeutic implication of a variant).
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Figure 2. Typical arrangement of structured objects in an FHIR Genomics somatic report (circled numbers represent distinct FHIR Genomics “profiles”

or "base resources,” as described in the text).

advances in cancer care.'®!” Under the CodeX umbrella, the
GenomeX project,'® which is responsible for the analyses
reported here, is driving advances in molecular/precision medi-
cine (not limited to cancer). GenomeX enjoys active engage-
ment from a number of genetic testing labs (eg, Tempus,
Myriad) and EHR vendors (eg, Epic). In several cases, where
the FHIR Genomics standard is not sufficiently specified for
semantic interoperability, the GenomeX team asserts further
constraints, via an evolving (current draft) GenomeX Data
Exchange FHIR implementation guide."”

At the heart of a typical FHIR Genomics somatic report
are findings (variants, haplotypes, genotypes, biomarkers)
and annotations derived from those findings (diagnostic
implications, therapeutic implications, predicted molecular
consequences), as shown in Figure 1.

These constructs are assembled within the broader context
of the Genomics Report, which generally contains informa-
tion about the specimen(s), providers, and organizations
involved in the ordering and testing process. The report may
also contain details about the genomic study analyses used to
obtain the findings, as shown in Figure 2.

Circled numbers in Figure 2 represent distinct FHIR
Genomics “profiles” or “base resources,” with the former being
derived from the latter. An FHIR base resource is a founda-
tional data class (eg, “Observation,” “Patient”), which can be
constrained and/or extended to create an FHIR Genomics pro-
file (eg, the “Variant” profile is derived from the “Observation”
base resource). An instance of an FHIR Genomics somatic test-
ing report will contain data objects that conform to these base
resources or profiles—for instance, a report will contain infor-
mation about the patient, represented as an instance of the
Patient base resource; will contain variants, represented as
instances of the Variant profile of the Observation base
resource; etc. FHIR tooling enables one to validate that

instances conform to base resource and profile schemas
defined in the FHIR Genomics standard, thereby facilitating
semantic interoperability.

Materials and methods

Several groups have examined the ability to integrate genomic
data into the EHR, or, more specifically, to map genomic data
reports, including cancer reports, into the FHIR Genomics
standard.”?** This prior body of work, primarily based on
earlier versions of FHIR Genomics, has had an enormous
impact on the evolution of the FHIR Genomics standard.
Here, we extend this work by considering a wide set of real-
world somatic testing reports, compared against the latest ver-
sion of FHIR Genomics.

Steps in our assessment included: (1) gather a convenience
sample of public somatic testing reports; (2) create a repre-
sentative somatic testing report that includes a wide range of
observations taken from the sample reports; (3) structure the
representative somatic report using FHIR Genomics, and
obvious encodings based on the FHIR base specification. The
assessment was based solely on publicly available reports,
and was deemed Institutional Review Board (IRB) exempt,
not requiring monitoring by an IRB.

Our methods introduce a potential source of bias in that
our team could have created a representative report that
leaned toward inclusion of those semantic objects known to
be accommodated by the current standard. To mitigate this
risk, we (1) included all objects found in at least 2 reports
and (2) had our senior oncologist (co-author J.C.) review the
representative report for completeness.



Gather a convenience sample

We reviewed a convenience sample of 20 somatic reports (all
of which are located here**) Reports came from commercial
and academic testing labs (eg, Caris, Foundation, Tempus,
Mayo Clinic). Several of these labs are also part of the
GenomeX project.

Create a representative somatic report

While our objective did not include the development of a
standard look and feel to a somatic report, we did find that
most reports tended to organize different types of observa-
tions in a similar way, generally aligned with joint recommen-
dations of the Association for Molecular Pathology (AMP),
American Society of Clinical Oncology (ASCO), and College
of American Pathologists (CAP).>* Reports generally include
pertinent positives and negatives, organized with the most
important (eg, actionable) findings first. Identified variants
are annotated in a number of ways; all reports include indi-
cated drugs, many reports also include molecular conse-
quence predictions (eg, that a given variant is a frameshift
mutation), variant clinical significance (or pathogenicity or
oncogenicity), and potential clinical trial matches. All reports
included details about the specimen(s) and testing method(s),
with many reports providing details about gene coverage.
Reports may include additional lab observations such as for
PD-L1 biomarkers, obtained outside of sequencing. Pertinent
negatives are reported at varying levels of granularity, from
broad (eg, “BRAF mutations negative,” “ALK Fusions neg-
ative”) to specific (eg, BRAF V600E negative).

To construct our representative report, we crafted a PDF
that adopted the general organizational structure seen in our
convenience sample. We pulled in representative findings
from the samples—striving to have a report reflecting a full
spectrum of reported observations. Members of the HL7
Clinical Genomics Working Group and the GenomeX project
reviewed and helped refine the report.

Structure the report using FHIR Genomics

The representative report was developed as a PDF, after
which we encoded the data elements in the report using the
latest FHIR Genomics standard. Encoding followed the
method used by the eMerge project, which entailed manually
mapping report data objects into FHIR Genomics and the
base FHIR specification.”**® Primary FHIR encoding was
performed by the co-authors and vetted with members of the
HL7 Clinical Genomics Working Group and the GenomeX
project. Disagreements were discussed until a singular encod-
ing was agreed upon. We primarily strove to semantically
encode content that could drive CDS. For large narrative
blocks, we retained all narrative and also selectively encoded
key aspects (eg, the list of genes studied).

Attempted encodings (ie, the team’s attempt to represent
semantic objects in the representative report using the structured
formalisms defined in the standard so as to enable semantic
interoperability) were grouped into 1 of the 4 categories:

1) Full encoding possible: Representation in the FHIR
Genomics standard is straightforward, likely to be con-
sistent across implementations, likely to be semantically
interoperable.

2) Full encoding with potential variability: Representation in
the FHIR Genomics standard is straightforward, may have
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inconsistencies across implementations, likely to be seman-
tically interoperable but requires data normalization.

3) Partial encoding: The FHIR Genomics standard provides
guidance for only a portion of the semantic object. Incon-
sistencies are likely, and portions of the semantic object
may be communicated as text with no additional structure.

4) Not encoded: The FHIR Genomics standard does not
provide explicit guidance for the representation of the
semantic object, and our practicing experts could not
agree on a single representation. Wide inconsistencies
are likely, with the inability to perform automated data
normalization. Portions of the semantic object may be
structured and portions of the semantic object may be
communicated as text with no additional structure.

Results

The final representative 4-page somatic testing report is shown
in the following figures: page 1 (Figure 3), page 2 (Figure 4),
page 3 (Figure 5), page 4 (Figure 6). The representative report
and detailed FHIR encodings have been incorporated into the
FHIR Genomics Reporting Implementation Guide as a
detailed example, and are available at https://hl7.org/fhir/uv/
genomics-reporting/somatics.html.

In the representative somatic testing report, the header of
each page is identical, including details about the testing labo-
ratory, basic patient demographics, and the ordering site.
Page 1 (Figure 3) has information about the performed test,
the specimen(s), and responsible pathologist. From there, it
begins the presentation of annotated genetic findings, begin-
ning with those most likely to be actionable. Page 2 (Figure 4)
includes additional biomarker findings, where those bio-
markers tested are included. Also shown on page 2 are those
drugs potentially useful for this patient, based on genetic
findings. Page 3 (Figure 5) includes additional clinically rele-
vant information about potential clinical trial matches, low
coverage regions, and pertinent negatives, followed by non-
actionable genetic findings of lesser clinical significance.
Finally, page 4 (Figure 6) includes details of the testing proc-
ess, such as genes studied, the type of assay(s) used, and clini-
cal caveats and limitations of the test.

Circled numbers in Figures 3-6 correspond to circled num-
bers in Figure 2, and indicate the FHIR base resource or pro-
file to which each construct has been mapped. Circled
question marks indicate those constructs for which a suitable
mapping was not found in the standard. Profiles and base
resources corresponding to each circled number are further
described in Table 1.

As can be seen in the figures, the vast majority of constructs
in the representative report map into the FHIR Genomics
standard. Circled question marks have been applied to perti-
nent negatives and gene expression representation. Pertinent
negatives are often asserted for a category rather than for a
specific finding (eg, “no ALK Fusion found,” “no BRCA2
mutation found”). While the FHIR Genomics Variant profile
allows for a “present/absent” flag, the Variant profile is
designed to communicate assayed variant findings and not var-
iant categories. Therefore, while it is possible to assert some-
thing like “variant NC_000016.10: g.2040196C>T is
absent,” the FHIR Genomics standard does not currently pro-
vide guidance for negating broader categories, such as “no
NTHL1 variant found.” For gene expression data, while one
can potentially communicate this information as a molecular
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Name: My Test Cancer 700 Gene Panel Facility: Sample Hospital Facility: Sample Hospital Signed Pathologist: Dolin, Test Jr. MD

ID: 444555 ID: 222333 Laboratory Medical Director:
Indication for Testing Source: Blood Source: Lung, Right Chamala,Test Sr. MD
Tumor Type: Lung Adenocarcinoma Collected: 01/01/2023 Collected: 01/01/2023 Date Signed: 02/02/2023
Received: 01/23/2023 Recieved: 01/23/2023

Tumor: 20%
o Accession ID: 23-0000345

GGenetic Analysis Overall Interpretation: Positive
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Patient: Hamsburg, Substance Jr. 1000 SE Lab Ave, Los Angeles, CA 90027 Page 1 of 4
MRN: 1234567; Accession ID: 23-0000345 Main: (100) 200-3000 Fax: (400) 500-6000 02/02/2023 8:00 AM

Figure 3. Page 1 of the final representative somatic report (circled numbers tie somatic report constructs back to the FHIR objects in Figure 2).
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Client
Ordering Provider: Submitter, Test MD

Name: Hamsburg, Substance .Jr. Provider Address: 1000 SE Submitter Ave, Los

MRN: 1234567

DOB: 9/01/1987 (34 yrs)

Sex: Male

Angeles, CA 90027
Ordering Provider NPI: 1245319599
Additional Recipient: Recipient, Additional MD

Other Biomarkers

Biomarker Result
Tumor Mutation Burden (TMB) 29.8 m/MB
Microsatellite Instability Status (MSI) MSiI-high

PD-L1 IHC (22C3)

5% tumor proportion score (Positive)

Immune Gene Expression
(by RNA sequencing for Clinical Trials)

GITR, NECTIN2

HLA Class |

00000

A*24:02, 02:06 B*35:01, 35:01 C*03:03, 15:02

Therapeutic Implications for Current Diagnosis (Lung Adenocarcinoma)

Category Drug(s) Implication Summay

EGFR Inhibitors Gefitinib Responsive Nenrsmalleslliuog eancerwith EGFR LBSSRumytationis

sensitive to erlotininb or gefitinib.
EGFR Inhibitors Elotinib Responsive | Non-small cell lung cancer with EGFR L858R mutation is

sensitive to erlotininb or gefitinib.
ROS1 Fusion Drug o . Non-small cell lung cancer positive for ROS1 fusions are

Crizotinib Responsive e ey
Targets sensitive to crizotinib

Therapeutic Implications for Biomarkers

Category Drug(s)

Summary

Immunotherapy | Pembrolizumab

Non-small cell lung cancer with high TMB is sensitive to pembrolizumab.

Patient: Hamsburg, Substance Jr.
MRN: 1234567; Accession ID: NQ-22-13_BC701503

1000 SE Lab Ave, Los Angeles, CA 90027 Page 2 of 4
Main: (100) 200-3000 Fax: (400) 500-6000 02/02/2023 8:00 AM

Figure 4. Page 2 of the final representative somatic report (circled numbers tie somatic report constructs back to the FHIR objects in Figure 2).
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Clinical Trials
ClinicalTrials.gov D | 'Mervention/ Conditions Summary / Title
Treatment

A Single-Arm, Open-Label, Multicenter Phase 2 Study to
. . .. | Non Small Cell Lung |Evaluate the Efficacy and Safety of Taletrectinib in Patients

NeToas1861 Cnug Talelreesinib Cancer With Advanced or Metastatic ROS1 Positive NSCLC and

Other Solid Tumors
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NOTCH1 NM_017617.5:c.5791G>A missense 13.20%
NP_060087.3:p.A1931T

Individual Variant Interpretations

° Gene: ATR

Exon: 14; Nucleotide:NM_001184.4:¢.2878_2879insAGTAA; Genomic Location:
NC_000003.11:9.142269071_142269072insTTACT; Amino acid: NP_001175.2:p.R960fs*2; Function: loss (frameshift);
Assessment: Likely Pathogenic; Classification: Tier 2C; Allele Fraction: 7.50% (of 131 reads); Variation: Insertion
Interpretation: The protein encoded by this gene is a serine/threonine kinase and DNA damage sensor, activating cell cycle
checkpoint signaling upon DNA stress. The encoded protein can phosphorylate and activate several proteins involved ... more

More Variant Interpretations...

Patient: Hamsburg, Substance Jr. 1000 SE Lab Ave, Los Angeles, CA 90027 Page 3 of 4
MRN: 1234567; Accession ID: NQ-22-13_BC701503  Main: (100) 200-3000 Fax: (400) 500-6000 02/02/2023 8:00 AM

Figure 5. Page 3 of the final representative somatic report (circled numbers tie somatic report constructs back to the FHIR objects in Figure 2).
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Client

Ordering Provider: Submitter, Test MD
Provider Address: 1000 SE Submitter Ave, Los
Angeles, CA 90027

Ordering Provider NPI: 1245319599
Additional Recipient: Recipient, Additional MD

Patient

Name: Hamsburg, Substance Jr.
MRN: 1234567

DOB: 9/01/1987 (34 yrs)

Sex: Male

My Test Pathology Laboratories

1000 SE Lab Ave, Los Angeles, CA 90027
Main: (100) 200-3000 Fax: (400) 500-6000
mytestpathlabs.com | CLIA# 10000DLAB8

0 Assay Details

|. Assay Overview:

The Genomic Cancer Testing Assay is a comprehensive molecular examination designed to detect and quantify specific DNA and
RNA alterations associated with malignancies. The test incorporates Next Generation Sequencing (NGS) technology to profile tumor
samples, providing insights into the genomic alterations that drive tumor behavior and prognosis.

1. Target Genes and Biomarkers:

This assay evaluates an extensive panel of cancer-related genes, focusing on mutations, copy number variations, fusions, and select
RNA expression levels known to be relevant in the oncology field. The analyzed genes are implicated in various cancer types and
have established therapeutic, diagnostic, prognostic, or predictive relevance.

Genes tested: ABL1, ALK, APC, etc

11l. Methodology:

Sample Type: Formalin-fixed, paraffin-embedded (FFPE) tumor tissue.

Sequencing Platform: lllumina-based NGS technology.

Library Preparation: Amplification of specific target regions within the genes of interest.

Bioinformatics Analysis: Employing advanced algorithms and databases to annotate and interpret the detected variants' clinical
significance.

IV. Assay Performance:

Sensitivity: Detects variants with a mutant allele frequency (MAF) as low as 5%.

Specificity: >99% for single nucleotide variants (SNVs) and indels.

Reportable Range: Identification and quantification of SNVs, indels, fusions, amplifications, and RNA expression levels of specific
genes.

V. Clinical Interpretation:
The report offers a concise clinical interpretation of identified genomic alterations, linking the detected variants to FDA-approved
therapies, clinical trials, or the patient's potential response to specific treatments.

VI. Limitations:

The assay might not detect alterations present at low levels or in regions not covered by the test.

Variants may be present in genes not included in the panel.

The test does not assess epigenetic changes, like methylation status.

False negatives and false positives, although rare, may occur due to the technical limitations of the methodology employed.

VII. Quality Assurance:
The laboratory follows CAP/CLIA guidelines, ensuring stringent quality control and assurance practices at each step, from sample
reception to result reporting.

VIII. Result Delivery:
Results are delivered within 10-14 working days from the sample receipt. The report outlines detected genomic alterations, their
clinical implications, and potential therapeutic options.

IX. Contact:

For further clarification or questions regarding the results, healthcare providers are encouraged to contact our molecular pathology
board-certified experts.

Patient: Hamsburg, Substance Jr. 1000 SE Lab Ave, Los Angeles, CA 90027 Page 4 of 4
MRN: 1234567; Accession ID: NQ-22-13_BC701503  Main: (100) 200-3000 Fax: (400) 500-6000 02/02/2023 8:00 AM

Figure 6. Page 4 of the final representative somatic report (circled numbers tie somatic report constructs back to the FHIR objects in Figure 2).
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Table 1. Description of FHIR base resources and profiles used in a somatic testing report.

# Resource/Profile URL for resource/profile schema® Description of somatic usage
1 Genomics Report {baseURL}/StructureDefinition-genomic- Primary container of the overall report, including a report
report.html conclusion
2 Patient http://hl7.org/fhir/R4/patient.html The somatic report subject, typically the patient
3 Specimen http://hl7.org/fhir/R4/specimen.html The specimen(s) that this report is based on
4 Service request http://hl7.org/thir/R4/servicerequest.html The order(s) that lead to the testing being reported
N Practitioner http://hl7.org/fhir/R4/practitioner.html The pathologist that is responsible for the report findings
6 Organization http://hl7.org/fhir/R4/organization.html The organization that performed the reported test
8 Variant {baseURL}/StructureDefinition-variant.html The genetic variants identified via testing
9 Diagnostic implication {baseURL}/StructureDefinition-diagnostic- Phenotype implications of identified variants and other
implication.html genetic findings. Generally used to communicate associ-
ated disease risk (eg, presence of a variant implies an
increased risk for breast cancer). A diagnostic implication
can include evidence level and clinical significance (eg,
“Pathogenic”).
10 Therapeutic implication {baseURL}/StructureDefinition-therapeutic- Treatment implications of identified variants and other
implication.html genetic findings. The therapeutic implication can guide or
tailor the choice, dosing, or predicted effectiveness of med-
ications or other treatments such as clinical trials. A thera-
peutic implication can include evidence level (eg, “tier 1—
level A) and clinical significance
11 Molecular consequences {baseURL}/StructureDefinition-molecular- The calculated or observed effect(s) of a DNA variant, gener-
consequence.html ally on its downstream transcript and, if applicable, ensu-
ing protein sequence
12 Molecular biomarker {baseURL}/StructureDefinition-molecular- Laboratory measurements of human inherent substances
biomarker.html such as gene products, antigens and antibodies, and com-
plex chemicals that result from posttranslational process-
ing of multigene products
13 Haplotype {baseURL}/StructureDefinition-haplotype. Generally used to convey alleles (such as HLA or pharmaco-
html genomic star alleles) identified via testing
14 Genomic study {baseURL}/StructureDefinition-genomic- The aggregated details of the specific testing, such as purpose
study.html of the test, genes tested, and type of variants tested
14 Genomic study analysis {baseURL}/StructureDefinition-genomic- Each genomic study can be comprised of one or more

study-analysis.html

genomic study analyses that detail the testing procedures
performed

Abbreviation: FHIR, Fast Healthcare Interoperability Resources.
? Base URL=https://hl7.org/fhir/uv/genomics-reporting.

Table 2. Semiquantitative assessment of the adequacy of FHIR Genomics for encoding a representative somatic testing report.

# Mapped FHIR resource/Profile Occurrences Mapping category

1 Genomics report 1 Full encoding possible

2 Patient 1 Full encoding possible

3 Specimen 2 (normal specimen, tumor specimen) Full encoding possible

4 Service request 1 Full encoding possible

5 Practitioner 1 (results interpreter) Full encoding possible

6 Organization 1 (performer) Full encoding possible

8 Variant 8 (EGFR, ROS1 Fusion, STAG2, ATR, NTHL1, 7: Full encoding possible (DNA);
MSH2, ZFHX3, NOTCH1) 1: Not currently encoded (RNA)

9 Diagnostic implication 8 (EGFR, ROS1, STAG2, ATR, NTHL1, MSH2, Full encoding with potential variability
ZFHX3, NOTCH1)

10 Therapeutic implication 5 (EGFR-Drug1, EGFR-Drug2, ROS1-Drug, Full encoding with potential variability
ROS1-ClinicalTrial, TMB-Drug)

11 Molecular consequences 5 (ATR,NOTCH1, NTHL1, ROS1, ZFHX3) Full encoding with potential variability

12 Molecular biomarker 3 (TMB, MSI, PD-L1) Full encoding with potential variability

13 Haplotype 6 (HLA-A x 2, HLA-B x 2, HLA-C x 3) Full encoding possible

14 Genomic study 1 Partial encoding

14 Genomic study analysis 2 (tumor, normal) Partial encoding

?

Unmapped

2 (pertinent negatives; gene expression)

Not currently encoded

Abbreviation: FHIR, Fast Healthcare Interoperability Resources.

biomarker, a primary challenge is that a simple comparison of
absolute expression levels based on different pipelines can be
misleading. Additional guidance will be needed in a future iter-
ation of the FHIR Genomics standard to describe how to com-
municate normalized expression levels.

An overall semiquantitative assessment of the adequacy of
the FHIR Genomics standard for the representation of somatic
testing reports is shown in Table 2. The report has 47 semantic
objects, of which 20 have full encoding possible, 21 have full
encoding with potential variability, 3 have partial encoding, and


http://hl7.org/fhir/R4/patient.html
http://hl7.org/fhir/R4/specimen.html
http://hl7.org/fhir/R4/servicerequest.html
http://hl7.org/fhir/R4/practitioner.html
http://hl7.org/fhir/R4/organization.html
https://hl7.org/fhir/uv/genomics-reporting
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Table 3. Notable findings in the FHIR encoding of a representative somatic testing report.

FHIR profile

Key findings

Diagnostic/Therapeutic implication

Genomic study

Haplotype

Molecular biomarker

Molecular consequences

Variant

- Diagnostic and therapeutic implications are generally straightforward to encode, with the recognition

that different reports may use different evidence categorizations (eg, FDA%” vs AMP/ASCO/CAP>S)

- Details of a genomic study are partially encodeable. As seen in Figure 6, details can be voluminous,

and the structured components useful for CDS are evolving. A lack of international standard code
sets for many aspects of a genomic study (eg, study method) lead to encoding variability

- Haplotypes are generally straightforward to encode, particularly for HLA genes where there is a gov-

erning body for haplotype nomenclature?®

- Biomarkers are generally straightforward to encode (in that they are similar to other lab observations).

But many biomarkers are adopted into practice before they are assigned LOINC codes, and for many
biomarkers there exists cross-lab variability in representation

- Molecular consequences are straightforward to encode, facilitated by the trend toward reporting con-

sequences based on the MANE transcript®’

- DNA variants are straightforward to encode
- DNA amplifications are straightforward to encode
- RNA variants (eg, fusions, altered splicing) do not fit neatly into the Variant profile and will likely

need a new profile dedicated to RNA variants

- RNA expression levels do not fit neatly into the Variant or Molecular Biomarker profiles and will

likely need further analysis before landing on an FHIR representation

- Pertinent negatives and wildtypes are challenging to encode given the wide range in observed granular-

ity (eg, “NM_001354609.2: c.1799T>A” vs “EGFR exon 19 mutation” vs “BRCA2 mutation”), and

the interdependence with testing scope (eg, “EGFR wildtype” generally means “to the extent that
BRCA2 was studied, no variants were identified”)

Abbreviations: AMP, Association for Molecular Pathology; ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; FDA, US
Food and Drug Administration; FHIR, Fast Healthcare Interoperability Resources.

3 are not encoded. Taken together, 87% of semantic objects
had full encoding or full encoding with potential variability.

A summary of notable findings in the FHIR encoding of
our representative somatic testing report is shown in Table 3.
Note that the focus of this study was an assessment of the
adequacy of FHIR Genomics, as opposed to assessing the
potential for redundant representations in the standard. In
other words, while we determined that FHIR Genomics pro-
vides a mechanism for the structured communication of ther-
apeutic implication information, there remains multiple ways
in which the evidence backing an asserted implication can be
represented (particularly around terminology choices). Con-
tinuing maturation of FHIR Genomics profiles is based on
ongoing real-world testing.

Discussion and conclusions

Overall, the FHIR Genomics version 3 standard was able to
semantically structure the bulk of a representative somatic test-
ing report. Encodings generally fell into 1 of the 4 categories:

1) Full encoding possible: We found that representative
report content representing the patient, the performing
laboratory, the specimen(s), the order(s) addressed by the
current test, and the supervising pathologist could be fully
encoded. We found that the Variant profile was able to
fully represent the DNA variants described in the report,
and that the Genomic Report profile provided a sufficient
framework for capturing all aspects of the report (partic-
ularly since the Genomic Report can include narrative
blocks, for those constructs not formally encoded).

2) Full encoding with potential variability: We found that
report content representing implications (diagnostic impli-
cations, therapeutic implications, molecular consequences)
and biomarkers could be fully encoded, but that without
further guidance, different instances might vary in their
representation. While to some extent the same could also
be said about constructs in the “full encoding possible”

category, the need for semantic interoperability of implica-
tions and biomarkers to drive CDS lead the team to call
out the potential for redundant representations for these
constructs.

3) Partial encoding: We found that report content represent-
ing the performed genomic study could only partially be
encoded in the Genomic Study profile. This is in part a
known limitation, in that the HL7 Clinical Genomics
committee has made a conscious decision to focus ini-
tially on the structured representation of genomic study
components likely to drive CDS, while deferring other
constructs to narrative representation for now.

4) Not currently encoded: We found that report content
representing pertinent negatives and RNA-related data
have no defined semantic target in the FHIR Genomics
standard, which provides no explicit guidance for these
data types. These represent areas where the HL7 Clinical
Genomics committee or the field could improve the cov-
erage of the standard.

While the large majority of our semantic objects in our
sample reports were fully encodable or encodable with poten-
tial variability, these observations have been added to the
FHIR Genomics version 4 roadmap, and also highlight the
need for ongoing FHIR Genomics updates in the highly
dynamic field of cancer genomics. While real-world require-
ments, particularly in dynamic fields such as cancer
genomics, often arise more rapidly than can be standardized,
we conclude that the FHIR Genomics version 3 standard is
sufficiently robust for the communication of the majority of
constructs present in today’s somatic testing reports.
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