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Background: Genomic tumour profiling has a crucial role in the management of patients with solid cancers, as it helps
selecting and prioritising therapeutic interventions based on prognostic and predictive biomarkers, as well as identifying
markers of hereditary cancers. Harmonised approaches to interpret the results of genomic testing are needed to
support physicians in their decision making, prevent inequalities in precision medicine and maximise patient benefit
from available cancer management options.
Methods: The European Society for Medical Oncology (ESMO) Translational Research and Precision Medicine Working
Group assembled a group of international experts to propose recommendations for preparing clinical genomic reports
for solid cancers. These recommendations aim to foster best practices in integrating genomic testing within clinical
settings. After review of available evidence, several rounds of surveys and focused discussions were conducted to
reach consensus on the recommendation statements. Only consensus recommendations were reported.
Recommendation statements were graded in two tiers based on their clinical importance: level A (required to
maintain common standards in reporting) and level B (optional but necessary to achieve ideal practice).
Results: Genomics reports should present key information in a front page(s) followed by supplementary information in
one or more appendices. Reports should be structured into sections: (i) patient and sample details; (ii) assay and data
analysis characteristics; (iii) sample-specific assay performance and quality control; (iv) genomic alterations and their
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functional annotation; (v) clinical actionability assessment and matching to potential therapy indications; and (vi)
summary of the main findings. Specific recommendations to prepare each of these sections are made.
Conclusions: We present a set of recommendations aimed at structuring genomics reports to enhance physician
comprehension of genomic profiling results for solid cancers. Communication between ordering physicians and
professionals reporting genomic data is key to minimise uncertainties and to optimise the impact of genomic tests
in patient care.
Key words: precision medicine, genomics, targeted therapies, next-generation sequencing (NGS)
INTRODUCTION

Genomic tumour profiling has entered cancer care, playing
a pivotal role in the diagnostic and therapeutic manage-
ment of cancer. Over the past decade, the number of drug
approvals linked to genomic biomarkers has risen substan-
tially. There remains, however, a gap between evidence
generation and real-world clinical implementation of vali-
dated genomic biomarkers.1 Addressing challenges in access
to genomic testing and consequent treatment with
biomarker-matched drugs, and in harmonised and struc-
tured analysis and interpretation of genomic data, is ur-
gently needed to deliver the promise of precision oncology
in clinical practice, but also to prevent genomic testing from
further exacerbating health care inequities in our society.

Several guidelines and consensus recommendations,
including those from the ESMO Precision Medicine Working
Group (PMWG),2 have been published to guide the use of
next-generation sequencing (NGS) tests across different
tumour types. NGS assays generate ample amounts of data,
often interrogating large numbers of genes. Analysis and
interpretation of these data are often complex, necessi-
tating resources to assist both health care providers and
patients in comprehending the results. Difficulties in inter-
preting genomic test results have been consistently identi-
fied as a factor that hinders their clinical adoption.3,4

Physicians interpret NGS results from reports that summa-
rise the findings which are usually prepared by the labo-
ratory carrying out the sequencing. These reports should
contain the information needed to empower physicians to
integrate genomics into their clinical decision making, and
the content should be clear, concise and intuitively under-
standable to make the process effective.
The workflow of precision oncology

The pathway for delivering precision oncology encompasses
a series of actions (Figure 1), starting with patient infor-
mation and shared decision making, as well as selection and
acquisition of the most appropriate biospecimen for study.
Once DNA/RNA from a tumour biospecimen (or blood
sample in the case of liquid biopsies) and, when appropriate,
matched normal sample has been sequenced, the raw NGS
data are processed to identify genomic alterations. This task
requires the use of bioinformatics todamong othersdalign
the NGS reads to the human reference genome and identify
differences in the reads between tumour and normal se-
quences (tumour variant calling). For assays with paired
https://doi.org/10.1016/j.annonc.2024.06.018
tumourenormal sequencing, the somatic origin of gene
variants (base substitutions and small insertions or de-
letions; sometimes referred to as ‘mutations’) is determined
by comparing the genomic sequence of the tumour sample
with the genome of the healthy/non-cancerous tissue of the
same patient. For tumour-only sequencing (that is, healthy/
non-cancerous control tissue is not being analysed in par-
allel), the origin of the variants is estimated by comparison
with population allele frequencies in data repositories, often
in the context of the variant allele fractions observed in the
tumour sample. Next, genomic mapping tools are used to
calculate which gene or noncoding region is affected by each
variant, anddif relevantdhow they alter the nucleotide
sequence of the corresponding transcripts and the amino
acid sequence of the encoded proteins. These events are
classified according to their biological relevance in terms of
impact on protein function and potential role in carcino-
genesis.5,6 Genomic alterations are then ranked based on
their clinical actionability, identifying biomarkers associated
with cancer diagnosis, prognosis and drug response or
resistance.7,8 In addition, some NGS assays enable to esti-
mate complex biomarkers or genomic signatures, such as
tumour mutational burden (TMB), microsatellite instability
(MSI) or homologous recombination deficiency (HRD)
scores; liquid biopsies can also provide estimates of tumour
burden with prognostic value in several tumour types.While
most of these steps can be largely automated,9,10 expert
manual curation is still required to ensure the quality of the
results. Finally, all the information obtained with NGS is
structured into a report intended for delivery to physicians
(and often to patients), which is the subject of this Recom-
mendations document.

It is important to note that the content of an NGS report
cannot replace the physician’s judgement for indicating a
therapeutic strategy. Clinical decision making should be
driven by a patient-centric interpretation of the NGS assay
results by the treating physicians, ideally with support from
a multidisciplinary team, in the context of the results of
other tests, as well as the individual patient’s medical his-
tory and preferences.11

The precision medicine journey continues with assessing
if genomics-guided treatment resulted in patient benefit, as
that is the final goal of this process. Ideally, genomics, im-
aging and pathology test results, together with treatment
information and clinical outcomes, would be systematically
collected to inform future treatment decisions and itera-
tively improve the precision oncology workflow.
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Figure 1. Steps enabling clinical decision making based on NGS data. NGS, next-generation sequencing.
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Structure and content of a genomic report:
Recommendations from the ESMO Precision Medicine
Working Group

The ESMO PMWG convened a multidisciplinary group of
international experts with expertise in generating, ana-
lysing, reporting and/or using genomic data for clinical
purposes to formulate recommendations for the optimal
reporting of genomic data intended for clinical use. The
panellists first completed several surveys to identify unmet
needs and key challenges in reporting genomic data, fol-
lowed by several rounds of panel meetings to define rec-
ommendations; initial recommendation statements were
then subject to several rounds of off-line review and in-
person/remote live meetings by the group until consensus
was reached for all statements. The group’s objectives were
to deliver recommendations regarding the structure and
elements of this report to (i) facilitate comprehension of
genomic reports among physicians and other health care
professionals integrated in multidisciplinary tumour boards;
(ii) improve communication among health care pro-
fessionals and between physicians and patients regarding
the interpretation of genomic data; and (iii) guarantee the
quality of genomic test reporting.

A genomic report may include both text and tables to
convey the findings of a tumour NGS test.The use of graphical
solutions to display complex information is also recom-
mended to increase intuitive comprehension by clinical
readers. Reports must include the following information:
1. Patient, tumour and sample characteristics
2. NGS assay and data analysis characteristics
3. Sample-specific assay performance and quality control
4. Genomic alterations (somatic and/or germline) and

other genomic measures detected in the tumour sample
5. Variant functional annotation
6. Matching with genomic biomarkers of cancer diagnosis,

prognosis and therapy indication, ranked by clinical
actionability
Volume xxx - Issue xxx - 2024
7. Summary of the main clinically relevant findings
8. Appendices with detailed information and references

These parts of the report, which will be discussed
throughout the present document, may involve large
amounts of information, particularly when it comes to
technical aspects of the assay utilised. To facilitate read-
ability by treating physicians, it is recommended to clearly
provide all key information upfront in the first pages of
the report, followed by other sections with expanded
details. To illustrate how the recommendation can be used
to provide an NGS report, an example report is given in
Figure 2.

In addition to these recommendations, laboratories
preparing NGS reports should also adhere to relevant
quality principles, such as those outlined by the Interna-
tional Organization for Standardization or equivalent ac-
creditations, to ensure that their reports meet the
necessary standards for clinical applications in their local
environment.

The group recognises the complexities in the analysis and
reporting of genomic data for clinical applications and ac-
knowledges that there may be variability in preferences and
resources available across different laboratories, institutions
and health care systems. Consequently, we have cat-
egorised our recommendations into two levels: Level A
Recommendations, which we deem necessary for main-
taining a common standard of quality in the reporting
process; and Level B Recommendations, which represent
ideal practices but can be selectively prioritised when facing
resource constraints or when laboratories necessitate a
more flexible approach. Thus, for clarity, the level of
recommendation does not reflect the level of consensus
among the panellists but the level of clinical relevance of
each recommendation.

The overarching goal of this Recommendation docu-
ment is to advance in the delivery of precision oncology,
https://doi.org/10.1016/j.annonc.2024.06.018 3
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while upholding the principles of quality and equity in
patient care. Considering the differences in the genomic
landscape and clinical management of haematological
malignancies, this document is focused on the reporting of
NGS test results for the management of solid malig-
nancies. In addition, while we acknowledge that targeted
gene panels are currently the most common form of
multi-gene NGS testing in clinical routine, this document is
also relevant when reporting data from whole-exome
sequencing (WES) or whole-genome sequencing (WGS)
assays, which are progressively incorporated into clinical
practice.

Recommendations

� Genomic reports should include the following infor-
mation: Patient and sample characteristics; assay
and data analysis characteristics; sample-specific
assay performance; observed genomic alterations
and other genomic measurements; and implications
for diagnosis, prognosis and therapy selection.
(Level A)

� We recommend division of the genomic report into
an upfront part including all the key information
that enables clinical interpretation, followed by other
sections where further details can be provided.
(Level A)

� We recommend including a summary statement in a
narrative form with the main findings of the NGS
assay. (Level A)

� We recommend considering the inclusion of visual
aids and graphic solutions in genomic reports to
facilitate comprehension of complex data. (Level B)

SECTION 1. SAMPLE AND PATIENT CHARACTERISTICS

Clinical genomic reports should start with a section detailing
essential clinical, demographics and sample characteristics. The
purposes are to enable accurate identification and tracking of
the biospecimen, and to help contextualise genomic results.

Information about the patient

Essential clinical and demographic information should include
patient identifier, age or date of birth, sex and the primary
tumour type/disease under study. Additionally, including
ethnicity and/or genetic ancestry data (when available) may be
relevant for certain measurements using population allele
frequencies, as those derive from studies where certain eth-
nicities are underrepresented. Critically, the inclusion of this
information in the report should be done in compliance with
the relevant personal data protection regulations. Details on
the requesting physician/institution should also be added here.

Information about the biospecimen

Essential description of the sample under analysis should
include a sample identifier, date of sample acquisition and
modality of the sample (e.g. tumour tissue biopsy, cytological
Volume xxx - Issue xxx - 2024
specimen, surgical resection specimen or blood/plasma/ce-
rebrospinal fluid). For tissue samples, the anatomical origin
(organ) and whether the sample comes from a primary or
metastatic tumour, along with information about the tissue
preservation mode [e.g. formalin-fixed paraffin-embedded
(FFPE) or frozen tissue] should be included. For paired
tumourenormal sample sequencing tests, the source of the
normal DNA should also be described.

We recommend that tissue biospecimens also undergo
histopathological evaluation concurrently with NGS testing for
optimal interpretation. Every clinical genomic report should
feature the histological disease subtype (according to stand-
ardised classification systems), as well as a pathology-based
estimation of tumour content for the sample under study.
Ideally, histological disease subtyping is carried out on the
sample subjected to genomic testing (e.g. to prevent potential
issues with second primary tumours, or tumour subtype
evolution). At the very least, a histopathology report from a
prior evaluation of the same specimen should be available.
Reason for testing and clinical context

Most laboratories carrying out NGS assays for clinical use
have limited access to detailed medical histories of indi-
vidual patients. Hence, genomic reports are often gener-
ated without knowledge that is relevant for best
interpretation of the genomic findings, like the treatments
received by the patient before the time of sample acquisi-
tion or the family history of cancer. These details, however,
may be relevant for optimal interpretation of genomic
biomarkers and their potential clinical relevance for an in-
dividual patient. Importantly, documenting whether the
sample was obtained at a time of active disease progression
holds particular significance in the context of liquid biopsy
tests. Hence, we recommend fluent communication be-
tween physicians requesting the test and the laboratory
carrying out the analysis to maximise the output of NGS
reports in clinical samples, for example by providing rele-
vant clinical context details to the laboratory as part of the
test requisition form. This information should be also
included in the NGS report to document the context avail-
able to the laboratory when reporting the results, similarly
to how it is common practice in medical imaging reports.12

Recommendations

� Patient identification should be clear in the front page
of the report and included in every page of the report.
(Level A)

� Describe key biospecimen features clearly in the front
page of the report, including histology, sample type,
tissue preservation type (when applicable), date of
acquisition, anatomical origin and source of matched
normal DNA, when applicable. (Level A)

� Include key histopathological features of the sample
under study (tumour type, histological subtype,
https://doi.org/10.1016/j.annonc.2024.06.018 5
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pathology-based estimation of tumour content) using
standard classification systems. (Level A)

� Histopathological evaluation of the sample under
study concurrent to genomic profiling is considered
the preferred approach for optimal interpretation
although relying on prior histopathology reports is
acceptable particularly in the face of limited sample
availability. (Level A)

� Indicate the ‘reason for testing’ and include any addi-
tional clinical context details provided to the labora-
tory. (Level B)

SECTION 2. ASSAY CHARACTERISTICS

Clinical genomic reports should identify the laboratory
carrying out the test and mention the assay’s name for
clarity and reference, and provide a concise overview of the
assay’s capabilities, including whether it is based on
tumour-only or paired tumourenormal material analysis.
This initial brief description can be expanded in appendix
sections of the report to include information on the covered
genes and regions (for targeted panels) or genomic space
(for whole-exome/genome sequencing), and the types of
genomic alterations (e.g. gene variants, copy number
changes and/or fusions), and other genomic measures
beyond individual gene alterations (e.g. TMB, MSI, HRD,
estimation of ploidy and/or viral integrations) that are
tested. The bioinformatics methods used to process the
NGS data should also be included, ideally referenced to
pipeline repositories under version control. As previously
mentioned, laboratories are subject to local or international
standardisation principles that regulate in part how these
details should be documented. Therefore, a reference
should be provided pointing to the validation/accreditation
process of the genomic test and laboratory carrying out the
assay.

Furthermore, to allow expert readers to place the re-
ported results into perspective, we recommend providing
access to further details on the assay’s key performance
metrics as part of the appendix or through references to
external documents. These include the sensitivity, speci-
ficity, accuracy and reproducibility for detection/quantifi-
cation of the reported pieces of genomic information under
relevant conditions, including (but not limited to) the type
of material tested (e.g. FFPE, fresh frozen material, blood or
other biospecimens), input DNA amount, sample collection
and handling procedures, data processing and analysis
protocols, variant allele frequency (VAF) thresholds used,
other interpretation and reporting criteria, the instruments
and reagents used in the assay, the qualifications of the
laboratory personnel carrying out the test, and the quality
control measures in place according to local or international
standards and regulations. For liquid biopsies, it may
include other parameters such as the original volume of
plasma. The upfront section of the report should include a
clear note in the event the study is being carried out under
different conditions to those for which the assay has been
validated.
6 https://doi.org/10.1016/j.annonc.2024.06.018
Tumour-only targeted sequencing assays represent a
particular scenario that is commonly used in clinical
practice. These assays analyse tumour DNA without a
matched germline control, and thus inaccuracies in, or
inability to, determining the somatic versus germline
origin of the observed variants could hinder the reliability
of some of the results reported. Examples include the
calculation of the TMB,13,14 and the misattribution of
clonal haematopoiesis events as somatic variant calls.15,16

These limitations should be also clearly stated in the
report, in line with the validation process undertaken for
an assay.

Recommendations

� Identify the assay as well as the laboratory carrying
out the test. Include a brief overview of the assay
capabilities upfront, while a detailed description of the
assay (tested genes/regions, alterations that the test
has been validated for) can be included in later pages,
appendix or referenced to external documents. (Level
A)

� Provide the validation/accreditation status for the
assay and laboratory upfront in the report. Assay
performance metrics under relevant clinical conditions
can be included in later pages, appendix or referenced
to external documents. (Level A)

� If the assay is applied under different conditions to
those where it was validated, a clear disclaimer
should be reported stating how the assay reliability
may be compromised. (Level A)

� For tumour-only assays, a caution note should be
included for those measurements that may be
affected by the limitations to determine the germline
versus somatic origin of the variants. (Level A)
SECTION 3. SAMPLE-SPECIFIC ASSAY PERFORMANCE AND
QUALITY CONTROLS

While the previous section refers to the general assay
characteristics and would be mainly unchanged across
different reports using that assay, a subsequent section
should explain how the assay performed on the specific
sample under study, compared to the minimal requirements
for a reliable analysis. Reporting key quality metrics in a
concise manner is essential to effectively document the
quality of the genomic data generated for the analysed
biospecimen. These metrics typically include quantitative
and qualitative assessments of input DNA/RNA and median
sequencing coverage; other parameters such as mapping
rate can be provided as supplemental information.

In assays where a method for genomics-based calculation
of tumour content has been validated, this information
could be presented here to complement pathology-based
estimation of tumour content in tissue biopsies. For cell-
free DNA (cfDNA) liquid biopsy tests, the equivalent
metric of tumour fraction or circulating tumour DNA
Volume xxx - Issue xxx - 2024
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percentage (ctDNA%) should be reported in all instances as
it is central to interpret the results.

The objective of providing these parameters is to instil
confidence with respect to the accuracy of the specific re-
sults reported for the analysed biospecimen. To make the
key information easily comprehensible, we recommend
presenting it through qualitative assessments, where results
are categorised (e.g. ‘pass’ or ‘no pass’) against established
reference control values in the upfront part of the report.
We recommend the incorporation of visual aids, such as
colour-coded indicators or scales, to facilitate understanding
whether the sample meets the quality control criteria for
each of the analyses conducted (gene variants, copy num-
ber estimation, fusions and, when applicable, more complex
genomic biomarkers), to easily identify any deviation from
the optimal settings that may represent a limitation for
interpreting the results of a particular test.

The extended section of the report can then delve into
greater detail, offering insights into the test’s sensitivity and
specificity in assessing each type of alteration, and how the
metrics for the biospecimen under examination relate to
the optimal parameters for the assay to enable a compre-
hensive technical evaluation.

Recommendations

� We recommend using qualitative or semi-qualitative
measures to describe the key quality metrics of the
sample under study. (Level A)

� A comprehensive breakdown of quality metrics and
how they relate to the assay’s optimal standards can
be provided in an annex. (Level A)

� If deviations in these metrics suggest that one or more
specific analyses are non-evaluable (e.g. copy number
estimation deemed unevaluable while variant calling
remains evaluable), this should be clearly stated in the
front page of the report to clearly differentiate the
absence of biomarkers versus failed assessments.
(Level A)

� In the case of liquid biopsy/cell-free DNA assays, an
estimation of ctDNA% or tumour fraction should be
reported as it is critical to contextualise the results.
(Level A)

� The integration of visual aids in the report to repre-
sent quality metrics facilitates interpretation. (Level B)

� In tissue samples, genomics-based estimation of
tumour purity can be included if the method for
calculation has been validated, in addition to
pathology-based tumour content estimation. (Level B)

SECTION 4. RESULTS

The report should contain an overview (e.g. in table format)
of the genomic alterations detected in the sample. Some
reports separate the descriptive list of results by alteration
type (e.g. gene variants, copy number alterations [CNA] and
fusions). Ideally, we recommend that genomic alterations
Volume xxx - Issue xxx - 2024
would be ranked based on levels of clinical actionability to
facilitate clinical interpretation and prioritisation of thera-
peutic options.

Each variant listed must be accompanied by a description
that enables comprehension among clinical readers. This
description should include details such as which gene is
affected and the specific type of alteration detected, as well
as an assessment of its functional/biological relevance, and,
when pertinent, an evaluation of the level of evidence for
clinical actionability. Point-by-point guidance on how to
structure this description is provided below.

For consistency and clarity, we recommend the use of
broadly adopted nomenclature schemes, such as those
developed by the HUGO Gene Nomenclature Committee,17

and the Human Genome Variation Society’s mutation
nomenclature18 or the Ensembl genome database project.19

The annex of the report could specify the used genome
assembly (e.g. hg38) and the annotation schemes/nomen-
clatures as well as their versions. For all types of genomic
alterations, it is recommended to specify the affected gene
and the type of alteration detected.

For gene variants, the report should at least contain VAF,
nucleotide sequence and/or cDNA change, effect class
(missense, frameshift, nonsense, splice site, etc.) and, if the
variant is protein-coding, the amino acid change, together
with the gene transcript used for the variant mapping.

For fusions, we recommend reporting both fusion part-
ners, the genomic breakpoints at the fusion junction, the
assessment of the in-frame/out-frame status of the corre-
sponding gene products and a metric for the relative
amount of fusion present (e.g. total and percentage of
fusion supporting reads or estimated copy number).
Depending on the assay design, these findings can be based
on DNA analysis or detected at the transcript level when
concurrent RNA diagnostics is used.

For CNA, we advise reporting absolute gene copy num-
ber, although we acknowledge many targeted panels may
not be able to accurately compute absolute copy number;
in that case, a categorical classification would suffice. In
either case, the criteria to define CNAs should be docu-
mented. Caution should be used when reporting low-level
amplifications or single-copy deletions, to avoid over-
interpretation of their clinical relevance.

Additional information such as the description of the
gene(s) as an oncogene or tumour suppressor (relevant for
all alteration types), or whether a variant occurred at a
mutation hotspot could facilitate interpretation.

Depending on the assay’s capabilities, it may be possible
to estimate (sub)clonality of the gene variants and loss of
heterozygosity of a gene harbouring a variant. It is impor-
tant to acknowledge that clonality assessment of bio-
markers is complex and not yet part of clinical guidelines;
however, the potential relevance of the variant clonality
seems clear from a biological perspective and, if the assay is
robustly validated for this assessment, reporting of the
clonality of biomarkers could therefore be considered.20

Similarly, the bi-allelic inactivation status of tumour
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suppressor gene (TSG)-based biomarkers (such as BRCA1/2
inactivation for PARP inhibitors) is not a defined criterion in
current clinical guidelines; however, for many TSGs, bi-allelic
inactivation is essential for their biological effect (the clas-
sical two-hit model21) and reporting the bi-allelic genomic
status of TSGs could therefore be considered. Of note, the
interpretation of this assessment is complex: while the TSG
may be inactivated via two different gene alterations in
each respective allele, a fraction of suspected monoallelic
genomic alterations may be associated with complete TSG
inactivation via means that are missed by clinically used
assays, such as single-copy losses, copy-neutral loss of
heterozygosity, complex rearrangements or other non-
genomic mechanisms. Hence, if the assay has been vali-
dated for these measurements, we recommend including
them as additional information for expert interpretation,
but these should (for now) not be considered for ranking of
clinical actionability.

Recommendations

� The report should contain a detailed description of the
identified genomic alterations, with description of the
gene name and type of alteration. (Level A)

� For gene variants, the effect, sequence and/or cDNA
change anddwhen appropriatedamino acid change
should be reported together with the gene transcript
used for the genomic mapping. (Level A)

� For fusions, we recommend reporting both fusion
partners, quantification metrics, the genomic break-
points at the fusion junction and the in-frame/out-
frame status. (Level A)

� Copy number alterations can be reported categorically
(Level A) or, if the assay permits, as total estimated
number of copies. (Level B)

� We recommend the use of broadly adopted gene and
gene alteration nomenclatures, which should be
specified in the appendix of the report. (Level A)

� Additional details like the role of the affected gene
(tumour suppressor versus oncogene) and whether a
variant occurs in a recurrent hotspot can be added to
provide further information. (Level B)

� VAF values should be reported for gene variants.
(Level A)

� Bi-allelic alteration status and (sub)clonality can be re-
ported but we recommend caution when interpreting
clinical impact. (Level B)

Annotation of biological/functional impact and clinical
relevance of a variant

The report should include a biological/functional interpre-
tation of each detected variant (i.e. whether it is likely to
affect the function of the encoded protein). This annotation
is necessary to avoid overinterpretation of passenger and/
or benign genomic alterations.

The most used classification scheme for functional rele-
vance is based on a five-tier system classifying variants as:
8 https://doi.org/10.1016/j.annonc.2024.06.018
benign, likely benign, variant of unknown significance (VUS),
likely pathogenic or pathogenic.5 However, this system was
originally designed for classifying germline variants, and
other schemes have been later developed to classify so-
matic genomic alterations in cancer, such as the one pro-
posed by the ‘ClinGen/CGC/VICC’ group.6 These and other
similar classification systems are based on variant effects
that are known or can be presumed, as well as on in silico
prediction tools. While a review of the different variant
functional classification options is outside the scope of this
work, the panel recommends adhering to a well-recognised
framework, being consistent in the use of terminology, and
providing a reference to the system used in the report.

For CNA and other structural variants, we acknowledge
that similar guidelines for functional impact annotation are
largely missing. In general terms, we recommend to only
report as functionally relevant copy gains/amplifications for
oncogenes and copy losses for tumour suppressor genes,
whereas functional annotation of fusions should be evalu-
ated on a case-by-case basis.

Only those alterations with an expected impact on the
gene function (pathogenic or likely pathogenic, or equiva-
lent terminology) should be included in the main report and
evaluated for clinical actionability. We recommend that
‘likely benign’ and ‘benign’ (or equivalent terminology)
genomic alterations are not included in the report. If VUS
(or equivalent terminology) are included in the report, they
should be clearly labelled and/or listed in a separate section
to avoid overinterpretation of findings.
Annotation of clinical actionability

Annotation of the potential clinical actionability of the
genomic alterations is a process separate from the assess-
ment of their biological/functional impact, in which the
possible therapeutic, diagnostic or prognostic implications
of a given alteration are described. This process should be
based on up-to-date evidence. Clinical actionability anno-
tation is a challenging task; however, this information can
facilitate the clinical review of the NGS results, and it is thus
an important part of the report. Ensuring harmonisation and
implementation of this process according to the highest
standards is crucial to minimise the risk of misinterpretation
of data that can be relevant for therapeutic decisions.

A given alteration can be assigned to different levels of
clinical actionability for different therapeutic interventions.
Furthermore, the same alteration may have different levels
of clinical actionability in different malignancies or clinical
settings. It is critical to distinguish between on-tumour ev-
idence (clinical actionability demonstrated in the same
tumour type) and off-tumour evidence (clinical actionability
in other malignancies). In addition, the nature of the match
between the genomic alteration and the corresponding
biomarker should be also detailed in the report, i.e. indi-
cating whether it is based on the presence of a specific
event [e.g. epidermal growth factor receptor (EGFR T790M
alteration)], a certain broader genomic description (e.g.
EGFR exon 20 insertion) or a functional term (e.g. activating
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EGFR variant). The report should also reference the
knowledge base (at minimum) and/or (ideally) the publi-
cation underlying the classification of the alteration’s
actionability. Indeed, compressing these multiple lines of
evidence concisely within a report represents a challenge
towards maintaining comprehension of the results for the
individual case under study.

We recommend that genomic reports rank the action-
ability of the (likely) pathogenic genomic alterations using
scales or frameworks that consider clinical evidence and the
magnitude of benefit derived from a therapeutic interven-
tion. This approach, rather than using a binary classification
as ‘actionable’ or ‘not actionable’, would aid patients and
physicians in prioritising therapeutic options. Notable ex-
amples of such frameworks include the ESMO’s Scale for
Clinical Actionability of molecular Targets (ESCAT),8 the
OncoKB classification system22 or the Association for Mo-
lecular Pathology/American Society of Clinical Oncology/
College of American Pathologists joint Consensus Recom-
mendation,7 but many other examples exist in the litera-
ture.23,24 Also, it should be acknowledged that these
classification systems may not rank other forms of clinical
value (i.e. for diagnostic or prognostic biomarkers), as some
of these systems were primarily designed to rank direct
biomarkeredrug treatment matches. To assist in genomic
clinical actionability annotation, several knowledge bases
are available, including OncoKB,22 JAX-CKB25 and CIViC,26

among others. These knowledge bases are important to-
wards standardised clinical actionability interpretation.

For those reports including clinical actionability assess-
ment, it is advised to sort the actionable genomic events
based on the level of evidence, from higher to lower. For
biomarkers matching approved drugs for the tumour type
under study, we recommend that the reports specifically
name these drugs, keeping in mind the caveats mentioned
above. In cases where actionable biomarkers match exper-
imental drugs, or drugs that are not approved for the
tumour type under study, these limitations should be clearly
reported. For lower tiers of clinical actionability (e.g.
investigational treatment indications) it is sufficient, in
general, to report drug types or mechanisms of action (e.g.
PARP inhibitors, EGFR-tyrosine kinase inhibitors, EGFR
blocking antibodies) rather than specific drug names. To
maintain conciseness, biomarkers could be excluded from
the report when only pre-clinical evidence is available.

It is paramount that physicians and other recipients of
the report understand that the annotation of the potential
clinical actionability of alterations cannot be taken as a
clinical recommendation, but as a tool to facilitate the
incorporation of genomic data into the complex treatment
decision-making process. Treatment decisions should always
stem from a deep understanding of the clinical case by the
treating physician(s), ideally with support from multidisci-
plinary (molecular) tumour boards, as the clinical context
dictates the implications of a given actionable biomarker.
For those genomic reports listing potentially matching
drugs, it should acknowledge that clinical decisions and
treatment indications require a holistic view of the patient’s
Volume xxx - Issue xxx - 2024
medical history and clinical status, and not just the detec-
tion of a predictive biomarker.

Clinical trial matching in genomic reports

Genomic alterations detected in clinical NGS tests can be
actionable by means of drugs under evaluation in clinical
trials. The panel acknowledges the value of clinical trials in
providing early access to potentially beneficial agents to pa-
tients with advanced cancers; genomic reports could play an
important role by alerting the treating physician for investi-
gational opportunities tailored to biomarker-defined pop-
ulations. However, several points need to be considered
regarding including clinical trial options as part of the clinical
actionability annotation. Firstly, clinical trial inclusion criteria
go beyond the presence of a given biomarker, and it is largely
defined by different clinical variables and patient preferences
that are not captured by genomic tests. Secondly, clinical
trials are usually only conducted at selected centres. More-
over, patients may have clinical trial options irrespective of
genomic criteria, so the trials suggested in an NGS reportmay
not represent the entire scope of trial opportunities. Lastly,
with some local exceptions, very few resources to facilitate
clinical trial matching are available27; public sources of in-
formation are Clinicaltrial.gov (US-based) or EudraCT (Euro-
pean, country-tailored), but their data models are not
designed to accommodate an accurate interrogation of the
genomics-based inclusion criteria.

We recommend that potential clinical trial matches are
only annotated in the NGS reports if a reliable and up-to-
date database of genomic biomarker-driven trials specific
for the patient’s disease and country/region is available,
and being aware that it is the responsibility of the treating
physician to further evaluate the suitability of the patient to
those (or other) trial opportunities.

Recommendations

� Genomic alterations should be reported in accordance
with a standardised terminology for functional/bio-
logical impact. (Level A)

� We recommend focussing on (likely) pathogenic (or
equivalent nomenclature) genomic alterations in the
main results section of the report. VUS can be included,
but they should be clearly labelled or reported in a
separate section to avoid overinterpretation. (Level A)

� Only (likely) pathogenic/oncogenic driver alterations
should be evaluated for clinical actionability. VUS
and (likely) benign variants should not be considered
when assessing clinical actionability. (Level A)

� Reported biomarkers should be ranked following
standardised levels of clinical actionability. (Level A)

� Evidence supporting the (level of) actionability of a
given biomarker should be documented for refer-
ence. (Level A)

� For brevity, biomarkers with only pre-clinical evidence
suggesting potential actionability can be omitted from
the report or listed separately. (Level B)
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� When a variant has high clinical actionability with an
approved therapeutic, the name of the drug should
be included. (Level B)

� We recommend clinical trial matching to be included
in the report, but always contingent on access to a
comprehensive and up-to-date clinical trial database
that is relevant for the region of the patient being
tested. (Level B)

� Overall, reports should emphasise that the clinical
actionability annotation cannot be considered as a
treatment recommendation, but as a tool to facilitate
the clinical review of the NGS results. (Level A)

Reporting genomic biomarkers beyond individual genes

Genomic biomarkers derived from measures that go beyond
events affecting individual genes are increasingly being
adopted in clinical practice for guiding treatment selection.
Examples include the use of the TMB or MSI status to guide
immune checkpoint blockade treatment, or the identification
of HRD to guide treatment with PARP inhibitors or platinum-
based chemotherapeutics. Other mutational signatures, such
as those indicative of tobacco- or UV-based mutagenesis, as
well as information about potential viral integrations in
cancer genomes, can have clinical value for informing clini-
cians about the potential tissue of origin for cancers of un-
known primary (CUP)28 but have not yet been validated for
clinical decision making.While these biomarkers were mostly
derived originally from WES or WGS datasets, some targeted
panels commonly used in clinical practice are incorporating
equivalent measures.When reporting continuous biomarkers
such as mutational signatures, we recommend displaying the
biomarker’s potential range and, if relevant, the (assay-spe-
cific) validated threshold for clinical actionability; graphical
solutions can aid presenting the sample’s position within the
biomarker range, thereby facilitating intuitive interpretation.

For clarity and generalisability, we recommend providing
an annex (or reference to external documents) stating how
these measures were calculated, the genomic space that
was considered, in which units the measurements are being
reported, and including the justification on the thresholds
used to classify the results when appropriate.

Recommendations

� We recommend including genomic biomarkers
derived from measures beyond individual genes, like
TMB, MSI, HRD, other mutational signatures and viral
integrations in clinical reports when the assay has
been validated for that purpose. (Level A)

� The same principles of evidence for clinical actionabil-
ity assessment also apply to signatures/biomarkers
that go beyond individual genes. (Level A)

� For continuous biomarkers, we recommend presenting
results graphically for intuitive interpretation, showing
10 https://doi.org/10.1016/j.annonc.2024.06.018
the population range, clinically relevant threshold and
sample position within that range. (Level B)

� Information on the methodology for their calculation,
measurement units, threshold determination and
considered genomic space should be included in the
appendix of the report or through reference to
external documents. (Level A)

Identification of variants with potential implication for
hereditary cancer

Treating physicians should be assisted in identifying patients
who may benefit from consultation with clinical geneticists
and other genetics counsellors. To that end, we recommend
that variants that may require follow-up confirmatory
germline testing are clearly marked in the report. We stress
the need to discuss potential implications of germline testing
with the patient before obtaining informed consent for
germline testing.Written patient information provided ahead
of tumour sequencing analysis should mention potential for
the analysis to identify genetic changes that might inform on
risk of future cancers and/or be heritable through the family.
The information provided should reassure the patient that
they will receive additional information, consultation and
request for explicit consent ahead of further analyses which
would confirm such a variant as germline.

For assays based on matched tumour-germline sequencing,
the germline origin of any variant could be determined with
certainty. In that case, we recommend including the germline
versus somatic origin of alterations in the NGS report (if the
patient consented for this). However, many NGS tests used in
clinical practice are based on tumour-only sequencing, in
which assessing the somatic versus germline origin of a variant
may be challenging; the likelihood that a tumour-observed
variant is of germline origin varies by gene and according to
the observed VAF. We recommend adhering to the recently
published ESMO PMWG recommendations for flagging
potentially germline variants from tumour-only data and rec-
ommending follow-up germline-focused analysis.29

The increasing incorporation of WES and WGS assays into
clinical practice underscores the relevance for identification,
reporting and management of non-cancer-related second-
ary findings. To that end, specific recommendations, such as
those established by the American College of Medical Ge-
netics and Genomics, are available for guidance.30

Recommendations

� For all sequencing platforms based on matched
tumourenormal sample sequencing, relevant (likely)
pathogenic germline variants in cancer predisposition
genes should be prominently marked for follow-up at
a specialised clinical genetics department. (Level A)

� For tumour-only sequencing, we recommend adhering
to ESMO PMWG 2023 recommendations for guidance
on identifying individuals who may benefit from
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referral to cancer genetics specialists for consideration
of follow-up germline testing. (Level A)

SECTION 5. SUMMARY OF RELEVANT EVENTS AND
INTERPRETATION

The front page of a genomic report designed for clinical use
should feature a succinct, yet comprehensive, summary of
the most relevant findings of the NGS assay. This summary
should offer physicians a quick overview of the key results
for clinical interpretation and, if possible, specifically answer
the clinical question of the physician requesting the test.
This summary must contain information on the genomic
alterations and (potential) germline variants that are clini-
cally relevant (if any). This text can also elaborate on com-
plex issues integrating all findings, such as the potential
importance of co-occurring genomic alterations in the
sample under study, the significance of the results consid-
ering the pathology and clinical information provided to the
NGS laboratory, or addressing any uncertainties that may
necessitate follow-up confirmatory or complementary tests.
We recommend presenting this summary in a narrative
manner, using a language that facilitates comprehension by
physicians who may not be experts in genomics.31

Yet, the panel recognises that the ultimate clinical
interpretation of genomic findings needs to be guided by
the treating physician in the context of all the information
on the individual patient’s medical history and preferences.
This underscores the need for multidisciplinary teams of
experts, such as those participating in molecular tumour
boards, who can assist physicians in interpreting clinical
relevance of genomic findings in a consistent manner.
Conclusions of this expert discussion should be also docu-
mented to complement the NGS report in the patient
medical notes.

Recommendations

� Clinical genomic reports should include a summary of
the most relevant findings to facilitate the interpre-
tation process. (Level A)

� A table/list with a simplified summary of clinically rele-
vant findings can be included to facilitate compre-
hension. (Level B)

� It is desirable for clinical genomic report to include a
narrative summary that provides a comprehensive,
integrated interpretation of all findings and potential
limitations, including recommendation for follow-up
or confirmatory tests when appropriate. (Level B)

� When clinical interpretation occurs in the context of a
molecular tumour board meeting, we recommend
documenting the conclusions to complement the NGS
report in the patient medical notes. (Level B)

CLOSING REMARKS AND PERSPECTIVES

The application of genomics to clinical care is a flourishing yet
imperfect field, characterised by rapidly evolving knowledge
Volume xxx - Issue xxx - 2024
driven by emerging data and new technological capabilities.
Over the last decade, we have witnessed significant advances
in both the generation and analysis of sequencing data.
However, the translation of these advances into routine clinical
management of patients with cancer necessitates the coupling
of such progress with the appropriate provision of resources
and expertise within our health care systems, including diag-
nostic laboratories, education of health care professionals and
building multidisciplinary teams to support the optimal inte-
gration of these data into treatment recommendations.
Moreover, in-system consolidation of genomic testing as a
medical procedure and part of the patient pathway is imper-
ative, akin to other diagnostic tests routinely used in oncology.

At present, one of the most pressing challenges for effec-
tively reducing uncertainties around clinical relevance of
genomic alterations relates to limitations of the databases for
clinical actionability mapping. The lack of a comprehensive,
open-source knowledge base of clinical actionability which is
constantly up to date with European and/or local clinical
guidelines seriously complicates automated clinical action-
ability mapping for patients. This makes it more challenging to
ensure optimal variant interpretation, while seriously
increasing the workload of manual review for clinical experts.
Furthermore, with some local exceptions, there is a lack of
informatics-friendly databases with structured data on
(genomic) inclusion criteria for clinical trials in oncology, which
limits the feasibility of automated clinical trial matching in
clinical genomic reports, thereby limiting important regional
inequalities in cancer care. With the ever-increasing employ-
ment of broad genomic testing in oncology, serious in-
vestments are needed to cover these essential pieces of
infrastructure, to ensure the optimal employment of
genomics-based precision oncology in the upcoming decades.

The integration of interactive reports and dynamic visual-
isation tools into electronic patient records also represents a
major hurdle for clinical informatics in the coming years; this
will require significant efforts and alignment with relevant
data management regulations, such as the European Health
Data Space initiative. Another challenge emerges from the
possibilities for longitudinal monitoring of cancer evolution
through liquid biopsy tests, which require integrating results
from prior tests, or the room for re-evaluation of findings as
new clinical data emerge.

In addition, we note that facilitating patient comprehension
and effective communicationofgenomic data, alongwith their
clinical implications, represents a notable barrier to empow-
ering patients to participate in therapeutic decisions.32,33

Tailoring reports explicitly to enhance patient understanding,
whether as a separate/standalone document or as an inte-
grated section within comprehensive genomic reports, is
crucial for achieving the goals of precision medicine.

With the increasing number of genomics-based bio-
markers and the anticipated surge in clinical adoption of WES
and WGS, the interpretation of genomic results is becoming
more complex, and we foresee that the importance of user-
friendly and well-annotated reporting will continue to grow
to ensure optimal patient benefit. Genomics will also be
increasingly integrated with other emerging, complementary
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types of diagnostics, including digital pathology, methylation,
transcriptomics and protein testing. As a result, clinical ex-
perts will require more advanced patient reports, which we
expect will increasingly embed interactivity and data visual-
isation tools.34,35 It is evident that effective integration of
complex multi-omics biomarkers into clinical decision making
will depend on more sophisticated decision-support tools.
Anticipating this demand, the development of artificial in-
telligence methods to harness multi-omics biomarkers is
expected to play a key role in advancing clinical imple-
mentation of precision medicine, significantly influencing
how molecular profiling data are reported and communi-
cated to both physicians and patients.

While these recommendations focus on implementation
of genomic report into routine clinical practice, we
acknowledge the importance of large, clinically annotated,
genomic data repositories for advancing the field of preci-
sion medicine. For that, large-scale (international) data
sharing will be key, and thus alignment of data reporting
and sharing efforts are needed. Notable examples on how
to optimise data collection for accelerating research
include, for example, the recent proposal for a minimal
dataset for cancer from the 1þMillion Genomes project.36

In sum, genomic reports represent the output of a
complex process that transforms genomic information into
a format suited for assisting clinical decision making. We
believe that the present recommendations can help making
genomic reports more informative for physicians. As for any
other medical procedure, effective communication among
all stakeholders involved in patient care is paramount to
maximise the positive impact of genomic testing on patient
outcomes. When possible, sequencing laboratories can
adapt part of the content of their reports, particularly
clinical actionability annotation, in order to accommodate
specific needs of the medical teams that receive that in-
formation. Therefore, we advocate close collaboration be-
tween medical, biological and technical experts (among
others, pathologists, cancer genomics experts, molecular
biologists, geneticists and bioinformaticians) responsible for
conducting and interpreting genomic tests to minimise
uncertainties regarding genomic results. To that end, the
establishment of cancer genomics expertise as part of
multidisciplinary care teams, sometimes in the form of
molecular tumour boards, represents an opportunity to
standardise the clinical interpretation of genomic data
based on up-to-date evidence and promote equitable ac-
cess to the potential of precision medicine.
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