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Accepted for publication

October 13, 2016. Widespread clinical laboratory implementation of next-generation sequencing—based cancer testing

has highlighted the importance and potential benefits of standardizing the interpretation and reporting
of molecular results among laboratories. A multidisciplinary working group tasked to assess the current
status of next-generation sequencing—based cancer testing and establish standardized consensus
classification, annotation, interpretation, and reporting conventions for somatic sequence variants was
convened by the Association for Molecular Pathology with liaison representation from the American
College of Medical Genetics and Genomics, American Society of Clinical Oncology, and College of
American Pathologists. On the basis of the results of professional surveys, literature review, and the
Working Group’s subject matter expert consensus, a four-tiered system to categorize somatic sequence
variations based on their clinical significances is proposed: tier I, variants with strong clinical sig-
nificance; tier II, variants with potential clinical significance; tier III, variants of unknown clinical
significance; and tier IV, variants deemed benign or likely benign. Cancer genomics is a rapidly evolving
field; therefore, the clinical significance of any variant in therapy, diagnosis, or prognosis should be
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Somatic Variant Interpretation/Reporting

reevaluated on an ongoing basis. Reporting of genomic variants should follow standard nomenclature,
with testing method and limitations clearly described. Clinical recommendations should be concise and
correlate with histological and clinical findings. (J Mol Diagn 2017, 19: 4—23; http://dx.doi.org/

10.1016/j.jmoldx.2016.10.002)

The sequencing of human DNA for the human genome
project has led to the emergence of technologies that iden-
tify genomic, transcriptional, proteomic, and epigenetic al-
terations in patients’ tumors. Precision medicine uses
concepts of the genetic and environmental basis of disease
to individualize prevention, diagnosis, and treatment and
integrates tumor molecular data into decision making in
medical practice. " Genomic information—based disease
prognosis and the selective use of targeted therapy to target
specific genotypic and biological biomarkers, combined
with other therapeutic strategies based on the tumor biology
of the individual patient, hold the promise of improving
clinical outcomes and patient care.

In recent years, assays for single-target detection have
been replaced by next-generation sequencing (NGS) or
massively parallel sequencing. This technology allows for
the simultaneous evaluation of many genes and the genera-
tion of millions of short nucleic acid sequences in parallel.”®
The NGS high-throughput platform is more efficient and less
expensive and provides information that is not provided by
single gene-by-gene Sanger DNA sequencing analysis or by
gene-specific targeted hot spot mutation assays.” The vast
number of variants identified by NGS in tumor tissue is
attributed to the complexity of carcinogenesis, including the
multistep process of genetic mutations and tumor heteroge-
neity (ie, multiple clones of cells with related but distinct
molecular signatures within tumors).“ Herein, tumor refers
to tissue deriving from either a benign or malignant
neoplasm. NGS results obtained using DNA or RNA
extracted from tumor tissue frequently demonstrate a com-
plex molecular signature that is different from that of normal
tissue for any given patient. The significance of the change
relative to tumorigenesis depends on the type of genetic ab-
erration, the location of the variant, and the normal function
of the protein. Genetic variants can be germline or somatic. A
germline variant is defined as a genetic alteration that occurs
within the germ cells (egg or sperm), such that the alteration
can be passed to subsequent generations. A somatic variant is
defined as a genetic alteration that occurs in any of the cells of
the body, except the germ cells, and therefore is not passed on
to subsequent generations. Genetic variations may be acti-
vating, resulting in a gain of function of the protein, such as a
missense mutation in the functional or kinase domain of the
protein, allowing for autophosphorylation of the protein, the
loss of regulation for downstream signaling, and uncon-
trolled cell growth and proliferation. Conversely, the genetic
alteration may be inactivating, such as nonsense, splice-site,
and frameshift insertion/deletion mutations, thereby causing
a loss of function of a tumor-suppressor gene. The types of
variants observed include single-nucleotide variants (SNVs)
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that cause a missense, silent, or nonsense amino acid sub-
stitution, or a splice site alteration affecting normal splicing
of the mRNA transcript. Alternatively, one or more nucleo-
tides may be involved in duplications, deletions, insertions,
or even a more complex pattern with a nucleotide(s) deletion
coupled with a nucleotide(s) insertion (indels) at a particular
location. Also common in the pathogenesis of cancer is a
change in copy number of cancer-related genes. Generically
identified as copy number variants (CNVs), these include
copy number alterations of various types. Examples of CNVs
include the common loss (deletion) of the tumor-suppressor
RBI gene in retinoblastoma or the gain (amplification) of
the oncogene ERBB?2 in invasive breast carcinoma. In addi-
tion, structural rearrangements, including chromosome
translocations, deletions, duplication, or inversions, are
frequently identified in tumor DNA and result in gene fusions
and associated fusion proteins with unique cancer-promoting
properties, such as the EML4-ALK recurrent inversion mu-
tation that is seen in non-small cell lung cancer.

Molecular profiles obtained on tumor DNA and RNA can
guide the clinical management of cancer patients. This in-
formation can provide diagnostic or prognostic information,
identify a potential treatment regimen or targeted therapy,
and determine eligibility for the following: i) a Food and
Drug Administration (FDA)—approved medication for that
tumor type, ii) a medication available as off-label treatment
for the specific molecular alteration in a nonapproved tumor
type, or iii) a targeted therapy available in clinical trials with
investigational agents based on an identified molecular
alteration. In the United States, the Clinical Laboratory
Improvement Amendments of 1988 provide regulatory
oversight to laboratories performing tumor genomics char-
acterization (US Government Publishing Office, Electronic
Code of Federal Regulations, Title 42, §Part 493.1, http:/
www.ecfr.gov/cgi-bin/text-idx?SID = 1248e3189da5e5f936
e55315402bc38b&node =pt42.5.493 &rgn=div5#se42.5.
493 _11, last accessed July 6, 2016). Clinical Laboratory
Improvement Amendment certification of laboratories,
ongoing quality assurance/improvement, and appropriate
proficiency testing are required to ensure accurate and
reproducible molecular profiling.

Implementaion of NGS identifies large numbers of ge-
netic variations in tumor DNA, which are crucial for optimal
patient care, and treatment guidelines are developed based
on specific molecular findings; therefore, it is imperative to
unify the interpretation and reporting of molecular results
among laboratiores performing these tests.'””'® In the
spring of 2015, a clinical laboratory—focused working
group was formed to establish recommendations for the
interpretation and reporting of sequence variants identified
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