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ABSTRACT Disclosed herein are systems, methods and computer program product embodiments for aiding in the interpretation
of variants observed in clinical sequencing data. An embodiment operates by receiving clinical trial enroliment criteria from a user,
including but not limited to genetic targeting criteria; searching a knowledge base of patient test information received from a plurality
of independent entities for patients that match the clinical trial enroliment criteria, the knowledge base comprising an ontology data
structure that identifies a causal relationship between a genetic variant and a phenotype based on a combination of the genetic
variant and modifier variant information; and providing to the user search results for consented patients that match the clinical trial

enrollment criteria.
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ABSTRACT

Disclosed herein are systems, methods and computer program product embodiments for aiding
in the interpretation of variants observed in clinical sequencing data. An embodiment operates
by receiving clinical trial enroliment criteria from a user, including but not limited to genetic
targeting criteria; searching a knowledge base of patient test information received from a
plurality of independent entities for patients that match the clinical trial enroliment criteria, the
knowledge base comprising an ontology data structure that identifies a causal relationship
between a genetic variant and a phenotype based on a combination of the genetic variant and
modifier variant information; and providing to the user search results for consented patients that
match the clinical trial enroliment criteria.
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METHODS AND SYSTEMS FOR INTERPRETATION AND REPORTING
OF SEQUENCE-BASED GENETIC TESTS

BACKGROUND

[0001] Efficient and accurate interpretation of DNA variants from sequence-based tests is
a challenge for clinical laboratories. This challenge is compounded by increasing test
complexity due to a greater number of genes assayed per test, emerging evidence for
pathogenicity, and imprecise clinical phenotypes.

[0002] Generally, a sequence-based test workflow starts when a physician orders a
sequence-based test for, as an example, a patient’s cancerous tumor. The sequence-based
test is used to better understand that tumor and which drugs might be most effective in
treating the patient. After the test is ordered, samples are collected, sequence data are
generated, and DNA sequence information is generated for that cancer sample. Then,
informatics and analytics are applied to determine one or more variants. A variant is a
DNA change that is present in that patient’s sample relative to a reference, such as a
reference genome. A clinical geneticist reviews the one or more variants. Sometimes, the
observation of particular variants in the context of a particular sample may be referred to
as a variant obscrvations. In reviewing the variants, the gencticist assesses, for example,
which variants are more likely to be the cause of one or more discases or phenotypes of
interest than others, which variants arc pathogenic or likely pathogenic, and/or which
variants are associated with modified drug response or drug toxicity. A report is then
prepared based on the physician's order. For example, a lab director who is an expert in
the field may sign out the test report, and the results will be sent back to the physician to
help them better treat the patient.

[0003] This typical workflow suffers from several deficiencies. First, literature used to
interpret the sequence results often needs to be procured and reviewed. To procure and
review biomedical papers and other literature, for example, a geneticist or fellow will
obtain and read the papers and interpret the different variants that are observed.
However, the process between the time the test was ordered and the time the results get

back to the physician can take a long time — time that could otherwise be spent treating
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the patient. In some instances, that time delay actually reduces the odds of successfully
treating the patient's discase.

[0004] Second, there is a scalability challenge with the increasing number of sequence-
based tests being ordered. It becomes more and more difficult to keep pace with test
interpretation as test volumes increase. Further, as the number of tests increases, so does
the number of variants and articles that are reviewed, thereby compounding the problem.

[0005] Third, the tests themselves are growing larger and more complex. Tests are
changing from simpler tests that consider a handful of mutations in a gene, such as the
BRCA1 or BRCA2 genes that predispose women to breast cancer, to tests that consider
panels of dozens, hundreds or even thousands of genes. In some cases, labs are actually
sequencing entire exomes all of the known exons of genes in a patient's genome — or even
the entire genome of a patient. Such sequences have so much information in them that it
results in a big data problem, where it becomes extremely challenging to interpret and
pull out the relevant insights from the sequences.

[0006] Generally, entities interested in conducting clinical trials for studying variants
spend a great deal of resources finding and enrolling patients for clinical trials. For
example, a pharmaceutical company may be interested in studying patients having (or
lacking) a particular genetic change or constellation of genctic changes, with the
expectation that patients having (or lacking) those changes or variants may be expected to
respond more favorably, or less favorably, to a particular therapy. The company enrolls
several trial sites that test potential candidates for the genetic changes. Depending on the
rarity of patients with the phenotype of interest who have (or lack) the desired variant or
constellation of variants, many candidate patients may need to be tested to find a
relatively small number of candidates that actually have (or lack) the desired variant or
constellation of variants. There is even the possibility that enough candidates for the
study are not identified to adequately power the trial.

[0007] In some cases, an article related to a variant has been published, but the
publication is too recent to have been curated by the time a bibliography for a variant of
interest is requested. The amount of time needed to curate an article can vary depending
on the resources available for curation. For example, the time needed may be at least as
long as nccessary for a person to read through the article, and in many cases may be much

longer. Nonctheless, the literature may contain relevant information on the particular
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variant of interest. If these papers are uncurated or partially curated prior to interpretation
of a test, then patients may not benefit from valuable information that may be in them. In
some instances, relevant information in non-curated content can be identified using
textual searching techniques, such as natural language processing, or by construction of a
“just-in-time” bibliography for one or more variants of interest. However, textual
searching techniques on non-curated content often fail to provide results as relevant or as
useful as those provided by curated content.

[0008] As for the information itself, the presence or absence of a single genomic variant
is often not completely determinative of phenotypic effects. Yet only individual variants
or individual DNA changes are generally being assessed, and often outside the context of
the rest of the genome. For example, the ClinVar Database, run by the National Center
for Biotechnology Information in the United States, provides information about the
clinical significance of particular DNA changes. Yet, this mode of interpreting variants
on a one-off basis, without appreciating the context of other genetic changes and modifier
variants, is overly simplistic.

[0009] Another current issuc in genetic testing interpretation occurs when a clinician
interprets a genome for an individual's sequence-based test, and discovers a DNA change
that looks extremely rare. The rarity of the change and the fact that it occurs in a gene
that has been linked to a particular disease makes it compelling to conclude that the
variant is causal for the rare disease phentotype affecting the patient. However, many
sequencing studies that have been submitted to public domain can be extremely biased
toward people of European descent. As a result, variants can be misclassified as being
causal because of their scarcity in one population or ethnic group, even though they are
less scarce in populations that have not had the same amount of sequencing investigation.

[0010] Generally, knowledge about particular genomic variants is continually being
updated. The updates can come from clinical trials, research, regulatory approvals,
experience treating patients, or other sources. However, the effect, impact, or occurrence
of these updates is not always clear, even when they suggest a change to therapy or
monitoring of a condition. Often, a patient may receive a diagnosis based on having a
particular genomic variant, but is not made aware of subsequent developments in the

understanding of the genomic variant.
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[0011] According to an aspect of the present disclosure, there is provided a method for
determining a candidate for a clinical trial, comprising: receiving clinical trial enrollment
criteria from a user including genetic targeting criteria; searching a knowledge base of patient
test information received from a plurality of independent entities for patients that match the
clinical trial enrollment criteria, wherein the knowledge base comprises an ontology data
structure that identifies a causal relationship between a genetic variant and a phenotype based
on a combination of the genetic variant and modifier variant information, wherein the
knowledge base links the genetic variant and the modifier variant information, wherein the
modifier variant information is based on curated evidence, and wherein the modifier variant
information identifies whether modifier variants that modify a severity of the phenotype are
likely to exist; and providing to the user search results for consented patients that match the
clinical trial enrollment criteria; wherein at least one of the receiving, searching, or providing

are performed by one or more computers.

[0011a] According to another aspect of the present disclosure, there is provided a system
for determining a candidate for a clinical trial, comprising: a memory; and at least one processor
coupled to the memory and configured to: receive clinical trial enrollment criteria from a user
including genetic targeting criteria; search a knowledge base of patient test information received
from a plurality of independent entities for patients that match the clinical trial enrollment
criteria, wherein the knowledge base comprises an ontology data structure that identifies a
causal relationship between a genetic variant and a phenotype based on a combination of the
genetic variant and modifier variant information, wherein the knowledge base links the genetic
variant and the modifier variant information, wherein the modifier variant information is based
on curated evidence, and wherein the modifier variant information identifies whether modifier
variants that modify a severity of the phenotype are likely to exist; and provide to the user search

results for consented patients that match the clinical trial enrollment criteria.

[0011Db] According to another aspect of the present disclosure, there is provided a
tangible computer-readable device having executable instructions stored thereon that, when

executed by at least one computing device, causes the at least one computing device to perform
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operations for determining a candidate for a clinical trial comprising: receiving clinical trial
enrollment criteria from a user including genetic targeting criteria; searching a knowledge base
of patient test information received from a plurality of independent entities for patients that
match the clinical trial enrollment criteria, wherein the knowledge base comprises an ontology
data structure that identifies a causal relationship between a genetic variant and a phenotype
based on a combination of the genetic variant and modifier variant information, wherein the
knowledge base links the genetic variant and the modifier variant information, wherein the
modifier variant information is based on curated evidence, and wherein the modifier variant
information identifies whether modifier variants that modify a severity of the phenotype are
likely to exist; and providing to the user search results for consented patients that match the

clinical trial enrollment criteria.

[0011c¢] According to another aspect of the present disclosure, there is provided a method
for crowdsourcing variant assessment, comprising: receiving test information; assessing a
genetic variant included in the test information using a knowledge base of genomic information,
wherein the knowledge base comprises an ontology data structure that identifies a causal
relationship between the genetic variant and a phenotype based on a combination of the genetic
variant and modifier variant information, wherein the knowledge base links the genetic variant
and the modifier variant information, wherein the modifier variant information is based on
curated evidence, and wherein the modifier variant information identifies whether modifier
variants that modify a severity of the phenotype are likely to exist; receiving feedback on the
assessment from a user; and providing the feedback to one or more other users, wherein at least

one of the receiving, assessing, or providing are performed by one or more computers.

[0011d] According to another aspect of the present disclosure, there is provided a system,
comprising: a memory; and at least one processor coupled to the memory and configured to:
receive test information; assess a genetic variant included in the test information using a
knowledge base of genomic information, wherein the knowledge base comprises an ontology
data structure that identifies a causal relationship between the genetic variant and a phenotype
based on a combination of the genetic variant and modifier variant information, wherein the

knowledge base links the genetic variant and the modifier variant information, wherein the

Date Recue/Date Received 2022-08-02
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modifier variant information is based on curated evidence, and wherein the modifier variant
information identifies whether modifier variants that modify a severity of the phenotype are
likely to exist; receive feedback on the assessment from a user; and provide the feedback to one

or more other users.

[0011¢] According to another aspect of the present disclosure, there is provided a
tangible computer-readable device having executable instructions stored thereon that, when
executed by at least one computing device, causes the at least one computing device to perform
operations comprising: receiving test information; assessing a genetic variant included in the
test information using a knowledge base of genomic information, wherein the knowledge base
comprises an ontology data structure that identifies a causal relationship between the genetic
variant and a phenotype based on a combination of the genetic variant and modifier variant
information, wherein the knowledge base links the genetic variant and the modifier variant
information, wherein the modifier variant information is based on curated evidence, and
wherein the modifier variant information identifies whether modifier variants that modify a
severity of the phenotype are likely to exist; receiving feedback on the assessment from a user;

and providing the feedback to one or more other users.

[0011f] According to another aspect of the present disclosure, there is provided a method
for improving a variant classification rule, comprising: receiving test information of a patient;
scoring a genetic variant included in the test information using a knowledge base of genomic
information, wherein the knowledge base comprises an ontology data structure that identifies a
causal relationship between the genetic variant and a phenotype based on a combination of the
genetic variant and modifier variant information, wherein the knowledge base links the genetic
variant and the modifier variant information, wherein the modifier variant information is based
on curated evidence, and wherein the modifier variant information identifies whether modifier
variants that modify a severity of the phenotype are likely to exist; receiving a plurality of expert
variant assessments of the gene variants in the test information; comparing the plurality of
expert variant assessments to a scoring of the scored genetic variant in the test information; and

determining a result of the comparing, updating a variant classification rule for the genetic

Date Recue/Date Received 2022-08-02
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variant based on the result, wherein at least one of the receiving, scoring, comparing,

determining, or updating are performed by one or more computers.

[0011g] According to another aspect of the present disclosure, there is provided a system,
comprising: a memory; and at least one processor coupled to the memory and configured to:
receive test information of a patient; score a genetic variant included in the test information
using a knowledge base of genomic information, wherein the knowledge base comprises an
ontology data structure that identifies a causal relationship between the genetic variant and a
phenotype based on a combination of the genetic variant and modifier variant information,
wherein the knowledge base links the genetic variant and the modifier variant information,
wherein the modifier variant information is based on curated evidence, and wherein the modifier
variant information identifies whether modifier variants that modify a severity of the phenotype
are likely to exist; receive a plurality of expert variant assessments of the gene variants in the
test information; compare the plurality of expert variant assessments to a scoring of the scored
genetic variant in the test information; and determine a result of the comparing, update a variant

classification rule for the genetic variant based on the result.

[0011h] According to another aspect of the present disclosure, there is provided a
tangible computer-readable device having executable instructions stored thereon that, when
executed by at least one computing device, causes the at least one computing device to perform
operations comprising: receiving test information of a patient; scoring a genetic variant included
in the test information using a knowledge base of genomic information, wherein the knowledge
base comprises an ontology data structure that identifies a causal relationship between the
genetic variant and a phenotype based on a combination of the genetic variant and modifier
variant information, wherein the knowledge base links the genetic variant and the modifier
variant information, wherein the modifier variant information is based on curated evidence, and
wherein the modifier variant information identifies whether modifier variants that modify a
severity of the phenotype are likely to exist; receiving a plurality of expert variant assessments
of the gene variants in the test information; comparing the plurality of expert variant
assessments to a scoring of the scored genetic variant in the test information; and determining

a result of the comparing, updating a variant classification rule for the genetic variant based on
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the result, wherein at least one of the receiving, scoring, comparing, determining, or updating

are performed by one or more computers.

[0011i] According to another aspect of the present disclosure, there is provided a method
for building a community database of variant observations, comprising: receiving human
variant datasets derived from samples generated by a plurality of distinct users, wherein the
users consented to share pooled variant observations with other users; storing the received
human variant datasets in a knowledge base of genomic information, wherein the knowledge
base comprises an ontology data structure that identifies a causal relationship between a genetic
variant and a phenotype based on a combination of the genetic variant and modifier variant
information, wherein the knowledge base links the genetic variant and the modifier variant
information, wherein the modifier variant information is based on curated evidence and derived
from patient test information, and wherein the modifier variant information identifies whether
modifier variants that modify a severity of the phenotype are likely to exist; searching the
knowledge base to identify a plurality of variant observations that meet inclusion criteria for a
pool; adding each identified variant observation to the pool; and calculating one or more
anonymized allele statistics from the pool, wherein at least one of the receiving, storing,

searching, adding, or calculating are performed by one or more computers.

[0011j] According to another aspect of the present disclosure, there is provided a system,
comprising: a memory; and at least one processor coupled to the memory and configured to:
receive human variant datasets derived from samples generated by a plurality of distinct users,
wherein the users consented to share pooled variant observations with other users; store the
received human variant datasets in a knowledge base of genomic information, wherein the
knowledge base comprises an ontology data structure that identifies a causal relationship
between a genetic variant and a phenotype based on a combination of the genetic variant and
modifier variant information, wherein the knowledge base links the genetic variant and the
modifier variant information, wherein the modifier variant information is based on curated
evidence and derived from patient test information, and wherein the modifier variant
information identifies whether modifier variants that modify a severity of the phenotype are

likely to exist; search the knowledge base to identify a plurality of variant observations that

Date Recue/Date Received 2022-08-02
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meet inclusion criteria for a pool; add each identified variant observation to the pool; and

calculate one or more anonymized allele statistics from the pool.

[0011K] According to another aspect of the present disclosure, there is provided a
tangible computer-readable device having executable instructions stored thereon that, when
executed by at least one computing device, causes the at least one computing device to perform
operations comprising: receiving human variant datasets derived from samples generated by a
plurality of distinct users, wherein the users consented to share pooled variant observations with
other users; storing the received human variant datasets in a knowledge base of genomic
information, wherein the knowledge base comprises an ontology data structure that identifies a
causal relationship between a genetic variant and a phenotype based on a combination of the
genetic variant and modifier variant information, wherein the knowledge base links the genetic
variant and the modifier variant information, wherein the modifier variant information is based
on curated evidence and derived from patient test information, and wherein the modifier variant
information identifies whether modifier variants that modify a severity of the phenotype are
likely to exist; searching the knowledge base to identify a plurality of variant observations that
meet inclusion criteria for a pool; adding each identified variant observation to the pool; and

calculating one or more anonymized allele statistics from the pool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are incorporated herein and form a part of the
specification.

[0013] FIG. 1 is a block diagram of a system, according to an embodiment.

[0013a] FIG. 2 depicts an example dashboard, according to an embodiment.

[0014] FIG. 3 depicts an example bibliography, according to an embodiment.

[0015] FIG. 4 further depicts the example dashboard, according to an embodiment.
[0016] FIG. 5 depicts an example treatment view, according to an embodiment.

Date Recue/Date Received 2022-08-02
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[0017]

embodiment.

[0018]

[0019]

embodiment.

[0020]

by a user.

[0021]

embodiment.

[0022]

[0023]

embodiment.

[0024]

_4f-

FIG. 6 is a flowchart for determining a clinical trial candidate, according to an

FIG. 7 is a flowchart for providing a bibliography, according to an embodiment.

FIG. 8 is a flowchart for crowdsourcing variant assessment, according to an

FIGS. 9A and 9B depict example screenshots for including feedback provided

FIG. 10 is a flowchart for multi-variant classification, according to an

FIG. 11 is a flowchart for validating an assessment, according to an embodiment.

FIG. 12 is a flowchart for correlating a genotype to a phenotype, according to an

FIG. 13 depicts an example report that includes the classification of a user,

according to an embodiment.

[0025]

embodiment.

[0026]

[0027]

FIG. 14 is a flowchart for assessing allele frequency, according to an

FIG. 15 is a flowchart for scoring a variant, according to an embodiment.

FIG. 16 is a flowchart for providing a variant classification alert, according to

an embodiment.

[0028]

[0029]

embodiment.

FIG. 17 depicts an example alert report, according to an embodiment.

FIG. 18 is a flowchart for providing a patient portal, according to an

Date Recue/Date Received 2022-08-02
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[0030] FIG. 19 depicts an example patient portal, according to an embodiment.
[0031] FIG. 20 is a flowchart for improving a variant classification rule, according to

an embodiment.

Date Recue/Date Received 2022-08-02
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[0032] FIG. 21 is a flowchart for improving a variant classification rule, according to an
embodiment.

[0033] FIG. 22 is an example computer system useful for implementing various
embodiments.

[0034] In the drawings, like reference numbers generally indicate identical or similar
elements. Additionally, generally, the left-most digit(s) of a reference number identifies

the drawing in which the reference number first appears.

DETAILED DESCRIPTION

[6035] Provided herein are system, method and/or computer program product
embodiments, and/or combinations and sub-combinations thereof, for assessing a

genomic variant and for allowing one or more users to interact with a knowledge base.

Glossary
[0036] As used in the description that follows:
[0037] "Disease" means any phenotype or phenotypic trait of concern, including by way

of example a disease or disease state, a predisposition or susceptibility to a disease, or an
abnormal drug response. Illustrative and non-limiting examples of disease states include
cancer, high cholesterol levels, congestive heart failure, hypertension, diabetes, glucose
intolerance, depression, anxicty, infectious discase, toxic states, drug therapy side effects,
incfficacy of drug therapy, alcoholism, addiction, trauma, ctc.

[0038] "Therapy" and "therapeutic” include prophylaxis and prophylactic and encompass
prevention as well as amelioration of symptoms associated with a disease state, inhibition
or delay of progression of a disease state and treatment of a disease state.

[0039] "Protein” or "gene product” means a peptide, oligopeptide, polypeptide or protein,
as translated or as may be modified subsequent to translation. A gene product can also be
an RNA molecule.

[0040] "Literature" is the data that is used to build an information database. This data
may come from public sources, such as databases and scientific and/or clinical
publications, but it may also include proprietary data or a mix of proprietary and public

data. In various embodiments, literature is derived from natural language (e.g., English
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language) formalized textual content. Articles, papers, and other references are all
considered typces of "literature.”

[0041] "Variant" means any particular change in a nucleotide or nucleotide sequence
relative to an established reference nucleotide or nucleotide sequence, including but not
limited to single nucleotide wvariants, insertions, deletions, duplications and
rearrangements. This also includes without limitation nucleic acid modifications such as
methylation, as well as abnormal numbers of copies of the nucleotide or nucleotide
sequence in the genome.

[0042] "Mutation" and "DNA change" each generally refer to a variant.

[0043] "Patient” generally means a biological organism with associated sequence
information, which may include without limitation constitutional DNA sequence
information from one or more patient tissues and/or sequence information from one or
more patient tumors, and optionally phenotypic information.

[0044] "User" means a person who is using one or more methods and/or systems
described herein to interact directly or indirectly with the knowledge base and/or one or
more methods, systems, or devices described herein.

[0045] "Filtering" means annotating or altering one or more data sets. Filtering can mean
keeping, adding, subtracting, or adding back data points from a data set. Filtering can
mean masking one or more data points within the data set. Filtering can mean unmasking
data points in a data set. In some embodiments filtering is an iterative process. In some
embodiments filtering is performed with one or more filters. In some embodiments data
points removed or masked by one filter are added back or unmasked by a second filter. In
some embodiments filtering is performed on a list of variants. A filtered dataset can be
smaller or larger than the original dataset. In some embodiments the filtered dataset
comprises data points not removed from the original data set. In some embodiments a
filtered dataset comprises more information than the original dataset. For example, a
filtered dataset can comprise one or more of the following: the original data set,
information regarding whether each data point is currently masked, information regarding
whether cach data point was previously masked, and information regarding previous
filtering. The information regarding previous filters can be the kind of filter that was

applied, any variables selected for the application of that filter, any assumptions made by
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the filter and or any information relied upon by the filter (c.g. information from a

databasc).

Overview

[0046] A knowledge-based system and method intended to aid in the interpretation of
variants observed in clinical sequencing data are presented. An embodiment of the
present invention is HIPAA compliant and evaluates genomic variants in the context of
deep, expert curation of the clinical literature and current gene and disease knowledge to
provide a synthesis of published clinical cases, drug indications, and integrated guidelines
such as NCCN (National Comprehensive Cancer Network), ASCO (American Society of
Clinical Oncology), and ACMG (American College of Medical Genetics) incidental
findings. In an embodiment, classification logic is provided to automatically suggest
variant classifications based upon the standard ACMG guidelines or a user-defined
scoring logic. This provides an evidence-based foundation for use by clinical gencticists,
variant scientists and molecular pathologists for variant interpretation. Expert-curated
content and analytic tools streamline and scale variant classification by incorporating
phenotype information and up-to-date content into a scalable, reproducible, automated
decision support workflow. An embodiment of the invention also enables efficient
knowledge-based identification of patients (and/or sites having access to said patients)
who would be ideally suited for enrollment in clinical trials in which patients are
stratified, selected or enrolled preferentially based upon one or more genetic criteria.

[0047] Variants, such as DNA variants, are categorized based on curated content that is
organized into structured information, leveraging an ontology in an embodiment. For
example, variants may be observed in a sequenced-based test from a patient, annotated
with relevant structured information from the knowledge base, and classified using a set
of rules. Such curation can associate one or more variants directly with a disease or other
phenotype. That is, analysis of structured content captured from the literature through
curation can be uscd together with other information, such as allele frequency in a
population of individuals unaffected by the phenotype of interest, to determine that the
variant is very likely to be pathogenic or causal for a particular phenotype. On the other
hand, consider a variant in a gene that has previously been found in individuals having a
particular rare discase (for example, a disease occurring in fewer than one in 50,000 live

births), but that is also present in 52% of all patients of European descent. It is extremely
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unlikely that a variant present in 52% of all Europeans is causal for a rare disease that is present
in fewer than 1 in 50,000 live births. If the variant were causal for the particular recessive
disease, and the variant is found in 52% of a particular population, the particular disease would
be expected to be found in approximately 26% of the population. If the variant is highly unlikely
to cause a disease, in one embodiment, that variant is categorized as benign. Particular methods,
systems, or media of automated scoring or categorizing of variants are discussed in PCT Publ.
No. WO 2013/070634.

[0048] An embodiment of the present invention summarizes relevant information for
interpretation of a dataset based on that disease context. The system can allow a user to drill in
on a particular variant (e.g., a BBS1 variant) and receive a dashboard of information that
summarizes data related to this variant, its associated disease(s) or other phenotype(s), and its

patient case context from the literature and various databases.

[0049] In an embodiment, the one or more users can include one or more curators. A
curator is a user that reviews information from a knowledge base and organizes information
therefrom. The one or more curators can include, for example and without limitation, a medical
doctor, an individual with a degree in the relevant subject matter (e.g. Ph.D., M.S., B.S., etc.),
an expert, or any combination thereof. The curators can work alone or in teams to review the
pool of information from the literature to capture insights, facts, findings, etc., and organize

them as structured information for incorporation into a knowledge base.

[0050] For example, the information may be structured according to an ontology using
tools, such as the systems, methods, or media described in PCT Publ. No. WO 2013/070634.
An ontology is a structured form of knowledge. An ontology can include relationships between
genetic and phenotypic information. By including information from the knowledge base in a
structured form of the ontology, one can leverage the relationships between ontology elements

to derive additional information.

[0051] The ontology can make it much easier to find relevant information. For example,

if one queries the knowledge base with a concept, such as a disease or phenotype, the ontology
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understands from relationships in the ontology that the queried concept is related to or

incorporates other concepts in the ontology. For example, searching the
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knowledge base for the concept of “breast cancer” leveraging an ontology may reveal
related concepts of one or more genes related to breast cancer, or papers describing
carcinoma of the breast or breast tumors or ductal carcinoma in situ. In this manner, even
if the related concepts do not overlap directly in any way, the system understands the
relationship between the concepts. If an article referred to breast cancer, and a user
entered a query requesting mutations related to breast cancer, that user would receive the
relevant results and insights not only from the article, but other articles identified as being
related to the article because of links in the ontology. Although this is a simpler example,
it illustrates the power of using the ontology to find and leverage related concepts.

[0052] As another example of how a knowledge base structured according to an ontology
can make it much easier to find relevant information, a user can query using multiple
attributes. For example, a user might be interested in a particular mutation in EGFR
(epidermal growth factor receptor) and want to see all of the relevant literature evidence
that discusses the relationship between that particular mutation and response to therapy by
patients. Searching for articles using traditional key words and reading results that are
returned is a typical way to find information. But due to limitations of key words and the
researcher's time in absorbing an entire article to glean the relevant information, such a
typical search is time-consuming and inefficient, and may not capturc all the relevant
information. Such a search and analysis is made much easier when using a knowledge
base and ontology.

[0053] In an embodiment, one or more analyses are performed using information from
the knowledge base. For example, information from the knowledge base can be used for
translational applications of human DNA sequence interpretation, such as finding a DNA
change that is causal for a human disease. Information from the knowledge base can also
be used for clinical interpretation of sequence-based tests. Increasingly, tests are
becoming available in labs that look at DNA changes or DNA variants. The results of
such tests can help a physician to make a diagnosis of a disease, identify what drugs a
patient's tumor might be susceptible to, identify what drugs might be best for treating a
particular patient, etc. Conversely, the testing can indicate which drugs might not be
effective in treating a particular patient based on the sequence information, e.g. the

mutations that are present in a tumor.
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[0054] Collecting, searching or analyzing patient-specific information in a knowledge
base may require consent from that patient, and in onc embodiment may be HIPAA-
compliant. This patient consent can be acquired at various times and have a particular
scope. For example, the patient may provide consent for any use or only a particular use
of patient test information. Patient consent may be obtained at time of testing, sample
extraction, or another time. For example, a patient consent form or questionnaire might
ask, "Would you like to be informed in the future to the extent there are clinical trials that
may benefit you based on your test information?" Such a question can be included, for
example, as a checkbox in an electronic questionnaire. If the patient consents, then the
patient's test information may be used for clinical trial matching. For example, the
patient's genetic test information may be compared to with drug trials being run by
pharmaceutical companies, to see whether the patient is an appropriate match for a trial.
To drug companies, the genetic information can be very useful for predicting which
patients will or will not likely respond to a drug. Moreover, patients that actually have
those genetic changes in which a pharmaceutical company is interested would benefit
from knowing that such a drug is coming up, and that they might qualify for treatment in
the context of the trial, especially if their current therapy has been unsuccessful. So, a
patient may have quite an interest in providing consent to usage of the patient’s test
information for clinical trial matching.

[0055] The benefits of obtaining this advance consent are significant. As discussed
herein, it can be incredibly difficult to find patients with particular genomic variants or
constellations of variants by randomly sampling individuals in a population during a
study. Maintaining a database of patients harboring genomic variants that have already
been seen results in a valuable catalog of people, so that trials and trial sites could be
enrolled more quickly, benefits patients by providing more rapid access to targeted
therapies, and benefits pharmaceutical firms by helping them get new treatments to

market more rapidly.

Portal

[0056] FIG. 1 is a block diagram of a system 100 by which a user can intcract with a
knowledge base over the cloud. Such a system allows users from disparate locations to
make use of a common set of data and contribute their own information to the knowledge

base.
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[0057] System 100 includes a computing system 102 that communicates with client 104
over network 106. Computing system 102 may have server functionality. Computing
system 102 includes engine 108 and storage 110. Engine 108 can be configured to
perform processes, such as any of the processes discussed herein. Storage 110 can store
data, such as information received from computing system 102. Storage 110 can include
a database, a knowledge base, any form of computer storage, or any combination thereof.

[0058] Client 104 may be any type of computing device, such as and without limitation, a
personal computer, a mobile phone, a tablet, a PDA, a workstation, an embedded system,
a game console, a television, a set top box, or any other computing device. In an
embodiment, A user may operate an interface or portal 105 on client 104 to access
information located on computing system 102. Portal 105 may be a native application
that is specific to a particular computing device platform run by client 104. Alternatively,
portal 105 may be accessed via a browser, such as a web browser, running on client 104.

[0059] Network 106 may be any network or combination of networks that can carry data
communications. Such a network 106 may include, but is not limited to, a local area
nctwork, metropolitan arca network, and/or wide area network, such as the Internet.

[0060] In an embodiment, computing system 102 receives request 112 from client 104,
Request 112 can include, for example and without limitation, a request for a report, test,
test results, or any combination thereof. Computing system 102 can process request 112
to produce results 114 based on information stored in storage 110. Computing system
102 can then transmit results 114 to client 104,

[0061] FIG. 2 depicts an example dashboard 200, according to an example embodiment.
In an embodiment, information in dashboard 200 is provided by computing system 102 to
client 104 for display via portal 105. Dashboard 200 provides information about whether
a particular genomic variant is relevant to a particular phenotype. In this example, the
gene is BBS1 (Bardet-Beidl Syndrome 1), the variant is ¢.1169T>G, and the phenotype is
Bardet-Beidl syndrome. This gene, variant, and phenotype combination is used only for
illustrating an example. One of skill in the art would recognize that the dashboard may
include any combination of other genes, variants, and phenotypes without departing from
the spirit and scope of the present invention.

[0062] In dashboard 200, the location of the genomic variant in the context of the gene is

shown at location 202. As shown in row 204, this genc (BBS1) has multiple cxons.
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Indicator 206 identifics the location of the DNA mutation within the gene. Row 208
shows where cls¢ in the genc damaging mutations have been identificd bascd on
information located in the knowledge base. This display gives a user a quick view to see
whether this variant sits in a hot spot of other DNA changes that can cause the disease.

[0063] The "Reported Clinical Cases" section of dashboard 200 provides a synthesis of
clinical cases related to the variant that are located in the knowledge base. This may
include, for example, of all the variant-specific patient cases in the biomedical literature
related to this phenotype that are stored in the knowledge base of computing device 102.
From this synthesis, a user can quickly see groups of patients who have both the
phenotype of interest and genes having this variant. One can also quickly see patients
who had this particular variant but did not manifest the phenotype. Such patients are
highlighted in the interface of dashboard 200. Patients who have this genomic variant but
who do not manifest the phenotype could be of interest to determine whether this variant
is not causally related to the phenotype, and/or to determine whether there is a
combination of variants that suppress the phenotype even when this particular variant is
present. Onc can very quickly access a bibliography via a link 210 to the references and
the literature related to this variant. In an embodiment, such links are embedded in the
icons shown as part of the reported clinical cases.

[0064] FIG. 3 depicts an example bibliography interface 300, according to an
embodiment. In an embodiment, bibliography interface 300 is provided by computing
system 102 when a user selects link 210 in dashboard 200. Bibliography interface 300
shows whether there are publications related to genetic interactions between disease and
the variant of interest. From bibliography interface 300, a user, such as a lab director or
geneticist, can quickly assess the literature evidence related to this variant and this
phenotype. The user can select specific articles to include on a report back to the
physician. Bibliography interface 300 may separate relevant literature into multiple tabs.
For example, literature supporting the analysis shown on dashboard 200 may be provided
in one tab, while literature excluded from analysis is provided in another tab. Literature
may be excluded from analysis if it is identified as, for example, untrustworthy or not
actually relevant to the variant or phenotype of interest. As the user is reviewing the
bibliography, the user may add a note for a particular result, or may request that a

particular result be excluded from the list of relevant documents.
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[0065] FIG. 4 depicts further information provided by dashboard 200, according to an
cxample cmbodiment. For cxample, dashboard 200 can also provide clinical casc
evidence that was observed in other laboratories, shown in dashboard 200 under the
heading "Clinical cases from other laboratories." In the example of Fig. 4, there is a
database called "ClinVar" that contains assessments from other labs. This may be a
useful reassurance to a user. In the example of Fig. 4, if a lab planned to sign out a test
saying that the BBS1 variant was pathogenic for this patient, they can be reassured that
one or more other labs classified this variant as pathogenic. Information from other
laboratories may be obtained by computing device 102 by, for example, consulting a
repository of information from such laboratories, and/or by direct links between
computing device 102 and those laboratories.

[0066] Dashboard 200 also provides an assessment of the rarity of this variant in the
general population. As discussed above, if a variant is common in a given population,
then it is unlikely that the variant is causal of a rare disease. On the other hand, if a
variant is rare in a given population, then it is consistent with that variant being causal for
a rarc discasc. In the cxample illustrated in FIG. 4, the rarity percentage illustrated shows
that that this variant’s prevalence in the population is consistent with the expression of the
disecase (phenotype) in the general population. This strengthens a finding that the variant
(BBS1) is causally related to the disease (Bardet-Beidl Syndrome), because it is observed
at a frequency within the range expected for the disease.

[0067] In an embodiment, dashboard 200 can provide an assessment of the biochemical
mmpact of the DNA change due to the variant. Dashboard 200 can provide one or more
links to articles where a user, e.g. a scientist, can explore the biochemical impact of this
particular DNA protein change, and also predict biochemical impact. For example,
various tools can predict whether a given DNA change is damaging or likely to not be
damaging to a protein's function. Such tools may include, for example and without
limitation, the SIFT (Sorting Intolerant from Tolerant) algorithm; the PolyPhen
(Polymorphism Phenotyping) algorithm; the Blosum matrix; the PhyloP model; and the
B-SIFT (Bi-directional SIFT) algorithm. Example criteria for these tools can include
whether a given DNA or protein change is a conservative or non-conservative amino acid
substitution, whether a variant is observed at a highly conserved region across mammals

even if the effect of the variant is not known. That a particular variant impacts a
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nucleotide or protein location that is highly conserved across all mammalian species
could suggest that the variant is doing something important. This information and these
algorithms can be used to predict whether this DNA change is likely to perturb a gene or
protein function or, alternatively, enhance or augment function or create a new function in
some way, for example through gene fusion.

[0068] FIG. 5 depicts an example treatment view 500 that includes a synopsis of drugs
and/or therapies that could be relevant to a patient having a particular genomic variant or
constellation of variants. View 500 may be accessed via a link from dashboard 200 (not
shown). In the example of FIG. 5, treatment view 500 depicts a drug treatment identified
in the knowledge base as related to lung cancer caused by a particular genetic mutation
(EGFR exon 19 deletion). In this example, evidence has been curated from the FDA’s
website and the prescribing information indicates that this treatment is relevant for
patients who have a tumor, specifically a cancer having exon 19 deletion in the EGFR. If
a user selects the link, the user will be directed to the underlying reference or data source.
For example, if a user selects the "U.S. Food and Drug Administration” link shown in
FIG. 5, the user will be taken through to the FDA's website to sec the prescribing
information for this drug, from which the data were curated.

[0069] In an embodiment, treatment view 500 may also depict clinical trials that are in
progress. For example, a pharmaceutical company may be conducting a trial that is
looking for patients having certain mutations in the context of a certain disease, because
they are testing a new therapy that could help these patients. When viewed by a
physician or researcher with knowledge of specific patient information (or if patient
information is included in the knowledge base), identification of such clinical trials in the
treatment view could enable a prospective enrollee to be put in contact with the relevant
company (via a physician, a laboratory, or directly) about enrolling in the clinical trial. If
a prospective enrollee has exhausted other therapeutic options, this listing could also

inform the patient of a late-breaking development that may benefit the patient.

Enhanced Pre-Profiling

[06070] As morc and more patient test information is collected in the knowledge base, the
knowledge base can be used for more than just extracting relevant information from
literature and clinical trials. In an embodiment, the wealth of patient genetic information

included in the knowledge base can be used, if authorized by the patients, to identify
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candidates for available clinical trials. Data from multiple sites and organizations can be
combined in a knowledge base and searched to identify sites and patients that qualify for
a particular targeted clinical trial, such that those sites and/or patients could be enrolled in
the trial more rapidly. This could streamline and accelerate enrollment of trials, enabling
patients to gain more rapid access to life-giving therapies that are more likely to be
effective in treating their disease, while also enabling pharmaceutical companies to bring
new therapies to market faster and at significantly reduced cost relative to conventional
methods. FIG. 6 is a flowchart of a method 600 for determining a candidate for a clinical
trial, according to an embodiment. Method 600 can be performed by processing logic
including hardware (e.g., circuitry, dedicated logic, programmable logic, microcode, etc.),
software (e.g., instructions run on a processing device), or a combination thereof. In an
embodiment, method 600 is performed by computing system 102,

[0071] In block 602, clinical trial enrollment criteria is received from a user. In an
embodiment, computing system 102 receives the clinical trial enrollment criteria from the
user via portal 105 on client 104, The clinical trial enrollment criteria can include genetic
targeting criteria, patient test information parameters, patient sequence variant
parameters, patient phenotype parameters, patient consent parameters, and the like.

[0072] In block 604, a knowledge base of patient test information is searched for patients
(and/or sites with access to patients) that match the clinical trial enrollment criteria. In an
embodiment, computing system 102 searches a knowledge base located in storage 110 for
such patients. For example, the knowledge base can be searched for frial candidates
having a particular constellation of variants for which a drug or therapy is very likely to
respond.

[0073] In an embodiment, the searching includes accessing at least one of a patient
electronic medical record or a derivative of a patient electronic medical record.
Computing device 102 may connect with an electronic medical records provider or
database over a network, such as network 106, so as to gain access to patient information.

[0074] In an embodiment, the patient test information is located in a knowledge base in
storage 110. For example, patient test information may be received by computing device
102 from a plurality of independent customer entities via a network, such as network 106.
For example, multiple testing sites can collect test information for patients (such as when

they arc tested and the results of that test), regardless of whether the testing is for a
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particular clinical trial of interest or not. At any point during the process, such as prior to
testing, the patients can provide consent to allow subscquent uscs of the test information,
such as to determine whether the patient could be a candidate for a clinical trial. Such
patient test information and consent may be stored by computer 102 in storage 110. That
patient test information and/or consent may then be compared to the received patient test
information parameters and/or the received patient consent parameters to see whether the
patient is a match for the clinical trial.

[0075] In an embodiment, patient phenotype information is located on computer system
102, and is structured and searchable according to an ontology. For example, a
knowledge base can include information that relates patient phenotype information to one
or more variants, such as those discoverable by sequence-based testing. When patient
phenotype information is received by computing device 102, computing device 102 may
process the information using engine 108, and store the information in an ontological
knowledge base located in storage 110. That patient phenotype and genotype information
may then be compared to the received desirable patient clinical trial parameters, including
desirable genotypic information, to see whether the patient is a match for the clinical trial.

[0076] In block 606, search results for consented patients that match the clinical trial
enrollment criteria is provided to the user (e.g., laboratory or company scarching for
clinical trial participants) by, for example, computing system 102.. The search results can
include any combination of information about the patient, ¢.g. demographic information,
patient phenotypes, genomic variants, or any other information useful for matching or
excluding a patient from a clinical trial. Additionally or alternatively, the search results
can be aggregated by site. For example, the search results may list the top five sites that
have consented patients meeting the enrollment criteria and/or the number of patients at
each site that match the clinical trial enrollment criteria.

[0077] In an embodiment, a patient portal that enables one or more patients to view test
information is provided. For example, a patient may access computing system 102 via
portal 105 running on client 104. One of skill in the art will recognize that portal 105
may have different capabilitiecs depending on whether it is intended to be used by a
laboratory/researcher or whether it is intended to be used by a patient. The patient portal
can be accessed by individuals or entities authorized by the patient, such as the patient,

the patient’s family, a care provider (c.g. a physician or geneticist), a researcher, an
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msurer, or any combination thereof. Further details regarding a patient portal are
described below with respect to FIGS. 18 and 19. Although FIG. 19 illustrates an
example patient portal, embodiments support any patient portal that enables one or more
patients to view test information.

[0078] In an embodiment, various data can be obtained based on a patient’s interactions
with the patient portal. Such data can include, for example and without limitation,
whether the patient is likely to still be alive (based on the patient’s consistent or continued
interaction with the system), the patient’s geographic location, the patient’s interest in a
clinical trial, or additional patient phenotype information. For example, when a patient
logs into the patient portal, this can indicate that the patient is alive, still has a condition
for which treatment is sought, and is interested in receiving information about other
therapy or treatment options. Similarly, if a patient is inputting (or a provider is inputting
on their behalf) new test information or phenotype information, it can indicate whether or
not a patient is affected by the relevant phenotypes. Also, patients or their providers may
input health record information that may assist in assessing whether patients may be well-
suited for a particular clinical trial, for example what treatment regimens the patient has
been exposed to, for what length of time the patient has been diagnosed with a particular
phenotype, and whether the phenotype is considered successfully treated or not.

[0079] In an embodiment, one or more patients that match the clinical trial enrollment
criteria are enrolled into the clinical trial. In an embodiment, one or more sites or
independent  organizations that have access to patients are selected for
activation/enrollment in a trial based on the fact that they have already seen a significant
number of patients with desirable trial characteristics, including but not limited to
desirable genotypic characteristics which make them well-suited for the trial. In one
embodiment, patients are excluded based on the fact that they have test information,
including genotypic characteristics, that make them unsuitable for a particular clinical
trial.

[0080] Facilitating genotypic assessment of patients to identify patients and/or sites of
interest for one or more trials resolves several issues traditionally involved in conducting
clinical studies, and can reduce many of the expenses and risks associated with finding
potential candidate patients to enroll. Having access to genctic information about

potcntial candidates can climinate, or at Icast reduce, the situation in which a study
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provider has to wait for individuals to respond to advertisements or referrals about the
clinical trial. Plus, traditionally, there is no assurance that the individuals responding to
such advertisements or referrals actually have the specific variant to be studied.
Additionally, searching a knowledge base of patients test information compiled from
multiple organizations as discussed here reduces the risk, time delay and cost of testing
large numbers of people, only to find that enough people with the genomic variant of

interest have not been identified.

Bibliography

[0081] To maximize usefulness and relevance, the bibliography of references associated
with a given variant can be updated on a routine basis to ensure that the most recent
knowledge about the variant is included in a wuser's result set. The bibliography of
references may also be updated by the system upon request, upon receipt of test
information rclevant to certain biomedical literature, or in anticipation of receipt of test
information relevant to certain biomedical literature. In an embodiment, the bibliography
is generated in real time when a user requests the bibliography from dashboard 200. This
type of "just-in-time" bibliography is useful to capture as much relevant information as
possible, without missing the most recent information simply because it is uncurated or
only partially-curated. In another embodiment, the bibliography is updated in real time
when test information containing one or more variants is uploaded into the system. FIG.
7 is a flowchart for a method 700 for providing a bibliography, according to an
embodiment. Method 700 can be performed by processing logic that includes hardware
(e.g., circuitry, dedicated logic, programmable logic, microcode, etc.), software (e.g.,
instructions run on a processing device), or a combination thereof. In an embodiment,
method 700 is performed by computing system 102,

[0082] The bibliography, such as bibliography 500, can include both curated and non-
curated or partially-curated content. Partially-curated content may refer to content that
has undergone some curation, but that has not been completely curated. Partially-curated
content may be included in the knowledge base, even though it does not include the level
of dctail of curated content. In one non-limiting example, partially curated content could
include articles that have been validated to relate to a particular variant and a particular
disease phenotype. In another non-limiting example, partially curated content has been

classified as to whether the paper contains functional evidence and/or clinical case
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evidence. This allows the user to be provided with more relevant article evidence, not
only articles that have been curated in the biomedical literature as being related to one or
more variants observed in the patient's test information, but also additional articles or
references from the knowledge base or literature base that have not yet been curated or
that have been partially-curated but that are expected to be relevant to the variant based
on, for example, keywords within the reference.

[0083] In block 702, test information is received. In an embodiment, computing system
102 receives the test information. Test information can be received from one or more
sources. For example and without limitation, test information can be received from a test
subject, a laboratory, a care provider, an insurer, and the like.

[0084] In an embodiment, the test information is received via an automatic pipeline. The
automatic pipeline can include a process for automatically receiving, queuing, or acting
on test information. For example, the test information may be obtained automatically
from a genetic database, publications database, customer instrument, or other source. As
discussed herein, for example, the test information can be incorporated into the
knowledge base, subjected to one or more analyses, included in a bibliography, ctc.

[0085] In block 704, one or more curated articles are selected from a knowledge base. In
an embodiment, computing system 102 selects the one or more curated articles from the
knowledge base. The one or more curated articles can be relevant to one or more
genomic variants identified by the test information. For example, curated articles related
to the BBS1 gene may be selected. In another example, such as that shown in FIG. 5,
curated articles related to EGFR exon 19 deletions may be selected.

[0086] In an embodiment, the one or more curated articles are organized in the
knowledge base according to an ontology. The knowledge base can be queried using the
features of the ontology to find one or more articles relevant to the one or more genomic
variants.

[0087] In block 706, one or more non-curated or partially-curated articles are selected. In
an embodiment, computing system 102 selects the one or more non-curated or partially-
curated articles. The one or more non-curated or partially-curated articles can be
expected to be relevant to the interpretation of the one or more genomic variants

identified in the test information.
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[0088] In an embodiment, selecting one or more non-curated or partially-curated articles
from the knowledge base includes determining that the one or more non-curated or
partially-curated articles refers to a gene identifier corresponding to the one or more
genomic variants, and a protein or a nucleic acid identifier for the one or more genomic
variants. For example, non-curated or partially-curated articles containing a mention of
one or more specific variants in the BBS1 gene, which makes it appear that the article
concerns this particular DNA or protein change, can be selected.

[0089] In an embodiment, selecting one or more non-curated or partially-curated articles
includes determining that the one or more non-curated or partially-curated articles
corresponds to the one or more genomic variants using natural language processing. In
one embodiment, the natural language processing is performed leveraging a biomedical
ontology.

[6090] In block 708, the bibliography is provided to a user. In an embodiment,
computing system 102 provides the bibliography to the user. The bibliography can
include the one or more curated articles and the one or more non-curated articles. In this
manner, the "just-in-time" bibliography includes not only the papers that have been
curated, but also late breaking, interesting information having text in it that suggests
relevance the information is relevant to interpretation of the variant of interest.

[0091] Receiving both curated and non-curated or partially-curated content can be very
useful for interpreting a particular patient's test information. Although curated content
may be considered more relevant or reliable due to the fact that it has been curated, there
is a time lag between when information becomes available and when that information is
curated. Analysts would still be interested in receiving information that has been
published so recently that it has not yet been able to be curated, if that information is
determined to be reasonably relevant to the test information. For example, if an article
just came out yesterday that relates to a patient's test, the physician and the laboratory
would want to know about that article. The physician and laboratory might not care
whether a reasonable amount of time has passed for the article to be completely curated;
instead, they would want to see any potentially relevant, late-breaking information, and
make the determination as to whether or not the information is relevant to treatment of

that patient.
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[0092] In an embodiment, feedback from one or more users 1s received about the articles
presented in the bibliography. Because the users may be reading the articles and signing
patient test reports, the one or more users can provide meaningful information about the
articles. For example, users can specify how related an article in the bibliography is to
the variant of interest. For example, a user could pull up the bibliography and indicate
that a paper is nominally related to the particular variant or the particular phenotype, that
the paper does not meet the quality standards, or that the paper has sufficient information
to indicate that the variant is causal for a particular phenotype. The user can indicate this,
for example, by selecting to include or exclude this paper from a report or include or
exclude it from the analysis in an automated assessment of a variant. The user may also
suggest additional papers that may be relevant to one or more variants that may not be
displayed in a bibliography. In one embodiment, these articles are prioritized for curation
and/or included in the bibliography for said one or more variants in the future for said

user or other users who are interested in said one or more variants.

Crowdsourcing Variant Assessment

[0093] In an embodiment, the data in the knowledge base is static, in that a user cannot
change or challenge the information. Many times, though, a user (such as a physician or
laboratory researcher) is in a good position to evaluate the knowledge base data, since the
user is presumably accessing and analyzing the data in the context of a present interest.
Accordingly, in another embodiment, the data in the knowledge base may be enhanced by
allowing users to edit or annotate the data, either actively or passively (that is, as a natural
part of their workflow). Such collection of data from users over the network is referred to
herein as crowdsourcing. FIG. 8 is a flowchart of a method 800 for crowdsourcing
variant assessment, according to an embodiment. Method 800 can be performed by
processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable
logic, microcode, etc.), software (e.g., instructions run on a processing device), or a
combination thercof. In an cmbodiment, method 800 is performed by computing system
102.

[0094] In block 802, test information is received from the user. In an embodiment,
computing system 102 receives the test information.

[0095] In block 804, one or more genomic variants included in the test information are

assessed. In an embodiment, computing system 102 assesses the one or more genomic
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variants. The one or more genomic variants can be assessed using any combination of
assessment methodologies, such as those discussed herein or by PCT Appl. Publ. No. WO
2013/070634.

In an embodiment, the assessing includes classifying the one or more genomic
variants into a clinical significance category. The one or more genomic variants can be
classified using a variant scoring logic. Examples of clinical significance categories
include, but are not limited to, pathogenic, likely pathogenic, uncertain significance,
likely benign, and benign.

In block 806, feedback is received from a user. In an embodiment, computing
system 102 receives the feedback on the assessment from the user. The feedback may be
received as input from the user interacting with a portal web page, native application, or
other input source. The feedback can be received in various ways. For example, in an
embodiment, receiving feedback includes receiving a selection of one or more assessed
genomic variants, and receiving a classification of the one or more selected variants. In
another embodiment, receiving feedback includes receiving an indication of the value or
relevance of a reference for the assessment of the one or more variants. For example, the
feedback may be provided in the form of a "thumbs-down" or "thumbs-up" button. In
another example, the feedback can include whether a reference was included or excluded
by a user from a report. In yet another embodiment, receiving feedback includes
receiving an indication of a non-curated or incompletely curated article and prioritizing
curation of the non-curated or incompletely curated article. In a further embodiment,
receiving feedback includes receiving curation of a non-curated or incompletely curated
article from the user. In a further embodiment, receiving feedback is passive, for
example, one or more users manually suggest a clinical classification for one or more
variants that is different from a machine-predicted classification generated by a decision
support system. This could trigger an evaluation and/or curation of evidence related to
the variants or review and potentially adjustment of the machine-predicted support
scoring logic to improve future predictive power of the decision support system. The
curation can include phenotypic information of the variant, in which the phenotypic
information is structured according to an ontology. In any embodiment, the feedback can
indicate that the non-curated or incompletely curated article is relevant for assessing one

or more genomic variants included in the test information.
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[0098] In an embodiment, the test information comprises phenotypic information of the
variant structurcd according to an ontology.

[0099] In an embodiment, the feedback provided by the user is used in subsequent
assessments of the one or more genomic variants. This feedback is training for
computerized systems by humans that are skilled in the art of variant interpretation, and
can be used to continually improve the assessments over time (e.g., as in machine
learning). That is, the assessments improve as more people score and assess the variants,
because the training makes the predictive algorithms and the content stronger.

[0100] In block 808, the feedback is provided to one or more other users. In an
embodiment, computing system 102 provides the feedback to one or more other users.

Using a bibliography feature, one user can see articles that are related to the one or
more variants and drill in on them to obtain more information. The user can also suggest
including another reference in the bibliography, such the user's favorite reference for
assessing the variant. When the next user accesses the bibliography associated with the
same variant, that next user can add information about that reference and select that
reference for the user's report. These iterative efforts can improve both the quantity and
quality of references available to users.

[0101] In an embodiment, a second user is provided with the feedback of the first user
regarding the one or more genomic variants. For example, computing system 102 can
receive second test information from a second user, in which the second test information
includes the one or more genomic variants. When providing an assessment of the second
test information to the second user, the computing system 102 can also provide the
feedback from the first user.

[0102] FIGS. 9A and 9B depict example screenshots 900 and 950 that illustrate feedback
provided by a user entered into a bibliography. Screenshot 900 includes clinical cases
from other laboratories, rarity of the genetic variant in the general population, references
of known biochemical impact, and predicted biochemical impact. The rarity of the
variant in the general population may be displayed for one or more sources, which can be
selected using dropdown 902.

[0103] The internal lab variant classifications and annotations databases may be
integrated into a private instance used by the tool. Then, one or more users can annotate

the private instances of the classifications or annotations. Screenshot 950 includes a
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number of fields for editing an assessment, for example an assessment provided in
screenshot 900. In screenshot 950, a user may view or edit a phenotype, an assessment, a
reportability, a note, and previous notes for an assessment. The reportability may refer to
whether the edits are reportable or not reportable.

[0104] Although FIGS. 9A and 9B provide example screenshots 900 and 950,
embodiments of the invention support other types or arrangements screens for viewing or
editing user feedback, in which any information related to the user feedback can be
presented to a patient or other user, including but not limited to any of the information

discussed herein.

Multi-variant Classification

[0105] As described above, a single variant may be linked to a particular phenotype, such
that a patient having the variant is likely to express the particular phenotype. But it is not
always that simple — many patients exhibit multiple genetic mutations, and the combined
effects of those mutations (or lack thercof) may need to be considered, for example, to
obtain a true picture of that patient's health and/or treatment options. Modifier variants
and genetic background can dramatically impact the degree to which a particular variant
is correlated with manifestation of a given phenotype in a particular patient, such as
disease or response to drug treatment. FIG. 10 is a flowchart of a method 1000 for multi-
variant classification, according to an embodiment. Method 1000 can be performed by
processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable
logic, microcode, etc.), software (e.g., instructions run on a processing device), or a
combination thereof. In an embodiment, method 1000 is performed by computing system
102.

[0106] In block 1002, test information of a patient is received. In an embodiment,
computing system 102 receives the test information. Test information can be received
from one or more sources. For example and without limitation, test information can be
reecived from a test subject, a laboratory, a carc provider, insurcr, ctc.

[0107] In block 1004, a clinical assessment or significance category of a genomic variant
included in the test information is determined based in part on a co-occurrence of the
genomic variant with one or more other genomic variants in the patient. In an
embodiment, computing system 102 determines the significance category. Alternatively

or additionally, an existing significance category of the genomic variant included in the
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test information can be modified based on the co-occurrence of the genomic variant with
onc or more other genomic variants in the patient.

[0108] In an embodiment, determining the significance category uses information in a
knowledge base about the genomic variant and one or more other genomic variants. The
information can be structured according to an ontology. A knowledge base may identify
links between the genomic variant and one or more other genomic variants. In an
embodiment, such modifier variant information is derived from evidence curated from the
biomedical literature, structured according to an ontology. In an embodiment, such
modifier variant information is derived from a database of patient test information that
enables correlation of genotypic information and phenotypic information to identify
variants that are highly probable to modify the severity (or presence/absence) of a
phenotype. For example, references that discuss interactions between variants can impact
a clinical assessment of a given variant, and is subject to change based on other variants
that are observed in that patient or new literature or database evidence that enters the
knowledge base over time. This is fundamentally different than clinical assessment using
single variants independently without regard for presence or absence of other modifier
variants in the patient’s test information.

[0109] For example, a particular genomic variant may be fairly benign when appearing
on its own, but pathogenic in combination with other genomic variants. Alternatively, a
variant may be pathogenic in one patient, but benign in another patient who has one or
more other variants that mitigate the potential negative impacts of the first variant. So,
patient test information identifying a particular variant on its own may be assigned to one
significance category, but patient test information identifying the same variant in
combination with other variants may be assigned to a different significance category than
if said variants were assessed independently. In an embodiment, the clinical assessment
of a first variant having one or more known modifier variants would be assigned to a
clinical significance category based not only on evidence associated with said first
variant, but based on comprehensive assessment of that variant in combination with
modifiers that are present or absent in that patient’s test information. The specific
significance category assigned may be determined based on information about the multi-

variant relationships obtained from the knowledge base.
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[0110] In one embodiment, a given variant of interest could be assessed according to the
American College of Medical Genetics guidelines for variant scoring. The scoring
guidelines may be implemented as a series of computer-based rules, in which the rules
may be assigned various weights or significance levels. This computer-based scoring
logic may be then extended to include computer-based assessment of literature in a
knowledge base for other modifier variant sites that are known to genetically interact with
the variant of interest to modify the phenotype. The knowledge base of curated literature
may be queried to determine whether or not cases have been documented wherein
patients have the variant of interest as well as one or more sequences at other sites that are
known or believed to modify the severity or nature of the phenotype typically caused by
the variant of interest.

[0111] For example, if the CFTR delta-F508 mutation can be scored to assess a patient’s
risk for cystic fibrosis, but the patient has a sequence variant (or lack of a variant) at
another position in the genome that has been documented in the literature to mitigate or
eliminate the cystic fibrosis phenotype in patients with homozygous delta-F508
mutations, a rule would trigger that changes the variant classification for the delta-F508
mutation from “pathogenic” to a less severe category depending on the quality and
quantity of literature or database cvidence supporting the modifier variant. The modifier
variant may be in the same gene as the variant of interest, or it may be in a different gene.

[0112] In an embodiment, a database of cystic fibrosis patient cohorts may be analyzed to
assess whether unaffected individuals homozygous for delta-F508 possessed the modifier
sequence, and whether this modifier co-segregated with disease-free status among
patients with homozygous delta-F508 mutations, which would typically be assessed as
disease-causing. Papers, such as “Exome sequencing of extreme phenotypes identifies
DCTN4 as a modifier of chronic Pseudomonas aeruginosa infection in cystic fibrosis,”
may indicate that such modifier variants are likely to exist. The techniques for multi-
variant classification discussed herein are able to leverage curated evidence from the
biomedical literature, structured according to an ontology, to modify the classification of
a variant of interest based on a ruleset.

[0113] In an embodiment, the patient can be assessed for cancer treatment options, but
the modifier scquence or scquences (such as variants or lack thercof) can modify the

asscssed treatment options for this patient. For example, a patient with late-stage
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melanoma may test positive for the BRAF V600E variant, which is typically associated
with more favorable outcomes upon trecatment with vemurafenib. However, the
assessment may be modified by one or more other variants (or lack of variants) in BRAF
or in other genes that are known or believed to modify patient response to vemurafenib in
the biomedical literature, clinical trials, and/or prescribing information approved by one
or more regulatory agencies. The presence of modifier variants in the patient’s test
information can modify variant assessments and/or test results, including but not limited
to modification of the test result bibliography to include papers relevant to the interaction
between and among the variant of interest and other sequence variants (or lack thereof)
that modify the phenotype or phenotypes typically caused by the variant of interest.

[0114] In an embodiment, determining the significance category uses a rule-based
assessment. The rule-based assessment can process one or more rules to categorize the
genomic variant. For example, a ruleset for assessment of variants for hereditary disease
might be used to classify a variant as pathogenic, likely pathogenic, unknown
significance, likely benign, or benign. Such a ruleset might include rules of varying
weight. A rulc might state that a variant of interest that has an allele frequency in a
population unaffected by an associated phenotype is very unlikely to be causal for that
phenotype. Such a rule could be strong evidence in favor of a benign or likely benign
classification.  Alternatively, the classification categories for a ruleset could be
customized and tailored to a particular application of interest to a physician, individual or
institution. For example, a ruleset might be used to assess variants for their degree of
clinical significance in treating a particular form of cancer. In one non-limiting example,
classification categories for a cancer sequence-based test interpretation application may
include clinically relevant (same tissue), clinically relevant (different tissue), clinical trial
associated, or cancer pathway associated.

[0115] In an embodiment, a rule for interpretation of cancer variants might state that if a
variant is directly referenced by the prescribing information for a drug as approved by the
appropriate regulatory agency (e.g., the FDA) for use to treat cancer in the tissue of
interest, the variant should be categorized as clinically relevant (same tissue) with respect
to this sample. For example, the FDA's website includes a description of drugs based on

mutations observed in the EGFR gene. This can be an extremely strong line of evidence.
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The system evaluates those rules and their strength of evidence and provides a computed
classification back to the user or the reviewer.

[0116] For example, a classification computed by the system based on the information
available in the knowledge base may label a variant as potentially benign or likely benign.
Such an assessment is based on evidence in the knowledge base showing that a first
variant co-occurs in the same patient with a second variant that mitigates the phenotype
typically associated with the first variant. That is, another DNA mutation in this patient is
causing this patient to likely not suffer from the typical disease or harmful effects of the
first variant. Even though the first variant is pathogenic in 99% of people, the first variant
is known not to be pathogenic in such multi-variant patients based on existing evidence.

[0117] In an embodiment, the one or more other genomic variants are known to confer
additional sensitivity or resistance to phenotypic effects of the genomic variant. For
example, the knowledge base can have references that discuss the relationships between
genetic variations that demonstrate the additional sensitivity or resistance to phenotypic
effects. These relationships can be stored as structured information in a knowledge base,
¢.g. structured according to an ontology. In an embodiment, the variant is at least onc of
a somatic variant in oncology or a heredity variant that predisposes the patient to a
genetic disorder.

[0118] In block 1006, the significance category is provided to a user. In an embodiment,
computing system 102 provides the significance category to the user. The user can agree
or disagree with the computed significance category. In an embodiment, if a reviewer
disagrees with the computed significance category, the reviewer can modify it.
Continuing the example above that returns a category of "likely benign," the reviewer
may suggest another classification, such as “likely pathogenic,” and still include it in his
report, but with an added note as to why the reviewer agrees or disagrees with

categorization.

Providing an Expert Assessment of Test Information

[0119] A user may use portal 105 to request that an cxpert assess a patient's test
information. FIG. 1100 is a flowchart of a mcthod 1100 for providing an expert
assessment to a user, according to an embodiment. Method 1100 can be performed by
processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable

logic, microcode, etc.), software (e.g., instructions run on a processing device), or a
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combination thereof. In an embodiment, method 1100 is performed by computing system
102.

[0120] In block 1102, a request for assistance in interpreting the test information is
received from a user. The request may include a specific patient's test information.
Alternatively or additionally, the request may reference test information that is already
stored in the knowledgebase. In an embodiment, computing system 102 receives the
request.

[0121] In block 1104, the request is assigned to one or more qualified variant assessment
experts. In an embodiment, computing system 102 assigns the request, which can be
accessed by an expert over network 106. A qualified variant assessment expert may be an
individual that has achieved a particular expertise in preparing, performing, or reviewing
variant assessments. An expert can be certified as such by a certifying body, or by
satisfying a set of criteria. One of skill in the art will recognize that the set of criteria to
be satisfied may change depending on, for example, the variant or variants being assessed
and/or depending on the phenotype or phenotypes affecting the patient. Computing
system 102 may notify the expert when an assessment has been assigned to the expert.

[0122] In block 1106, a completed assessment report is received from the one or more
qualified variant assessment experts. In an embodiment, computing system 102 receives
the assessment report from the expert over network 106. An assessment report can
include one or more clinical significance assessments of one or more genomic variants
contained in the test information. The expert may have prepared all or a part of the
report.

[0123] In block 1108, the assessment report is returned to the requesting user.

[0124] In an embodiment, as mentioned above, an expert may be enrolled and certified
by an organization. The organization can build a network of experts and take a finders'
fee for linking users with an appropriate certified expert to help them with the needed
interpretation. For example, a user can load the test information into the system via portal
105, and the user can request, for example via a prompt, expert assistance in interpreting
the test information. The test can then be assigned to one or more qualified experts for
assessment. In an embodiment, the expert conducts the analysis on his own. In another
embodiment, the expert conducts the analysis side-by-side with the user, by sharing the

test information in the context of the system and/or communicating with the user. The
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expert can then provide a report to the user including the assessment of the variants that

were contained in test information that was assessed by the expert.

Correlating Genotype to Phenotype

[0125] As more information is provided to the knowledge base, large scale patterns in the
data can be determined, linking particular genetic signatures to phenotypes. FIG. 12 is a
flowchart of a method 1200 for correlating a genotype to a phenotype, according to an
example embodiment. Method 1200 can be performed by processing logic that includes
hardware (e.g., circuitry, dedicated logic, programmable logic, microcode, etc.), software
(e.g., instructions run on a processing device), or a combination thereof. In an
embodiment, method 1200 is performed by computing system 102.

[0126] Genotype or phenotype correlation can include linking genetic changes to
phenotype. For example, this includes determining that a mutation is associated with a
particular discase or is associated with a good response to a particular drug treatment.
Test information can be collected over time and from multiple organizations for the
analysis.

[0127] In block 1202, test information including genetic information and phenotypic
information for a sample of patients is received. In an embodiment, computing system
102 receives the test information from a plurality of clients 104 over network 106. The
phenotypic information can be structured according to an ontology, so that cross-
correlations that would be notoriously difficult in unstructured knowledge collections can
be conducted. Each patient in the sample of patients may need to have provided consent
to use their test information in this type of analysis. Patient consent can also be included
in the received test information.

[0128] In block 1204, correlations between gene- or variant-level genetic changes and
phenotypes in the sample are established. In an embodiment, computing system 102
establishes correlations between pathway-, gene- or variant-level genetic changes by
identifying patterns in the test data.

[0129] In block 1206, a biomarker classifier is constructed based on statistically
significant correclations. In an embodiment, computing system 102 constructs the
biomarker classifier. In an embodiment, one or more users supervises and informs
construction of the biomarker classifier. A biomarker classifier can be configured to

stratify a population into a plurality of subpopulations. For example, the biomarker
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classifier can be applied to each patient's test information to determine a sub-population
to which the patient belongs. The biomarker classificr may be created using one or more
of the following techniques. The biomarker classifier can be developed using a statistical
method, such as the Sequence Kernel Association Test (SKAT). Alternatively or
additionally, the biomarker classifier can be created using a clustering method such as k-
means or hierarchical clustering. These techniques may be applied at the variant, gene,
and/or pathway level to identify statistically significant associations between genetic
changes and observed phenotype. These techniques can be used to source phenotypic and
genotypic information from multiple users across multiple datasets and populations. For
samples that have the appropriate consent, the system can identify genotype-to-phenotype
associations that are statistically significant in a meta-analysis performed across multiple
studies performed by multiple users.

[0130] In an embodiment, the sub-populations include a sub-population that is more
susceptible to a rare adverse event following therapeutic treatment and a sub-population
that is less susceptible to the rare adverse event following therapeutic treatment. In
another embodiment, the sub-populations include a sub-population of likely responders to
therapy and a sub-population of unlikely responders to therapy. In another embodiment,
the sub-populations include a sub-population of individuals more likely to be affected by
a disease and a sub-population of individuals less likely to be affected by the disease. In
another embodiment, the sub-populations are ethnic groups. One of skill in the art will
recognize that a population may be separated into additional or other populations than
those described above.

[0131] In an embodiment, a report with the results of the classification is provided to the
user. The report can also include the biomarker classifier used, a confidence level of the
classifier, and the like.

[0132] FIG. 13 depicts an example report 1300 that includes the classification of a user.
Report 1300 includes information about the test performed, a high-level interpretation,
reportable variants, and treatments associated with reportable variants. Although FIG. 13
provides an example report 1300, embodiments of the invention support other types or
arrangements of reports, in which any information related to the user classification can be
presented to a patient or other user, including but not limited to any of the information

discusscd herein.
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Ethnically-Matched Controls

[0133] The diversity of many clinical test or research participants is lower than the
general population. Additionally, genomic variants may be commonly observed in
individuals from a first ethnic background, but not in individuals from a second ethnic
background. So, if a user truly wishes to know whether a variant is causal for a given
phenotype in a given patient (as opposed to a benign polymorphism), that user must
evaluate the variant with respect to a variety of individuals unaffected by the phenotype
of interest, including a large number of individuals who are ideally of the same ethnic
background as the patient. This allows the user to be relatively confident that a rare
variant observed in a patient affected by a rare disease is actually rare in that patient’s
ethnic population (as opposed to rare in the general population, but relatively common in
the patient’s cthnic population). FIG. 14 is a flowchart of a method 1400 for assessing
allele frequency, according to an cxample embodiment. Mecthod 1400 can be performed
by processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable
logic, microcode, ctc.), software (e.g., instructions run on a processing device), or a
combination thereof. In an embodiment, method 1400 is performed by computing system
102.

[0134] In block 1402, test information and a significance classification of one or more
variants in the test information is received. Test information and significance
classification can be received from one or more sources, such as a test subject, a
laboratory, a care provider, insurer, etc.

[0135] In block 1404, an allele frequency of the one or more variants in an allele
frequency database is assessed. In an embodiment, the allele frequency database is
located in storage 110.

[0136] In an embodiment, the allele database has at least a minimum number of data
points. For example, the database may be required to include sequence information
derived from at least 10,000 individuals, including at least 500 individuals from at lcast
10 different ethnic groups.

[0137] In an embodiment, the allele frequency database includes frequencies of the one
or more variants for a plurality of sub-populations. The sub-populations can include, for
example and without limitation, the following ethnic groups: Caucasian, Hispanic, Indian,

Filipino, Puerto Rican, African, Pacific Islander, Native American, Turk, Gulf/Middle
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Eastern, Parsi, Chinese, Malaysian, Ashkenazi Jew, New Zealand, Korcan, Japanese, and
Aboriginal Australian.

[0138] In block 1406, the allele frequency is provided to a user. In an embodiment,
computing system 102 provides the allele frequency to the user.

[0139] In an embodiment, the significance classification of the one or more variants is
modified from the norm based on the allele frequency. The classification can be modified
to be more or less severe. The assessed frequency of a variant can be compared against
the general frequency in the population. The real frequencies of present test information
and of the real frequency database can be provided to the user. Putting test results into
ethnic context result in a correction of the causal correlation for a phenotype attributed to
a genomic variant. For example, the classification of a variant can be modified from a
more severe classification to benign for variants that are present at an allele frequency in
an un-diseased population that is too high to reasonably explain a patient’s phenotype.

[0140] For example, consider a particular BBS1 variant, which is a variant that causes
Bardet-Biedl syndrome (BBS). BBSI is a gene that when mutated can cause a disease
called Bardet-Bied! syndrome. This variant occurs in 0.2% of individuals based on the
frequency, and the prevalence of this disease is about 1 in 70,000. From this information,
the most one would expect this variant to be seen in the general population is at 0.3%.
This is consistent with the observations of the variant at 0.2%. But if the database does
not include statistically significant information from a particular ethnic group, then it will
be unclear whether the variant has the same level of occurrence in that ethnic group as the
general population, or whether there is something genetically special about that ethnic
group. For example, consider the scenario in which the system returns a variant
observation of 20% in a population of Puerto Ricans, where the maximum value in the
general population would be expected to be 0.3%. It raises the question of whether the
variant is more prevalent in Puerto Ricans or whether there are simply not enough Puerto
Ricans in the database to conduct a statistically significant analysis. Using an allele
frequency database having specific requirements for data points from multiple ethnic
groups including but not limited to large groups of sequenced individuals representing

ethnic groups of patients being clinically assessed remedies these issues.
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Scoring a Variant

[0141] Sequence-based tests can potentially generate millions of observed variants in a
single patient. It can be complex to determine which variants are most likely to be
relevant or important in the assessment or treatment of a patient from those that are not.
Variant assessments may be scored to provide a user with a confidence level reflecting
the depth of information relevant to the particular variant of interest. FIG. 15 is a
flowchart of a method 1500 for scoring a variant, according to an embodiment. Method
1500 can be performed by processing logic that includes hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode, etc.), software (e.g., instructions run on
a processing device), or a combination thereof. In an embodiment, method 1500 is
performed by computing system 102.

[0142] In block 1502, test information of a patient is received. In an embodiment,
computing system 102 rcceives the test information from onc or more sources. For
example, test information can be received from, for example and without limitation, a test
subject, a laboratory, a care provider, insurer, etc.

[0143] In block 1504, a confidence score of one or more variants in the test information is
generated based on weighted inputs. In an embodiment, computing system 102 generates
the confidence score. The inputs that are weighted can include any combination of, for
example and without limitation: a frequency of the one or more variants in a population
of individuals unaffected by the patient’s disease phenotype including ethnically-matched
individuals, an association of the one or more variants with a phenotype in a knowledge
base, sequencing coverage at a site of the one or more variants, and call confidence of the
one or more variants reported by variant calling software. The weight given to each input
can be set using predetermined values, adjusted values based on the strength of the inputs,
or any combination thereof. For example, the frequency of the one or more variants in a
population of individuals unaffected by the patient’s disease phenotype including
cthnically matched individuals may be determinative if the frequency is associated with a
high confidence value for discasc-association. As discussed above, if a variant is
extremely common, particularly within a patient’s ethnic sub-population, then the
likelihood of that variant being causal for a rare disease in said patient is low.

[0144] An association of the one or more variants with a phenotype in a knowledge base

can include a measure of how frequently the variant is associated with a phenotype in the
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literature in a knowledge base. Sequencing coverage at a site of the one or more variants
may refer to a measure of how many times the variant has been sampled, where the
variant is only a portion of other nucleotides in the genome. For example, in 1X coverage
there is only one data point that this variant exists, which could indicate extremely poor
quality. On the other hand, as coverage increases (e.g. 100X coverage, 1000X coverage,
or 3000X coverage) the results can be increasingly relied upon.

[0145] In an embodiment, a call confidence of the one or more variants can be reported
by alignment and/or variant calling software, which generally generate a quality score of
the trustworthiness of the analysis performed by the software. For example, the
alignment and variant calling software can be the CLC Bio Genomics Workbench. As
another example, the alignment and variant calling software could be BWA/GATK
(Burrows-Wheeler Aligner/Genome Analysis Toolkit).

[0146] In an embodiment, the inputs can be weighted according to a decision tree. In
some instances, the decision tree can prevent an input from contributing to the confidence

SCore.

Providing a Variant Classification Alert

[0147] When information about a particular genomic variant is added, updated, or
changed in the knowledge base, for example with regard to clinical assessment
significance category, clinical trial information, treatment information, and/or
bibliography, a user may wish to receive an alert. FIG. 16 is a flowchart of a method
1600 for providing a variant classification alert, according to an embodiment. Method
1600 can be performed by processing logic that includes hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode, etc.), software (e.g., instructions run on
a processing device), or a combination thercof. In an embodiment, method 1600 is
performed by computing system 102.

[0148] In block 1602, test information including one or more genomic variants is
received. In an ecmbodiment, computing system 102 reccives the test information from
onc or more sources. For cxample, test information can be received from, for cxample
and without limitation, a test subject, a laboratory, a carc provider, insurer, ctc.

[0149] In block 1604, a request for an alert report is received from a user. The alert

report may identify a particular genomic variant that a user is interested in. The request
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for an alert report may be stored by computing system 102 along with other alert report
requests from the same or different users.

[0150] In block 1606, the alert report is generated in response to detecting a change in a
knowledge base, the change corresponding to one or more genomic variants. In an
embodiment, computing system 102 monitors the information in the knowledge base of
storage 110, and generates the alert report when an add, change, or update event is
detected.

[0151] In an embodiment, the report can be generated at any interval. For example, the
alert report can be generated at a frequency of at least once every two years or at a
frequency of once per day, or at a frequency of once per week, or at a frequency of once
per month, or at a frequency of once per year. In an embodiment, the report can be
generated when a significant change in the knowledge associated with one or more
variants of interest occurs. In an embodiment, variants of interest to a user may be
inferred based on variants associated with phenotypes contained in that user’s test
information.

[0152] In an embodiment, the alert report summarizes changes to a classification of the
one or more variants since a previous variant classification was generated or otherwise
provided to a third party as part of a clinical report.

[0153] In an embodiment, the alert report is provided to a user, for example, by
computing system 102. Providing the alert report may refer to any action that facilitates
delivery of the alert report to the user. For example, providing the alert report may be
performed by notifying the user that the alert report has been generated, sending the alert
report electronically to the user, providing the user with the alert report at computing
system 102, alerting the user to access a patient portal, or any combination thereof.

[0154] FIG. 17 depicts an example alert report 1700. Alert report 1700 includes a variant
identifier, a prior classification of the variant, a new or updated classification of the
variant, a date of the update, and a summary of evidence that lead to the change in
classification. Although FIG. 17 provides an example alert report 1700, embodiments of
the invention support other types or arrangements of alert reports, in which any
information related to the variant change can be presented to a patient or other user,

including but not limited to any of the information discussed herein.
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Patient Portal

[0155] Most of the previous discussion has involved examples where the user is a
physician, researcher, laboratory technician, pharmaceutical company, and the like.
However, patients themselves may be interested in accessing the information stored in the
knowledge base. FIG. 18 is a flowchart of a method 1800 for providing a patient portal,
according to an embodiment. Method 1800 can be performed by processing logic that
includes hardware (e.g., circuitry, dedicated logic, programmable logic, microcode, ctc.),
software (e.g., instructions run on a processing device), or a combination thereof. In an
embodiment, method 1800 is performed by computing system 102.

[0156] In block 1802, test information of a patient is received, for example by computing
system 102. The test information can be stored in the knowledge base. The test
information can be received from any source, such as the patient or an authorized
provider.

[0157] In block 1804, access to the test information through the portal is provided to a
user. In an embodiment, computing system 102 notifies the patient or an authorized
provider that access to the test information has been granted. In an embodiment, the user
may be any one that accesses the portal, such as the patient, a provider, a patient's family
member, friend, agent, or representative, physician, an insurer, or any combination
thereof.

[0158] In block 1806, consent is received through the portal from the user to use the test
information. The consent may be for using the test information for at least one of
analysis, disease research, clinical trial matching, therapeutic research, therapeutic
development, outcomes research, public release, release to a requesting party, or any
purpose. In an embodiment, computing system 102 receives the consent from the user.

[0159] In an embodiment, the user is authenticated prior to being provided access to the
portal. Authentication can include, for example, logging into the system.

[0160] In an embodiment, the test information associated with the user includes genetic
information, supporting annotations that have become available after the test information
was generated, and/or the like. This information can be provided to the user as it is made
available on the portal. For example, this embodiment can be provided as an alert report

on the portal.
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[0161] Access to the portal can be provided based on fulfilling conditions. In one
embodiment, access to the portal is governcd by payment of a subscription fee. In
another embodiment, access to the portal is predicated on consent to usage terms for the
test information associated with the user. In another embodiment, access to the portal is
predicated on consent to reccive targeted advertisements or offers based on test
information. In another embodiment, access to the portal is predicated on consent to
release anonymous summary statistics computed based upon patient’s test information,
such as allele frequency information within the general population and/or a particular
ethnic subpopulation.

[0162] A user’s interactions with the portal can be used to determine information about
the user. In an embodiment, the user’s access to the portal is monitored. It can be
determined that the user would qualify for enrollment in a clinical trial based on
monitoring the access. For example, the user’s access to the portal can indicate certain
things about, for example and without limitation, the user's health status, the user's
location, the user's availability, and the user's interest in such information. This type of
status information may not be as readily available from sources other than the portal, and
can be, among other factors, a qualification for enrollment in a clinical trial. A user can
also upload treatment history and genotypic information into the portal that could be used
to match the user with clinical trials that could benefit the user.

[0163] FIG. 19 depicts an example patient portal 1900. In an embodiment, patient portal
1900 is provided by computing system 102. Patient portal 1900 displays test information
related to a patient. For example, patient portal 1900 shows whether or not the patient has
relevant EGFR mutations to FDA-approved targeted therapies. Patient portal 1900 also
displays several drug therapies, including treatments, a characterization of the treatments'
success, and indications associated with the treatment. Patient portal 1900 also displays
clinical trials associated with the genomic variant.

[0164] Although FIG. 19 provides an example of patient portal 1900, embodiments of the
invention support other types or arrangements of patient portals, in which any information
related to the patient can be presented to a patient or other user, including but not limited

to any of the information discussed herein.
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Variant Classification Rules Improvement

[0165] FIG. 20 is a flowchart of a method 2000 for improving a variant classification
rule, according to an example embodiment. Method 2000 can be performed by
processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable
logic, microcode, etc.), software (e.g., instructions run on a processing device), or a
combination thereof. In an embodiment, method 2000 is performed by computing system
102.

[0166] In block 2002, test information of a patient is received. In an embodiment,
computing system 102 receives the test information of a patient. Test information can be
received from one or more sources. For example, test information can be received from,
for example and without limitation, a test subject, a laboratory, a care provider, insurer,
ete.

[0167] In block 2004, a plurality of expert variant assessments of one or more variants of
the test information is received. The expert variant assessments can be received from one
or more sources, including, for example and without limitation, a laboratory, a care
provider, an insurer, a research institution, etc. The expert variant assessments can use
any scoring logic for evaluation of the variant, e.g. the American College of Medical
Genetics (ACMG) rules for variant assessment, any of the scoring logics discussed
herein, any other scoring logic, or any combination thereof. In an embodiment, the expert
variant assessments are manual assessments of the variant.

[0168] In block 2006, a selection of a scoring logic for variant assessment is received.
The scoring logic for variant assessment can be any type of scoring logic, e.g. the ACMG
rules for variant assessment, any of the scoring logics discussed herein, any other scoring
logic, or any combination thereof. In an embodiment, the scoring logic is selected in
advance. In an embodiment, the scoring logic is selected based on a particular test
offering.

[0169] In block 2008, the plurality of expert variant assessments is compared to a scoring
of the one or more variants according to the scoring logic.

[0170] In block 2010, a result of the comparing is provided to the user. The results of the
comparing can include a degree of correlation between the plurality of expert variant
assessments and the scoring according to the scoring logic. This degree of correlation can

demonstrate how similar or dissimilar the scoring logic is to the expert assessments. The
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result can also be used in a feedback loop to improve the scoring logic of computing

system 102 using, for cxample, standard machine learning processes.

Pooling Allele Counts or Frequencies

[0171] As variant analysis techniques have become more sophisticated, they rely
increasingly on a larger number of and more diverse dataset of variant samples to tease
out meaningful relationships between the variants and phenotypes. However, traditional
sources of variant data suffer from sample sets that are too small, from ethnic bias, or
both. For example, projects such as the Exome Variant Server (EVS) Project and the
1,000 Genomes Project presently have genome information numbering in the thousands,
but no more than 10,000. The datascts are ethnically biased toward Caucasians, with
datasets for ethnic subpopulations (e.g. Puerto Rican) that are too small to enable
identification of common polymorphisms in these subpopulations. Larger and more
diverse databases of allele statistics, such as pooled frequencies and observation counts,
make it casier to distinguish potential rare discase-causing variants from benign variants.
Such databases therefore can benefit clinical interpretation of sequence-based tests, as
well as translational research with goals of, for example, identifying novel disease
causing variants and genetic biomarkers for diagnosis and patient stratification. The
problems of traditional databases are caused in part by restrictions on and reluctance to
share human genetic information. Due to the limitations of traditional sources of public
variant data, any analysis using this data has a high risk of misinterpreting variants in
patients who are part of an ethnic population that is underrepresented in public sequence
databases.

[0172] The techniques described herein overcome these shortfalls by combining allele
statistics from across a wider range of consented samples to provide enhanced allele
counts or frequency coverage. Collecting data during variant analysis workflows makes
it more convenient for researchers and clinical labs to share information in a useful way,
so larger numbers of samples become content in and of themsclves for interpretation of
genotypes.  Furthermore, by providing a mechanism for users to sharc anonymous,
pooled allele statistics such as counts or frequencics rather than more complete genomic
information, embodiments can make users more comfortable sharing the genomic
information. Users are generally less comfortable sharing complete genomic information

and more comfortable sharing genomic information that is pooled and anonymized.
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Embodiments also provide an incentive for users to share genomic information, designed
to overcome tendencies to hoard data without giving back to the community. For
example, the system may only permit a given user’s genomic dataset to be annotated with
pooled allele statistics if that user has also consented to “contribute” and allow their own
genomic dataset to contribute to the pool, thereby enhancing discovery power for that
user as well as all other users whose datasets are “opted-in” or consented to participate in
the community. Leveraging the combination of datasets from a community of users
provides more complete and representative information about variant distributions, such
as allele counts or frequencies. This enables enhanced capabilities for analyzing genetic
information, such as more efficient clinical sequence-based test interpretation and faster,
more accurate identification of disease-causing variants. Further, enabling sharing at a
pooled level mitigates the risk that individual patients will be personally identified based
on their contribution to the pool. Because this level of sharing is less risky, users are both
more comfortable and more likely to share their genetic information. In one embodiment,
pooled variant statistics are broken into sub-pools, for example by sample phenotype or
cthnicity/ancestry. In this embodiment, a user analyzing a sequence-bascd test for a
patient of Puerto Rican descent may be provided with allele statistics that show that,
although a particular variant of interest is extremely rare in the global population, it is in
fact very common in the Puerto Rican population and therefore unlikely to be disease-
causing in this patient.

[0173] As used herein, the term “anonymized” refers to information that, by its nature, is
not personally identifiable, and therefore anonymous. One of ordinary skill in the art will
recognize that a pool of allele statistics from a plurality of individuals without personally
identifiable information is, by its nature, anonymized or anonymous in nature, and that
although additional steps may be taken to ensure individual privacy, the act of calculating
allele statistics from a pool of individuals in and of itself is able to yield anonymized
allele statistics.

[0174] FIG. 21 is a flowchart of a method 2100 for building a community database of
allele counts, according to an example embodiment. Method 2100 can be performed by
processing logic that includes hardware (e.g., circuitry, dedicated logic, programmable

logic, microcode, ctc.), software (e.g., instructions run on a processing device), or a
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combination thereof. In an embodiment, method 2100 is performed by computing system
102.

[0175] At block 2102, human variant datasets, derived from samples generated by
distinct users, are received. In an embodiment, computing system 102 receives the
human variant datasets from a plurality of users. The samples may be derived from a
relatively large number of biological samples, such as 10,000 or more. Further, the
samples may come from a variety of distinct users, such as 10 or more. A large number
of samples and variety of sources lead to many of the benefits discussed above. The
distinct users can include laboratories or projects that have received consent from
participants to share their variant analyses or pooled statistics therefrom.

[0176] In an embodiment, the variant datasets are gathered and consented to during an
interpretation workflow for variant datasets. For example, when a laboratory performs a
test on a sample, the laboratory may transmit the results during the process to computing
system 102, at which a tool may be used to collect, process, or interpret the results. In
another embodiment, the consent may be received from the user up-front, or at the time of
viewing an analysis when they arc most interested to view the pooled allele statistics.

[0177] The users that provided the data to the pool have consented, either actively or
passively, to share pooled allele count information with other users. Actively consenting
can include, for example, a user expressly consenting by way of a dialog box presented
on an interface, accepting a license agreement that includes the consent, etc. Passively
consent can include, for example, use of a tool or workflow, particularly when the user is
aware that use of the tool will be treated as consent to share pooled allele count
information with other users. Further, consent may be acquired at one or more stages in a
variant analysis workflow. For example, an option to consent can be presented to new
users as they sign up to use an online tool, to existing users when they log into an online
tool, as a condition to using or comparing pooled allele data, or any combination thereof.

[0178] Users may be offered one or more incentives for consenting or providing their
information for sharing in the pooled data. For example, as mentioned above, consent
can be used as a condition to using or comparing pooled data. Another incentive can be
access to the counts or frequencies of one or more pools. Yet another incentive can be
access to community-pooled allele frequencics or counts for usc in interpreting variant

data. Users can be granted greater access to pool information in return for submitting a



CA 02953942 2016~12~29
WO 2016/003660 PCT/US2015/036338
-43 -

greater quality or quantity of samples. These non-limiting example incentives have been
presented for illustrative purposes, but it is understood that any other type of incentives
can be used.

[0179] In an embodiment, the received human variant datasets are stored in a knowledge
base of patient test information structured according to an ontology, such as is described
above.

[0180] At block 2104, it is determined that one or more of the samples or variants
therefrom contribute to a pool of alleles. In an embodiment, computing system 102
determines that the one or more samples contribute to a pool of alleles by searching the
knowledge base. The determination can be made based on whether the patient
information corresponding to a given sample meets one or more requirements of, or
inclusion criteria for, a particular pool. A pool can be defined, for example, based on
ethnicity, a phenotype, etc. If a sample's patient information is determined to meet the
pool requirements or inclusion criteria, the sample can be added to the pool of alleles.

[0181] One or more samples or variants or user datasets can also be determined not to
contributc to the pool of alleles, and can thus be excluded from the pool, based on
exclusion criteria. Exclusion or inclusion criteria for a sample can include, for example,
breadth of genome coverage of the sample, depth of coverage of the sample, quality of
the sample, quality of a sequence in which the sample is found, variant call quality, a
phenotype associated with the sample, sample redundancy, variant counts, a trust metric
for the source of the data, community feedback, containing a well-established discase-
causing variant, manual or automated QC, or any combination thereof. Variants in a
sample dataset might be excluded or included based upon variant call quality, read depth,
or known association with a common technical error or failure mode, manual or
automated QC, or any combination thereof. This quality control is beneficial when using
data collected from multiple sources, because it helps to prevent duplicate samples from
being multiply-counted, excludes incorrectly-called variants, and prevents samples with
insufficient quality from being relied upon by the community. The criteria used for
inclusion and/or exclusion may be used to define the pool and criteria may be adjusted
over time to modify the pool.

[0182] In an embodiment, the cthnicity or discasc state of onc or more of the samples

may be annotated. The samples may be annotated by using at least one of a principal
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component analysis (PCA), a user-provided annotation, biomarker-based analysis, or any
combination thereof. For example, a user may provide an annotation of the cthnicity of a
sample, and PCA can be used to verify the annotation, or vice versa. In an embodiment,
the probable ethnicity of a sample may be used as an inclusion criterion to build an allele
frequency database for a particular ethnic sub-population. In another embodiment, the
annotated or inferred disease state of samples may be used to build an allele frequency
database having samples unaffected by genetic disease(s) or other phenotype(s) of
interest. These features may be combined to enable construction of a community allele
frequency database that is particularly well-suited to filtering out common variants
unlikely to be causal for a rare genetic disecase in a patient of a particular ethnic
background, because those variants are commonly observed in healthy members of the
same ethnic population as the patient of interest. In an embodiment, such variants may be
classified as “benign” or “likely benign” in the patient of interest based on this evidence
from a pooled, anonymized knowledge base of allele statistics such as frequency, imputed
frequency, or count.

[0183] At block 2106, allcle statistics, such as a number of times that a given variant has
been observed within the pool, are calculated. In an embodiment, computing system 102
calculates the number of times the given variant is observed within the pool. The pool
can be defined by at least one of an ethnicity or a phenotype of the one or more samples,
the inclusion or exclusion criteria discussed above, or any combination thereof. Further,
an allele frequency may be generated based on the number of times that the variant has
been observed in the pool. An allele frequency can be a ratio of a number of observed
incidences of the given variant to a total number of samples in the pool believed to have
potential to measure the given variant. The total number of samples in this ratio may be
imputed based on variant coverage. For example, imputing may include determining
whether sequencing information for that part of the genome of interest was sampled by
detecting other variants commonly occurring in the region in the sample. Other allele
statistics may also be calculated in block 2106.

[0184] The resulting allele statistics, can be used in one or more ways. The statistics can
be provided to a user that contributed a sample. The statistics can be used in variant

filtering or by a variant classification logic, such as those discussed herein. Access to the
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statistical information can be provided to a user via a web-based resource, such as the tool
described herem.

[0185] Some individuals may not consent to having their information, or at least a portion
of their information, added to the pool. However, partial data can reduce the integrity of
the pool, as correlations with other information about the user could not be investigated.
In an embodiment, a user may be required to provide an individual's entire dataset related
to one or more variants, or not submit the dataset at all. That is, in such an embodiment,
partial datasets are not allowed to be submitted. This allows the user to keep certain
individuals or their information from being provided to the pool, while maintaining the

integrity of datasets that contribute to the pool.

Example Computing System

[0186] Various embodiments can be implemented, for example, using one or more
computer systems, such as computer system 2200 shown in FIG. 22. Computer system
2200 can be any computer capable of performing the functions described herein.

[0187] Computer system 2200 includes one or more processors (also called central
processing units, or CPUs), such as a processor 2204. Processor 2204 is connected to a
communication infrastructure or bus 2206.

[0188] One or more processors 2204 may each be a graphics processing unit (GPU). In
an embodiment, a GPU is a processor that is a specialized electronic circuit designed to
process mathematically intensive applications. The GPU may have a parallel structure
that is efficient for parallel processing of large blocks of data, such as mathematically
intensive data common to computer graphics applications, images, videos, etc.

[0189] Computer system 2200 also includes user input/output device(s) 2203, such as
monitors, keyboards, pointing devices, etc., that communicate with communication
infrastructure 2206 through user input/output interface(s) 2202.

[0190] Computer system 2200 also includes a main or primary memory 2208, such as
random access memory (RAM). Main memory 2208 may include onc or more levels of
cache. Main memory 2208 has stored thercin control logic (i.c., computer software)
and/or data.

[0191] Computer system 2200 may also include one or more secondary storage devices
or memory 2210. Secondary memory 2210 may include, for example, a hard disk drive

2212 and/or a removable storage device or drive 2214. Removable storage drive 2214
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may be a floppy disk drive, a magnetic tape drive, a compact disk drive, an optical
storage dcvice, tape backup device, and/or any other storage device/drive.

[0192] Removable storage drive 2214 may interact with a removable storage unit 2218.
Removable storage unit 2218 includes a computer usable or readable storage device
having stored thereon computer software (control logic) and/or data. Removable storage
unit 2218 may be a floppy disk, magnetic tape, compact disk, DVD, optical storage disk,
and/ any other computer data storage device. Removable storage drive 2214 reads from
and/or writes to removable storage unit 2218 in a well-known manner.

[0193] According to an exemplary embodiment, secondary memory 2210 may include
other means, instrumentalitics or other approaches for allowing computer programs
and/or other instructions and/or data to be accessed by computer system 2200. Such
means, instrumentalities or other approaches may include, for example, a removable
storage unit 2222 and an interface 2220. Examples of the removable storage unit 2222
and the interface 2220 may include a program cartridge and cartridge interface (such as
that found in video game devices), a removable memory chip (such as an EPROM or
PROM) and associated socket, a memory stick and USB port, a memory card and
associated memory card slot, and/or any other removable storage unit and associated
interface.

[0194] Computer system 2200 may further include a communication or network interface
2224. Communication interface 2224 enables computer system 2200 to communicate and
interact with any combination of remote devices, remote networks, remote entities, etc.
(individually and collectively referenced by reference number 2228). For example,
communication interface 2224 may allow computer system 2200 to communicate with
remote devices 2228 over communications path 2226, which may be wired and/or
wireless, and which may include any combination of LANs, WANS, the Internet, etc.
Control logic and/or data may be transmitted to and from computer system 2200 via
communication path 2226.

[0195] In an embodiment, a tangible apparatus or article of manufacture comprising a
tangible computer uscable or readable medium having control logic (software) stored
thereon is also referred to herein as a computer program product or program storage
device. This includes, but is not limited to, computer system 2200, main memory 2208,

secondary memory 2210, and removable storage units 2218 and 2222, as well as tangible



CA 02953842 2016-12-29
WO 2016/003660 PCT/US2015/036338
-47 -

articles of manufacture embodying any combination of the foregoing. Such control logic,
when exccuted by one or more data processing devices (such as computer system 2200),
causes such data processing devices to operate as described herein.

[0196] Based on the teachings contained in this disclosure, it will be apparent to persons
skilled in the relevant art(s) how to make and use embodiments of the invention using
data processing devices, computer systems and/or computer architectures other than that
shown in FIG. 22. In particular, embodiments may operate with software, hardware,

and/or operating system implementations other than those described herein.

Conclusion

[0197] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections (if any), is intended to be used to interpret the claims. The
Summary and Abstract sections (if any) may set forth one or more but not all exemplary
embodiments of the invention as contemplated by the inventor(s), and thus, are not
intended to limit the invention or the appended claims in any way.

[0198] While the invention has been described herein with reference to exemplary
embodiments for exemplary fields and applications, it should be understood that the
invention is not limited thereto. Other embodiments and modifications thereto are
possible, and are within the scope and spirit of the invention. For example, and without
limiting the generality of this paragraph, embodiments are not limited to the software,
hardware, firmware, and/or entities illustrated in the figures and/or described herein.
Further, embodiments (whether or not explicitly described herein) have significant utility
to fields and applications beyond the examples described herein.

[0199] Embodiments have been described herein with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined as long as the
specificd functions and relationships (or cquivalents thercof) are appropriately performed.
Also, alternative embodiments may perform functional blocks, steps, operations,
methods, etc. using orderings different than those described herein.

» ‘e

[0200] References herein to “one embodiment,” “an embodiment,” “an example
embodiment,” or similar phrases, indicate that the embodiment described may include a

particular feature, structure, or characteristic, but every embodiment may not necessarily
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include the particular feature, structure, or characteristic. Morcover, such phrases are not
necessarily referring to the same embodiment.  Further, when a particular featurc,
structure, or characteristic is described in connection with an embodiment, it would be
within the knowledge of persons skilled in the relevant art(s) to incorporate such feature,
structure, or characteristic into other embodiments whether or not explicitly mentioned or
described herein.

[0201] The breadth and scope of the invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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CLAIMS:
1. A method for determining a candidate for a clinical trial, comprising:
receiving clinical trial enrollment criteria from a user including genetic targeting
criteria;

searching a knowledge base of patient test information received from a plurality
of independent entities for patients that match the clinical trial enrollment criteria, wherein the
knowledge base comprises an ontology data structure that identifies a causal relationship
between a genetic variant and a phenotype based on a combination of the genetic variant and
modifier variant information, wherein the knowledge base links the genetic variant and the
modifier variant information, wherein the modifier variant information is based on curated
evidence, and wherein the modifier variant information identifies whether modifier variants that

modify a severity of the phenotype are likely to exist; and

providing to the user search results for consented patients that match the clinical

trial enrollment criteria;

wherein at least one of the receiving, searching, or providing are performed by

one or more computers.

2. The method of claim 1, wherein the patient test information comprises at least
one of patient sequence variant information, patient medical record information, patient location
information, test site location information, patient phenotype information, and patient consent

information.
3. The method of claim 1 or 2, the searching further comprising:

accessing at least one of a patient electronic medical record or a derivative of the

patient electronic medical record.
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4. The method of any one of claims 1 to 3, further comprising:

providing a patient portal that enables one or more patients to view test

information.
5. The method of claim 4, further comprising:

determining, based on a patient’s interactions with the patient portal, at least one
of whether the patient is still alive, a geographic location of the patient, an interest of the patient

in the clinical trial, and additional phenotype information of the patient.
6. The method of any one of claims 1 to 5, further comprising:

enrolling one or more patients that match the clinical trial enrollment criteria into

the clinical trial.

7. The method of any one of claims 1 to 6, wherein the search results are aggregated
by site.
8. A system for determining a candidate for a clinical trial, comprising:

amemory; and
at least one processor coupled to the memory and configured to:

receive clinical trial enrollment criteria from a user including genetic targeting

criteria;

search a knowledge base of patient test information received from a plurality of
independent entities for patients that match the clinical trial enrollment criteria, wherein the
knowledge base comprises an ontology data structure that identifies a causal relationship
between a genetic variant and a phenotype based on a combination of the genetic variant and
modifier variant information, wherein the knowledge base links the genetic variant and the

modifier variant information, wherein the modifier variant information is based on curated
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evidence, and wherein the modifier variant information identifies whether modifier variants

that modify a severity of the phenotype are likely to exist; and

provide to the user search results for consented patients that match the clinical

trial enrollment criteria.

9. The system of claim 8, wherein the patient test information comprises at least
one of patient sequence variant information, patient medical record information, patient location
information, test site location information, patient phenotype information, and patient consent

information.

10. The system of claim 8, wherein to search, the at least one processor is further

configured to:

access at least one of a patient electronic medical record and a derivative of the

patient electronic medical record.

11. The system of any one of claims 8 to 10, the at least one processor further

configured to:

provide a patient portal that enables one or more patients to view test

information.
12. The system of claim 11, the at least one processor further configured to:

determine, based on a patient’s interactions with the patient portal, at least one
of whether the patient is still alive, a geographic location of the patient, an interest of the patient

in the clinical trial, and additional phenotype information of the patient.

13. The system of any one of claims 8 to 12, the at least one processor further

configured to:

enroll one or more patients that match the clinical trial enrollment criteria into

the clinical trial.
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14. The system of any one of claims 8 to 13, wherein the search results are
aggregated by site.
15. A tangible computer-readable device having executable instructions stored

thereon that, when executed by at least one computing device, causes the at least one computing

device to perform operations for determining a candidate for a clinical trial comprising:

receiving clinical trial enrollment criteria from a user including genetic targeting

criteria;

searching a knowledge base of patient test information received from a plurality
of independent entities for patients that match the clinical trial enrollment criteria, wherein the
knowledge base comprises an ontology data structure that identifies a causal relationship
between a genetic variant and a phenotype based on a combination of the genetic variant and
modifier variant information, wherein the knowledge base links the genetic variant and the
modifier variant information, wherein the modifier variant information is based on curated
evidence, and wherein the modifier variant information identifies whether modifier variants

that modify a severity of the phenotype are likely to exist; and

providing to the user search results for consented patients that match the clinical

trial enrollment criteria.

16. The computer-readable device of claim 15, wherein the patient test information
comprises at least one of patient sequence variant information, patient medical record
information, patient location information, test site location information, patient phenotype

information, and patient consent information.
17. The computer-readable device of claim 15 or 16, the searching comprising:

accessing at least one of a patient electronic medical record and a derivative of

the patient electronic medical record.

Date Recue/Date Received 2023-01-10



81802529
-53 -

18. The computer-readable device of any one of claims 15 to 17, the operations

further comprising;:

providing a patient portal that enables one or more patients to view test

information.
19. The computer-readable device of claim 18, the operations further comprising:

determining, based on a patient’s interactions with the patient portal, at least one
of whether the patient is still alive, a geographic location of the patient, an interest of the patient

in the clinical trial, and additional phenotype information of the patient.

20. The computer-readable device of any one of claims 15 to 19, the operations

further comprising:

enrolling one or more patients that match the clinical trial enrollment criteria into

the clinical trial.

21. The computer-readable device of any one of claims 15 to 20, wherein the search

results are aggregated by site.
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