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FIG. 1

(57) Abstract: Provided are systems and methods for
capturing outcome information associated with various
cancer treatments. The system facilitates capture and ana-
lysis of cancer treatment information and associated out-
come information. The treatment and outcome informa-
tion can include genomic analysis and information on
treatment of different cancers. The system can store and
analyze any one or more of: tumor type, genomic altera-
tions (e.g., genes and associated alterations, gene se-
quence mutations, alterations, amplifications, deletions,
etc.), and treatment data (including, for example, treat-
ments targeted to specific genes and/or genomic altera-
tions). Users of the outcome system can supply and use
the treatment and outcome information to facilitate dia-
gnosis and therapy decisions. User interfaces within the
system can be configured to allow users to easily locate
outcome information associated with particular treatments
of tumors having certain genomic alterations.
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SYSTEM AND METHOD FOR OUTCOME TRACKING AND ANALYSIS
BACKGROUND

Many conventional resources exist for accessing outcome information associated with
patient populations and medical treatments. For example, cancer treatment information may
be available through various resources. Notably, Clinical Trials.gov provides public access to
clinical trials through search interfaces. The website and interfaces enable searching through

registered trials based on keywords that can be input by a user.
SUMMARY

It is realized that conventional approaches and publically available information
sources fail to capture a large portion of outcome information associated with medical
treatments, including, for example, cancer treatment. Further, some conventional approaches
fail to provide valuable information on the progression of treatment. In one example, some
conventional approaches can fail to present changes in therapy over time and the response of
the disease over the various stages of treatment. In other settings, conventional approaches can
fail to distill treatment and outcome information into useable and/or actionable information
that a physician can apply in daily practice or, in another example, use to inform the
physician's decision on potential treatment options. In other instances, physicians and other
health professionals need prior knowledge of multiple systems and knowledge of cancer

treatments to obtain the necessary information to make an informed treatment decision.

Date Recue/Date Received 2020-06-09
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Accordingly, provided are systems and methods for capturing outcome
information associated with various cancer treatments. According to one aspect, a system
is provided that facilitates capture and analysis of cancer treatment information and
associated outcome information. According to one embodiment, cancer treatment
information and outcome information can include information relating to genetic analysis
and treatment of different cancers. In one embodiment, a system may be provided that
stores and analyzes a group of information including tumor type, genomic alterations
(e.g., genes and associated alterations, gene sequence mutations, alterations,
amplifications, deletions, etc.), and treatment (including, for example, treatments targeted
to specific genes and/or genomic alterations). Users of the outcome system can supply
and use the treatment and outcome information to facilitate diagnosis and therapy
decisions. Such an outcome system may be accessed by users through a user-facing
application referred to herein as an outcome application. Further, user interfaces of the
outcome application may be provided to easily allow users to locate outcome information
associated with particular treatments of tumors having certain genomic alterations.

According to another embodiment of the present invention, genomic alteration
data is correlated with outcome data, and tools are provided to allow users to easily locate
such correlations. For instance, it may be useful to have a tool that allows a physician to
locate treatment and outcome information for patients with the same or similar genomic
alterations occurring in different tumor types to inform decision-making for off-label uses
of a particular treatment. In another embodiment, contact information for treating
physicians associated with particular treatment/outcomes may be stored, and this contact
information may be used by physicians or other personnel to contact such treating
physicians for questions regarding their cases. This feature may permit, for example,
socialization among physicians resulting in improved patient outcomes. In further
embodiments, genomic testing information can be developed on the system, accessed, or
requested. Genomic tests can be used to analyze a patient’s cancer, specific cells, tumor
types, etc., to facilitate the development of actionable information.

According to some aspects, the treatment and outcome information provided can
be of limited value unless the information facilitates treatment decisions, without unduly

impacting the amount of time the user (e.g., physician) spends to utilize that information.
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In some embodiments, the outcome system can be configured to limit data input for a
single patient to a matter of minutes and provide resulting summary information
responsive to any submission. In one embodiment, physicians and other users provide
outcome data for particular patients in an interface that permits simple classification of
outcome data. Outcome data that is normalized from multiple sources (e.g., patient data,
references, trials, etc.) may be presented to the physician and may lead to more effective
treatments.

According to one embodiment, the outcome system can be configured to
aggregate collected outcome data and associated therapy information into a central
database. Other sources of outcome data (e.g., formal registry studies and outcome data
from academic medical center partnerships) can be combined with a central database to
create a large and rich outcome data source that can be accessed by users of an outcome
system. According to one embodiment, a global data model for cancer treatment
outcomes can enable the integration of the variety of data sources into a consistent and
easily navigated information source. For example, the central database organized under
the global model can be used to provide the cancer treatment outcome information
according to specific visualizations presented to end users. In various embodiments, the
outcome system is configured to provide functions as a mechanism to gather outcome
data and to visualize the outcome data. This contrasts with conventional approaches that
do not aggregate various sources of information, and do not distill the information into an
actionable form based on, for example, a patient’s analyzed tumor.

According to another aspect, it is realized that physicians and other medical
personnel would benefit by having a tool that would allow them to locate more quickly
appropriate treatment and outcome information. Further, adoption and use of, for
example, the outcome system can be directly impacted by how much time it takes to
provide information and/or view valuable information in return. According to various
embodiments, the outcome system can be specially configured to minimize the time to
input useful information. For example, the system can be configured to categorize
complex treatments and outcomes into intuitive and visually selectable categories. The

categorizations and visualizations enable quick and easy entry of sophisticated and
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voluminous data, while preserving the value represented by the input treatment and
outcome information.

Some embodiments relate to an outcome system that is capable of generating in
real-time treatment and outcome time line displays, as it is appreciated that treatment is a
process and can be analyzed as a function of time. For example, time line displays may
be provided that summarize treatment and display any associated outcome of the
treatment for each patient over time. In some embodiments, input treatment and outcome
information can also be used to provide information associated with similar patients
having similar timeline information. For example, the outcome system can identify
similar patients based on matching patient condition and treatment information (including
e.g., genomic alteration test results, tumor type, affected gene, treatment, etc.) over time.
The outcome system can identify those similar patients and display their information such
that valuable treatment and outcome information for other patients can be easily
navigated to obtain relevant and related treatment/outcome information.

According to one example, the outcome system can provide for selections in a
user interface to navigate to information on system identified similar patients. Further,
navigation options can be generated to direct the user to valuable information contained
in public information sources (e.g., clinicaltrials.gov). In other embodiments, proprietary
information sources can also be accessed via system generated navigation links to
provide such similar patient information and genomic testing information.

According to one aspect, a system for tracking and analysis of cancer treatment
and outcome information is provided. The system comprises at least one processor
operatively connected to a memory, the at least one processor when executing is
configured to receive treatment and outcome information associated with a patient from
at least one user, organize the treatment and the outcome information according to one or
more of alteration, affected gene, affected pathway, tumor type, and treatment, generate
outcome summary information including course of treatment displays over time, and
communicate the outcome summary information to the at least one user.

In one embodiment, the treatment information includes any one or more of drugs,
therapeutics, named drugs, named therapeutics, drug cocktails, drug combinations,

radiation, and surgery. In one embodiment, the outcome information includes
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information regarding a status of a patient’s cancer. In one embodiment, the status of the
patient’s cancer includes one or more of complete response, partial response, stable
disease, and progressive disease. In one embodiment, the course of treatment includes
information regarding how patient is responding to treatment over time.

In one embodiment, the system further comprises an analysis component executed
by the at least one processor configured to identify similar patients based on information
related to genomic alteration. In one embodiment, the system further comprises an
analysis component executed by the at least one processor configured to identify similar
patients based on information related to affected gene identified in a cancer. In one
embodiment, the system further comprises an analysis component executed by the at least
one processor configured to identify similar patients based on information related to
treatment. In one embodiment, the system further comprises an analysis component
executed by the at least one processor configured to identify similar patients based on
related to tumor type. In one embodiment, the system further comprises an analysis
component executed by the at least one processor configured to identify similar patients
based on information relating to a combination of at least two or more of a group
comprising alteration, affected gene, affected pathway, tumor type, and treatment.

In one embodiment, the system further comprises an analysis component executed
by the at least one processor configured to identify similar patients based on information
related to at least one of alteration, affected gene, affected pathway, tumor type, and
treatment for a patient’s cancer, wherein the analysis component is configured to
aggregate responsive information according to one or more of alteration, affected gene,
affected pathway, tumor type, and treatment. In one embodiment, the analysis
component is configured to aggregate similar patients within classes of alterations. In
one embodiment, the classes of alteration include alterations in a specified domain of a
gene. In one embodiment, the domain includes at least a kinase domain of the gene.

In one embodiment, the gene includes BRAF, and the specific domains include at
least one of kinase, BRAF V600E, and BRAF V600K. In one embodiment, analysis
component can aggregate alteration on all BRAF V600 mutations together or all of the
mutations in the kinase domain of BRAF. In one embodiment, the analysis component is

configured to aggregate alteration information according to pathways affected by
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respective alterations. In one embodiment, the analysis component is configured to
aggregate similar patient information based on functional similarity of identitied
alterations, which can be determined for distinct mutations having functionally similar
characteristics in the cancer cells.

In one embodiment, the system further comprises a reminder component executed
by the at least one processor configured to communicate an update request to the at least
one user. In one embodiment, the reminder component is configured to determine a
scheduled period for a patient update has expired. In one embodiment, the reminder
component is configured to communicate an estimated time to complete the update
request.

In one embodiment, the system further comprises an input component executed
by the at least one processor configured to determine a type of information required for a
patient. In one embodiment, the input component is configured to determine the type of
information required is one of treatment and outcome information based on analysis of a
patient record. In one embodiment, the input component is configured to generate an
update request according to the type of information required. In one embodiment, the
input component is configured to analyze the patient record to determine if treatment
information has been input. In one embodiment, the input component is configured to
determine an estimated time to input information based on the update request and the
type of information.

In one embodiment, the system further comprises an analysis component executed
by the at least one processor configured to compare a current patient record to existing
treatment information. In one embodiment, the existing treatment information includes at
least one of alteration, affected gene, affected pathway, tumor type, and one or more
treatments. In one embodiment, the analysis component is configured to identify similar
patients based on information in the current patient record, wherein identifying the
similar patients includes determining a match between the current patient record and at
least one of alteration, affected gene, affected pathway, tumor type, and treatment. In one
embodiment, the analysis component is configured to identify similar patients based on
user selection of at least one of tumor type, alteration, gene, and treatment. In one

embodiment, the analysis component is configured to filter a grouping of similar patients
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based on additional specification of at least one of alteration, affected gene, affected
pathway, tumor type, and treatment.

In one embodiment, the system further comprises a connection component
executed by the at least one processor configured to provide connection information
associated with care providers for respective patients within a group of similar patients.
In one embodiment, the connection component is configured to provide contact
information based on user selection of permission options.

In one embodiment, the system further comprises a Ul component executed by
the at least one processor configured to display treatment and outcome information for a
patient within a history timeline. In one embodiment, the UI component is configured to
enable navigation within treatment and outcome information based on selection of
alteration, affected gene, affected pathway, tumor type, and treatment. In one
embodiment, the Ul component is configured to present selection elements for one of
more of alteration, affected gene, affected pathway, tumor type, and treatment. In one
embodiment, the selection elements are configured to cause the system to identify a
subset of matching patient records according to specification of one or matching criteria
with the selection elements.

In one embodiment, the Ul component is configured to present a general
treatment display configured to group a plurality of matching patients according to a
common treatment. In one embodiment, the UI component is configured to present a
similar patient view of a plurality of matching patients, wherein the similar patient view
is configured to display groupings of patient records matching information in a current
patient record. In one embodiment, the UI component is configured to determine the
matching information based on one or more of alteration, affected gene, affected
pathway, tumor type, and treatment. In one embodiment, the UI component is further
configured to display filter options within the selection elements based on one or more of
the alteration, affected gene, affected pathway, tumor type, and treatment information for
the current patient record.

In one embodiment, the UI component is configured to transition from the similar
patient view to a detailed view of outcome information for a group of patients based on

selection of filter data presented in the similar patient view. In one embodiment,
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selection of the filter data includes specification of filter data for alteration, affected gene,
affected pathway, tumor type, and treatment associated with a plurality of patients’
cancers. In one embodiment, the detailed view of the outcome information is configured
to display a respective outcome for each respective patient within the group of patients.
In one embodiment, the UI component is configured to transition to a view of the
respective patient’s information based on selection of the respective patient display in the
detailed view of the outcome information.

In one embodiment, the UI component is configured to accept specification of
filter data for one or more of alteration, affected gene, affected pathway, tumor type, and
treatment associated with a plurality of patients to display treatment and outcome
information. In one embodiment, the UI component is configured to display a detailed
view of treatment and outcome information for a patient population based on specifying
filter data for alteration, affected gene, affected pathway, tumor type, and treatment.

In one embodiment, the system further comprises a storage component executed
by the at least one processor configured to manage cancer treatment and outcome
information according to a data model. In one embodiment, the data model comprises a
data structure associated with patient records, and wherein the data structure includes
data records for specification of alteration, affected gene, affected pathway, tumor type,
and treatment.

According to one aspect, a computer implemented method for tracking and
analysis of cancer treatment and outcome information is provided. The method
comprises receiving, by a computer system, treatment and outcome information
associated with a patient from at least one user, organizing, by the computer system, the
treatment and the outcome information according to one or more of alteration, affected
gene, affected pathway, tumor type, and treatment, generating, by the computer system,
outcome summary information including course of treatment displays over time, and
communicating, by the computer system, the outcome summary information to the at
least one user.

According to one embodiment, the treatment information includes any one or
more of drugs, therapeutics, named drugs, named therapeutics, drug cocktails, drug

combinations, radiation, and surgery. According to one embodiment, the outcome
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information includes information regarding a status of a patient’s cancer. According to
one embodiment, the status of the patient’s cancer includes one or more of complete
response, partial response, stable disease, and progressive disease. According to one
embodiment, the course of treatment includes information regarding how patient is
responding to treatment.

According to one embodiment, the method further comprises identifying, by the
computer system, similar patients based on information related to genomic alteration.
According to one embodiment, the method further comprises identifying, by the
computer system, similar patients based on information related to affected gene identified
in a cancer. According to one embodiment, the method further comprises identifying, by
the computer system, similar patients based on information related to treatment.
According to one embodiment, the method further comprises identifying, by the
computer system, similar patients based on related to tumor type. According to one
embodiment, the method further comprises identifying, by the computer system, similar
patients based on information relating to a combination of at least two or more of a group
comprising alteration, affected gene, affected pathway, tumor type, and treatment.
According to one embodiment, the method further comprises identifying, by the
computer system, similar patients based on information related to at least one of
alteration, affected gene, affected pathway, tumor type, and treatment for a patient’s
cancer, and aggregating, by the computer system, responsive information according to
one or more of alteration, affected gene, affected pathway, tumor type, and treatment.

According to one embodiment, the method further comprises aggregating, by the
computer system, similar patients within classes of alterations. According to one
embodiment, the classes of alteration include alterations in a specified domain of a gene.
According to one embodiment, the domain includes at least a kinase domain of the gene.
According to one embodiment, the gene includes BRAF, and the specific domains
include at least one of kinase, BRAF V600OE, and BRAF V600K. According to one
embodiment, the method further comprises aggregating, by the computer system,
alteration information according to pathways affected by respective alterations.
According to one embodiment, the method further comprises aggregating, by the

computer system, similar patient information based on functional similarity of identified
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alterations, which can be determined for distinct mutations having functionally similar
characteristics in the cancer cells.

According to one embodiment, the method further comprises communicating, by
the computer system, an update request to the at least one user. According to one
embodiment, the method further comprises determining, by the computer system, a
scheduled period for a patient update has expired. According to one embodiment,
communicating the update request includes communicating an estimated time to
complete the update request. According to one embodiment, the method further
comprises determining, by the computer system, a type of information required for a
patient. According to one embodiment, the method further comprises determining, by the
computer system, the type of information required is one of treatment and outcome
information based on analysis of a patient record. According to one embodiment, the
method further comprises generating, by the computer system, an update request
according to the type of information required.

According to one embodiment, the method further comprises analyzing, by the
computer system, the patient record to determine if treatment information has been input.
According to one embodiment, the method further comprises determining, by the
computer system, an estimated time to input information based on the update request and
the type of information. According to one embodiment, the method further comprises
comparing, by the computer system, a current patient record to existing treatment
information. According to one embodiment, the existing treatment information includes
at least one of alteration, affected gene, affected pathway, tumor type, and one or more
treatments.

According to one embodiment, the method further comprises identifying, by the
computer system, similar patients based on information in the current patient record,
wherein identifying the similar patients includes determining a match between the current
patient record and at least one of alteration, affected gene, affected pathway, tumor type,
and treatment. According to one embodiment, the method further comprises identifying,
by the computer system, similar patients based on user selection of at least one of tumor
type, alteration, genes, and treatment. According to one embodiment, the method further

comprises filtering, by the computer system, a grouping of similar patients based on

-10-
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additional specification of at least one of alteration, affected gene, affected pathway,
tumor type, and treatment. According to one embodiment, the method further comprises
providing, by the computer system, connection information associated with care
providers for respective patients within a group of similar patients.

According to one embodiment, the method further comprises providing, by the
computer system, contact information based on user selection of permission options.
According to one embodiment, the method further comprises displaying, by the computer
system, treatment and outcome information for a patient within a history timeline.
According to one embodiment, the method further comprises navigating, by the computer
system, within treatment and outcome information display in a user interface based on
selection of alteration, affected gene, affected pathway, tumor type, and treatment.
According to one embodiment, the method further comprises displaying, by the computer
system, selection elements for one of more of alteration, affected gene, affected pathway,
tumor type, and treatment. According to one embodiment, the selection elements are
configured to cause the system to identify a subset of matching patient records according
to specification of one or matching criteria with the selection elements. According to one
embodiment, the method further comprises displaying, by the computer system, a general
treatment display configured to group a plurality of matching patients according to a
common treatment.

According to one embodiment, the method further comprises displaying, by the
computer system, a similar patient view of a plurality of matching patients, wherein the
similar patient view is configured to display groupings of patient records matching
information in a current patient record. According to one embodiment, the method
further comprises determining, by the computer system, the matching information based
on one or more of an alteration, affected gene, affected pathway, tumor type, and
treatment. According to one embodiment, the method further comprises displaying, by
the computer system, filter options within the selection elements based on one or more of
the alteration, affected gene, affected pathway, tumor type, and treatment information for
the current patient record.

According to one embodiment, the method further comprises transitioning, by the

computer system, from the similar patient view in a user interface to a detailed view of
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outcome information for a group of patients based on selection of filter data presented in
the similar patient view. According to one embodiment, selection of the filter data
includes specification of filter data for alteration, affected gene, affected pathway, tumor
type, and treatment associated with a plurality of patients’ cancers. According to one
embodiment, the detailed view of the outcome information is configured to display a
respective outcome for each respective patient within the group of patients. According to
one embodiment, the method further comprises comprising transitioning, by the computer
system, to a view of the respective patient’s information based on selection of the
respective patient display in the detailed view of the outcome information.

According to one embodiment, the method further comprises accepting, by the
computer system, specification of filter data for one or more of alteration, affected gene,
affected pathway, tumor type, and treatment associated with a plurality of patients to
display treatment and outcome information. According to one embodiment, the method
turther comprises displaying, by the computer system, a detailed view of treatment and
outcome information for a patient population based on specifying filter data for
alteration, affected gene, affected pathway, tumor type, and treatment. According to one
embodiment, the method further comprises managing, by the computer system, cancer
treatment and outcome information according to a data model. According to one
embodiment, the data model comprises a data structure associated with patient records,
and wherein the data structure includes data records for specification of alteration,
affected gene, affected pathway, tumor type, and treatment.

According to one aspect, a computer-readable medium having computer-readable
signals stored thereon that define instructions that, as a result of being executed by a
computer, instruct the computer to perform a method for tracking and analysis of cancer
treatment and outcome information is provided. The method comprises receiving
treatment and outcome information associated with a patient from at least one user,
organizing the treatment and the outcome information according to one or more of
alteration, affected gene, affected pathway, tumor type, and treatment, generating
outcome summary information including course of treatment displays over time, and

communicating the outcome summary information to the at least one user.
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According to one embodiment, the treatment information includes any one or
more of drugs, therapeutics, named drugs, named therapeutics, drug cocktails, drug
combinations, radiation, and surgery. According to one embodiment, the outcome
information includes information regarding a status of a patient’s cancer. According to
one embodiment, the status of the patient’s cancer includes one or more of complete
response, partial response, stable disease, and progressive disease. According to one
embodiment, the course of treatment includes information regarding how patient is
responding to treatment.

According to one embodiment, the method further comprises identifying similar
patients based on information related to genomic alteration. According to one
embodiment, the method further comprises identifying similar patients based on
information related to affected gene identified in a cancer. According to one
embodiment, the method further comprises identifying similar patients based on
information related to treatment. According to one embodiment, the method further
comprises identifying similar patients based on related to tumor type. According to one
embodiment, the method further comprises identifying similar patients based on
information relating to a combination of at least two or more of a group comprising
alteration, affected gene, affected pathway, tumor type, and treatment. According to one
embodiment, the method further comprises identifying similar patients based on
information related to at least one of alteration, affected gene, affected pathway, tumor
type, and treatment for a patient’s cancer, and aggregating responsive information
according to one or more of alteration, affected gene, affected pathway, tumor type, and
treatment.

According to one embodiment, the method further comprises aggregating similar
patients within classes of alterations. According to one embodiment, the classes of
alteration include alterations in a specified domain of a gene. According to one
embodiment, the domain includes at least a kinase domain of the gene. According to one
embodiment, the gene includes BRAF, and the specific domains include at least one of
kinase, BRAF V600E, and BRAF V600K. According to one embodiment, the method
further comprises aggregating alteration information according to pathways affected by

respective alterations. According to one embodiment, the method further comprises
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aggregating similar patient information based on functional similarity of identified
alterations, which can be determined for distinct mutations having functionally similar
characteristics in the cancer cells.

According to one embodiment, the method further comprises communicating an
update request to the at least one user. According to one embodiment, the method further
comprises determining a scheduled period for a patient update has expired. According to
one embodiment, communicating the update request includes communicating an
estimated time to complete the update request. According to one embodiment, the
method further comprises determining a type of information required for a patient.
According to one embodiment, the method further comprises determining the type of
information required is one of treatment and outcome information based on analysis of a
patient record. According to one embodiment, the method further comprises generating
an update request according to the type of information required.

According to one embodiment, the method further comprises analyzing the
patient record to determine if treatment information has been input. According to one
embodiment, the method further comprises determining an estimated time to input
information based on the update request and the type of information. According to one
embodiment, the method further comprises comparing a current patient record to existing
treatment information. According to one embodiment, the existing treatment information
includes at least one of alteration, affected gene, affected pathway, tumor type, and one or
more treatments.

According to one embodiment, the method further comprises identifying similar
patients based on information in the current patient record, wherein identifying the
similar patients includes determining a match between the current patient record and at
least one of alteration, affected gene, affected pathway, tumor type, and treatment.
According to one embodiment, the method further comprises identifying similar patients
based on user selection of at least one of tumor type, alteration, genes, and treatment.
According to one embodiment, the method further comprises filtering a grouping of
similar patients based on additional specification of at least one of alteration, affected

gene, affected pathway, tumor type, and treatment. According to one embodiment, the
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method further comprises providing connection information associated with care
providers for respective patients within a group of similar patients.

According to one embodiment, the method further comprises providing contact
information based on user selection of permission options.

According to one embodiment, the method further comprises displaying treatment and
outcome information for a patient within a history timeline. According to one
embodiment, the method further comprises navigating within treatment and outcome
information display in a user interface based on selection of alteration, affected gene,
affected pathway, tumor type, and treatment. According to one embodiment, the method
further comprises displaying selection elements for one of more of alteration, affected
gene, affected pathway, tumor type, and treatment. According to one embodiment, the
selection elements are configured to cause the system to identify a subset of matching
patient records according to specification of one or matching criteria with the selection
elements. According to one embodiment, the method further comprises displaying a
general treatment display configured to group a plurality of matching patients according
to a common treatment.

According to one embodiment, the method further comprises displaying a similar
patient view of a plurality of matching patients, wherein the similar patient view is
configured to display groupings of patient records matching information in a current
patient record. According to one embodiment, the method further comprises determining
the matching information based on one or more of an alteration, affected gene, affected
pathway, tumor type, and treatment. According to one embodiment, the method further
comprises displaying filter options within the selection elements based on one or more of
the alteration, affected gene, affected pathway, tumor type, and treatment information for
the current patient record.

According to one embodiment, the method further comprises transitioning from
the similar patient view in a user interface to a detailed view of outcome information for a
group of patients based on selection of filter data presented in the similar patient view.
According to one embodiment, selection of the filter data includes specification of filter
data for alteration, affected gene, affected pathway, tumor type, and treatment associated

with a plurality of patients’ cancers. According to one embodiment, the detailed view of
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the outcome information is configured to display a respective outcome for each respective
patient within the group of patients. According to one embodiment, the method further
comprises comprising transitioning to a view of the respective patient's information based on

selection of the respective patient display in the detailed view of the outcome information.

In one embodiment, there is provided a method for tracking cancer treatment and
outcome information. The method comprises generating, by one or more processors, a model
configured to analyze treatment data and outcome data. Generating the model includes:
indexing the outcome data based on one or more genomic-based indices, and specifying a
data structure that includes the one or more genomic-based indices. The method further
comprises: receiving, by the one or more processors, a user input indicative of an update to
treatment or outcome of a patient via a first user interface having one or more first user
interface controls categorizing treatment information and outcome information into a
plurality of selectable categories to minimize time required by a physician to input data;
processing the user input according to the model; and dynamically identifying, by the one or
more processors, a set of patients similar to the patient based on the model. The method
further comprises configuring, by the one or more processors, a second user interface based
at least partially on the model by: generating a personalized timeline indicating one or more
treatments and one or more outcomes associated with the patient according to the model, and
generating a second user interface control for viewing the set of patients similar to the
patient. The method further comprises, responsive to receiving a selection of the second user
interface control, configuring, by the one or more processors, a third user interface including:
a treatment data structure associated with the set of patients similar to the patient to provide
actionable or advisory information for treatment decision making, and a genomic filter
configured to filter the set of patients similar to the patient based on selected genomic
information associated with each patient. The third user interface is configured to allow the
physician to locate the treatment information and the outcome information for patients with
same or similar genomic alterations occurring in one or more tumor types to inform

decision-making for off-label uses of a particular treatment.
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In another embodiment, there is provided an electronic device, comprising: one or
more processors; a memory; and one or more programs. The one or more programs are
stored in the memory and configured to be executed by the one or more processors, the one
or more programs including instructions for: generating a model configured to analyze
treatment data and outcome data. The instructions for generating the model includes
instructions for: indexing the outcome data based on one or more genomic-based indices,
and specifying a data structure that includes the one or more genomic-based indices. The one
or more programs further includes instructions for: receiving a user input indicative of an
update to treatment or outcome of a patient via a first user interface having one or more user
interface controls categorizing treatment information and outcome information into a
plurality of selectable categories to minimize time required by a physician to input data;
processing the user input according to the model; dynamically identifying a set of patients
similar to the patient based on the model; and configuring a second user interface based at
least partially on the model. The instructions for configuring the second user interface
includes instructions for: generating a personalized timeline indicating one or more
treatments and one or more outcomes associated with the patient according to the model, and
generating a second user interface control for viewing the set of patients similar to the
patient. The one or more programs further include instructions for, responsive to receiving a
selection of the second user interface control, configuring a third user interface, the third user
interface including: a treatment data structure associated with the set of patients similar to
the patient to provide actionable or advisory information for treatment decision making, and
a genomic filter configured to filter the set of patients similar to the patient based on selected
genomic information associated with each patient. The third user interface is configured to
allow the physician to locate the treatment information and the outcome information for
patients with same or similar genomic alterations occurring in one or more tumor types to

inform decision-making for off-label uses of a particular treatment.

In another embodiment, there is provided a non-transitory computer-readable storage
medium storing one or more programs, the one or more programs comprising instructions,
which when executed by one or more processors of an electronic device, cause the electronic

device to generate a model configured to analyze treatment data and outcome data,wherein
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the instructions which cause the electronic device to generate the model comprises
instructions which cause the electronic device to: index the outcome data based on one or
more genomic-based indices, and specify a data structure that includes the one or more
genomic-based indices. The one or more programs further comprise instructions, which
when executed by one or more processors of an electronic device, cause the electronic device
to: receive a user input indicative of an update to treatment or outcome of a patient via a first
user interface having one or more first user interface controls categorizing treatment
information and outcome information into a plurality of selectable categories to minimize
time required by a physician to input data; process the user input according to the model;
dynamically identify a set of patients similar to the patient based on the model; and
responsive to receiving the user input, configure a second user interface based at least
partially on the model. The instructions which cause the electronic device to generate the
second user interface comprise instructions which cause the electronic device to: generate a
personalized timeline indicating one or more treatments and one or more outcomes of the
patient according to the model, and generate a second user interface control for viewing the
set of patients similar to the patient. The one or more programs further comprise instructions,
which when executed by one or more processors of an electronic device, cause the electronic
device to, responsive to receiving a selection of the second user interface control, configure a
third user interface, the third user interface including: a treatment data structure associated
with the set of patients similar to the patient to provide actionable or advisory information
for treatment decision making, and a genomic filter configured to filter the set of patients
similar to the patient based on selected genomic information associated with each patient.
The third user interface is configured to allow the physician to locate the treatment
information and the outcome information for patients with same or similar genomic
alterations occurring in one or more tumor types to inform decision-making for off-label uses

of a particular treatment.

Still other aspects, embodiments, and advantages of these exemplary aspects and
embodiments, are discussed in detail below. Any embodiment disclosed herein may be
combined with any other embodiment in any manner consistent with at least one of the

objects, aims, and needs disclosed herein, and references to "an embodiment," "some
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embodiments," "an alternate embodiment," "various embodiments," "one embodiment" or
the like are not necessarily mutually exclusive and are intended to indicate that a particular
feature, structure, or characteristic described in connection with the embodiment may be
included in at least one embodiment. The appearances of such terms herein are not
necessarily all referring to the same embodiment. The accompanying drawings are included
to provide illustration and a further understanding of the various aspects and embodiments,
and are incorporated in and constitute a part of this specification. The drawings, together
with the remainder of the specification, serve to explain principles and operations of the

described and claimed aspects and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
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Various aspects of at least one embodiment are discussed below with reference to
the accompanying figures, which are not intended to be drawn to scale. Where technical
features in the figures, detailed description or any claim are followed by reference signs,
the reference signs have been included for the sole purpose of increasing the
intelligibility of the figures, detailed description, and claims. Accordingly, neither the
reference signs nor their absence, are intended to have any limiting effect on the scope of
any claim elements. In the figures, each identical or nearly identical component that is
illustrated in various figures is represented by a like numeral. For purposes of clarity, not
every component may be labeled in every figure. The figures are provided for the
purposes of illustration and explanation and are not intended as a definition of the limits
of the invention. In the figures:

FIG. 1 is a diagram of a system for managing genomic testing information using
an alteration engine, according to one embodiment;

FIG. 2 is a diagram of a system for managing genomic testing information,
according to one embodiment;

FIG. 3 is an example process flow for a method of managing genomic testing
information, according to one embodiment;

FIG. 4 is an example process flow for a method of navigating genomic testing
information, according to one embodiment;

FIG. 5 is a block diagram of one example of a computer system that may be used
to perform processes and functions disclosed herein.

FIG. 6 is an example user interface, according to one embodiment;

FIGs. 7A-K are example user interface screen captures, according to one
embodiment;

FIGs. 8A-D are example user interface screen captures, according to one
embodiment;

FIGs. 9A-N illustrate an example of a static genomic alteration report, according
to one embodiment;

FIG. 10 is a diagram of a system for capturing and processing treatment and

outcome information using an outcome engine;
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FIG. 11 is a diagram of a system for capturing and processing treatment and
outcome information;

FIG. 12 is an example process flow for a method of capturing and processing
treatment and outcome information, according to one embodiment;

FIG. 13 is an example process flow for a method of navigating treatment and
outcome information, according to one embodiment;

FIG. 14 is a block diagram of one example of a computer system that may be used
to perform processes and functions disclosed herein;

FIG. 15 is a screen capture of an update request message, according to one
embodiment;

FIG. 16 is a screen capture of an electronic message, according to one
embodiment;

FIG. 17 is an example account login page, according to one embodiment;

FIG. 18 is an example user interface, according to one embodiment;

FIG. 19 is an example user interface, according to one embodiment;

FIG. 20 is an example user interface, according to one embodiment;

FIG. 21 is an example user interface, according to one embodiment;

FIG. 22 is an example user interface, according to one embodiment;

FIG. 23 is an example user interface, according to one embodiment;

FIG. 24 is a user selection within an example user interface to transition to a next
patient from a timeline display, according to one embodiment;

FIG. 25 is an example user interface, according to one embodiment;

FIG. 26 is an example user interface, according to one embodiment;

FIG. 27 is an example user interface displaying additional detail, according to one
embodiment;

FIG. 28 is an example user interface, according to one embodiment;

FIG. 29 is a screen capture of an example interface including displays for similar
patients, according to one embodiment;

FIG. 30 is an example user interface including drop-down menus for specifying

filter criteria on a patient population, according to one embodiment;
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FIG. 31 is an example user interface showing a detailed view of patient outcomes
within a patient group;

FIG. 32 illustrates an example site map, according to one embodiment;

FIG. 33 illustrates an example trial summary page, according to one embodiment;

FIG. 34 illustrates an example reference summary view, according to one
embodiment;

FIG. 35 illustrates an example user interface for defining system alert preferences,
according to one embodiment;

FIG. 36 illustrates an example user interface for defining alerts, according to one
embodiment;

FIG. 37 illustrates an example general framework design for a genomic user
interface, according to one embodiment;

FIG. 38 illustrates example content items, according to one embodiment;

FIG. 39 illustrates an example page accessible via as part of a genomic report,
according to one embodiment;

FIG. 40 illustrates information in example views shown in an unexpanded or
collapsed state, according to one embodiment;

FIG. 41 illustrates information in example views shown in an expanded state,
according to one embodiment;

FIG. 42 illustrates example update indicators, according to one embodiment;

FIG. 43 illustrates example alert indicators, according to one embodiment;

FIG. 44 illustrates another embodiment of a test report view;

FIG. 45 illustrates an example test report view including information in a
collapsed state;

FIG. 46 illustrates an example test report view including information in an
expanded state;

FIG. 47 illustrates an example execution flow between respective pages of a
genomic testing website, according to one embodiment;

FIG. 48 illustrates an example flow for configuration of system behavior,

according to one embodiment;

-19-



10

15

20

25

30

CA 02897190 2015-07-03

WO 2014/107548 PCT/US2014/010124

FIG. 49 illustrates an example flow for accessing aggregated genomic testing
information in a community portal;

FIG. 50 illustrates an example knowledge base page, according to one
embodiment;

FIG. 51 illustrates an example trial index page, according to one embodiment;

FIG. 52 illustrates an example patient case study, according to one embodiment;
and

FIG. 53 shows an example user profile page, according to one embodiment.

DETAILED DESCRIPTION

As described above, conventional knowledge bases (e.g., ClinicalTrials.gov) are
insufficient to capture large portions of treatment and outcome information from
physicians and their patients. Further, conventional aggregations of treatment and
outcome information fail to provide actionable and/or usable data in a manner that would
allow a physician to assimilate that information into their daily practice and treatment
decision making in a timely manner.

According to one embodiment, an outcome system is provided that includes an
outcome engine configured to generate requests for physicians to provide treatment and
outcome information specific to their patients. The outcome engine generates a user
interface presented to the physician for inputting treatment and outcome information such
that the time required for a physician to input data is minimized (e.g., using intuitive user
interfaces). In one embodiment, the outcome engine is configured to categorize complex
treatment and outcome information into simple visual selections that convey valuable
information to physicians for use in treatment decision-making. According to another
embodiment, treatment and outcome information is focused on cancer therapies and can
be organized based on genomic alteration, tumor type, and therapy being applied.
Various embodiments can facilitate user entry and display of patient outcome information
within the organizations of genomic alteration, tumor type, and therapy.

Further embodiments can incorporate genomic testing information on a patient’s
cancer to develop actionable information. In one example, testing performed on patient

cancer tissue can be included as part of a patient. In further examples, information on the
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tumor type, genomic alterations found, candidate treatment options, etc., can be used to
match a current patient to other treatment and outcome information on the system.

Responsive to treatment and outcome information input, the outcome engine
can be configured to generate outcome information for one or more patients carrying a
particular genomic alteration, carrying alterations to genes implicated in a particular
pathway, having a particular tumor type, or having received a particular therapy, as a
function of time (e.g., within a timeline display). In one embodiment, such interfaces can
be presented immediately in response to user input. According to some embodiments,
the timeline displays visually summarize course of treatment data from patients sharing
given characteristics in an intuitive format configured to provide actionable or advisory
information for treatment decision making. In one embodiment, outcome data is
normalized in one or more categories that may be easily interpreted by a physician or
other user.

In some embodiments, the outcome engine facilitates data navigation by the user.
For example, the outcome engine can identify and provide navigation options to
information on similar patients (e.g., using genomic alteration, treatment, and/or tumor
information to match related and/or similar information). The patient information can be
correlated by the engine within treatment and outcomes to enable the system to convey
valuable information on populations of similar patients, their treatments, and their
outcomes.

Referring to FIG. 10, there is illustrated one example of a system 1000 for
processing treatment and outcome information using an outcome engine 1004. Elements
of the system 1000 can be provided using a computing system such as the computer
system 1400 and/or 1402 described with reference to FIG. 14. For example, the outcome
engine 1004 can be executed on the computer system 1400 and/or 1402 to provide the
functions and operations discussed herein. In other embodiments, the outcome engine
1004 can include additional components executed on the computer system to perform
specific operations.

As shown in FIG. 10, various embediments of the outcome engine 1004 are
configured to receive input from a remote system operated by a user. For example, the

user can access the system 1000 to input treatment and outcome information 1002 (e.g.,
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treatment and outcome information specific to the user’s patients). Responsive to entry
of the treatment and outcome information 1002, the outcome engine 1004 can be
configured to generate and display diagnostic information to the user at 1006. For
example, treatment and outcome information can be displayed based on query criteria
(e.g., alteration, affected gene or pathway, tumor type, treatment) as an information
display 1006, as soon as the treatment and cutcome information is saved on system 1000.
In some examples, the information display 1006 is designed to facilitate treatment for a
given patient by providing treatment and outcome information for patients with similar
characteristics (e.g., genomic alterations, alterations to given gene(s) or pathway(s),
tumor types, etc.). In one embodiment, patients having similar characteristics can also be
identified based on alterations in a level of expression of a gene and/or associated protein.
In one example, testing can identify alterations in expression through analysis of suitable
vectors for determining expression. Various embodiments are configured to enable a
user to review any characteristics available (e.g., genomic alterations, alterations to given
gene(s) or pathway(s), tumor types, expression level, etc.) to facilitate treatment.

For example, the information display 1006 is generated such that the user (e.g., a
physician) can understand and interpret the information readily from the display (e.g., see
patient history timelines shown in Fig. 23, Fig. 24 and Fig. 26). In a cancer treatment
setting, various ones of the displays can be organized based on a tumor type identified for
the patient and a genomic alteration associated with the patient (e.g., see Fig. 30 and Fig.
31 discussed in greater detail below). Additional information regarding treatment can
also be provided where available.

According to one embodiment, the outcome engine 1004 facilitates collection and
analysis of the treatment and outcome information by simplifying the input of
sophisticated and extensive treatment and outcome information. For example, the
outcome engine 1004 can include an input component 1100 configured to organize data
being entered into tumor type (if not already known), genomic alteration (if not already
known), and treatment options. In some embodiments, an affected gene or genes can also
be specified in the patient record. The input component can be configured to allow the
user to enter specific information within any of the preceding options and narrow the data

entry based on any known information (e.g., genomic alteration, affected gene or
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pathway, tumor type, expression etc.). Once input, the combined information can be used
by the system 1000 and/or outcome engine 1004 to provide information on outcomes
associated with patients within any one or more tumor type, genomic alteration, and
treatment.

Further, the input component 1100 can be configured to present treatment
information based on system categorizations. In the cancer treatment setting, the
outcome engine 1004 accepts treatment information by presenting treatment categories
defined by the input component 1100 for selection by the user. In one example, a user
interface can be generated by the system 1000 and displayed on a respective computer
system of the user (e.g., example user interface displays are shown in Figs. 15-31).
Further, the outcome engine 1004 can include a user interface (“UI") component 1012
configured to generate user interfaces displayed by the system. The UI component 1012
accesses categories defined on the system, for example, by the input component 1010 and
generate user interface displays to accept input treatment and/or outcome information
accordingly.

In the cancer treatment example, the displayed categories for treatment can
include therapeutic agent or regimen, radiation, and/or surgery, among other options. As
discussed, the organization on tumor type, alteration, and therapy facilitates ease and
speed of data access. For example, using categorizations of therapy and outcome
information, within one or two clicks of a mouse, cancer treatment information can be
submitted to the system for a specific patient (e.g., surgery — 2 clicks (click “add
treatment,” click “surgery,” radiation — 2 clicks, click “add treatment,” click “radiation”
as shown in Fig. 19). Example user interface displays are shown in Fig. 15-31, which
include displays and functionality for entering treatment information. In further
examples, the system 1000 can be configured to default to adding treatment information
upon accessing a patient record without treatment data reducing the number of clicks for
selecting a treatment (e.g., surgery or radiation) to 1 click each.

Fig. 18 shows a user interface 1800 for inputting treatment information. At 1804,
a currently selected patient’s information is displayed. At 1802, a user can navigate
between displayed patients including patients listed at 1802A-C. At 1806, a recently

updated menu can be displayed to provide access to recently updated patient information
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(e.g., at 1806A-F). For the currently selected patient “Erik Fairbairn,” the user provided
options to add treatment information associated with the current patient, for example, at
1808. In one embodiment, treatment information can be added by selecting a drop down
menu 1808. Once treatment information has been defined, the input information can be
saved, by selecting 1810. If the user does not wish to add treatment information, the user
can select “skip for now” at 1812.

In one embodiment, the patient treatment user interface 1800 can provide access
to any genomic testing reports associated with the selected patient. For example, the user
can select display 1814 to access genomic reports for the patient (discussed in greater
detail herein). Additionally, similar patients can also be accessed through displays on
page 1800, at 1816. For example, the system can identify similar patients based on
matches between any one or more of: genomic alterations, affected genes or pathways,
treatments, and/or tumor types. The system identified similar patients can then be
accessed by selecting display 1816. In some embodiments, the system can be configured
to dynamically identify similar patients to a current patient record. In one example,
responsive to entry of new treatment information, system determined similar patients can
be updated. For example, if new treatment information is entered at 1808, display 1816
can change according to new matches against, for example, specified treatment
information.

Fig. 19 is an example user interface 1900. Interface 1900 includes a drop down
menu at 1902 for selecting from types of treatment for a patient. At 1902, a user has
selected ““Add treatment," and the user may select from pre-defined options at 1904 —
therapeutic agent or regimen, 1906 — radiation, and 1908 — surgery. Once a particular
treatment option has been entered, that treatment can be saved by the system.

For therapeutic agent or regimen as a treatment option, the outcome engine 1004
and/or input component 1010 can also be configured to accept text input to specify a
particular agent or regimen (e.g., as shown in Figs. 20 at 2002 and Fig. 21 at 2102). In
some embodiments, the outcome engine 1004 can be configured to present a search
interface for identifying a therapeutic agent or regimen. Optionally, the outcome engine
provides a user interface element through the UI component 1012 for accepting search

criteria.
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Fig. 20 illustrates an example user interface 2000. Interface 2000 displays options
for entering specific treatment information at 2002. Responsive to selecting therapeutic
agent or regimen (e.g., at 1904 of Fig. 19), the user interface can display a text input box
at 2002. The text input box allows users to search agents and regimens to facilitate user
selection. At 2006, the user interface provides options for entering a start date associated
with the treatment. At 2008, the user interface can also provide options for entering
additional detail regarding the treatment. For example, at 2008 the user can specify that
the treatment information being entered is part of a clinical trial. The clinical trial
indicator can be used to match similar patients, identify and/or link to the clinical trial,
etc. Interface 2000 can also be configured to accept multiple treatment options. For
example, selection of 2010 enables entry of multiple treatments, and even multiple
treatments of the same kind.

Fig. 21 is an example user interface 2100. Interface 2100 illustrates search
tunctionality provided as part of entering treatment information. At 2102, a text search
box displays potential matches to the user responsive to their input. For example, “Er”
entered at 2104 is matched by the system to candidate treatments “Erbitux” at 2106,
“Erlotinib” at 2108, and “Erwinia L-asparaginese” at 2110. The user can select from
displayed options or finish typing in treatment information. Additionally, the user may
delete a treatment responsive to selecting 2112 “Delete treatment.” Fig. 22 shows an
example user interface where the user has selected or input a specific treatment
(“Erbitux’ at 2202). Once any treatment information is input, the user can save that
information. For example, treatment information can be saved responsive to selection of
2204. According to one embodiment, the user can enter a variety of treatment
information prior to saving the data entered for that patient.

In another embodiment, the outcome engine 1004 and/or UI component 1012 can
also be configured to accept date information associated with a given treatment. In some
embodiments, the date information is optional, as the outcome engine 1004 is configured
to use a current date absent other specification by the user. Other additional data fields
can be provided. In one example, the user can specify if a treatment is being

administered as part of a clinical trial. The outcome engine 1004 can be configured to
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use the clinical trial flag to capture additional information and/or generate navigable user
interface displays to direct a user to associated clinical trial information.

Once the treatment information has been defined on the system, the outcome
engine 1004 and/or Ul component 1012 can be configured to generate and display a
patient history timeline (e.g., Fig. 23 at 2302, Fig. 24 at 2402, and Fig. 26 at 2602). In
one embodiment, the patient history timeline presents treatment and outcome in a visual
summary display. The visual summary display can be configured based on system
defined categories for outcomes. According to some embodiments, users can readily
appreciate a course of a patient’s treatment based on the displayed treatment and the
temporal display of that treatment’s outcome over time. Additionally, the user can
readily gain insight into the effect a change in treatment may yield in a similar situation.

Fig. 26 shows four categories describing outcome information: 2604 progressive
disease, 2606 stable disease, 2608 partial response, and 2610 complete response are
shown with respect to a period of time shown at horizontal display bar 2612. Outcome
information can be displayed graphically as vertical bars reaching the outcome category
for a respective time (e.g., at 2614-2622). The categories can be configured to simplify
data capture and/or entry by a user (e.g., a physician), similar to categorization of
treatments. If no outcome information is available or outcome information has not been
input, the patient history chart is configured to display the input treatment information as
a start point on a timeline display without outcome information (e.g., 2402, Fig. 24).

Fig. 23 illustrates one example of a timeline display 2300. Timeline display 2300
can be organized as a horizontal time-based chart of patient history. If the treatment
information is the only information entered the timeline display can illustrate the new
information as a treatment change at 2302. Fig. 24 shows a user selection to transition to
a next patient from a timeline display. As shown, the current patient’s treatment
information is displayed as a treatment change 2404 on timeline 2402. By selecting
2404, the user can quickly transition to another patient, for example, to add and/or update
treatment information.

Upon selection of next patient, user interface 2500 of Fig. 25 can be displayed.
The next patient displayed can reflect a list of patients identified by the system needing

updates (e.g., shown at 2502). Current treatment information for a selected patient can be
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displayed at 2503. The user can update information on that treatment at 2504. For
example, the user can select any one of 2506-2512, and save that information by selecting
2514. Upon saving the treatment information, the user interface can transition to a
timeline display, for example, 2600 of Fig. 26.

If a prior date is supplied with the input treatment information the outcome engine
1004 can also be configured to request outcome information associated with the prior
treatment. For example, the outcome engine 1004 can be configured to display the input
treatment information (e.g., any specific agent or regimen), and display cutcome
categories or classifications (e.g., progressive disease, stable disease, partial response,
and complete response) for user selection. Optionally, the outcome engine can also
accept date information that can be associated with an input outcome. In some examples,
the system and/or outcome engine can display radio buttons associated with each
outcome category for selection in a user interface. In further examples, users can also
select date information based system specified time periods (weekly, bi-weekly, monthly,
etc.), for example, as radio buttons displayed in the user interface.

In some examples, user interface displays can be responsive to selection to
provide further detail entered by the user, in summary views. For example, user
interface 2700 of Fig. 27 can provide additional detail on a display item shown on a
timeline 2702. At 2704, a treatment change icon is shown. Responsive to selection a
dialogue box may be displayed to provide additional detail associated with the point on
the timeline display.

According to one embodiment, outcome information is provided as an update to
existing patient records. For example, the outcome engine 1004 can include a reminder
component 1008 configured to deliver a request to a physician to update a patient record
by inputting treatment information. The reminder component 1008 can be configured to
deliver the update request via e-mail, text, etc. In some embodiments, the reminder
component can be configured to estimate a length of time required by the user to submit
requested information. In one example, the estimated time can be specified in an update
request (e.g., Fig. 16).

Fig. 15 is a screen capture 1500 of an update request message 1502

communicated by the outcome system. Fig. 16 is a screen capture 1600 of an electronic
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message (e.g., e-mail) to a user of the outcome system. Various messaging functions can
be provided by the e-mail service to which the user subscribes. For example,
conventional e-mail menus are shown at 1602. Messaging window 1604 provides access
to the update request sent to the user. The update request sent by the system can specify
what updates are requested “Please update 3 patients,” as well as an invitation message
regarding participation in the outcome community at 1606.

In one embodiment, based on analysis of the user’s account and patient
information, the system identifies what information should be updated. For example, the
system can determine that treatment information is needed for 1 patient, and status
updates needed for 2 of the user’s patients (e.g., at 1608). In some examples, the system
estimates an amount of time to complete the update request (e.g., at 1610). In further
embodiments, the system can provide information on the user’s patients, and in
particular, the message can include information regarding patient consent status relating
to sharing treatment and outcome information (e.g., at 1612). The message can also
include links to information sharing authorizations at 1614. At 1616, the user can select a
link to access the outcome system and update information. If the user has not logged into
the outcome system, selection of “update now” at 1616 can bring the user to a login
window. Fig. 17 shows an example account login page.

In some embodiments, the user can identify one or more preferred methods of
contact when registering for a user account. In other embodiments, the user can also
specify an order for contact methodologies, where subsequent contact methods are only
used if no response is received to prior update requests. The reminder component 1008
can be configured to request updated patient information on a periodic basis, according to
schedule, among other options. The update request can include links that direct the user
to specific patient records to update on system 1000 (e.g., as shown in Figs 15-16). For
example, the update request can specify a request for updates regarding treatment being
undertaken by the patient.

Once the user accesses a patient record to provide updated information, the
outcome engine 1004 can be configured to automatically associate any treatment input

with a current date (i.e., the date and/or time the outcome information is input into the
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system). Further, the system can also be configured to associate the current date to an
outcome when entered as an update to an existing patient record.

Once treatment and/or outcome information is entered on the system, the Ul
component 1004 can be configured to generate and display a patient history timeline
including any outcome information provided for the patient (e.g., Figs. 26-29).
According to one embodiment, the patient history timeline displays outcome categories
on a y-axis and time information on the x-axis. Treatment changes (e.g., start of regimen,
new regimen, change in regimen, etc.) are displayed on the timeline, for example, as
milestones. In some examples, the outcome associated with each date can be displayed
as a vertical bar reaching the point on the y-axis reflective of an outcome category. In
some embodiments, a treatment milestone is shown on the history timeline as a visual
indicator (e.g., circle, star, flag, etc.) to illustrate the start or the change in treatment being
provided. The outcome engine 1004 can be configured to provide additional information
on the treatment, for example, in response to hovering pointer on the visual indicator or
by clicking on the visual indicator. Fig. 28 shows an example user interface 2800 having
an example indicator 2802. Responsive to selection of “Next patient” at 2804, a user
may navigate to further timeline displays associated with different patients.

According to another aspect, the outcome engine 1004 can also be configured to
integrate with genomic testing services to facilitate cancer diagnosis and treatment. In
one setting, a physician can request a genomic test for a patient to determine any genomic
alteration that exists in the patient’s cancer cells. The information obtained from the
genomic testing service can be used to define patient records accessible by the outcome
engine 1004. Alternatively, the outcome engine can provide a platform on which to
request genomic testing services for a patient. In some embodiments, the outcome engine
1004 can accept electronic or paper based genomic testing information, and associate any
such testing information with a patient record. In one embodiment, the outcome engine
1004 can process genomic test information to define a patient record and associate the
patient record with the genomic test results.

For users overseeing treatment of large numbers of patients, the outcome engine
1004 can be configured to provide a display of the patients associated with the user as

options selectable in a user interface. In one example, a list of patients is displayed
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vertically along the left edge of a display screen (e.g., Fig. 18 at 1802). Each display of a
patient name is selectable to navigate to additional information on the patient (e.g., at
1802A-C). Once a patient is selected for review, the outcome engine 1004 displays any
history information for that patient as a patient history timeline in a portion of the user
interface display. The user interface display can include a visual indicator associated
with any genomic test results for that patient. The test result indicator can be selected in
the user interface to provide additional detail on genomic test results.

In further embodiments, the outcome engine 1004 can identify and provide
navigation options for transitioning to patient who share or have diagnostic information
in common with the user’s patient (e.g., Fig. 29 *“37 similar patients” at 2902).
According to one embodiment, the outcome engine 1004 can include an analysis
component 1014 configured to identify patients similar to a current patient based on
common genomic alterations, affected genes or pathways, disease characteristics, ailment
characteristics, treatment characteristics, etc. The analysis component 1014 can be
configured to analyze all patient information available on system 1000 to determine
matching characteristics, and to provide the information the Ul component 1012 for
display to the user. In the cancer setting, similar patients can be identified based on
matches between any one or more of: genomic alterations, affected genes or pathways,
treatments, and/or tumor types.

Any identified similar patients can be made accessible by the UI component 1012
through a selectable visual display (e.g., 2902 of Fig. 29). For example, a patient
information screen can also include a visual indicator for any similar patients identified
by the system. Fig. 29 is a screen capture of an example interface 2900. Interface 2900
includes a display for “similar patients” 2902 identified by the system. Selection of the
similar patients display can transition the system to treatment information summary
displays associated with the similar patients (e.g., shown in Fig. 30).

As discussed, similar patients can be dynamically determined by the outcome
engine 1004 and/or analysis component 1014. The UI component 1012 can generate a
visual indicator for the similar patients, which can also include information on a number

of matches identified. Thus, a determination of similar patients and/or number of
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matching patients can be dynamically determined and updated any time the user inputs
additional information regarding treatment and/or outcome.

According to one embodiment, the similar patients indicator is selectable to
provide additional detail on similar patient populations. In one example, the Ul
component 1012 is configured to transition the user interface to a similar patient display
in response to selection of the similar patient indicator (e.g., shown in Figs. 29-30). The
similar patient display can provide additional detail on the similar patient population
identified by the outcome engine 1004 and/or analysis component 1014.

According to one embodiment, the similar patient display can include options to
filter the similar patient population (e.g., as shown in Fig. 30). In one example, the
analysis component 1014 is configured to perform filter operations (i.e., reduce the
number of matching similar patients) on the group of similar patients based on user input
of filter criteria. The analysis component 1014 can be configured to match characteristics
of a currently viewed patient to any patient sharing the same characteristics for disease
and/or treatment. The characteristics used to identify similar patients can also be
presented by the Ul component 1012 as options tor further filtering of the similar patient
populations.

For example, in a cancer treatment setting, the Ul component 1012 can be
configured to display the similar patients with options for filtering on alteration, affected
gene or pathway, tumor type, and treatment provided, among other options (e.g., see Fig.
30). According to one embodiment, the system can be configured to present patient
populations and/or outcome information responsive to the specification of various
combinations of alteration, affected gene or pathway, tumor type, and treatment. The
system can be configured to navigate between different groups of patients and respective
treatment and outcome data based on user specification of one or more of alteration,
affected gene or pathway, tumor type, and treatment. Navigation can occur between
different views of treatment and outcome data as well as between different groups of
patients that match filter criteria.

According to one embodiment, the user interface includes display options for
filtering that provide an intuitive approach for users (e.g., physicians) to access relevant

treatment information, to specify more detailed filters on the displayed information,
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generalize or expand treatment and outcome information, or to include more specific
filter criteria. For example, the user can select specific tumor types that they are
interested in seeing. In some embodiments, the Ul component 1012 displays a list of
tumor types that appears in the similar patient population and presents those tumor types
as options to select in a drop down list. In one example, the list of tumor types may be
determined by the analysis component 1014 and provided to the UI component 1012 for
display.

In other embodiments, genomic alterations in the similar patient population are
identified and presented as a selectable drop down list. In yet others, treatments within
the similar patient populations are identified and presented for possible selection as
options in a selectable drop down list. In further implementations, genomic alterations,
affected genes or pathways, tumor types, and treatment options can be identified from a
larger patient population (rather than limited to the population of similar patients). In one
example, the options presented in the user interface for selection can be displayed to
include a visual indication reflective that a particular selection is from the larger
population (i.e., not from the similar patient population).

The similar patient display can include groupings within the similar patient
population, for example, based on the criteria used to identify the similar patient
population. In one example, the patients are grouped by commonality of their respective
treatment. Each such group can be presented in the similar patient display, for example,
ordered based on the number of patients within each group. The group display can also
identify the respective treatment common to the group members.

In some embodiments, the UI component 1012 is also configured to respond to
selection of the patient groups or the identified treatment associated with each group. In
response to selection of a group, the Ul component 1012 is configured to display
additional information regarding the selected group. For example, the additional
information can include outcome information associated with the group of patients.
Shown in Figs. 15-31 is a collection of user interface captures including a similar patient
display and a patient group outcome display that can be presented responsive to selection

within a similar patient display of a group of patients. The patient group outcome view
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can also be presented responsive to selection of a filter, for example, on treatment, where
a tumor type and genomic alteration type has already been selected.

More generally, the UI component 1012 can be configured to enable searching
within the system to provide access to outcome information. The user can search on one
or more of alteration, affected gene or pathway, tumor types, treatment, etc. to identify
patient populations the user wished to view. In some embodiments, the Ul component
1012 provides summary displays based on what filter criteria (e.g., search terms) is
defined on the system. In one setting, the filter criteria can be captured from a currently
viewed patient record, and, for example, identification of similar patients can be
determined by the system using characteristics of the patient record being viewed.
According to some embodiments, the user can also specify the filter criteria for a patient
population and outcome/treatment information the user wishes to view. In other
embodiments, the user can also generalize the filter settings on the system to broaden the
view of treatment and outcome data in, for example, the similar patient display.

In some embodiments, the Ul component 1012 presents a plurality of filter
criteria as drop down selections (e.g., 3002, 3004, and 3006 of Fig. 30). Each drop down
selection can include an “ALL” setting, which reflects no filtering on that basis. In some
embodiments, the UI component 1012 can also be configured to require that only one of
the filter criteria selections be generalized in order to simplify the visual display of
information.

Fig. 30 is an example user interface 3000 having drop-down menus (e.g., 3002,
3004, and 3006) for specifying filter criteria on a patient population. The patient
population display can be accessed via a similar patient link, where filter criteria can be
pre-specified based on the similar patient analysis. In another example, the patient
population display can be accessed via selection of an “all patients™ tab, and the
population specified by selection within any one or more of: 3002-3006. In one example,
a generalized selection within a filter can reflect “ALL"” when displayed under treatment
(e.g., 3008, Fig. 30). The generalized filter criteria can be used by the Ul component
1012 to generate an x-axis of a graphical display, where the y-axis reflects the number of
patients within each group displayed on the x-axis (e.g., 3010, Fig. 30). The x-axis can

be ordered based on a number of patients and the graphic display sized to fit the number
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of groups having members. At 3012, the group having the largest number of members
“17 patients” treated by “vandetanib” is displayed first, at 3014 the group having the next
largest membership is displayed “erbitux” “10 patients,” at 3016 the next largest group
“erlotinib™ *“7 patients,” and at 3018 “everolimus™ with four patients last. Each group can
be associated with a link to the group’s respective outcome data at 3020-3026.

According to one embodiment, the Ul component 1012 can also be configured to prevent
changing of any other filter criteria to a generalized selection as long as one of the other
filter criteria is generalized (e.g., the treatment criteria indicates “ALL”),

By specifying a filter selection within a generalized filter category (e.g., Fig. 30 at
3008) the UI component 1012 can be configured to transition to a detail view of
outcomes information associated with a fully specified group of patients (e.g., view 3100
of Fig. 31 where fully specified indicates that a specific filter criteria has been input for
each displayed filter category, for example, at 3102, 3104, and 3106). According to some
embodiments, the system is configured to fully specify the patient group based on
specifying alteration, affected gene or pathway, tumor type, and treatment. Within the
cancer treatment setting, the Ul component 1012 can transition to a detailed view of the
outcomes associated with a fully specified treatment group (e.g., tumor type specified,
alteration type specified, and treatment type specified).

In some examples, the detailed view of the outcomes within a treatment group is
referred to as an outcome waterfall display. In the outcome waterfall display (e.g., 3100),
each category of outcome available is displayed on the y-axis (e.g., 3110 — progressive
disease, 3112 stable disease, 3114 partial response, and 3116 complete response), and on
the x-axis a vertical bar for each patient (i.e., member of the filtered group) is displayed
(e.g., at 31A-31Q), where the length of bar on the y-axis is configured to show a specific
outcome associated with each patient. According to some embodiments, the specific
outcome shown for each patient in the waterfall display can be generated based on any
one or more of: the last outcome entered for that patient and that treatment, an average of
the outcomes entered for that patient on that treatment, a weighted average of outcomes
for each patient (e.g., excluding first and last outcome entries where a change in
treatment is indicated), a best outcome entry for the displayed patient, and an outcome

having the longest time period for the patient, among other options.
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According to some embodiments, each bar displayed for each patient can be
selected to navigate to additional detail on that patient. In one example, selection of a bar
in 3100 causes the UI component 1012 to transition to a patient history timeline. The
patient history timeline may be displayed with all of the patient’s detail if the selected bar
and associated patient is one of the user’s patients. If the selected patient is not one of the
user’s patients, an anonymized view of that patient’s treatment over time can be
displayed (e.g., as discussed above with respect to the patient history timeline). The
anonymized view is configured to exclude any patient identifying information beyond
treatment, outcome, and disease characteristic (e.g., genomic alteration, affected gene or
pathway, tumor type, expression, etc.).

According to one embodiment, the UI component 1012 is configured to transition
between patient group displays and detailed outcome information responsive to fully
specifying filter criteria and generalization of filter categories. The examples above and
shown in Figs. 15-31, are discussed with respect to transitioning between patient group
displays into detailed outcome information (e.g., outcome waterfall display) based on
specification of a treatment option with tumor type and alteration type already specified
in the user interface. In other embodiments, transitions can occur responsive to
generalization and/or specification of an alteration (e.g., by selecting “ANY” in the user
interface) and/or tumor type.

According to some alternatives, generalized patient group views can be generated
and displayed where more than one filter category is generalized, or not specified.
According to one embodiment, the display of the associated groups of patients can be re-
configured such that the groupings of patients can include multiple characteristics (e.g.,
combinations of specific tumor types and alterations, tumor types and genes, alterations
and treatments, alterations and genes, tumor types and treatments, and treatments and
genes, among other possible combinations). In other embodiments, visual displays
having multiple generalized categories can be generated to illustrated large patient
populations and, for example, numbers of patients associated with the multiple
generalized categories.

According to other embodiments, similar patient information can be aggregated

within patient group views according to any display category. In some embodiments,
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where the system returns small groups of directly matching patients, the system can
aggregate information within the display category to capture further matches. In one
example, specific alterations within a patient’s cancer are known to be exceeding rare. In
some embodiments, the system can aggregate information based on functional similarity,
alteration domain, or common pathways to provide meaningful information even for rare
alterations.

In one embodiment, patient group views can include information aggregated
within the genomic alterations category for a patient group. In one instance, the
information can be aggregated based on classes of alterations (e.g., alterations in the
kinase domain of a gene (e.g., BRAF) can be grouped separately from BRAF V600E or
BRAF V600K alterations). In some embodiments, information can be aggregated on all
BRAF V600 mutations together. In others, information can be aggregated within all of
the mutations in an alteration domain (e.g., the kinase domain) of a gene (e.g., BRAF).

In some examples, an analysis component can aggregate similar patients within
classes of alterations (e.g., alterations in the kinase domain of BRAF can be grouped
separately from BRAF V600OE or BRAF V600K, or on all BRAF V600 mutations
together or all of the mutations in the kinase domain of BRAF). According to another
embodiment, the analysis component can aggregate similar patient information based on
a functional similarity of identified alterations (e.g., distinct mutations but functionally
similar in the cancer). In further embodiments, alterations identified in patient
information can be grouped based on a genetic pathway that is implicated by the
alteration. For example, alterations that affect the same pathway can be grouped and
presented on the system together. Additionally, patients and their associated information
can be displayed within groupings based on common pathways and/or associated
alterations.

According to one embodiment, the ATP binding pocket domain can include
alterations in BRAF G466V and BRAF G469A. The system can use specification of
these alterations (e.g., within the ATP binding pocket domain) to aggregate information
associated with patients. In some embodiments, the aggregated information can be

provided in a user interface display for review and/or comparison.
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According to one embodiment, tumor suppressor gene alterations can include
splice site mutations, frameshift indels, homozygous deletions, or nonsense mutations. In
some examples, these inactivating mutations (tumor suppressor alterations) can be
aggregated across patients for a specific tumor suppressor gene or even for tumor
suppressor genes in within a same family.

According to one aspect, aggregating responsive information can be implemented
to insure that common diagnostic information is available for review and consideration.
For example, an alteration in a tumor suppressor gene may be identified for one patient
but that specific alteration may not be repeated in another patient. According to one
embodiment, by grouping all of the inactivating tumor suppressor mutations/alterations
from a specific tumor suppressor (e.g. TP53, BRCAI, BRCAZ2, etc.) or from tumor
suppressors in the same pathway, the system enables the comparison of many more
patients having related tumor suppressor alterations. If for example, the data being
reviewed was limited only to a matching alteration and gene combination, it may be
unlikely that similar patients would ever be identified, as it is highly likely that specific
inactivating mutations will not be observed again.

An example of a pathway or family that could be use by the system to aggregate
information is the homologous recombination deficiency (HRD) pathway tumor
suppressor genes. Various embodiments are configured for aggregating different
inactivating mutations in the same gene or inactivating mutations in different genes in the
same pathway. The system can present various views of patient information according to
any of the information aggregates.

In some embodiments, alterations can be aggregated by genes in the same
pathway, including for example, the PI3K/mTOR pathways. The system can be
configured to aggregate alterations in PIK3CA, PTEN, PIK3R1, AKT1, AKT2, and other
genes in the PI3K/mTOR pathways to increase the number of patients to compare on, for
example, respective therapeutic responses.

In further embodiments, alterations can be aggregated by genes in the
homologous recombination deficiency (HRD) pathway. The system can identify and
aggregate responsive information for inactivating mutations in tumor suppressor genes

such as: BRCA1, BRCA2, ATM, ATR, FANCA, FANCE, and others. In one
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embodiment, the aggregated information can be displayed by the system to a reviewing
physician as potentially being biologically and therapeutically equivalent.

According to one embodiment, the outcome engine 1004 can include a connection
component 1016 configured to access and display contact information for displayed
patients and/or displayed treatment/outcome information. In some embodiments, the
contact information provided by the contact component 1016 is configured to connect to
the physician caring for a particular patient, or in another example, a manager for a
clinical trial.

According to one aspect, the system 1000 and/or the connection component 1016
is configured to facilitate collaboration between medical practitioners to advance the
quality of care provided. For example, the connection component 1016 can be
configured to provide a communication platform between registered users of system
1000. The connection component 1016 can provide for instant messaging, e-mail, or
other chat (video or text) capabilities. In some embodiments, the connection component
1016 can be configured to provide contact information on request. The connection
component 1016 can also be configured to allow a user to specity whether their contact
information should be provided by the system 1000 when requested.

System 1000 is discussed with respect to example functions and operations that
can be performed by specialized components or engines. System components are
intended to include computer based instructions that perform operations on a computer
system while being executed by one or more processors, for example, as discussed with
respect to system 1400 and/or 1402. Various embodiments discussed can include one or
more components that provide for the specific functions or operations described herein.
In other embodiments, any one or any combination of the functions and/or operations
described can be performed more generically by the system alone or the outcome engine

itself,

Example System

Fig. 11 shows an example embodiment of an outcome tracking and analysis
system 1100. According to one embodiment, system 1100 can implement an outcome

engine 1104 executing on an application interface system 1102 to provide the functions
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and operations discussed above with respect to system 1000 and/or outcome engine 1004.
Outcome engine 1104 can include a plurality of system components. For example, the
outcome engine 1104 can include a reminder component 1106 configured to request
updates on patient information from associated users. The outcome engine can include
an input component 1108 specifying categorizations of treatment and/or outcome
information used by the outcome engine 1104 and/or application interface 1102. The
outcome engine 1104 can also include a UI component 1110 configured to generate user
interface displays rendered by the application interface to end users. The UI component
1110 can be further configured to generate displays including outcome information
associated with specific treatments and/or patients and generate visual options for
navigating within patient, treatment, and outcome information. The outcome engine
1104 can also include an analysis component 1112 configured to identify relevant
treatment/outcome information from known patient populations. In some examples, the
analysis component 1112 is configured to capture information on patient populations
from external systems.

In one embodiment, the analysis component 1112 can connect to external systems
through a communication network 1116. In some embodiments, the analysis component
1112 can be configured to search publically available information sources to capture
information on treatment options and any associated outcomes for a given treatment.
According to one embodiment, the analysis component 1112 can be configured to search
data sources connected to the application interface 1102 via network 1116. The network
1116 can include any one or more of a LAN, WAN, MAN, virtual networks, private
network, etc. and may also include, for example, the Internet. For example, the analysis
component 1112 can connect to the publically available ClinicalTrials.gov website 1120
and search for disease, treatment, and outcome information available from that site. The
analysis component 1112 can be configured to analyze any available information source
(e.g., PubMed) and store treatment and outcome data into filterable categories (in one
example, tumor type, alteration, and treatment categories).

According to one embodiment, the analysis component 1112 can process the
available information into categorized treatment and outcome information and store the

information automatically for use by the outcome tracking and analysis system.
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According to another embodiment, the analysis component 1112 can provide the
treatment and outcome information to an administrator for review and acceptance prior to
use on the system, for example, prior to storage within database 1118. The analysis
component 1112 can also connect to other medical service providers or other medical
information sources.

For example, the analysis component can access a genetic testing portal 1122. In
some embodiments, the application interface 1102 can be integrated with the genetic
testing portal 1122 and can be configured to share information on patients, diseases,
treatments, and outcomes. Information on patients, diseases, treatments and outcomes
can also be accessed from partner outcome data 1124. Partner outcome data sources
1124 can include other hospitals or treatment facilities that wish to share some level of
diagnostic information. In some embodiments, partners can contribute treatment and
outcome information, while maintaining the proprietary nature of other data regarding,
tor example, their own testing and some specific results on treatment and outcomes. In
other embodiments, partner information becomes part of the larger database on outcome
and treatment information. Other outcome data sources 1126 can include journal
publications, study publications, published articles, etc. In some implementations, the
analysis component can parse publication data to find and categorize treatment and
outcome information for use by the system.

Any such treatment information can be captured and stored for access by the
application interface 1102, for example, in database 1118. Database 1118 is illustrated as
a single database, but in other embodiments can include any storage medium or
organizational unit for storing and accessing treatment and outcome data by a computer
system. Further embodiments can include a plurality of databases and can also include
distributed data architectures. According to one embodiment, database 1118 can include
a variety of information used by the application interface 1102 to track and analyze
outcome information.

For example, in a cancer treatment setting, genomic testing information from a
genomic testing portal can include genomic analysis of a patient’s cancer. Genomic
analysis can describe genomic alterations present in the cancer cells, which can be stored

in database 1118 and associated with a patient and test results. The alteration information
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can provide a basis for determining related analytics on other patient cancers, treatment,
and outcome information. Any related analytics can also be stored in database 1118.

As discussed above with respect to system 1000, the outcome tracking and
analysis system 1100 can facilitate user entry of treatment and outcome information. For
example, the outcome engine 1104 can be configured to provide reminders to user to
update patient records with treatment and outcome information according to system
specified categories. The system specified categories can be configured to minimize the
time a user spends inputting information, while preserving the value of the data being
input for potential diagnostic uses. According to one implementation, the system is
configured to store, access, and enable navigation of outcome and treatment information
according to alteration, affected gene or pathway, tumor type, and treatment.

The categorized treatment and outcome data input by users can be stored, for
example, in database 1118. The stored treatment and outcome information can be use to
generate time based summaries of available treatment and outcome data, for example, by
UI component 1110.

According to some embodiments, the application interface 1102 is configured to
provide a network accessible portal to medical treatment and outcome information,
including, for example, cancer treatment information. Further, the application interface is
configured to facilitate entry of treatment and outcome information by end users such that
the time to enter information is minimized, maximizing the benefits obtained from the
collection and analysis of outcome data. The application interface 1102 is configured to
accept a variety of end users. Typically, a user 1130 is a medical professional, including
for example, physicians, physician’s assistant, nurses, technicians, etc. The end users can
access the application 1102 from a variety of locations, including, for example, a
treatment facility 1132 and a hospital 1134,

In some embodiments, the application interface 1102 can include a connection
component 1114. The connection component 1114 can be configured to provide contact
information between a plurality of users located at disparate hospitals, treatment
facilities, etc. In some environments, the connection component 1114 can also be
configured to manage communication between users (e.g., provide video chat services,

instant message services, e-mail services, etc.). According to one embodiment, an
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example goal in providing the connection component 1114 includes connecting a
physician with another care provider who has already pursued one or more courses of
treatment with a patient having a similar tumor, a similar alteration, similar affected gene
or pathway, or a similar treatment. In one alternative, the physician can be connected to a
manager of a clinical trial and receive feedback on course of treatment, candidacy for the
trial, suitability for the trial, among other information.

According to one aspect, by providing the application interface 1102 to a variety
of users (e.g., 1130) and simplifying the capture of treatment and outcome information,
the tracking and analysis system 1100 enables collection of untapped diagnostic
information on medical treatment. In one embodiment, the application interface is
configured to facilitate collection and analysis of cancer treatment and outcome. The
collected information and analysis can facilitate daily practice and decisions making by
physicians, whether they are located at major metropolitan hospitals (e.g., 1134),
treatment facilities (e.g.. 1132), or whether they are solo practitioners.

In some implementations, data aggregation and analysis can be rooted in filterable
organization of all treatment and outcome information to enable easy and intuitive
navigation within the treatment and outcome data. Various embodiments include
organization of treatment and outcome information based, at least in part, on alteration
information. Alteration information can be provided as a result of genomic testing
relating to a medical condition. In the cancer treatment setting, frequently a multitude of
genetic mutations or alterations are present in cancer cells and will be discerned as results
from cancer genomic analysis. Within the multitude of alterations, one or more
alterations can be associated with a specific patient, tumor type, treatment, and/or
treatment outcome. In some embodiments, the outcome tracking analysis systems can
implement a data model organizing all treatment and outcome data so that all the data is
accessible and navigable based on specification of one or more of alteration, affected
gene or pathway, tumor type, and treatment.

In some embodiments, genomic alteration, tumor type, and treatment can be
stored as a tuple in a database. The tuple can be associated with information on the
affected gene. In some examples, the database can include records for tumor type,

treatment, and gene/alteration combinations, stored as a data unit. In other embodiments,
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the database can be indexed on any one or more of alteration, affected gene or pathway,
tumor type, and treatment to speed retrieval of outcome data associated with those data
records. In further embodiments, an outcome tracking and analysis system can include a
data model based, at least in part, on organizing patient, outcome, and treatment data
using alteration or affected gene or pathway information.

In some embodiments, the data model can reduce such treatment information to
system specified categories for one or more therapies applied. For example, data input by
a user can exclude dosing information, patient demographic information, etc. In other
examples, the system can include user interface elements for inputting dosing
information, patient specific information, etc., as optional information. In further
embodiments, the system can request and/or require more specific information regarding
treatment (dose, frequency, duration, patient weight, height, age, or any other patient
factor that impacts a dosing regimen).

According to another embodiment, the data model is configured to simplify
outcome information inputs. In one example, the data model defines outcome
information as one of progressive, stable, partial response, and complete response. The
user can input outcome information based on selection of the defined outcomes,
simplifying any data entry by users. Further, treatment and outcome information can be
captured from third-party information sources and stored according to the data model.
According to some embodiments, any data source for treatment and outcome information
can be converted into information retrievable on any one or more of alteration, affected
gene or pathway, tumor type, and a specified treatment. In further embodiments,
additional information on treatment, outcomes, tumor type, affected gene or pathway,
genomic alterations can be stored according to the data model. The additional
information can be associated with patients, and accessed from any defined patient group.
In one example, a patient group can be selected according to user input of any one or
more of alteration, affected gene or pathway, tumor type, and treatment. The system can
enable selection within any specified patient group to access any additional detail
information associated with any patient with the patient group.

In some embodiments, the system can generate and display outcome and

treatment information according to the data model. For example, visual displays
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organizing treatment and outcome information according to genomic alternation, affected
gene or pathway, tumor type and treatment can be generated and displayed by the system.
The system can be configured to respond to selection within of any of the visual display
categories to navigate or filter within the treatment and outcome information. Selection
within patient groups can also trigger transitions to detailed views of treatment and
outcome information associated with specific patients. (e.g., as shown in Figs. 29-31).

According to one embodiment, the system 1100 and/or application interface 1102
can execute a variety of processes to capture treatment and outcome data. Fig. 12 shows
an example process 1200 for requesting and capturing treatment and/or outcome
information. According to one embodiment, the process 1200 begins at 1202 with
communication of an update request at 1202. The update request can specify what
information a user is expected to enter on the system. For example, the request can
specify that treatment information is requested for a patient who has undergone genetic
testing for cancer treatment. The update request can also specify a request for outcome
information associated with patients of the user. Regardless of the type of request, the
update request can include links to take the recipient to a web portal for
accessing/inputting such treatment and outcome information.

Process 1200 continues at 1204 with a determination of whether the current user
is registered. If user is registered 1204 (YES), the user can be shown a display at 1206
for inputting treatment and/or outcome data responsive to entering their user name and
password. The display can be presented based on any patient requiring an update (e.g., as
shown in Fig. 18). If a user is not yet registered 1204 (NO), the user can be registered at
1205, for example, by providing authentication information to validate the user as a
health care provider responsible for a patient associated with the update request.

At 1208, the user interface is configured to accept input of treatment and/or
outcome data, for example, entered by a user. Once treatment and/or outcome data is
entered, a patient history display can be generated at 1210. The patient history display
can include treatment information displayed a start point on a treatment timeline. In one
example, the treatment timeline displays information on a course of treatment for a

cancer and the outcome associated with the course of treatment over time.
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According to some embodiments, input treatment and outcome information can
be accessed by an outcome engine (e.g., 1004 and 1104) to enable searching or
navigation with patient populations associated with the treatment and outcome data. For
example, the outcome engine can execute an example process 1300 for navigating
treatment and outcome information. The process 1300 can begin with access to a patient
record at 1302. In some embodiments, information on a currently viewed patient (e.g.,
alteration, affected gene or pathway, tumor type, and/or treatment) is used to identify any
patients similar to the currently viewed patient. At 1304, a similar patient selector can be
displayed, for example, in a user interface. Responsive to execution of the similar patient
selector, the currently viewed patient record can be transitioned to similar patient
treatment and outcome information. For example, the current patient record can be
transitioned to a similar patient population displayed according to any match on genomic
alternation, atfected gene or pathway, tumor type, or treatment.

A system executing process 1300 can be responsive to further refinements or
navigation within a set of similar patient results. For example, the similar patient
population display can include Ul elements for further refining the displayed information.
If, for example, a user selects additional refinements 1308 (YES), any additional
specification is accepted at 1312 and a treatment. Once any new specification of
navigation criteria have been accepted at 1312, a new set of similar patients can be
generated matching the new criteria. The matching patient population can then be
displayed at 1314, for example, as a detailed view of treatment and outcome information
associated with individual patients (e.g., Fig. 31).

If no further refinements are desired or specified 1308 (NO) process 1300 can
terminate at1310. Process 1300 is shown by way of example, and in different
embodiments, can be executed with other orderings or can combine various steps
discussed separately. Further, processes 1300 and 1200 can be executed by various
computer systems, which can include outcome engines and/or the components discussed
above with respect to some embodiments of an outcome engine. In some embodiments,
processes 1300 and 1200 can be executed by the outcome engine, the outcome engine

components, or any combination thereof.
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Example Computer Systems

Various aspects, functions, components, and/or processes described herein may be
implemented as hardware, software, or a combination of hardware and software on one or
more computer systems. There are many examples of computer systems currently in use.
Some examples include, among others, network appliances, personal computers,
workstations, mainframes, networked clients, servers, media servers, application servers,
database servers, web servers, and virtual servers. Other examples of computer systems
may include mobile computing devices, such as cellular phones, laptops, tablets, and
personal digital assistants, and network equipment, such as load balancers, routers and
switches. Additionally, aspects in accord with the present invention may be located on a
single computer system or may be distributed among one or more computer systems
connected to one or more communication networks.

For example, various aspects and functions may be distributed among one or
more computer systems configured to provide a service to one or more client computers,
or to perform an overall task as part of a distributed system. Additionally, aspects may be
performed on a client-server or multi-tier system that includes components distributed
among one or more server systems that perform various functions. Thus, the invention is
not limited to executing on any particular system or group of systems. Further, aspects
may be implemented in software, hardware or firmware, or any combination thereof.
Thus, aspects in accord with the present invention may be implemented within methods,
acts, systems, system placements and components using a variety of hardware and
software configurations, and the implementation is not limited to any particular
distributed architecture, network, or communication protocol. Furthermore, aspects in
accord with the present invention may be implemented as specially-programmed
hardware and/or software.

FIG. 14 shows a block diagram of a distributed computer system 1400, in which
various aspects and functions in accord with the present invention may be practiced. The
distributed computer sysiem 1400 may include one or more computer systems. For
example, as illustrated, the distributed computer system 1400 includes three computer
systems 1402, 1404 and 1406. As shown, the computer systems 1402, 1404 and 1406 are

interconnected by, and may exchange data through, a communication network 1408. The
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network 1408 may include any communication network through which computer systems
may exchange data. To exchange data via the network 1408, the computer systems 1402,
1404, and 1406 and the network 1408 may use various methods, protocols and standards
including, among others, token ring, Ethernet, Wireless Ethernet, Bluetooth, TCP/IP,
UDP, HTTP, FTP, SNMP, SMS, MMS, SS7, JSON, XML, REST, SOAP, CORBA IIOP,
RMI, DCOM and Web Services.

Computer systems 1402, 1404 and 1406 may include mobile devices such as
cellular telephones. The communication network may further employ one or more
mobile access technologies including 2nd (2G), 3rd (3G), 4th (4G or LTE) generation
radio access for cellular systems, WLAN, Wireless Router (WR) mesh, and other
communication technologies. Access technologies such as 2G, 3G, 4G and LTE and
future access networks may enable wide area coverage for mobile devices. For example,
the network may enable a radio connection through a radio network access such as
Global System for Mobil communication (GSM), General Packet Radio Services
(GPRS), Enhanced Data GSM Environment (EDGE), Wideband Code Division Multiple
Access (WCDMA), among other communication standards. Network may include any
wireless communication mechanism by which information may travel between the
devices 1404 and other computing devices in the network.

To ensure data transfer is secure, the computer systems 1402, 1404 and 1406 may
transmit data via the network 1408 using a variety of security measures including TSL,
SSL or VPN, among other security techniques. While the distributed computer system
1400 illustrates three networked computer systems, the distributed computer system 1400
may include any number of computer systems, networked using any medium and
communication protocol.

Various aspects and functions in accord with the present invention may be
implemented as specialized hardware or software executing in one or more computer
systems including the computer system 1402 shown in FIG. 14. As depicted, the
computer system 1402 includes a processor 1410, a memory 1412, a bus 1414, an
interface 1416 and a storage system 1418. The processor 510, which may include one or
more microprocessors or other types of controllers, can perform a series of instructions

that manipulate data. The processor 1410 may be a well-known, commercially available
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processor such as an Intel Pentium, Intel Atom, ARM Processor, Motorola PowerPC, SGI
MIPS, Sun UltraSPARC, or Hewlett-Packard PA-RISC processor, or may be any other
type of processor or controller as many other processors and controllers are available. As
shown, the processor 1410 is connected to other system placements, including a memory
1412, by the bus 1414,

The memory 1412 may be used for storing programs and data during operation of
the computer system 1402. Thus, the memory 1412 may be a relatively high
performance, volatile, random access memory such as a dynamic random access memory
(DRAM) or static memory (SRAM). However, the memory 1412 may include any
device for storing data, such as a disk drive or other non-volatile storage device, such as
flash memory or phase-change memory (PCM). Various embodiments in accord with the
present invention can organize the memory 1412 into particularized and, in some cases,
unique structures to perform the aspects and functions disclosed herein.

Components of the computer system 1402 may be coupled by an interconnection
element such as the bus 1414. The bus 1414 may include one or more physical busses
(for example, busses between components that are integrated within a same machine),
and may include any communication coupling between system placements including
specialized or standard computing bus technologies such as IDE, SCSI, PCI and
InfiniBand. Thus, the bus 1414 enables communications (for example, data and
instructions) to be exchanged between system components of the computer system 1402.

Computer system 1402 also includes one or more interfaces 1416 such as input
devices, output devices and combination input/output devices. The interface devices 1416
may receive input, provide output, or both. For example, output devices may render
information for external presentation. Input devices may accept information from
external sources. Examples of interface devices include, among others, keyboards,
mouse devices, trackballs, microphones, touch screens, printing devices, display screens,
speakers, network interface cards, etc. The interface devices 1416 allow the computer
system 1402 to exchange information and communicate with external entities, such as
users and other systems.

Storage system 1418 may include a computer-readable and computer-writeable

nonvolatile storage medium in which instructions are stored that define a program to be
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executed by the processor. The storage system 1418 also may include information that is
recorded, on or in, the medium, and this information may be processed by the program.
More specifically, the information may be stored in one or more data structures
specifically configured to conserve storage space or increase data exchange performance.
The instructions may be persistently stored as encoded signals, and the instructions may
cause a processor to perform any of the functions described herein. A medium that can
be used with various embodiments may include, for example, optical disk, magnetic disk
or flash memory, among others. In operation, the processor 1410 or some other
controller may cause data to be read from the nonvolatile recording medium intc another
memory, such as the memory 1412, that allows for faster access to the information by the
processor 1410 than does the storage medium included in the storage system 1418. The
memory may be located in the storage system 1418 or in the memory 1412. The
processor 1410 may manipulate the data within the memory 1412, and then copy the data
to the medium associated with the storage system 1418 after processing is completed. A
variety of components may manage data movement between the medium and the memory
1412, and the invention is not limited thereto.

Further, the invention is not limited to a particular memory system or storage
system. Although the computer system 1402 is shown by way of example as one type of
computer system upon which various aspects and functions in accord with the present
invention may be practiced, aspects of the invention are not limited to being implemented
on the computer system, shown in FIG. 14. Various aspects and functions in accord with
the present invention may be practiced on one or more computers having different
architectures or components than that shown in FIG. 14. For instance, the computer
system 1402 may include specially-programmed, special-purpose hardware, such as for
example, an application-specific integrated circuit (ASIC) tailored to perform a particular
operation disclosed herein. Another embodiment may perform the same function using
several general-purpose computing devices running MAC OS System X with Motorola
PowerPC processors and several specialized computing devices running proprietary
hardware and operating systems.

The computer system 1402 may include an operating system that manages at least

a portion of the hardware placements included in computer system 1402. A processor or
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controller, such as processor 1410, may execute an operating system which may be,
among others, a Windows-based operating system (for example, Windows NT, Windows
2000/ME, Windows XP, Windows 7, or Windows Vista) available from the Microsoft
Corporation, a MAC OS System X operating system available from Apple Computer, one
of many Linux-based operating system distributions (for example, the Enterprise Linux
operating system available from Red Hat Inc.), a Solaris operating system available from
Sun Microsystems, or a UNIX operating systems available from various sources. Many
other operating systems may be used, and embodiments are not limited to any particular
operating system.

The processor and operating system together define a computing platform for
which application programs in high-level programming languages may be written. These
component applications may be executable, intermediate (for example, C# or JAVA
bytecode) or interpreted code which communicate over a communication network (for
example, the Internet) using a communication protocol (for example, TCP/IP). Similarly,
functions in accord with aspects of the present invention may be implemented using an
object-oriented programming language, such as JAVA, C++, Ada, or C# (C-Sharp).
Other object-oriented programming languages may also be used. Alternatively,
procedural, scripting, or logical programming languages may be used.

Additionally, various functions in accord with aspects of the present invention
may be implemented in a non-programmed environment (for example, documents created
in HTML, XML or other format that, when viewed in a window of a browser program,
render aspects of a graphical-user interface or perform other functions). Further, various
embodiments in accord with aspects of the present invention may be implemented as
programmed or non-programmed placements, or any combination thereof. For example, a
web page may be implemented using HTML while a data object called from within the
web page may be written in C++. Thus, the invention is not limited to a specific

programming language and any suitable programming language could also be used.

Examples and Embodiments of a Genomic Portal

It is realized that the adoption and integration of genomic testing into daily

practice faces significant hurdles, in part, based on the ability to access and the volume of

-50-



10

15

20

25

30

CA 02897190 2015-07-03

WO 2014/107548 PCT/US2014/010124

the information that needs to be reviewed and understood in order to facilitate treatment
decisions. Further, the complexity of the genomic analysis has also limited its potential
and some cases implementation. Itis also realized that conventional approaches for
providing genomic alteration information are not readily appreciated by the majority of
practitioners for their diagnostic value. Nor can the majority of practitioners incorporate
such information into actionable steps to be taken with a given patient.

According to one aspect, it is realized that in order to effectively incorporate
genomic testing information into daily physician practice, genomic alteration data must
be simplified and/or coupled with contextual applications of the genomic alteration data.
In some embodiments, volumes of genomic alterations and associated information (e.g.,
journal articles, clinical trial information, therapies, etc.) are analyzed and synthesized
into actionable information items viewable on an alteration system. According to one
embodiment, the system can be configured to focus practitioners on discrete portions of
the alteration information on which they can act.

According to other aspects, curated information is provided on the system to
enable practitioners to make informed decisions regarding the implications of the
presence of specific genomic alterations. Curated information includes interpretations of
available information (e.g., existing therapies, clinical trials, journals, and publications)
for genomic alterations that may be found in a patient’s tumor as a result of the genomic
analysis. The genomic analysis can identify, for example, a tumor type, an affected gene,
and an alteration type specific to a given patient and their cancer. The available
information that can be curated can be associated with, and organized by, any of the
information provided in the genomic analysis (e.g., specific to tumor type, gene, and
alteration).

According to one embodiment, the interpretations present contextual information
regarding the gene implicated in a patient’s cancer, including, for example, the
expression of the gene, related genes, and can provide information on related therapies or
clinical trials. In some embodiments, the curated information can also include
interpretive statements that summarize and/or apply current analysis of any available
information associated with genomic alterations (including, for example, information on

an identified gene, information on an identified alteration, and information on the
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patient’s tumor). Further, the curated information can be integrated into a display with
genomic test results, providing intuitive and easy access information sources for
understanding implication of the test results.

Additionally, the curated information can include references to an information
source from which the curated information is derived. In some embodiments, the system
can provide direct access to a source of the curated information. For example, the system
can provide for direct navigation to a relevant clinical trial while in context of reviewing
information on a specific genomic alteration. The curated information can also include
direct links to the source information hosted at external information sites. (e.g.,
ClinicalTrials.gov, PubMed, etc.). The information sources can also be reviewed by the
user to further describe or validate the curated information being provided.

By providing such curated information with an easily navigable interface, a
physician or other health care provider may locate the best treatment information in a
timely manner. In some embodiments, the interface can be organized and navigated
based on specific alterations found in a patient’s cancer. In such settings, the user can
navigate to information matching the patient’s cancer (e.g., tamor type, gene, and
alteration) to find directly relevant treatment information. Additionally, the user can
navigate to related information matching one or more of a patient’s tumor type, gene, and
alteration to inform the user of potential off-label treatment options.

Genomic testing provides unique opportunities to make more informed treatment
decisions, especially in the field of cancer diagnosis and therapy development. Some
conventional approaches can fail to provide useable information within the volumes of
information provided as results of genomic testing. Further, it is appreciated that some
conventional approaches fail to focus practitioners on actionable information within the
genomic testing information and any associated treatment information.

Accordingly, provided are systems and methods for managing genomic testing
information that provide a single reporting source for accessing and applying available
information on a patient’s cancer. According to some embodiments, genomic testing on
the patient’s cancer provides specific information on the tumor, one or more genes
implicated by the tumor, and one or more alterations within the genes. The testing

information on tumor, gene, and alteration can be used by the system to manage delivery
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of curated information that focuses users (e.g., physicians) on actionable information
within the genomic test results and associated information. For example, publically
available data (e.g., therapy data, clinical trial data, and journal publications) can be
interpreted to provide the curated information based on its relationship to one or more of
the tumor, gene, and alteration for a patient. The publically available information can be
processed on the system to provide navigable data structures informing the user of
available actionable information associated with a patient’s cancer.

According to one embodiment, by providing users an indicator of actionable
information, information within genomic testing reports can be provided succinctly and
enable the users to select the indicator to access more detailed information as needed.
Further, genomic test results (e.g., listings of alterations) can be ordered based on the
presence or absence of actionable information items, In one example, actionability of the
navigable data structures can be defined on available information for an FDA approved
agent in the patient’s tumor type, available information for an FDA approved agent in
another tumor type, and/or available information for a mechanistically driven or
biologically relevant clinical trial based on the alteration(s) found.

The ordering can be configured to focus the user on the actionable information to
facilitate review of a plurality of alterations and their associated information. Indicators
of actionable items can be displayed based on an information source (e.g., a therapy
indicator/tag references available therapy information items related to a genomic
alteration, a trial tag references available clinical trial information items, and a reference
tag for reference information items). The indicator can be associated with a respective
alteration in the plurality of alterations resulting from genomic testing.

In some embodiments, the system facilitates successive selection of alterations
and associated information within the plurality of alteration results, for example, using
the indicators. By enabling successive selections, the system facilitates better
understanding of a patient’s cancer and enables more informed treatment decisions.

According to some embodiments, the actionable information includes
identification of FDA approved therapies for a tumor, gene, and alteration combination.
Actionable information can also include identification of related therapies that are

implicated by any one or more of the tumor, gene, and alteration characteristic of a
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patient’s cancer. According to some embodiments, related therapies can be determined
by the system and displayed to users to facilitate treatment decisions. For example,
indicators regarding the related therapies can be displayed as part of the navigable data
structures within user interface displays generated by the system.

Referring to FIG. 1, there is illustrated an example of a system 100 for managing
genomic testing information using an alteration engine 104. Elements of the system 100
can be provided using a computing system such as the computer system 500 and/or 502
described with reference to FIG. 5. For example, the alteration engine 104 can be
executed on the computer system 500 and/or 502 to provide the functions and operations
discussed herein. In other embodiments, the alteration engine 104 can include additional
components executed on the computer system to perform specific operations.

As shown in FIG. 1, various embodiments of the alteration engine 104 are
configured to accept genomic test results 102 and associate the genomic test results with
curated information. The curated informing can include detailed analysis or additional
information tailored to the characteristic of the test results. For example, the test results
generated for a specific patient can specify a plurality of genes and alterations found
within the patient’s cancer. The alteration engine 104 can be configured to associate
curated information tailored to the specific genes/alteration identified for the patient.

In some embodiments, the alteration engine 104 can be configured to generate a
single source display of the test results, curated information, and any additional
information as a dynamic display 106. The dynamic display 106 can include and
organize the test results, the curated information, and the additional information to
minimize the volume of data displayed to the user at any one time. According to one
embodiment, the dynamic display 106 can include a plurality of views of the test results,
the curated information, and the additional information. In one example, the test, curated,
and additional information can be organized into categories for display in a user interface.
In some embodiments, the user interface can be specially configured for navigation with
mobile devices.

The user interfaces generated by the system can also be configured to include
gene and alteration information specific to a current patient being viewed. The user

interfaces are configured to present categorized information to facilitate understanding of
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the gene and alteration information for the current patient. In one example, the dynamic
display is presented for a specific patient selected by the user from a patient listing (e.g.
FIG. 6 — which can include options for filtering the patient listing at 650). Once selected,
the current patient’s information (e.g., name, date of birth, height, weight, sex, patient id,
case id, etc.) can be provided along with information regarding the genetic testing
conducted (e.g., specimen receipt date, report generation date, diagnosis (type of tumor),
collection date for specimen, collection method, specimen type, etc.) as a first portion of
a dynamic display 106.

A second portion of the dynamic display 106 generated by the system and/or
alteration engine 104 can include the results of the genetic testing organized by gene and
alteration. In some embodiments, the alteration engine 104 can include a user interface
(*“UT”) component configured to generate and to provide for navigation within the
dynamic display 106. For example, each gene and alteration result generated from
genomic testing of the current patient’s cancer can be displayed as its own data structure.
The data structure can contain selectable indicators of actionable information specific to
each of the gene/alteration results. In one embodiment, the Ul component is configured
to transition the dynamic display 106 to the actionable information in response to
selection of the indicators.

According to one embodiment, each gene/alteration data structure is referred to as
a brick. Each brick includes a display title or name for an associated gene and alteration.
Shown by way of example in FIG. 7, is a section of dynamic display containing a first
and second portion (702 and 704). The second portion (704) of the display includes the
gene/alteration data structures (“bricks”) at 706. Highlighted at 708 is an example brick,
which includes a title for a gene/alteration identified by the genomic testing. The
alteration engine 104 and/or UI component can be configured to arrange the bricks
responsive to actionable information associated with each brick. For example, bricks
having associated therapy information can be given precedence in a display of the test
results at 704 over bricks without associated therapy information. Further bricks having
associated clinical trials can be given precedence in the display at 704 over bricks without
associated trial information. In further examples, the number of information items within

each category can be used to establish a display precedence based on the categories of
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actionable information (e.g., therapy, trial, reference). In some embodiments, indicators
are generated specific to the category of actionable information.

According to some embodiments, actionable information refers to the presence of
information diagnostically relevant to a gene or alteration. For example, actionable
information can be reviewed by the user (e.g., a physician) to inform treatment decisions
for that patient, to facilitate the physician’s determinations regarding the patient’s cancer,
or to educate the physician on the gene/alteration, among other options. The actionable
information can also be relevant to patient’s tumor type as well as the gene and alteration.
As shown, each brick includes a navigable indicator reflecting available actionable
information (e.g.. at 712 Therapy indicator and 714 Trial indicator). In one embodiment,
the display of bricks can be ordered based on actionability, wherein actionability can be
defined on available information for an FDA approved agent in the patient’s tumor type,
available information for an FDA approved agent in another tumor type, and/or available
information for a mechanistically driven or biologically relevant clinical trial based on
the alteration(s) found. In addition, each brick can include a title display reflecting a
specific gene and alteration associated with each brick (e.g., at 716 — 717) that can be
navigated to additional, and/or actionable information regarding the gene and alteration.

In some embodiments, the brick of information for each gene alteration can
include information on the gene and the alteration, where additional information is
visualized responsive to a hover action. In one example, the number of therapies trials
and references can be visualized responsive to user interface pointer hovering over the
gene/alteration brick.

In some embodiments, actionable information can be grouped by the system
based on categories or source, and indicators can be generated according to any such
groupings. For example, the system can group information on available therapies (e.g.,
712 therapy indicator or tag), clinical trials (e.g., 714 trial indictor or tag), and in further
examples, publications referencing the gene and/or alteration can also be grouped by the
system in the dynamic display. Each indicator can be displayed separately for each brick
associated with a gene and alteration. The indicators are configured to transition the user
to one or more information items associated with the displayed gene/alteration. By

selecting the therapy indicator, the user transitions the system to matching therapy
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information items. In some embodiments, the brick can also include an indicator or tag
reflecting that updated information is available in any one or more of the associated
therapy, trial, and reference information items.

According to one embodiment, selection of the indicators (e.g., 712-717) can be
configured to cause the alteration engine 104 and/or UI component to transition the
system to additional information specified by the respective indicator. For example,
selection of any of 712-717 causes the system to transition to a third portion of the
dynamic display 106 (e.g., FIG. 7B (710)). The system can also transition to new
portions/pages using jump menu 711. Shown at 710 is an example of the third portion of
the dynamic display 106. As shown, the third portion includes categorization of the
information items associated with the tumor, gene, and alteration information relevant to
the currently viewed patient (including, for example, the genes/alterations shown at 704).
According to some embodiments, the information displayed in the third portion can be
grouped based on system categories for the related information. In one example, the
system categories can include: Genomic Alteration Interpretations (718); Therapy (720);
Clinical Trial (722); and References (724). In some embodiments, each drawer can be
responsive to hover, displaying additional information for the drawer being hovered on.

Shown at 710 are the information categories arranged by associated data
structures. Each data structure in the third portion 710 of the dynamic display 106 can be
configured to expand or open upon selection. Further, the data structures displayed can
be accessed through the actionable information indicators at 712-714 or the
gene/alteration indicators at 716-717. Common to the data structures in the third portion
of the dynamic display 710 is a selectable expansion element (e.g., 726) that expands to
show the information items contained within the associated category or group. The data
structures in the group can be referred to as drawers, where the drawers are configured to
open or expand in a user interface display to provide additional information (e.g.,
responsive to selection of 726 or actionable information indicators 712-717). Each
drawer can include an indication of a number of information items organized within the
drawer (e.g., at 728).

Shown in Figs. 7C-D is an expanded view of the Genomic Alteration

Interpretation Drawer 718. In the example display, each gene and alteration is associated
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with interpreted statements that provide contextual information regarding the
gene/alteration. The contextual information can include, for example, the expression of
the gene (e.g., a resulting protein), related genes, genomic family, etc. The interpreted
statements can also provide information on frequency of the alteration (e.g., in the
general population or a study population), information on related genes/alterations,
related therapies, or related clinical trials, In some embodiments, the interpreted
statements are included as “curated” information that summarizes and/or provides current
medical knowledge and/or analysis of the gene and alteration, whether the knowledge
matches the specific tumor type for the patient or not. The curated information can be
generated and stored on the system for access by the alteration engine 104 and/or the UI
component,

In some embodiments, the alteration engine 104 is configured to generate curated
information from various knowledge bases (e.g., ClinicalTrials.gov, PubMed, journal
publications, etc.). In one embodiment, the alteration engine 104 can include a curation
component configured to capture genomic information for curation. In some
embodiments, the alteration engine 104 captures online resources (e.g., clinical studies,
journal publications, research documents, academic articles/resource, etc.) pertaining to
any one or more of tumor, gene, and alteration. The alteration engine 104 and/or curation
component can be configured to present the captured information to a human curator,
who creates interpreted statements from the available information. In some
embodiments, the alteration engine 104 can be configured to summarize or synthesize
online resources into automatically generated interpreted statements. In one embodiment,
the alteration engine 104 and/or curation component can be configured to present such
interpreted statements to human curators for approval or editing prior to use on the
system. In one embodiment, the curation component can automatically identify
information items for curation based on keywords (e.g., keywords for tumor type, gene,
alteration, and/or therapy). In some implementations, the curation component can parse
and capture content from the identified information items. The captured content can be
presented to, for example, the human curators for revision and/or approval.

According to one embodiment, each information item within the drawer (e.g.,

718) can include a navigation option to provide further detail on a selected information
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item. For example, row 730A for ERBB3/amplification can be selected in the user
interface to transition the system to a detailed view of information on the ERBB3 gene
and amplification alteration for the patient’s tumor type. In another example, the
alteration engine 104 and/or UI component can generate a hyperlink or other navigable
element provided in the dynamic display (e.g., at 732) to transition the system to the
detailed view. Shown in FIG. 7E is an example detailed view of the
gene/alteration/tumor combination. The detailed view can include the interpreted
statements shown for the gene and alteration. Further, the detailed view can also include
navigation options for transitioning the system to related genomic information. Shown at
734-738 are expandable display elements. Responsive to selection, the expandable
display elements can each be independently expanded to provide navigation options.
Each navigation option can be grouped according to a respective information source. In
some embodiments, the expandable display elements 734-738 can include an indicator of
a number of information items within each group (e.g., at 740).

Shown in FIG. 7F is an expanded view of each expansion element 734- 738.
Each expansion element provides access to a related information source based on the
respective grouping (e.g., 734, related therapy, 736, related trial, and 738, related
references). In some embodiments, the related therapy group 734 can include therapies
that match the patient’s tumor type, gene, and alteration as well as therapies that match
with any one or more of the three options. In other embodiments, related information can
be included in any of the displayed groups 734-738, for example, when the information
source matches any one or more of the tumor, gene, and alteration of the current patient.

According to some embodiments, the alteration engine 104 is configured to
identify related information for inclusion in the dynamic display 106 and associated
views. In one example, the alteration engine 104 can include an analytic subsystem
configured to identify matches between tumor type, gene, and/or alteration and includes
the matching information items according to display drawers (e.g., at 710). Identification
of related information by the analytic subsystem can be employed by the alteration
engine 104 and/or the UI component to generate the indication of the number of
information items associated with each display drawer (e.g., at 728) and/or in the detailed

view expandable elements (e.g., at 740). In some examples, the analytic subsystem

-50-



10

15

20

25

30

CA 02897190 2015-07-03

WO 2014/107548 PCT/US2014/010124

and/or alteration engine 104 can maintain counts for each information item within system
categories (e.g., therapy, trial, references) and store that information for access within
each patient’s genomic test report or in a detailed information screen (e.g., at 740).

As discussed, once expanded the expansion elements 734-738 provide navigable
links to further detailed information. At 742, provided is a navigable link to a detailed
therapy view. In response to selection of 742, for example, in a user interface, the
alteration engine 104 and/or UI component causes the system to transition to a detailed
view of the Perjeta related therapy. The related trials links at 744-746 and the related
references links at 748 are configured to transition the user to external information
sources. For example, the related trials links at 744 and 746 are directed to respective
clinical trial information sources maintained on the ClinicalTrials.gov website. In
another example, the related references links at 748 are configured to transition the user
to respective publications maintained at PubMed.gov. In some embodiments, the
transition to the external information sources is executed by causing a browser to open a
new window or a new tab. The alteration engine 104 and/or Ul component can be
configured to maintain an active session, for example, in a browser while the user is
reviewing external information sources in the new window or tab.

Shown in FIG. 7G is an example detailed therapy view. As discussed above, the
detail therapy view can be accessed responsive to selection of 742. The detailed therapy
view can also be accessed from an information item display provided with in the therapy
drawer 720 (discussed in greater detail below). According to some embodiments, the
detailed therapy view describes the details of the therapy, for example, the drug perjeta.
The details for the therapy can also include information on the timeframe associated with
the descriptive information (e.g., last updated information), which be used by the system
to track updates to therapy information. In some embodiments, detailed information for a
therapy can include description of any FDA approved uses of the therapy (“on-label”
uses). In further embodiments, approved uses can be accompanied by therapy target
information and/or rational for applying the therapy to a tumor, gene, and/or alteration.
The target/rational information can include interpretive statements, which provide insight
into how the therapy is related to a patient, and more specifically to the patient’s tumor,

gene, and/or alteration,
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In the example display of FIG. 7G, illustrated are expansion elements similar to
the expansion element of the detailed view of a gene/alteration/tumor combination.
According to some embodiments, the expansion elements for Related Trials and Related
References (e.g., 752 and 754) can overlap or include the same information sources. In
other embodiments, additional information sources can appear as links in either category
relative to the detailed view of the gene/alteration/tumor combination. At 750, Related
Alterations are displayed as part of the detailed treatment view. Once expanded, the
related alterations can include a navigable link 756 directed back to the detailed view of
the gene/alteration/tumor of FIG. 7F. In other embodiments, if more than one alteration
is matched to perjeta (for example, by the analytic subsystem) additional navigable links
would be displayed under 750. As discussed, the user can navigate through a patient’s
test results and the associated information through a variety of paths.

For example, returning to FIG. 7B, drawer 720 can be selected to transition the
dynamic display to an expanded view of Therapy drawer 720. Shown in FIG. 7H is an
example view of an expanded Therapy drawer. According to one embodiment, within
the therapy drawer are all available therapies associated with a patient’s cancer. The
associated therapies can be identified, for example, by the alteration engine 104 and/or
the analytic subsystem based on matching a gene or alteration within the patient’s tumor
type or in other tumor types. The therapy information item display within the drawer
(e.g., at 756) can include an identification for the therapy (e.g., drug name, name of a
treatment procedure, combination of drugs, etc.) at 760, the gene (e.g., from the patient’s
test results) associated with the therapy at 762, the alteration type for the gene at 763, and
indicators for whether the therapy has been approved by the FDA within the patient’s
tumor type at 764, and identification of any tumor types for which the therapy has FDA
approval (if any) at 766.

In some embodiments, the gene name and the alteration type identified can also
be used to access detailed information views for either the gene or alteration type. For
example, 762 and 764 can be selected in a user interface to transition the system to
detailed view of the gene/alteration/tumor combination show in FIG. 7Eand to the
detailed therapy view shown in FIG. 7G, respectively. According to some embodiments,

providing information on FDA approved therapies within a patient’s tumor type
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facilitates on-label uses of approved therapies. In further embodiments, providing
information on FDA approved therapies outside of the patient’s tumor type provides
valuable insight into potential off-label uses, and can facilitate the user’s decision making
on related but not labeled use of a therapy.

According to some embodiments, the dynamic display is configured for
successive navigation through the patient’s genomic alterations and the information
associated with the patient’s genomic alterations. In one example, the user can expand
the clinical trial drawer 722 to navigate within the clinical trial information related to the
patient’s cancer. The user can expand the drawer 722 as an initial selection, or, for
example, after viewing information in other drawers. Responsive to selection of the
drawer 722, the alteration engine 104 and/or UI component causes the system to
transition the dynamic display to an expanded view of the clinical trial drawer 722 (e.g.,
shown in FIG. 71I).

FIG. 71 shows a portion of an example view of the clinical trial drawer in an
expanded state. As shown, only 2 of 9 matching clinical trials are illustrated in the
portion of the example view. Each information item (e.g., 768 and 770) within the
clinical trial drawer can include common elements. According to one embodiment, the
common elements can include a clinical trial identifier 772, which can be selected in the
user interface to transition the user to an external information source, for example,
ClinicalTrials.gov. In one example, the alteration engine 104 can be configured to
transition the user to the external information source through a new browser window or
through a new tab opened in a browser program. By opening new windows and/or tabs
the user is readily able to transition back to the dynamic display 106 and any view
currently shown.

In some embodiments, the common element can also include a rational indicator
associated with the clinical trial being display. Responsive to selection of the rational
indicator at 774 the rational associated with the clinical trial can be displayed as text in an
overlay display (e.g., as shown in FIG. 7], 777). The rational can include specific
identification on how the information was obtained (e.g., keyword searching on
clinicaltrials.gov including the keywords searched). In some embodiments, the system

can provide a link (not shown) associated with the search terms to take the user to the
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source and the search results obtained. Selection of a close window indicator (e.g., 778)
returns the dynamic display to the expanded view of the clinical trial drawer. Other
common elements shown in the information items (e.g., 768) can include one or more of:
targets associated with the clinical trials (e.g., “Aurora kinase™ at 780, a phase associated
with the clinical trial at 781, therapies at 784 (if any), location information for the clinical
trial at 786, and status for the clinical trial (e.g., recruiting).

In some embodiments, the clinical trial drawer can include filter option displays.
The filter operation displays can be configured to accept patient specific criteria (e.g.,
height, weight, age, tumor type, gene, alteration, sex, prior treatment, current diagnosis,
prior outcome, etc.) to return clinical trial information items that match the input criteria.

Once the user has reviewed any clinical trial information she wishes to see, the
user may proceed to review references related to the patient’s cancer. According to one
embodiment, the user can select the references drawer 724 to cause the system to
transition the dynamic display 106 to an expanded view of the reference drawer 724. For
example, a portion of an expanded view of the reference drawer 724 is shown in FIG. 7K.
Each information item with the reference drawer (e.g., 788-794) can include common
elements. According to one embodiment, the common element can include a name for
the reference at 796, which can include the authors of the reference, the title of the
reference, and associated bibliographic information for citing to the reference.

Additional common elements can include a link to the reference, for example, at 798.
Selection of the link can cause the system to transition to the reference, which may be
hosted at a location external to the system. As discussed above, external transitions can
be provided through new browser windows and/or tabs, to allow the user to maintain a
session with the system.

As discussed above, the dynamic display 106 is configured to provide multiple
paths to genomic alteration information, actionable information, and specific information
items or views. In some embodiments, the path taken through the dynamic display 106
can impact how the system displays any information within a given view. For example,
expansion of one of the drawers at 718-724 provides access to the information items
within each group. According to one embodiment, successive selection of another

drawer can be configured to close any open drawer as well as to transition the dynamic
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display to the expanded view of the selected drawer. Further, responsive to selection of a
drawer within the dynamic display, each information item within a specific drawer is
presented. If the information items within a drawer are accessed from a link (e.g., 712)
displayed in a brick (e.g., at 706) from the second portion of the dynamic display (704),
then the information items associated with the link (i.e., therapies associated with the
ERBB3 gene are highlighted to facilitate review). The system and/or alteration engine
104 can be configured to highlight such associated information items within any drawer
accessed (e.g., 718-724) when shown in their respective expanded views.

According to some embodiments, additional drawers can be provided in the
dynamic display 106. In one implementation, the third portion of the dynamic display
can include an update drawer 800 shown in FIG. §A. The update drawer 800 organizes
updates to any information item presented in a patient report. In some embodiments, the
alteration engine 104 is configured to track updates to any information item (e.g., updates
to genomic alteration interpretation, new genomic alteration interpretations, revisions to
genomic alteration interpretations, new therapies, new approvals for therapies, revisions
to approved therapies, new clinical trials, new results for clinical trials, new publications,
references, retractions for references, etc.). In some examples, the tracked updates can be
organized and presented in an update drawer (e.g., 800). In additional examples, the
tracked updates can be identified with a visual indictor (e.g., 802) for a respective drawer
having updated information. Each visual indicator for any updates can include
information on a number of respective updates (e.g., §03).

In some embodiments, the alteration engine 104 can include an update component
configured to track updates to information items associated with a patient’s test report.
The update component and/or the alteration engine 104 can also be configured to
maintain information on the last time a report was accessed to determine what updates
have occurred since a last view. The update component can be configured to present
such updates within an update drawer. Further, the update component can generate an
indicator for each drawer containing updated information (e.g., 802).

Shown in FIG. 8B is an additional view of updates information tracked by the
system. FIG. 8B illustrates an updates timeline view accessed, for example, in response

to selection of an updates tab at 806. According to one embodiment, the updates timeline
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view organizes and displays any updates to information items associated with a patient
report according to a date for the respective the update. The updates timeline view can
also be configured to organize the update information items responsive to categorization.
For example, control element can be displayed as part of the updates timeline view at
808. Responsive to selection of 810 Interpretations, 812 Therapies, 814 Trials, and 816
References, updates for information items in each group will be presented at the top of
the updates timeline display. FIG. 8D shows another embodiment of an updates timeline
display. Some embodiments of the updates timeline display can include a control §18
configured to cause the system to display or hide filters for narrowing or expanding the
number of updated information items in the display. Example filters displayed by the
system include: update categories at 820, update types at 822, and a temporal filter on
displayed updates at 824. Selection within one or more of the filters can be configured to
limit the update information items displayed to only those update items matching the
filter criteria.

Selection of the displayed updates (e.g. 823 FIG. 9A or 809 FIG. 8C) can be
configured to transition the user interface to a detail view of the selected update (e.g.,
FIG. 8C illustrates a detail view 817 for an EGFR alteration providing information on
updates, interpretation, frequency of occurrence, overview information, and relevance to
targeted therapies). FIG. 8C can include a selectable option to display an interpretation
update history (e.g., 819), where all changes to an interpretation for an alteration can be
displayed. Each display drawer (alteration, therapy, trial, and references) can have an
updates view for each information item within the respective drawers that provide
information on any updates to a respective information item. According to another
embodiment, the alteration engine 104 can also be configured to compiled genomic test
results and any associated information into static test reports 107. For example, a static
test report 107 can be generated by the alteration engine 104 in response to selection of a
download control. According to one embodiment, the static report reflect the same
organization as the dynamic display 106, however, the static report differs in that all of
the associated information reflects the expanded views of each category of associated
information (e.g., expanded views of drawers 718-724). An example static report 107 is

shown in Figs. 9A-9N. In further embodiments, users can register to receive static or
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physical reports that are delivered via mail or fax. In some examples, the user does not
access the system to retrieve genomic test results rather the results are delivered as a
physical document.

According to one embodiment, the static report can include patient demographic
information (e.g.. 902 — date of birth, gender, case #. medical record #, and id). The
static report can also provide summary information on the information contained in the
report (e.g., at 904 — summary of the genomic alterations found, therapy associated with
clinical benefit, therapies associated with lack of response, and clinical trial information,
as well as page references for accessing detailed information). In one example, the static
report can include summary information on therapies (e.g., at 906 — genomic alterations
detected, FDA approved therapies (in patient’s tumor type), FDA approved therapies (in
another tumor type), and potential clinical trials organized by alteration). The static
report can include information on genomic alterations at 910 of FIG. 9B-C, detailed
information on therapies (e.g., 912), clinical trials to consider at 914 of Figs. 9E-91. The
static report can also include information on references relied on to generate the report at
916 of Figs. 9J-OM. In one example, the static report can also include information on the
genetic testing performed on the patient and include information on how the report

should be utilized (e.g., at 918).

Example Genomic System

Show in FIG. 2 is an example embodiment of a system 200 for managing
genomic testing information. The system 200 can be configured to provide a single
reporting source for accessing and applying available information on a patient’s cancer.
According to some embodiments, genomic testing on the patient’s cancer provides
specific information the tumor, one or more genes implicated by the tumor, and one or
more alterations within the genes which can be displayed by the system 200 through a
web interface 202. In some embodiments, the web interface 202 can include an alteration
engine 204 that performs any of the operations discussed above with respect to the
alteration engine 104. For example, the web interface and/or alteration engine 204 can be
configured to use the testing information on tumor, gene, and alteration for a patient to

manage delivery of curated information to end users (e.g., technicians, physicians,
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medical personal, etc., at 205) over a communication network 216. In one embodiment,
the alteration engine 204 can include a UI or navigation component 212 configured to
generate displays that focus users (e.g., physicians) on actionable information within the
genomic test results and associated information. For example, the Ul component 212 can
display navigable data structures including information on genes and alterations
identified in a genomic test coupled with indicators informing the user of available
actionable information associated with a patient’s cancer.

According to some embodiments, the alteration engine 204 can include specific
component for provide specific functionality on the web interface 202. For example, the
alteration engine 204 can also include a report generator component 206 configured to
generate physical and/or static report for downloading through the web interface (e.g.,
shown in Figs. 9A-9N). The alteration engine 204 can also include an analytic subsystem
208 an analytic subsystem configured to identify matches information between a current
patient’s tumor type, gene, and/or alteration and include or identify the matching
information items for display in the patient’s test results.

According another embodiment, the alteration engine can also include a curation
component 210 configured to generated curated information for use on the system. The
curated information can include interpreted statements regarding any one or more of
genomic alterations, an implicated gene, a patient’s tumor type, and/or potentially
applicable therapies for a patient’s cancer. In some examples, the curation component
can be accessed by human operators “curators” who generate and/or approve system
generated interpreted statement regarding genomic alterations, an implicated gene, a
patient’s tumor type, and/or potentially applicable therapies.

As discussed, the alteration engine can also include the UI component 212
configured to generate and display navigable data structures (e.g., bricks and drawers)
which include information on genes and alterations identified in a genomic test, which
can be coupled with indicators for actionable information associated with a patient’s
cancer. The UI component 212 can transition the system to the actionable information
(e.g., therapy information items, trial information items, reference information items)

responsive to selection in the user interface.
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In further embodiments, the alteration engine can include an update component
214 configured to track any updates to genomic alterations and any information
associated with the genomic alterations. In one embodiment, the update component 214
can identify updates information for display by the UI component 212. Various
embodiments, of the alteration engine components are configured to perform the function
and operations discussed above with respect to the alteration engine 104 and associated
components.

According to some embodiments, the web interface 202 can be accessed by users
(e.g., 205) over the internet. The user can access the web interface from a variety of
location (e.g., laboratory 218, hospital 220, and treatment facility 222). In various
embodiments, the users at any one or more of 218-222 can share genomic test reports
with each other. For example, the web interface 202 can be configured to provide social
functions between users. In some embodiments, the web interface can limit sharing to
practice groups, within treatment facilities, or within medical institutions (e.g., hospitals).
According to one aspect, sharing of test results and associated genomic information on
patients can create a strong community of physicians, and foster discussion about
treatment or even specific patients.

According to some embodiments, the web interface 202 stores genomic test
information in database 217. Database 217 is illustrated as a single database, but in other
embodiments, database 217 can include any storage medium or organizational unit for
storing and accessing genomic test results and associated information. Further
embodiments can include a plurality of databases and can also include distributed data
architectures. According to one embodiment, database 217 can include a variety of data
records accessed by the web interface 202 to manage delivery of genomic test results and
associated information.

For example, the database can include information on genomic testing. In one
example, genomic test results are stored and associated with patient records. The
genomic test results can include information on genomic alterations. Specific genomic
alterations can be stored in database 217 and access for presenting information within a
display of a patient’s test report. The database can include curation records stored and

associated with any one or more of a tumor type, gene, and/or genomic alteration.
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Information on clinical trial can likewise be stored as information items associated with
any one or more of a tumor type, gene, and/or genomic alteration. The database 217 can
also store therapy information and references information and provide associated for
either to any one or more of a tumor type, gene, and/or genomic alteration. The database
217 can also be configured to track and store information on updates to any information
within the database. In one example, updates can be flagged by other system components
and the flags resolved or remove once viewed.

In further embodiments, the database can store information on data views for used
by web interface and/or the UI component 212. The views can include, for example,
alteration views, genomic interpretation views, clinical trial views, therapy views, static
report views, patient record views, references views, and updates views. Each one or
more of the views can be accessed and used by the web interface to present information
on genomic testing and associated information to a user. In some examples, the system
and/or web interface can be configured to capture information from external information
sources for storage in database 217. In one example, external data source 224 can
contain information related to a patient’s tumor type, gene, and/or alteration. The
information from the external information can be captured and stored as records in
database 217 accessible via the relationship to the tumor type, gene, and/or alteration.

According to some embodiments, the information stored in database 217 can
include reference to the external information source. For example, clinical trial
information items can include links to clinicaltrials.gov 226, reference information items
can include links to PubMed.gov (e.g., 228). In further embodiments, the web interface
202 can be configured to access genomic alteration information for cancer diagnoses
made at a hospital or laboratory (e.g., 230). For example, the web interface can capture
genomic information from EMR (electronic medical records) to retrieve tumor type,
implicated gene, and/or alteration type for storage in database 217. In some
implementations, references or links to the specific medical records can also be stored in
the database. In one example, the links to the medical records can be presented in a
dynamic display generated on system 200.

According to one aspect, the database 217 and all associated information can be

organized or accessed based on one or more of tumor type, gene, and alteration. In one
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embodiment, the tumor type, gene, and alteration data is stored as a data unit (e.g., a
tuple). The data unit can be used by the system to identify or display related information
based on matching any one or more of the tumor type, gene, and alteration. In further
embodiments, each data unit can be linked to actionable information (where it exists).
For example, each data unit can be linked to a matching therapy (e.g.. a therapy
information item describing a specific therapy, application, etc.). In another example,
data units can be linked to a matching clinical trial (e.g., stored as a clinical trial
information item).

According to one embodiment, associated of all the information in the database
according to tumor, gene, or alteration provides insight into prescribed uses of therapies
(on-label) and off-label applications for such therapies. In one example, off-label used
can be identified based on alteration (e.g., different tumors but same alteration — provides
relation information on a potentially effective therapy the current patient’s cancer.

According to another embodiment, each record can be associated with a data
space for an update flag. Responsive to any update to information on the database 217,
the system can enter information in the data space for the update flag. Tracking updates
to genomic alteration and associated information facilitates user awareness of potential
significant changes in a patient report. Further, tracking of update information in the
database 217 enables the system to deliver notification regarding any updates.

In some further embodiment, social functions can have associated records in the
database. For example, permission information (e.g., who can share a report and/or who
can receive a shared report) can be associated with test reports stored in database 217.

According to some embodiments, the web interface 202 can implement a variety
of function and processes for managing delivery of genomic test results and any
associated information. FIG. 3 shows an example process flow 300 for managing
genomic testing information. The process 300 begins at 302 with access to genomic test
results. According to one embodiment, genomic test results include information specific
to a patient’s tumor type, one or more genes implicated by the tumor, and alteration type
associated with the one or more gene. At 304, the tumor type, gene, and alteration

combinations for the patient’s cancer are analyzed, and relevant information items are

identified at 306.
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In some embodiments, the relevant data items can include clinical trials that
match on any one or more of tumor type, gene, and alteration. The relevant data items
can also include therapies or references that match on tumor, gene, and/or alteration. In
some example, the relevant data items are stored for analysis at 304 based on activity of
curators. In one example, human curators can review clinical trial information (e.g.,
criteria, gene/alteration target, trial therapy, trial drug) and associate that clinical trial
information with tumor types, genes, and/or alterations. The human curators can also
review and characterize information on therapies and reference for use in, for example,
process 300.

Once relevant information is identified, for example, at 306, any relevant
information item can be associated with the patient having the matching tumor type,
gene, and/or alteration at 308. The association(s) defined at 308 can be used at 310 to
generate navigable data structures which can be configured to organize gene and
alteration combinations and links to any associated relevant information (e.g., identified
at 306 and associated at 308). In some embodiments, the navigable data structures can be
presented in user intertace display

In other embodiments, the relevant information identified at 306 can be associated
with patient records and/or specific genomic tests at 308 based on a specified data model.
Further, association of the relevant information at 308 can include generation and storage
of the associated information a data unit (e.g., information item) and the data unit can
then be associated with the patient, and/or a gene or alteration in the patients genomic test
results through a navigation link. The navigation link can be used as part of a dynamic
display for a specific gene/alteration combination. Responsive to selection of the link,
the dynamic display can transition to the relevant information.

FIG. 4 shows an example process 400 for navigating through genomic testing
information. The process 400 begins at 402 with generation of navigable data structures.
In some embodiments, the navigable data structures can be generated by other processes
(e.g., process 300) and accessed at 402 rather than being generated at 402. The navigable
data structures can be generated or accessed based on genomic test results for a current
patient. In one embodiment, a genomic data structure is generated or accessed for each

genomic alteration identified in the current patient’s cancer cells. In other embodiments,
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navigable data structures can be accessed or generated for any associated information
relevant to each genetic alteration at 402. In some examples, the associated information
can include relevant therapies, relevant clinical trials, and/or relevant references.

At 404, each genomic data structure is displayed. The genomic data structures
can be displayed in a first portion of a user interface. Each of the genomic data structures
is configured to access associated information relevant to the genomic alteration stored as
part of the genomic data structure. For example, each genomic data structure includes
specification of a gene (e.g., by name) and an alteration type for the gene found in the
patient’s cancer cell. At 406, responsive to selection of one of the genomic data
structures, the user interface transitions to an associated information display area. In
some embodiments, the associated information display area can include organization of
associated information data structures by information type. In some examples, the
organization by information type includes drawers for each type configured to expand
upon access to the contents (and type) organized within the drawer. Depending on the
selection within the genomic data structure, the transition to the associated information
display area can include a transition to a specific category of information (e.g., genomic
alternation interpretations, therapies, clinical trials, references, and updates). Within the
associated information display area, associated information data structures are displayed
at 408.

Each of the associated information data structures can also be navigable.
Responsive to selection of the associated information data structures, the user interface
can transition to additional information on the selected associated information data
structure. The transition invoked depends on the source/target of the associated
information data structure. If the associated information structure includes an external
target, for example, an external website, selection of the external information source at
410 YES, results in a transition of the user interface to the external site at 412, In one
example, the external site can include ClinicalTrials.gov or PubMed.gov, among other
options.

If the target of the associated information data structure is not external 410 NO,
selection of the associated information data structure results in a transition to a detailed

view of the associated information at 414. For example, depending on the associated
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information data structure and/or a target selected within the structure, the transition can
be made to a detailed view of therapy information (e.g., FIG. 7G) or a detailed view of a
gene/alteration combination (e.g., FIG. 7E).

According to some embodiments, process 400 is intended for successive
execution to transition between and within genomic data structures, associated
information data structures, detailed views, and external information locations. For
example, steps 406-408 can be repetitively executed for each one of a plurality of
genomic data structures and/or steps 408-414 can be repetitively executed to access each
one or some of a plurality of associated information data structures.

Further, either process 400 or 300 can be executed on various systems or can be

executed by various system components.

Example Computer Systems

Various aspects, functions, components, and/or processes described herein may be
implemented as hardware, software, or a combination of hardware and software on one or
more computer systems. There are many examples of computer systems currently in use.
Some examples include, among others, network appliances, personal computers,
workstations, mainframes, networked clients, servers, media servers, application servers,
database servers, web servers, and virtual servers. Other examples of computer systems
may include mobile computing devices, such as cellular phones and personal digital
assistants, and network equipment, such as load balancers, routers and switches.
Additionally, aspects in accord with the present invention may be located on a single
computer system or may be distributed among one or more computer systems connected
to one or more communication networks.

For example, various aspects and functions may be distributed among one or
more computer systems configured to provide a service to one or more client computers,
or to perform an overall task as part of a distributed system. Additionally, aspects may be
performed on a client-server or multi-tier system that includes components distributed
among one or more server systems that perform various functions. Thus, the invention is

not limited to executing on any particular system or group of systems. Further, aspects
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may be implemented in software, hardware or firmware, or any combination thereof.
Thus, aspects in accord with the present invention may be implemented within methods,
acts, systems, system placements and components using a variety of hardware and
software configurations, and the implementation is not limited to any particular
distributed architecture, network, or communication protocol. Furthermore, aspects in
accord with the present invention may be implemented as specially-programmed
hardware and/or software.

FIG. 5 shows a block diagram of a distributed computer system 500, in which
various aspects and functions in accord with the present invention may be practiced. The
distributed computer system 500 may include one or more computer systems. For
example, as illustrated, the distributed computer system 500 includes three computer
systems 502, 504 and 506. As shown, the computer systems 502, 504 and 506 are
interconnected by, and may exchange data through, a communication network 508. The
network 508 may include any communication network through which computer systems
may exchange data. To exchange data via the network 508, the computer systems 502,
504, and 506 and the network 508 may use various methods, protocols and standards
including, among others, token ring, Ethernet, Wireless Ethernet, Bluetooth, TCP/IP,
UDP, HTTP, FTP, SNMP, SMS, MMS, SS7, JSON, XML, REST, SOAP, CORBA TIOP,
RMI, DCOM and Web Services.

Computer systems 502, 504 and 506 may include mobile devices such as cellular
telephones, tablets, touch screen devices, etc. The communication network may further
employ one or more mobile access technologies including 2nd (2G), 3rd (3G), 4th (4G or
LTE) generation radio access for cellular systems, WLAN, Wireless Router (WR) mesh,
and other communication technologies. Access technologies such as 2@G, 3G, 4G and
LTE and future access networks may enable wide area coverage for mobile devices. For
example, the network may enable a radio connection through a radio network access such
as Global System for Mobil communication (GSM), General Packet Radio Services
(GPRS), Enhanced Data GSM Environment (EDGE), Wideband Code Division Multiple
Access (WCDMA), among other communication standards. Network may include any
wireless communication mechanism by which information may travel between the

devices 504 and other computing devices in the network.
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To ensure data transfer is secure, the computer systems 502, 504 and 506 may
transmit data via the network 508 using a variety of security measures including TSL,
SSL or VPN, among other security techniques. While the distributed computer system
500 illustrates three networked computer systems, the distributed computer system 500
may include any number of computer systems, networked using any medium and
communication protocol.

Various aspects and functions in accord with the present invention may be
implemented as specialized hardware or software executing in one or more computer
systems including the computer system 502 shown in FIG. 5. As depicted, the computer
system 502 includes a processor 510, a memory 512, a bus 514, an interface 516 and a
storage system 518. The processor 510, which may include one or more microprocessors
or other types of controllers, can perform a series of instructions that manipulate data.
The processor 510 may be a well-known, commercially available processor such as an
Intel Pentium, Intel Atom, ARM Processor, Motorola PowerPC, SGI MIPS, Sun
UltraSPARC, or Hewlett-Packard PA-RISC processor, or may be any other type of
processor or controller as many other processors and controllers are available. As shown,
the processor 510 is connected to other system placements, including a memory 512, by
the bus 514.

The memory 512 may be used for storing programs and data during operation of
the computer system 502. Thus, the memory 512 may be a relatively high performance,
volatile, random access memory such as a dynamic random access memory (DRAM) or
static memory (SRAM). However, the memory 512 may include any device for storing
data, such as a disk drive or other non-volatile storage device, such as flash memory or
phase-change memory (PCM). Various embodiments in accord with the present
invention can organize the memory 512 into particularized and, in some cases, unique
structures to perform the aspects and functions disclosed herein.

Components of the computer system 502 may be coupled by an interconnection
element such as the bus 514. The bus 514 may include one or more physical busses (for
example, busses between components that are integrated within a same machine), and
may include any communication coupling between system placements including

specialized or standard computing bus technologies such as IDE, SCSI, PCI and
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InfiniBand. Thus, the bus 514 enables communications (for example, data and
instructions) to be exchanged between system components of the computer system 502.

Computer system 502 also includes one or more interfaces 516 such as input
devices, output devices and combination input/output devices. The interface devices 516
may receive input, provide output, or both. For example, output devices may render
information for external presentation. Input devices may accept information from
external sources. Examples of interface devices include, among others, keyboards,
mouse devices, trackballs, microphones, touch screens, printing devices, display screens,
speakers, network interface cards, etc. The interface devices 516 allow the computer
system 502 to exchange information and communicate with external entities, such as
users and other systems.

Storage system 518 may include a computer-readable and computer-writeable
nonvolatile storage medium in which instructions are stored that define a program to be
executed by the processor. The storage system 518§ also may include information that is
recorded, on or in, the medium, and this information may be processed by the program.
More specifically, the information may be stored in one or more data structures
specifically configured to conserve storage space or increase data exchange performance.
The instructions may be persistently stored as encoded signals, and the instructions may
cause a processor to perform any of the functions described herein. A medium that can
be used with various embodiments may include, for example, optical disk, magnetic disk
or flash memory, among others. In operation, the processor 510 or some other controller
may cause data to be read from the nonvolatile recording medium into another memory,
such as the memory 512, that allows for faster access to the information by the processor
510 than does the storage medium included in the storage system 518. The memory may
be located in the storage system 518 or in the memory 512. The processor 510 may
manipulate the data within the memory 512, and then copy the data to the medium
associated with the storage system 518 after processing is completed. A variety of
components may manage data movement between the medium and the memory 512, and
the invention is not limited thereto.

Further, the invention is not limited to a particular memory system or storage

system. Although the computer system 502 is shown by way of example as one type of
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computer system upon which various aspects and functions in accord with the present
invention may be practiced, aspects of the invention are not limited to being implemented
on the computer system, shown in FIG. 5. Various aspects and functions in accord with
the present invention may be practiced on one or more computers having different
architectures or components than that shown in FIG. 5. For instance, the computer
system 502 may include specially-programmed, special-purpose hardware, such as for
example, an application-specific integrated circuit (ASIC) tailored to perform a particular
operation disclosed herein. Another embodiment may perform the same function using
several general-purpose computing devices running MAC OS System X with Motorola
PowerPC processors and several specialized computing devices running proprietary
hardware and operating systems.

The computer system 502 may include an operating system that manages at least
a portion of the hardware placements included in computer system 502. A processor or
controller, such as processor 510, may execute an operating system which may be, among
others, a Windows-based operating system (for example, Windows NT, Windows
2000/ME, Windows XP, Windows 7, or Windows Vista) available from the Microsoft
Corporation, a MAC OS System X operating system available from Apple Computer, one
of many Linux-based operating system distributions (for example, the Enterprise Linux
operating system available from Red Hat Inc.), a Solaris operating system available from
Sun Microsystems, or a UNIX operating systems available from various sources. Many
other operating systems may be used, and embodiments are not limited to any particular
operating system.

The processor and operating system together define a computing platform for
which application programs in high-level programming languages may be written. These
component applications may be executable, intermediate (for example, C# or JAVA
bytecode) or interpreted code which communicate over a communication network (for
example, the Internet) using a communication protocol (for example, TCP/IP). Similarly,
functions in accord with aspects of the present invention may be implemented using an
object-oriented programming language, such as SmallTalk, JAVA, C++, Ada, or C# (C-
Sharp). Other object-oriented programming languages may also be used. Alternatively,

procedural, scripting, or logical programming languages may be used.
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Additionally, various functions in accord with aspects of the present invention
may be implemented in a non-programmed environment (for example, documents created
in HTML, XML or other format that, when viewed in a window of a browser program,
render aspects of a graphical-user interface or perform other functions). Further, various
embodiments in accord with aspects of the present invention may be implemented as
programmed or non-programmed placements, or any combination thereof. For example, a
web page may be implemented using HTML while a data object called from within the
web page may be written in C++. Thus, the invention is not limited to a specific
programming language and any suitable programming language could also be used.

It is to be appreciated that embodiments of the methods and apparatuses discussed
herein are not limited in application to the details of construction and the arrangement of
components set forth in the following description or illustrated in the accompanying
drawings. The methods and apparatuses are capable of implementation in other
embodiments and of being practiced or of being carried out in various ways. Examples
of specific implementations are provided herein for illustrative purposes only and are not
intended to be limiting. In particular, acts, elements and features discussed in connection
with any one or more embodiments are not intended to be excluded from a similar role in

any other embodiments.

Example Web Site For Managing Genomic Testing Results

FIG. 32 illustrates an example site map 3200 for a genomic testing website
according to one embodiment. Site map 3200 details examples of pages and transitions
that are made available by the genomic testing website. According to one embodiment,
the website can be accessed via a login page 3202. Once logged into the site, a user is
directed to a patient index page 3204 (e.g., FIG. 6 illustrates an example index page).
Selecting a patient from the index page directs the user interface into a patient results
summary and associated information page 3206 (e.g., FIG. 7A-B illustrate an example
results summary page). Selection of an information drawer with the information page
allows the user to expand the information displayed for each category. For example, the
user can access expanded views for alterations 3208 (e.g., FIG. 7C-D illustrate an

expanded view of alterations), therapies 3210 (e.g., FIG. 71 illustrates an example
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expanded therapy view), trials 3212 (e.g., FIG. 7] illustrates an example trials expanded
view), and references 3214 (e.g., FIG. 7L illustrates an example references expanded
view).

Selection within the expanded view causes a transition in the user interface to a
respective summary page. For example, selection within the alteration expanded view
3208 causes a transition to an alteration summary page 3216 (e.g., FIG. 7E illustrates an
example alteration summary page). In another example, selection within the therapies
expanded view 3210 causes a transition to a therapy summary page (e.g., FIG. 7TH
illustrates an example therapy summary page). In another example, selection within the
trials expanded view transitions the user interface to a trial summary page for the selected
trial (e.g., FIG. 33 illustrates an example trial summary page). In a further example,
selection within the references expanded view transitions the user interface to a reference
summary view 3222 (e.g., FIG. 34 illustrates an example reference summary view).

Views 3206-3214 are grouped into a patient report 3205. Additional information
can be made available in the report. For example, a legal information page 3224 can be
accessed from the view of the report 3205. The legal information page 3224 can include
information on the diagnostic purposes of the report and the genomic testing process.

The user can also access information on terms of use of the site 3226 from the report
page 3205.

FIG. 8A shows another example report page including links to updates associated
with the report page 3205. In one embodiment, selection of the updates transitions the
user interface to an updates page 3230 and including an updates timeline and associated
information view 3232 (e.g. FIG. 8B illustrates an example view of an updates timeline
and associated information page). The updates timeline view 3232 can also be associated
with expanded views including: alterations expanded view 3234 (e.g., FIG. 8B); therapies
expanded view 3236; trials expanded view 3238; and references expanded view 3240,
Each expanded view is associated with a respective summary page: alteration summary
page 3242; therapy summary page 3244; trial summary page 3246; and reference
summary page 3248. Each summary includes links to an all updates view including all

summary page updates for a respective category (e.g., 3250 — all summary page updates,
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3252 — all therapy page updates, 3254 — all trial page updates, and 3256 all reference
page updates).

FIG. 32 shows a site map 3200 which provides access to system pages. The
system pages provide user access to account information 3260, user profile information
3262, account members 3264, account settings 3266, and sign-out functions 3268. In
addition, the user can access pages for defining general user preferences, e.g., on system
alerts (e.g., FIG. 35 shows an example user interface for defining system alert preferences
generally and FIG. 36 shows an example user interface for defining alerts on a patient
basis). The alerts setting pages can be used to access any alerts for a user account, for
example, at 3272. The site can also include pages for support 3274 and user feedback
3276.

FIG. 37 is a general framework design for an example user interface 3700,
according to one embodiment. At 3702, the Ul can include a global header display. The
global elements within the display can include user name, alerts, support, and feedback.
The global header can change based on a user state. For example, if the user is logged in,
the global header may display in a logged in state. In another example, if a user is not
logged in the global header may display in a logged out state (e.g., eliminating the user
name, account alerts, support and feedback options). Other global elements can include a
page title at 3704 “Michael Thomas” and a breadcrumb trail at 3706 in a page header area
3705. The breadcrumb trail can include links to previous pages traversed to arrive at a
current view (e.g., 3700). In some embodiments, global elements can be displayed to
filter content view (e.g., shown in FIG. 6) depending on the content displayed. In other
embodiments, the global elements can include jump menus for navigating within the
content displayed on a page (e.g., at 3708). Upon accessing a specific patient, the
patient’s information can be displayed in a “report mode” indicated at 3710. The report
mode provides access to all information contained in a genomic test report. Where
updated information associated with a report is available, an update icon is displayed at
3712.

The content that is displayed can be in a variety of formats. Example content
items are shown in FIG. 38. A patient index table 3802 can be displayed within a patient

index view. In another example, displayed content can include an updates timeline view
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3804. The updates timeline view can be organized and/or sorted based on information
categories (e.g., interpretations — 3806, therapies - 3808, trials — 3810, and references —
3812). Rows within each information category can be displayed in as shown at 3814-
3820. Each row can also include sort functionality to enable sorting based on displayed
columns (e.g., 3822A-B, 3824A-E, 3826A-G, and 3828A-B).

FIG. 39 illustrates another example page accessible via a genomic report. Page
3900 displays summary content (e.g., 3804 of FIG. 38) associated with an updates
timeline 3902. At 3904 information category filters may be engaged by selection within
the user interface. Selection of a category changes the display of the filters.

Information view in a report can be configured as accordion information tables,
where the accordion tables are responsive to selection to expand and display additional
information within the table. Fig 40 illustrates information in example views shown in an
unexpanded or collapsed state. FIG. 41 illustrates information in example views shown
in an expanded state.

According to one embodiment, information update indicators can be globally
provided in views of user interface. FIG. 42 illustrates example update indicators 4202 —
4214, which can be displayed within respective portions and/or screens of the user
interface. Additionally, alert indicators can also be globally provided within views of the
user interface. FIG. 43 illustrates example alert indicators 4302-4306, which can be
displayed different based on the type of alert. At 4302, a critical alert is displayed as an
inline notification for infrequent and high priority alerts. At 4304, a high priority alert
can be displayed within an information drawer. At 4306, an alert with a high frequency
can be displayed as an indicator within the information that has been updated (e.g., 4308).

The user interface can include multiple views of genomic information. FIG. 44
shows another embodiment of a test report view 4400. Page 4400 can include a
breadcrumb trail at 4402, update notifications 4404, test results content 4406 (e.g., time
stamp 4408, test description 4410, gene/alteration list 4412). An alternate initial view of
a genomic report is illustrated in FIG. 45, which can display information in a collapsed
state as well as an expanded state (e.g., FIG. 46).

FIG. 47 illustrates an execution flow 4700 between respective pages of a genomic

testing website. According to one embodiment, a user is invited to access the genomic
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testing website at 4702, for example, via an e-mailed invitation. The user is brought to a
registration input screen 4704, and the registration information can be verified 4706.
Once verified, subsequent access to the genomic testing site allows the now registered
user to login. For example, the user may access a login page 4708 or login drawer 4710
to input their access information. Valid access information allows the user to continue to
a content landing page 4712 or welcome screen. Alternatively, the user can access
administrative functions (e.g., password reset request 4708 A and receive a reset
notification 4708B). Optionally the welcome screen can be omitted. From the content
landing page, the user may access a list of patients 4714 (FIG. 6 illustrates an example
patient list page) and associated patient reports at 4716 (FIG. 7A illustrates an example
report initial view). In some embodiments, alternative views of genomic test reports are
available. For example, a full test results page 4718 and view by alteration page 4720
can be accessed. FIG. 44 is an example of a full test results page. FIG. 45 is an example
of a view by alteration page.

The information displayed in the report initial view 4716 provides summary
information, for example, grouped by information categories (e.g., interpretations, trials,
therapies, and references). Each group of information can be accessed via the report
initial view, to provide expanded views of respective information responsive to selection
by auser. For example, information in the report can be expanded to provide an
interpretation expanded view 4722 (e.g., shown in FIG. 7C); a trials expanded view 4724
(e.g., shown in FIG. 71); a therapies expanded view 4726 (e.g., shown in FIG. 7I); and a
references expanded view (e.g., shown in FIG. 7K). The alternative page views may also
include expanded information views at 4730 (e.g., shown in FIG. 46).

The information displayed can be associated with respective summary pages
providing additional information. For example, interpretation information items can be
linked to a gene summary page 4732 (e.g., shown in FIG. 7E or 7F), a trial summary page
4734 (e.g., shown in FIG. 33), a therapy summary page 4736 (e.g., shown in FIG. 7G),
and a reference summary page 4738 (e.g., shown in FIG. 34). Each of the summary
views can link back to their respective expanded view, and expanded views can be

collapsed to return to a report initial view 4716.
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In some alternatives, upon accessing a report, the user may be directed to a report
view with updates 4740. For example, if information contained in a patient report has
changed since a last view, the system can provide a view of the patient report with update
indicators. FIG. 8A illustrates an example interface with update indicators. Responsive
to selection of an update indicator. an updates timeline page 4742 can be displayed. FIG.
8B illustrates an example updates timeline page. Like the report page, the update page
can include expandable views of the update items. For example, selection of a trial
category will expand trial information into a trial expanded update view 4744. In various
embodiments, selection of information items within view 4746 transitions to a respective
summary view associated with the selected item. For example, selection of specific trial
information causes a transition to a display of a trial summary update page 4746.

Additionally, the user may access a summary of all available updates at 4748.
According to some embodiments, the site is configured to allow a user to access genomic
information easily and interact with the genomic information at whatever level is desired.
A quick review can be managed through initial report views and summary pages.
Alternatively, detailed review can be managed through the site via the summary pages
available on respective information sources and/or interactive access to detailed genomic
information. Further, the site facilitates access to new information through update
indicators and access to pages specifically organizing updated information (e.g., 4740 —
4748).

In some embodiments, the site can also enable configuration of system behavior
through account set up pages (e.g., FIG. 48). For example, a user may access a profile
page 4802 of FIG. 48 and edit their information via profile editing page 4804 to define or
edit profile information (e.g., profile image, contact information, background, etc.). A
user can enable other users to access an account, for example, in a group practice setting.
The user may access a people page 4806 to define users and access rights (e.g., for
accessing patient data associated with a particular practice). Further, the user can define
behavior settings for the site at 4808. For example, the user can define when and how the
site provides alerts, information updates, etc. A user may also access an alert drawer
4810 configured to provide access to alert information associated with an account. The

user can access all available alerts via page 4812 by expanding the alerts drawer. Support
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is available via page 4814, where the user may access support information. Additionally,
the user can provide feedback through a feedback drawer 4816.

According to some embodiments, the genomic testing site can also provide access
to a genomic information community. In one embodiment, the site provides a
community portal 4900 of FIG. 49 for accessing aggregated genomic testing information.
Access to the community can start at a knowledge base portal page 4902 (FIG. 50
illustrates an example knowledge base page). The knowledge base page provides
anonymized information on genomic testing, patient populations, genes/alterations,
therapies, trials, and/or reference information. Specific trial information can be accessed
and/or searched at 4904 (shown in FIG. 51 is an example trial index page). Additional
information on respective trials can be accessed via a trial summary page 4906.

Further, patient case study pages are made available in the community portal. For
example, patient case study pages can be accessed at 4908 and reviewed for anonymized
information on the patient, a diagnosis, tumor type, gene alteration, treatment notes,
status of treatments, related patient case studies, related trials, and related references
(discussed in greater detail below in FIG. 52). The community portal 4900 may also
provide access to community profiles. For example, participating users can identify their
background, specialty, related users (e.g., group practice), and activities within or out of
the community. The system can provide access to detailed community profile pages at
4910 (discussed in greater detail below in FIG. 53).

FIG. 50 illustrates an example knowledge base page 5000. The knowledge base
page 5000 can include information on aggregated and anonymized genomic test reports,
patient populations, cancer diagnoses, etc. For example, at 5002 information can be
displayed on: a number of patient cases, participating oncologist, participating medical
professionals, cancers types researched, number of genes tested, number of identified
alterations (e.g., via genomic testing reports), number of clinical trials, number of
therapies, and number of references available to review and/or discuss.

Page 5000 can include a number of options for navigating the information in the
community portal. For example, at 5004 a menu for navigating within the available case
studies is provided. Users can access case studies based on matching condition

information, including any one or more of cancer, diagnosis, and genomic alteration.
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Further, options can be provided for matching treatment information, or therapy and
clinical trial information. In addition, options can be provided for matching patient
characteristics, including age, sex, and diagnosis date. Other options for accessing
information in the knowledge base can also include keyword search functions. For
example, additional menus can provide for navigation within the portal on cancer
genomic information generally. Users can access information based on matching cancer
type, specified gene, and specified alterations at 5006. Additionally, users can enter
keyword searches at 5006 to access matching information.

Page 5000 can also include summary information on discussion topics being
developed within the community portal. The information on the discussion topics can be
organized by categories, including, topic of discussion, type, a number of notes in the
discussion, and last post in the discussion. A limited number of discussion topics can be
shown in the knowledge base page 5000, with access to additional topics provided via
links (e.g., “view all”).

Page 5000 can also provide information on the most discussed topics within the
community. For example, at 5010 the most discussed topics are displayed for review.
The most discussed topics can be limited in number on the display at 5010, with access to
additional topics available via a “view all” link. Page 5000 can also provide information
on most viewed case studies. For example, at 5012 page 5000 displays a list of the most
viewed case studies. For case studies that do not fit within the display area of 5012
remaining cased studies can be accessed via a “view all” option.

Other information can be displayed on page 5000 based on tracking user activity
within the community. For example, at 5014 displayed is information on recently open
clinical trials. The information on the recently open clinical trial can include a
description of the trial, diagnosis, and can include location information. In another
example, at 5016 a list of most recent publications is displayed. A “view all” option is
available to access recent publications that do not fit within the display area of 5016.

The community portal can include additional pages for accessing more detailed
information. For example, the community portal can include a clinical trial page 5100,
FIG. 51. Page 5100 can include menus for searching available information on clinical

trials. For example, at 5102 users can enter keyword search criteria and/or access drop
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down menus for targeted searching. Users can receive results on matching clinical trials
by specifying study type, study result, conditions, and interventions. Users can also filter
matching clinical trials based on location, including, state and/or country. Matching trials
can be shown in display area 5104. The resulting trials can be organized by study title,
study conditions, study interventions, and trial status, for example, within display area
5104. The available information (e.g., matching clinical trials) can also be organized by
pages to provide access to large numbers of clinical trials.

The community portal can also include detailed information on patient case
studies that contain anonymized patient outcome information (including, for example, as
discussed with respect to systems and methods for outcome tracking and analysis) and
provide insight into other oncologists’ treatment paths and level of success. Page 5200 of
FIG. 52 illustrates an example patient case study made available through the community
portal.

Anonymized information on the patent is provided at 5202 (e.g., via a case
number) while providing non-identifying descriptive information (e.g., female, small cell
lung cancer). The descriptive information provided can include age and sex, cancer type,
primary tumor site — lung, current state of the cancer, diagnosis — metastatic carcinoma,
and diagnosis date (for example, shown at 5204). Patient case studies can also provide
genomic testing information associated with the patient. For example, the genomic
testing on the patient’s cancer identified six alternations, and the respective alterations
can be displayed at 5206.

For patients having treatment information, treatment notes can be displayed at
5208. The treatment information can be displayed at 5208 and organized by attempted
treatment, timeline for treatments, and status of treatment. In some examples, additional
information can be available with each course of treatment (e.g., shown by an icon
displayed next to a treatment record). Additional information can also be displayed for
patient treatment, including information on when a last update occurred, and if a
treatment change was indicated by the results of genomic testing (e.g., at 5210).

In addition to information on the patient, community comments and/or notes can
be displayed as part of a patient case study. For example, user comments can be

displayed at 5212, and include any information a respective user wishes to share on the
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patient case study. Each comment can include information on the posting member,
which can be used to access a community profile (e.g., including background
information, specialty information, etc.). Some users may suggest alternate treatments
and even provide links to other patient case studies exploring the suggested treatments.
Other users may post cautions and/or considerations, while other comments may
specifically request feedback from the community or request an answer to a question.

Information on the patient in the case study may also be augmented via related
information displays. In one embodiment, the system can identify and display related
information with respect to the case study. For example, at 5214 links to related case
studies can be displayed. At 5216, links to related trials can also be displayed. The
display of related trials can be grouped on current status — closed or open. At 5218,
related references can be displayed, and at 5220 related therapies can be provided.

FIG. 53 shows an example user profile page 5300 accessible through the
community portal. According to one embodiment, a community participant can define
elements of a community profile for display. At 5302, the user is identified, and the user
identification can include information on their profession, any specialty, and professional
membership(s). Contact information can also be displayed to other community members
at 5304, and the user’s background can be displayed (e.g., at 5300).

A user’s community profile page 5300 can include activity information tracking
the user’s recent activity within the community. At 5308, a user’s recent posts,
comments, interactions, shared reports, etc., can be provided. Additional activity can be
accessed via a “view more” link. Other physicians related to the user can also be
displayed. For example, in a community profile display, members of a practice group
can be displayed at 5310 as related members. When accessed by the user, the user may
edit their own profile via menu 5312.

According to some embodiments, various user interfaces are provided to enable
users to access and comprehend genomic testing information. The user interfaces also
make available community tools for collaborating on related cases, identifying relevant
information, and enabling the best information to be used by physician users to support
their diagnoses. The system can also facilitate access to clinical trials and facilitate

communication between clinical researchers and treating physicians. According to
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various embodiments, systems for managing genomic testing results can be incorporated
within systems for outcome tracking and analysis. Additionally, the various
embodiments, functions, and methods discussed for outcome tracking and analysis can be
incorporated within embodiments of the systems and methods for managing genomic
testing results discussed herein. In some examples, genomic testing information (e.g.,
gene and alteration information) for patients can be associated with specific treatment and
outcome information. In some examples, genomic test reports and dynamic displays can
organize information on patient outcome and treatment information. For example, a
dynamic display of genomic testing information can include references to outcome and
treatment information. In one instance, an outcome/treatment drawer is provided to
facilitate access to outcome and treatment information. In other examples, the outcome
tracking and analysis system can be used to request and provide access to genomic test
results and associated information.

According to another aspect, provided are systems and methods for managing
genomic testing information that provide a single reporting source for accessing and
applying available information on a patient’s cancer. According to some embodiments,
genomic testing on the patient’s cancer provides specific information on the tumor, one
or more genes implicated by the tumor, and one or more alterations within the genes.

The testing information on tumor, gene, and alteration can be used by the system to
manage delivery of curated information that focuses users (e.g., physicians) on actionable
information within the genomic testing information. For example, publically available
data (e.g., therapy data, clinical trial data, journal publications) can be interpreted to
provide the curated information. The curated information can be accessed on the system
based on its relationship to one or more of the tumor, gene, and alteration for a patient.
The publically available information can also be processed on the system to provide
navigable data structures informing the user of available actionable information
associated with a patient’s cancer.

In further aspects, the practitioner is able to view the single report source for
genomic information on the system. The single report source can incorporate tumor
information, gene information, and genomic alteration information to review and,

potentially, to apply actionable steps towards treating various cancers. According to one
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embodiment, the single report source is dynamic, incorporating updates to any associated
information (e.g., new curated information, updated curated information, a new clinical
trial, a new therapy, a new publication associated with any of an alteration, gene, tumor
found in a genomiic test report) as they become available. The system can deliver update
notifications responsive to new information. Further embodiments provide intuitive
navigation options within views on the system to expand the information displayed
and/or navigate to additional information on a selected information source (e.g., specific
information on a tumor, gene, and/or alteration, and external links to available
information, among other options).

According to one embodiment, a user interface is provided that allows easy
navigation to genomic alteration results and associated information to reduce the amount
of time necessary to determine an appropriate treatment for a user. For instance, as a
result of genomic testing, of a patient sample, particular genomic alterations may be
detected and displayed to a user for a particular patient. The user may be presented,
within the display, a collection of information that user would need to access to provide
an informed treatment recommendation. For instance, with a first level view of identified
alterations, the user may be permitted to navigate to other information related to the
genomic alterations, such as, therapy information, information on a clinical trial related to
the genomic alteration, and any references that might be available to inform or support
the application of such therapies. By having such information within an easily navigable
interface, users may more quickly identify appropriate treatments.

According to one embodiment, the system may identify and display to the user
genomic alterations and associated information arranged based on actionability analysis.
The actionability analysis can be configured to display genomic alteration and associated
information having the highest degree of actionability. In one embodiment, the
actionability analysis can prioritize information on available therapies or related therapies
over clinical trial information and available references. Additionally, the clinical trial
information can be prioritized over available references. The priority can be used by the
system to define display precedence. For example, an order of display for genomic
alterations and associated information can reflect the priority and/or actionability

analysis.
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In some embodiments, the system can provide an indication regarding the number
or volume of therapy information items, the number or volume or clinical information
items, and the number or volume of available reference information items. The numbers
within each group can also be used to establish priority. For example, on genomic
alterations having multiple associate therapies, the alteration having the larger number
can be displayed first. As updates to genomic alterations and associated information
occur, the actionability analysis can change over time to reflect the new information.
Further, such updates can be communicated directly to the user and/or highlighted in a
test report for the user’s review.

According to another aspect, the system can be organized based on a genomic
testing data model. In one embodiment, the data model is configured to organize
information on tumor type, implicated genes within the tumor, and alteration types for the
implicated genes tor specific tests and/or by patient. The system is configured to use the
data model to facilitate access to genomic alteration test results and all related
information for a test and/or patient. In some embodiments, the gene/alteration
combination can form at least part of the basis of organization. Each gene/alteration
combination can be linked in the data model to actionable information (if any exists).
The actionable information can be linked to any of the gene/alteration combinations and
can optionally be match to the tumor type for a patient. Categorization of all information
in the data model by associating a gene, alteration, and/or tumor type provides insight
into prescribed uses of therapies (on-label) and off-label applications based on related
alteration information (e.g., information on different tumors but the same alteration — an
effective therapy for the alteration in a different tumor type could be relevant to a
patient’s tumor type).

In some embodiments, users are able to share test reports and associated
information between physicians in a practice group or between physicians within an
institution (e.g., hospital, treatment facility, etc.) In addition to the dynamic display of
the genomic information and associated information, some embodiments, of the system
can provide for generation of physical and/or static reports. In one example, a physical

report can be generated to include genomic alteration information for a patient and all the
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associated information organized into display groups for therapy, trial, and reference
information.

According to one aspect, a system for managing delivery of genomic testing
information is provided. The system comprises at least one processor operatively
connected to a memory, the at least one processor when executing is configured to
access genomic testing results including at least one gene and alteration combination for
a patient’s cancer, analyze one or more of a tumor type, gene, and alteration for the
patient’s cancer, wherein analyzing includes identifying associated information items
matching at least one of the tumor type, gene, and alteration for the patient’s cancer, and
generate at least one genomic data structure including at least one tag, wherein the at least
one tag is selectable to transition a user interface from the genomic data structure to an
associated information display space including at least one associated information item
describing information related to characteristics of the genomic data structure.

In one embodiment, the system further comprises a user interface component,
executed by the at least one processor, configured to display the at least one genomic data
structure within a user interface accessible over a communication network. In one
embodiment, the user interface component is configured to assign associated information
items to categories responsive to a type of information for the associated information
item. In one embodiment, the user interface component is configured to generate two or
more tags displayed within each genomic data structure, wherein the two or more tags are
selected from a group of categories including therapy, clinical trial, genomic
interpretation, and alteration. In one embodiment, the user interface component is
configured to generate at least four tags within each genomic data structure for at least
the therapy, clinical trial, genomic interpretation, and alteration categories.

In one embodiment, the user interface component is configured to display a count
of associated information items referenced by each tag. In one embodiment, the user
interface component is configured to highlight the at least one associated information
item within the associated information display space responsive to selection of the at least
one tag. In one embodiment, the user interface component is configured to generate at
least one data structure in the associated information display space for organizing

associated information items.
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In one embodiment, the user interface component is configured to display the at
least one organizing data structure in the associated information display space in an
unexpanded view. In one embodiment, the unexpanded view conceals any associated
information items. In one embodiment, the user interface component is configured to
display the at least one organizing data structure in an expanded view responsive to at
least one of the transition to the associated information space and selection of the at least
one organizing data structure. In one embodiment, the expanded view includes a display
of the at least one associated information organized by the at least one organizing data
structure.

In one embodiment, the user interface component is configured to generate
organizing data structures for at least the therapy, clinical trial, genomic interpretation,
alteration, and a references category. In one embodiment, one organizing data structure
organizes associated information items for both the genomic interpretation and the
alteration categories. In one embodiment, the user interface component is configured to
limit a number of organizing data structures displayed in the expanded view. In one
embodiment, the user interface component is configured to limit the number of
organizing data structures displayed in the expanded view to one.

In one embodiment, the user interface component is configured to generate an
update organizing data structure for organizing any updated associated information items.
In one embodiment, the user interface component is configured to identify updated
associated information items responsive to a last view date. In one embodiment, the user
interface component is configured to display the at least one associated information items
within the associated information space.

In one embodiment, the user interface component is configured to generate in
each of the at least one associated information items a selectable display for navigating to
at least one of a detailed view of an associated information item and an external source
for the at least one information item. In one embodiment, the user interface component is
configured to generate for each of the at least one associated information items organized
in the genomic interpretation category at least one of: a) interpretive information, e.g.,
information of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s

type of cancer, or another cancer, including curated information e.g., one or more
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identifiers of sources of primary information, e.g., published journal articles, on the
prevalence of the alteration in particular cancers or populations, therapies for the subject
genomic alteration, or related genomic alterations, clinical studies of specific therapies
for cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., amplification, deletion, translocation, etc.; b) the name of
the affected gene; and c) the type of alteration.

In one embodiment, the user interface component is configured to generate for
gach of the at least one associated information items organized in the therapy category
one or more or all of: a) a therapy, e.g., a drug, one or more of all of: an indication of
whether the therapy is approved for the patient’s tumor type; an indication of whether the
therapy is approved for other tumor types (which can be useful in identifying off-label
uses); b) an identifier for a therapy; c) the identity of the gene involved in the alteration;
and d) the type of alteration. In one embodiment, the user interface component is
configured to generate for each of the at least one associated information items organized
in the clinical trial category one or more or all of the following (if there is such a clinical
trial): a) an identifier for a clinical trial, e.g., one that implicates one or more or all of the
patient’s tumor type, a gene affected by the patient’s alteration, the genetic alteration
type; b) rationale for the trial, e.g., a statement of why the therapy is implicated in the
patient’s tumor type or another tumor type; ¢) a description of the trial, e.g., an indication
of phase, and type of cancer treated; d) a geographic location of trial; e) an identification
of the target in clinical trial, e.g., aurora kinase, and wherein in embodiments, one or
more or all, of a, b, c and d, are presented concurrently to the user, without need for
leaving the screen, e.g., without further computer operation or without more than brief
computer operation by the user.

In one embodiment, the user interface component is configured to generate for
each of the at least one associated information items organized in the references category
one or more or all of the following: a) reference bibliography information e.g., author,
title, publisher, location, copyright, journal name, journal title, publication name,
publication company, ISBN, etc.; and b) a navigable link to the reference.

In one embodiment, the system further comprises a storage component executed

by the at least one processor configured to organize genomic testing results and
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associated information by patient according to a data model. In one embodiment, the
data model comprises a data structure associated with patient records, and wherein the
data structure includes data records for specification of tumor type, gene, and alteration.
In one embodiment, all genomic testing results and the associated information is
accessible by the storage component using gene and alteration records. In one
embodiment, each patient record includes gene and alteration data units, and the storage
component is configured to associate actionable information (e.g., therapy information
items or clinical trial information items) to the gene and alteration date units. In one
embodiment, the actionable information includes therapy information items that specify
whether an associated therapy is approved by the FDA in the patient’s tumor type, and
whether the associated therapy is approved by the FDA in another tumor type.

In one embodiment, the data model includes specification of an actionability
evaluation for associated information items. In one embodiment, therapy information
items are assigned a highest level of actionability. In one embodiment, clinical trial
information items are assigned a second level of actionability. In one embodiment,
reference information items are assigned a lowest level of actionability. In one
embodiment, genomic data structures can be assigned a display precedence responsive to
a level of actionability determined from respective associated information items.

In one embodiment, the system further comprises an update component, executed
by the at least one processor, configured to track any updates to one or more of genomic
test results and any associated information items. In one embodiment, the update
component is configured to communicate update notification to users responsive to
identification of updated information. In one embodiment, the update component is
configured to generate notifications according to user notification preferences.

In one embodiment, the system further comprises a report component configured
to generate static reports containing all gene alteration combinations specific to a patient
and all associated information items organized into respective display areas on the report,
wherein the respective display areas are arranged by information type. In one
embodiment, the report component is configured to deliver the static report via a fax.

In one embodiment, the system further comprises a curation component, executed

by the at least one processor, configured to identify information sources relevant to any
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one or more of a patient’s tumor type, at least one gene implicated by the tumor, and an
alteration type for the at least one gene. In one embodiment, the curation component is
configured to generate interpretive statements accessible at least by using a gene and
alternation combination. In one embodiment, the interpretive statement include e.g.,
information of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s
type of cancer, or another cancer, including curated information e.g., one or more
identifiers of sources of primary information, e.g., published journal articles, on the
prevalence of the alteration in particular cancers or populations, therapies for the subject
genomic alteration, or related genomic alterations, clinical studies of specific therapies
for cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., base substitution, insertion, deletion, amplification,
homozygous deletion, rearrangement.

In one embodiment, the curation component is configured to categorize
information sources, and store the categorizations at least for use by a user interface
component, In one embodiment, the curation component is configured to identify
updates to treatment options. In one embodiment, the curation component is configured
to identify updates genomic alteration interpretive statements. In one embodiment, the
curation component is configured to tag updated records responsive to at least one of
timing of a study, approval of a therapy, start of a new trial, and publication of a new
reference.

According to one aspect, a computer implemented method for delivering patient
information is provided. The method is comprised of: A) optionally, providing reports
for a plurality of patients, e.g., a plurality of patients of a user; B) providing, e.g.,
displaying, e.g., responsive to a selection by a user, a first portion of said report, said first
portion comprising, one or more or all of : i) patient information comprising a) Patient
Diagnosis; and, optionally, one or more or all of b) Patient identifier; c) other Patient
bibliographic information, e.g., age; and ii) a genomic alteration space, e.g., a genomic
alteration brick, for each cancer cell genomic alteration, which comprises or provides,
e.g., without further computer operation by the user, one or more or all of: a) a first space,
or cancer cell genomic alteration space, having, e.g., an indication of a gene involved; b)

a second space, or type of alteration space, having, e.g., an indication of alteration type,
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e.g., an amplification, translocation, or point mutation; c¢) a third space, or therapy or
actionable item space; d) a fourth space, or for clinical trial space; wherein in
embodiments, one or more or all, of a, b, ¢ and d, are presented concurrently to the user,
without need for leaving the screen, e.g., without further computer operation or without
more than brief computer operation by the user; and iii) an associated information space,
comprising one or more or all of: a) first associated space, or genomic alteration
interpretation space, €.g., a genomic alteration interpretation drawer, b) second associated
space, or therapy space, e.g., a therapy drawer, c) third associated space, or clinical trial
space, e.g., a clinical trial drawer, d) forth associated space, or references space, e.g., a
references drawer, €) an optional fifth associated space, or updates space, e.g., an updates
drawer, wherein in embodiments, one or more or all, of a, b, ¢ and d, are presented in an
unexpanded or expanded view to the user, without need for leaving the screen, e.g.,
without further computer operation for the unexpanded view and without more than brief
computer operation by the user to transition to the expanded view; and C) providing or
displaying, e.g., in response to user input, e.g., a brief computer operation, which selects
one of B(2)a-d: i) for B(2) a or b, one or more or all of: a) interpretive information, e.g.,
information of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s
type of cancer, or another cancer, including curated information e.g., one or more
identifiers of sources of primary information, e.g., published journal articles, on the
prevalence of the alteration in particular cancers or populations, therapies for the subject
genomic alteration , or related genomic alterations, clinical studies of specific therapies
for cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., amplification, deletion, translocation, etc.; b) the name of
the affected gene; and c) the type of alteration; ii) for B(2) ¢, one or more or all of: a) a
therapy, e.g., a drug, one or more of all of: an indication of whether the therapy is
approved for the patient’s tumor type; an indication of whether the therapy is approved
for other tumor types (which can be useful in identifying off-label uses); b) an identifier
for a therapy; c) the identity of the gene involved in the alteration; and d) the type of
alteration; iii) for B(2) d, one or more or all of one or more of the following (if there is
such a clinical trial): a) an identifier for a clinical trial, e.g., one that implicates one or

more or all of the patient’s tumor type, a gene affected by the patient’s alteration, the
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genomic alteration type; b) rationale for the trial, e.g., a statement of why the therapy is
implicated in the patient’s tumor type or another tumor type; c) a description of the trial,
e.g., an indication of phase, and type of cancer treated; d) geographic location of trial; e)
identification of the target in clinical trial, e.g., aurora kinase, wherein in embodiments,
one or more or all, of a, b, ¢ and d, are presented concurrently to the user, without need
for leaving the screen, e.g., without further computer operation or without more than brief
computer operation by the user.

In one embodiment, the method further comprises: D) providing or displaying,
e.g., in response to user input, e.g., a brief computer operation, which selects one of
B(3)a-e: i) for B(3) a, one or more or all of: a) interpretive information, e.g., information
of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s type of
cancer, or another cancer, including curated information e.g., one or more identifiers of
sources of primary information, e.g., published journal articles, on the prevalence of the
alteration in particular cancers or populations, therapies for the subject genomic alteration
, or related genomic alterations, clinical studies of specific therapies for cancers within a
current patient’s tumor type or otherwise, or related, genomic alteration; b) the name of
the affected gene; and c) the type of alteration; ii) for B(3) b, one or more or all of: a) a
therapy, €.g., a drug, one or more of all of: an indication of whether the therapy is
approved for the patient’s tumor type; an indication of whether the therapy is approved
for other tumor types (which can be useful in identifying off-label uses); b) an identifier
for a therapy; c) the identity of the gene involved in the alteration; and d) the type of
alteration; iii) for B(3)c, one or more or all of one or more of the following (if there is
such a clinical trial): a) an identifier for a clinical trial, e.g., one that implicates one or
more or all of the patient’s tumor type, a gene affected by the patient’s alteration, the
genomic alteration type; b) rationale for the trial, e.g., a statement of why the therapy is
implicated in the patient’s tumor type or another tumor type; c) a description of the trial,
e.g., an indication of phase, and type of cancer treated; d) geographic location of trial; e)
identification of the target in clinical trial, e.g., aurora kinase, iv) for B(3)d, one or more
or all of the following: a) reference bibliography information e.g., author, title, publisher,
location, copyright, journal name, journal title, publication name, publication company,

ISBN, etc.; and b) a navigable link to the reference; v) for B(3)e, one or more or all of
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the following: a) an updates time line including updated information for any one or more
or all of D(1)-(4); wherein in embodiments, one or more or all, of a, b, ¢, d, and e, are
presented consecutively to the user, without need for leaving the screen, without more
than brief computer operation by the user.

In one embodiment, the method includes successive execution of C), e.g.
successive access, e.g., by brief computer operation, by a user to a plurality of genomic
alteration spaces, e.g., bricks. In one embodiment, the method includes successive
accesses, e.g., by brief computer operation, by a user to a plurality of spaces selected
within B(2)a-d. In one embodiment, the method includes selection of successive
operations described above, by no more than y, wherein y is equal to or less than two,
brief computer operations, for each of the plurality of genomic alteration spaces accessed.

In one embodiment, the method further comprises migration from the first
portion, through at least one of the genomic alteration spaces, e.g., bricks, to the
associated information space (e.g., the clinical trial space, therapy space, interpretation
space) by no more than X, wherein X is equal to or less than one, brief computer
operations. In one embodiment, the method further comprises migration from the first
portion, through at least one of the genomic alteration spaces, e.g., bricks, to the
associated information space (e.g., the clinical trial space, therapy space, interpretation
space) by no more than X, wherein X is equal to or less than two, brief computer
operations.

In one embodiment, the method further comprises successive execution of the act
of migrating from the first portion, through at least one of the genomic alteration spaces,
e.g., bricks, to the associated information space (e.g., the clinical trial space, therapy
space, interpretation space) Z times, wherein Z successive acts of migrating can be
performed with no more than z*x brief computer operations, wherein x is equal to one or
two, or no more than z*x plus z. In one embodiment, C) is executed successively to
access at least 1, 2, 3,4, 5, 6,7, 8,9, or 10, genomic alteration spaces, resulting in 1, 2, 4,
5,6,7,8,9, or 10 successive transitions to the associated information space.

According to one aspect a computer implemented method for managing delivery
of genomic testing information is provided. The method comprises accessing, by a

computer system, genomic testing results including at least one gene and alteration
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combination for a patient’s cancer, analyzing, by the computer system, one or more of a
tumor type, gene, and alteration for the patient’s cancer, wherein analyzing includes
identifying associated information items matching at least one of the tumor type, gene,
and alteration for the patient’s cancer, and generating, by the computer system, at least
one genomic data structure including at least one tag for display in a user interface,
wherein the at least one tag is selectable to transition the user interface from the genomic
data structure to an associated information display space including at least one associated
information item describing information related to characteristics of the genomic data
structure.

According to one embodiment, the method further comprises displaying, by the
computer system, the at least one genomic data structure within the user interface
accessible over a communication network., According to one embodiment, the method
further comprises assigning, by the computer system, the associated information items to
categories responsive to a type of information for a respective associated information
item. According to one embodiment, the method further comprises generating, by the
computer system, two or more tags displayed within each genomic data structure,
wherein the two or more tags are selected from a group of categories including therapy,
clinical trial, genomic interpretation, and alteration. According to one embodiment, the
method further comprises generating, by the computer system, at least four tags within
each genomic data structure for at least the therapy, clinical trial, genomic interpretation,
and alteration categories. According to one embodiment, the method further comprises
displaying, by the computer system, a count of associated information items referenced
by each tag. According to one embodiment, the method further comprises highlighting,
by the computer system, the at least one associated information item within the associated
information display space responsive to selection of the at least one tag.

According to one embodiment, the method further comprises generating, by the
computer system, at least one data structure in the associated information display space
for organizing associated information items. According to one embodiment, the method
further comprises displaying, by the computer system, the at least one organizing data
structure in the associated information display space in an unexpanded view. According

to one embodiment, the unexpanded view conceals any associated information items.
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According to one embodiment, the method further comprises displaying, by the
computer system, the at least one organizing data structure in an expanded view
responsive to at least one of the transition to the associated information space and
selection of the at least one organizing data structure. According to one embodiment, the
expanded view includes a display of the at least one associated information organized by
the at least one organizing data structure. According to one embodiment, the method
further comprises generating, by the computer system, organizing data structures for at
least the therapy, clinical trial, genomic interpretation, alteration, and a references
category. According to one embodiment, one organizing data structure organizes
associated information items for both the genomic interpretation and the alteration
categories. According to one embodiment, the method further comprises limiting, by the
computer system, a number of organizing data structures displayed in the expanded view.

According to one embodiment, the method further comprises limiting, by the
computer system, the number of organizing data structures displayed in the expanded
view to one. According to one embodiment, the method further comprises generating, by
the computer system, an update organizing data structure for organizing any updated
associated information items. According to one embodiment, the method further
comprises identifying, by the computer system, updated associated information items
responsive to a last view date. According to one embodiment, the method further
comprises displaying, by the computer system, the at least one associated information
items within the associated information space. According to one embodiment, the
method further comprises generating, by the computer system, in each of the at least one
associated information items a selectable display for navigating to at least one of a
detailed view of an associated information item and an external source for the at least one
information item.

According to one embodiment, the method further comprises generating, by the
computer system, for each of the at least one associated information items organized in
the genomic interpretation category at least one of: a) interpretive information, e.g.,
information of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s
type of cancer, or another cancer, including curated information e.g., one or more

identifiers of sources of primary information, e.g., published journal articles, on the
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prevalence of the alteration in particular cancers or populations, therapies for the subject
genomic alteration, or related genomic alterations, clinical studies of specific therapies
for cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., amplification, deletion, translocation, etc.; b) the name of
the affected gene; and c) the type of alteration.

According to one embodiment, the method further comprises generating, by the
computer system, for each of the at least one associated information items organized in
the therapy category one or more or all of: a) a therapy, e.g., a drug, one or more of all of:
an indication of whether the therapy is approved for the patient’s tumor type; an
indication of whether the therapy is approved for other tumor types (which can be useful
in identifying off-label uses); b) an identifier for a therapy; c) the identity of the gene
involved in the alteration; and d) the type of alteration. According to one embodiment,
the method further comprises generating, by the computer system, for each of the at least
one associated information items organized in the clinical trial category one or more or
all of the following (if there is such a clinical trial): a) an identifier for a clinical trial, e.g.,
one that implicates one or more or all of the patient’s tumor type, a gene affected by the
patient’s alteration, the genetic alteration type; b) rationale for the trial, e.g., a statement
of why the therapy is implicated in the patient’s tumor type or another tumor type; ¢) a
description of the trial, e.g., an indication of phase, and type of cancer treated; d) a
geographic location of trial; e) an identification of the target in clinical trial, e.g., aurora
kinase, and wherein in embodiments, one or more or all, of a, b, ¢ and d, are presented
concurrently to the user, without need for leaving the screen, e.g., without further
computer operation or without more than brief computer operation by the user.

According to one embodiment, the method further comprises generating, by the
computer system, for each of the at least one associated information items organized in
the references category one or more or all of the following: a) reference bibliography
information e.g., author, title, publisher, location, copyright, journal name, journal title,
publication name, publication company, ISBN, etc.; and b) a navigable link to the
reference.

According to one embodiment, the method further comprises organizing, by the

computer system, genomic testing results and associated information by patient according
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to a data model. According to one embodiment, the method further comprises storing, by
the computer system, a data structure associated with patient records, and wherein the
data structure includes data records for specification of tumor type, gene, and alteration.
According to one embodiment, all genomic testing results and the associated information
is accessible by the computer system using gene or alteration records. According to one
embodiment, each patient record includes gene and alteration data units, and the method
further comprises associating actionable information (e.g., therapy information items or
clinical trial information items) to the gene and alteration date units, According to one
embodiment, the actionable information includes therapy information items that specify
whether an associated therapy is approved by the FDA in the patient’s tumor type, and
whether the associated therapy is approved by the FDA in another tumor type.

According to one embodiment, the data model includes specification of an
actionability evaluation for associated information items. According to one embodiment,
the method further comprises assigning, by the computer system, a highest level of
actionability to therapy information items. According to one embodiment, the method
further comprises assigning, by the computer system, a second level of actionability to
clinical trial information items. According to one embodiment, the method further
comprises, by the computer system, a lowest level of actionability to reference
information items. According to one embodiment, the method further comprises
assigning, by the computer system, a display precedence responsive to a level of
actionability determined from respective associated information items.

According to one embodiment, the method further comprises tracking, by the
computer system, any updates to one or more of genomic test results and any associated
information items. According to one embodiment, the method further comprises
communicating, by the computer system, update notification to users responsive to
identification of updated information. According to one embodiment, the method further
comprises generating, by the computer system, notifications according to user
notification preferences.

According to one embodiment, the method further comprises generating, by the
computer system, static reports containing all gene alteration combinations specific to a

patient and all associated information items organized into respective display areas on the
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report, wherein the respective display areas are arranged by information type. According
to one embodiment, the method further comprises delivering, by the computer system,
the static report via a fax.

According to one embodiment, the method further comprises identifying, by the
computer system, information sources relevant to any one or more of a patient’s tumor
type, at least one gene implicated by the tumor, and an alteration type for the at least one
gene. According to one embodiment, the method further comprises generating, by the
computer system, interpretive statements accessible at least by using a gene and
alternation combination. According to one embodiment, wherein interpretive statements
include e.g., information of the role of the gene in health and disease, e.g., in cancer, e.g.,
the patient’s type of cancer, or another cancer, including curated information e.g., one or
more identifiers of sources of primary information, e.g., published journal articles, on the
prevalence of the alteration in particular cancers or populations, therapies for the subject
genomic alteration, or related genomic alterations, clinical studies of specific therapies
tor cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., base substitution, insertion, deletion, amplification,
homozygous deletion, rearrangement.

According to one embodiment, the method further comprises categorizing, by the
computer system, information sources, and storing the categorizations at least for use by
a user interface component. According to one embodiment, the method further comprises
identifying, by the computer system, updates to treatment options. According to one
embodiment, the method further comprises identifying, by the computer system, updates
genomic alteration interpretive statements. According to one embodiment, the method
further comprises tagging, by the computer system, updated records responsive to at least
one of timing of a study, approval of a therapy, start of a new trial, and publication of a
new reference.

According to one aspect, a system for delivering patient information is provided.
The system comprises at least one processor operatively connect to a memory, the at least
one processor when executing causes the system to perform operations for: A) optionally,
providing reports for a plurality of patients, e.g., a plurality of patients of a user; B)

providing, e.g., displaying, e.g., responsive to a selection by a user, a first portion of said
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report, said first portion comprising, one or more or all of: i) patient information
comprising a) Patient Diagnosis; and, optionally, one or more or all of b) Patient
identifier; ¢) other Patient bibliographic information, e.g., age; and ii) a genomic
alteration space, e.g., a genomic alteration brick, for each cancer cell genomic alteration,
which comprises or provides, e.g., without further computer operation by the user, one or
more or all of: a) a first space, or cancer cell genomic alteration space, having, e.g., an
indication of a gene involved; b) a second space, or type of alteration space, having, e.g.,
an indication of alteration type, e.g., an amplification, translocation, or point mutation c)
a third space, or therapy or actionable item space, d) a fourth space, or for clinical trial
space, wherein in embodiments, one or more or all, of a, b, c and d, are presented
concurrently to the user, without need for leaving the screen, e.g., without further
computer operation or without more than brief computer operation by the user; and iii) an
associated information space, comprising one or more or all of: a) first associated space,
or genomic alteration interpretation space, €.g., a genomic alteration interpretation
drawer, b) second associated space, or therapy space, e.g., a therapy drawer; c) third
associated space, or clinical trial space, e.g., a clinical trial drawer, d) forth associated
space, or references space, e.g., a references drawer, e) an optional fifth associated space,
or updates space, €.g., an updates drawer, wherein in embodiments, one or more or all, of
a, b, c and d, are presented in an unexpanded or expanded view to the user, without need
for leaving the screen, e.g., without further computer operation for the unexpanded view
and without more than brief computer operation by the user to transition to the expanded
view; and C) providing or displaying, e.g., in response to user input, e.g., a brief
computer operation, which selects one of B(2)a-d: i) for B(2) a or b, one or more or all of:
a) interpretive information, e.g., information of the role of the gene in health and disease,
e.g., in cancer, e.g., the patient’s type of cancer, or another cancer, including curated
information e.g., one or more identifiers of sources of primary information, e.g.,
published journal articles, on the prevalence of the alteration in particular cancers or
populations, therapies for the subject genomic alteration , or related genomic alterations,
clinical studies of specific therapies for cancers within the current patient’s tumor type or
otherwise, and genomic alteration, e.g., a type of alteration, e.g., amplification, deletion,

translocation, etc.; b) the name of the affected gene; and c) the type of alteration; ii) for
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B(2) c, one or more or all of: a) a therapy, e.g., a drug, one or more of all of: an indication
of whether the therapy is approved for the patient’s tumor type; an indication of whether
the therapy is approved for other tumor types (which can be useful in identifying oft-label
uses); b) an identifier for a therapy; c) the identity of the gene involved in the alteration;
and d) the type of alteration; iii) for B(2) d, one or more or all of one or more of the
following (if there is such a clinical trial): a) an identifier for a clinical trial, e.g., one that
implicates one or more or all of the patient’s tumor type, a gene affected by the patient’s
alteration, the genomic alteration type; b) rationale for the trial, e.g., a statement of why
the therapy is implicated in the patient’s tumor type or another tumor type; c) a
description of the trial, e.g., an indication of phase, and type of cancer treated; d)
geographic location of trial; e) identification of the target in clinical trial, e.g., aurora
kinase, wherein in embodiments, one or more or all, of a, b, ¢ and d, are presented
concurrently to the user, without need for leaving the screen, e.g., without further
computer operation or without more than brief computer operation by the user.

According to one embodiment, the system is caused to perform operations for: D)
providing or displaying, e.g., in response to user input, €.g., a brief computer operation,
which selects one of B(3)a-e: i) for B(3) a, one or more or all of: a) interpretive
information, e.g., information of the role of the gene in health and disease, e.g., in cancer,
e.g., the patient’s type of cancer, or another cancer, including curated information e.g.,
one or more identifiers of sources of primary information, e.g., published journal articles,
on the prevalence of the alteration in particular cancers or populations, therapies for the
subject genomic alteration , or related genomic alterations, clinical studies of specific
therapies for cancers within a current patient’s tumor type or otherwise, or related,
genomic alteration; b) the name of the affected gene; and ¢) the type of alteration; ii) for
B(3) b, one or more or all of: a) a therapy, e.g., a drug, one or more of all of: an
indication of whether the therapy is approved for the patient’s tumor type; an indication
of whether the therapy is approved for other tumor types (which can be useful in
identifying off-label uses); b) an identifier for a therapy; c) the identity of the gene
involved in the alteration; and d) the type of alteration; iii) for B(3)c, one or more or all
of one or more of the following (if there is such a clinical trial): a) an identifier for a

clinical trial, e.g., one that implicates one or more or all of the patient’s tumor type, a
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gene affected by the patient’s alteration, the genomic alteration type; b) rationale for the
trial, e.g., a statement of why the therapy is implicated in the patient’s tumor type or
another tumor type; c) a description of the trial, e.g., an indication of phase, and type of
cancer treated; d) geographic location of trial; e) identification of the target in clinical
trial, e.g., aurora kinase, iv) for B(3)d, one or more or all of the following: a) reference
bibliography information e.g., author, title, publisher, location, copyright, journal name,
journal title, publication name, publication company, ISBN, etc.; and b) a navigable link
to the reference; v) for B(3)e, one or more or all of the following: a) an updates time line
including updated information for any one or more or all of D(1)-(4); wherein in
embodiments, one or more or all, of a, b, ¢, d, and e, are presented consecutively to the
user, without need for leaving the screen, without more than brief computer operation by
the user.

According to one embodiment, the system is caused to perform operations for
successive execution of C), e.g. successive access, €.g., by brief computer operation, by a
user to a plurality of genomic alteration spaces, e.g., bricks. According to one
embodiment, the system is caused to perform operations for successive accesses, €.g., by
brief computer operation, by a user to a plurality of spaces selected within B(2)a-d.
According to one embodiment, the system is caused to perform operations for selection
of successive operations described in above, by no more than y, wherein y is equal to or
less than two, brief computer operations, for each of the plurality of genomic alteration
spaces accessed. According to one embodiment, the system is caused to perform
operations for migration from the first portion, through at least one of the genomic
alteration spaces, e.g., bricks, to the associated information space (e.g., the clinical trial
space, therapy space, interpretation space) by no more than X, wherein X is equal to or
less than one, brief computer operations.

According to one embodiment, the system is caused to perform operations for
migration from the first portion, through at least one of the genomic alteration spaces,
e.g., bricks, to the associated information space (e.g., the clinical trial space, therapy
space, interpretation space) by no more than X, wherein X is equal to or less than two,
brief computer operations. According to one embodiment, the system is caused to

perform operations for successive execution of the act of migrating from the first portion,
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through at least one of the genomic alteration spaces, e.g., bricks, to the associated
information space (e.g., the clinical trial space, therapy space, interpretation space) Z
times, wherein Z successive acts of migrating can be performed with no more than z*x
brief computer operations, wherein x is equal to one or two, or no more than z*x plus z.
According to one embodiment, C) is executed successively by the system to access at
least 56, 57, 58, 59, 60, 61, 62, 63, 64, or 65, genomic alteration spaces, resulting in 56,
57, 59, 60, 61, 62, 63, 64, or 10 successive transitions to the associated information
space.

According to one aspect, a computer-readable medium having computer-readable
signals stored thereon that define instructions that, as a result of being executed by a
computer, instruct the computer to perform a method for managing delivery of genomic
testing information is provided. The method comprises accessing genomic testing results
including at least one gene and alteration combination for a patient’s cancer, analyzing
one or more of a tumor type, gene, and alteration for the patient’s cancer, wherein
analyzing includes identifying associated information items matching at least one of the
tumor type, gene, and alteration for the patient’s cancer, and generating at least one
genomic data structure including at least one tag for display in a user interface, wherein
the at least one tag is selectable to transition the user interface from the genomic data
structure to an associated information display space including at least one associated
information item describing information related to characteristics of the genomic data
structure.

According to one embodiment, the method further comprises displaying the at
least one genomic data structure within the user interface accessible over a
communication network. According to one embodiment, the method further comprises
assigning the associated information items to categories responsive to a type of
information for a respective associated information item. According to one embodiment,
the method further comprises generating two or more tags displayed within each genomic
data structure, wherein the two or more tags are selected from a group of categories
including therapy, clinical trial, genomic interpretation, and alteration. According to one
embodiment, the method further comprises generating at least four tags within each

genomic data structure for at least the therapy, clinical trial, genomic interpretation, and
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alteration categories. According to one embodiment, the method further comprises
displaying a count of associated information items referenced by each tag. According to
one embodiment, the method further comprises highlighting the at least one associated
information item within the associated information display space responsive to selection
of the at least one tag.

According to one embodiment, the method further comprises generating at least
one data structure in the associated information display space for organizing associated
information items. According to one embodiment, the method further comprises
displaying the at least one organizing data structure in the associated information display
space in an unexpanded view. According to one embodiment, the unexpanded view
conceals any associated information items.

According to one embodiment, the method further comprises displaying the at
least one organizing data structure in an expanded view responsive to at least one of the
transition to the associated information space and selection of the at least one organizing
data structure. According to one emboediment, the expanded view includes a display of
the at least one associated information organized by the at least one organizing data
structure. According to one embodiment, the method further comprises generating
organizing data structures for at least the therapy, clinical trial, genomic interpretation,
alteration, and a references category. According to one embodiment, one organizing data
structure organizes associated information items for both the genomic interpretation and
the alteration categories. According to one embodiment, the method further comprises
limiting a number of organizing data structures displayed in the expanded view.

According to one embodiment, the method further comprises limiting the number
of organizing data structures displayed in the expanded view to one. According to one
embodiment, the method further comprises generating an update organizing data
structure for organizing any updated associated information items. According to one
embodiment, the method further comprises identifying updated associated information
items responsive to a last view date. According to one embodiment, the method further
comprises displaying the at least one associated information items within the associated
information space. According to one embodiment, the method further comprises

generating in each of the at least one associated information items a selectable display for
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navigating to at least one of a detailed view of an associated information item and an
external source for the at least one information item.

According to one embodiment, the method further comprises generating for each
of the at least one associated information items organized in the genomic interpretation
category at least one of: a) interpretive information, e.g., information of the role of the
gene in health and disease, e.g., in cancer, e.g., the patient’s type of cancer, or another
cancer, including curated information e.g., one or more identifiers of sources of primary
information, e.g., published journal articles, on the prevalence of the alteration in
particular cancers or populations, therapies for the subject genomic alteration, or related
genomic alterations, clinical studies of specific therapies for cancers within the current
patient’s tumor type or otherwise, and genomic alteration, e.g., a type of alteration, e.g.,
amplification, deletion, translocation, etc.; b) the name of the affected gene; and c¢) the
type of alteration.

According to one embodiment, the method further comprises generating for each
of the at least one associated information items organized in the therapy category one or
more or all of: a) a therapy, e.g., a drug, one or more of all of: an indication of whether
the therapy is approved for the patient’s tumor type; an indication of whether the therapy
is approved for other tumor types (which can be useful in identifying off-label uses); b)
an identifier for a therapy; c) the identity of the gene involved in the alteration; and d) the
type of alteration. According to one embodiment, the method further comprises
generating for each of the at least one associated information items organized in the
clinical trial category one or more or all of the following (if there is such a clinical trial):
a) an identifier for a clinical trial, e.g., one that implicates one or more or all of the
patient’s tumor type, a gene affected by the patient’s alteration, the genetic alteration
type; b) rationale for the trial, e.g., a statement of why the therapy is implicated in the
patient’s tumor type or another tumor type; c) a description of the trial, e.g., an indication
of phase, and type of cancer treated; d) a geographic location of trial; e) an identification
of the target in clinical trial, e.g., aurora kinase, and wherein in embodiments, one or
more or all, of a, b, c and d, are presented concurrently to the user, without need for
leaving the screen, e.g., without further computer operation or without more than brief

computer operation by the user.
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According to one embodiment, the method further comprises generating for each
of the at least one associated information items organized in the references category one
or more or all of the following: a) reference bibliography information e.g., author, title,
publisher, location, copyright, journal name, journal title, publication name, publication
company, ISBN., etc.; and b) a navigable link to the reference.

According to one embodiment, the method further comprises organizing genomic
testing results and associated information by patient according to a data model.
According to one embodiment, the method further comprises storing a data structure
associated with patient records, and wherein the data structure includes data records for
specification of tumor type, gene, and alteration. According to one embodiment, all
genomic testing results and the associated information is accessible by the computer
system using gene or alteration records. According to one embodiment, each patient
record includes gene and alteration data units, and the method further comprises
associating actionable information (e.g., therapy information items or clinical trial
information items) to the gene and alteration date units. According to one embodiment,
the actionable information includes therapy information items that specity whether an
associated therapy is approved by the FDA in the patient’s tumor type, and whether the
associated therapy is approved by the FDA in another tumor type.

According to one embodiment, the data model includes specification of an
actionability evaluation for associated information items. According to one embodiment,
the method further comprises assigning a highest level of actionability to therapy
information items. According to one embodiment, the method further comprises
assigning a second level of actionability to clinical trial information items. According to
one embodiment, the method further comprises a lowest level of actionability to
reference information items. According to one embodiment, the method further
comprises assigning a display precedence responsive to a level of actionability
determined from respective associated information items.

According to one embodiment, the method further comprises tracking any updates
to one or more of genomic test results and any associated information items. According
to one embodiment, the method further comprises communicating update notification to

users responsive to identification of updated information. According to one embodiment,
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the method further comprises generating notifications according to user notification
preferences.

According to one embodiment, the method further comprises generating static
reports containing all gene alteration combinations specific to a patient and all associated
information items organized into respective display areas on the report, wherein the
respective display areas are arranged by information type. According to one
embodiment, the method further comprises delivering the static report via a fax.

According to one embodiment, the method further comprises identifying
information sources relevant to any one or more of a patient’s tumor type, at least one
gene implicated by the tumor, and an alteration type for the at least one gene. According
to one embodiment, the method further comprises generating interpretive statements
accessible at least by using a gene and alternation combination. According to one
embodiment, wherein interpretive statements include e.g., information of the role of the
gene in health and disease, e.g., in cancer, e.g., the patient’s type of cancer, or another
cancer, including curated information e.g., one or more identifiers of sources of primary
information, e.g., published journal articles, on the prevalence of the alteration in
particular cancers or populations, therapies for the subject genomic alteration, or related
genomic alterations, clinical studies of specific therapies for cancers within the current
patient’s tumor type or otherwise, and genomic alteration, e.g., a type of alteration, e.g.,
base substitution, insertion, deletion, amplification, homozygous deletion, rearrangement.

According to one embodiment, the method further comprises categorizing
information sources, and storing the categorizations at least for use by a user interface
component. According to one embodiment, the method further comprises identifying
updates to treatment options. According to one embodiment, the method further
comprises identifying updates genomic alteration interpretive statements. According to
one embodiment, the method further comprises tagging updated records responsive to at
least one of timing of a study, approval of a therapy, start of a new trial, and publication
of a new reference.

According to one aspect, a computer-readable medium having computer-readable
signals stored thereon that define instructions that, as a result of being executed by a

computer, instruct the computer to perform a method for delivering patient information is
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provided. The method is comprised of: A) optionally, providing reports for a plurality of
patients, e.g., a plurality of patients of a user; B) providing, e.g., displaying, e.g.,
responsive to a selection by a user, a first portion of said report, said first portion
comprising, one or more or all of : i) patient information comprising a) Patient Diagnosis;
and, optionally, one or more or all of b) Patient identifier; c) other Patient bibliographic
information, e.g., age; and ii) a genomic alteration space, e.g., a genomic alteration brick,
for each cancer cell genomic alteration, which comprises or provides, e.g., without
further computer operation by the user, one or more or all of: a) a first space, or cancer
cell genomic alteration space, having, e.g., an indication of a gene involved; b) a second
space, or type of alteration space, having, e.g., an indication of alteration type, €.g., an
amplification, translocation, or point mutation; c) a third space, or therapy or actionable
item space; d) a fourth space, or for clinical trial space; wherein in embodiments, one or
more or all, of a, b, c and d, are presented concurrently to the user, without need for
leaving the screen, e.g., without further computer operation or without more than brief
computer operation by the user; and iii) an associated information space, comprising one
or more or all of: a) first associated space, or genomic alteration interpretation space, e.g.,
a genomic alteration interpretation drawer, b) second associated space, or therapy space,
e.g., a therapy drawer, c) third associated space, or clinical trial space, e.g., a clinical trial
drawer, d) forth associated space, or references space, e.g., a references drawer, e) an
optional fifth associated space, or updates space, e.g., an updates drawer, wherein in
embodiments, one or more or all, of a, b, ¢ and d, are presented in an unexpanded or
expanded view to the user, without need for leaving the screen, e.g., without further
computer operation for the unexpanded view and without more than brief computer
operation by the user to transition to the expanded view; and C) providing or displaying,
e.g., in response to user input, e.g., a brief computer operation, which selects one of
B(2)a-d: i) for B(2) a or b, one or more or all of; a) interpretive information, e.g.,
information of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s
type of cancer, or another cancer, including curated information e.g., one or more
identifiers of sources of primary information, e.g., published journal articles, on the
prevalence of the alteration in particular cancers or populations, therapies for the subject

genomic alteration , or related genomic alterations, clinical studies of specific therapies
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for cancers within the current patient’s tumor type or otherwise, and genomic alteration,
e.g., a type of alteration, e.g., amplification, deletion, translocation, etc.; b) the name of
the affected gene; and c) the type of alteration; ii) for B(2) ¢, one or more or all of: a) a
therapy, e.g., a drug, one or more of all of: an indication of whether the therapy is
approved for the patient’s tumor type; an indication of whether the therapy is approved
for other tumor types (which can be useful in identifying off-label uses); b) an identifier
for a therapy; c) the identity of the gene involved in the alteration; and d) the type of
alteration; iii) for B(2) d, one or more or all of one or more of the following (if there is
such a clinical trial): a) an identifier for a clinical trial, e.g., one that implicates one or
more or all of the patient’s tumor type, a gene affected by the patient’s alteration, the
genomic alteration type; b) rationale for the trial, e.g., a statement of why the therapy is
implicated in the patient’s tumor type or another tumor type; c) a description of the trial,
e.g., an indication of phase, and type of cancer treated; d) geographic location of trial; e)
identification of the target in clinical trial, e.g., aurora kinase, wherein in embodiments,
one or more or all, of a, b, c and d, are presented concurrently to the user, without need
for leaving the screen, e.g., without further computer operation or without more than brief
computer operation by the user.

In one embodiment, the method further comprises: D) providing or displaying,
e.g., in response to user input, e.g., a brief computer operation, which selects one of
B(3)a-e: i) for B(3) a, one or more or all of: a) interpretive information, e.g., information
of the role of the gene in health and disease, e.g., in cancer, e.g., the patient’s type of
cancer, or another cancer, including curated information e.g., one or more identifiers of
sources of primary information, e.g., published journal articles, on the prevalence of the
alteration in particular cancers or populations, therapies for the subject genomic alteration
, or related genomic alterations, clinical studies of specific therapies for cancers within a
current patient’s tumor type or otherwise, or related, genomic alteration; b) the name of
the affected gene; and c) the type of alteration; ii) for B(3) b, one or more or all of; a) a
therapy, e.g., a drug, one or more of all of: an indication of whether the therapy is
approved for the patient’s tumor type; an indication of whether the therapy is approved
for other tumor types (which can be useful in identifying off-label uses); b) an identifier

for a therapy; c) the identity of the gene involved in the alteration; and d) the type of
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alteration; iii) for B(3)c, one or more or all of one or more of the following (if there is
such a clinical trial): a) an identifier for a clinical trial, e.g., one that implicates one or
more or all of the patient’s tumor type, a gene affected by the patient’s alteration, the
genomic alteration type; b) rationale for the trial, e.g., a statement of why the therapy is
implicated in the patient’s tumor type or another tumor type; ¢) a description of the trial,
e.g., an indication of phase, and type of cancer treated; d) geographic location of trial; €)
identification of the target in clinical trial, e.g., aurora kinase, iv) for B(3)d, one or more
or all of the following: a) reference bibliography information e.g., author, title, publisher,
location, copyright, journal name, journal title, publication name, publication company,
ISBN, etc.; and b) a navigable link to the reference; v) for B(3)e, one or more or all of
the following: a) an updates time line including updated information for any one or more
or all of D(1)-(4); wherein in embodiments, one or more or all, of a, b, ¢, d, and e, are
presented consecutively to the user, without need for leaving the screen, without more
than brietf computer operation by the user.

In one embodiment, the method includes successive execution of C), e.g.
successive access, e.g., by brief computer operation, by a user to a plurality of genomic
alteration spaces, e.g., bricks. In one embodiment, the method includes successive
accesses, €.g., by brief computer operation, by a user to a plurality of spaces selected
within B(2)a-d. In one embodiment, the method includes selection of successive
operations described above, by no more than y, wherein y is equal to or less than two,
brief computer operations, for each of the plurality of genomic alteration spaces accessed.

In one embodiment, the method further comprises migration from the first
portion, through at least one of the genomic alteration spaces, e.g., bricks, to the
associated information space (e.g., the clinical trial space, therapy space, interpretation
space) by no more than X, wherein X is equal to or less than one, brief computer
operations. In one embodiment, the method further comprises migration from the first
portion, through at least one of the genomic alteration spaces, e.g., bricks, to the
associated information space (e.g., the clinical trial space, therapy space, interpretation
space) by no more than X, wherein X is equal to or less than two, brief computer

operations.
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In one embodiment, the method further comprises successive execution of the act
of migrating from the first portion, through at least one of the genomic alteration spaces,
e.g., bricks, to the associated information space (e.g., the clinical trial space, therapy
space, interpretation space) Z times, wherein Z successive acts of migrating can be
performed with no more than z*x brief computer operations, wherein x is equal to one or
two, or no more than z*x plus z. In one embodiment, C) is executed successively to
access at least 1, 2, 3,4, 5, 6,7, 8,9, or 10, genomic alteration spaces, resulting in 1, 2, 4,
5,6,7,8,9, or 10 successive transitions to the associated information space. Itis to
be appreciated that embodiments of the methods and apparatuses discussed herein are not
limited in application to the details of construction and the arrangement of components
set forth in the following description or illustrated in the accompanying drawings. The
methods and apparatuses are capable of implementation in other embodiments and of
being practiced or of being carried out in various ways. Examples of specific
implementations are provided herein for illustrative purposes only and are not intended to
be limiting. In particular, acts, elements and features discussed in connection with any
one or more embodiments are not intended to be excluded from a similar role in any other
embodiments.

Also, the phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. Any references to embodiments or
elements or acts of the systems and methods herein referred to in the singular may also
embrace embodiments including a plurality of these elements, and any references in
plural to any embodiment or element or act herein may also embrace embodiments
including only a single element. References in the singular or plural form are not

intended to limit the presently disclosed systems or methods, their components, acts, or

LT LI

elements. The use herein of “including,” “comprising,” “having,” “containing,”
“involving,” and variations thereof is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items. References to “or” may be construed as
inclusive so that any terms described using “or”” may indicate any of a single, more than
one, and all of the described terms. Any references to front and back, left and right, top

and bottom, upper and lower, and vertical and horizontal are intended for convenience of
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description, not to limit the present systems and methods or their components to any one
positional or spatial orientation.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated that various alterations, modifications, and
improvements will readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of this disclosure, and are
intended to be within the spirit and scope of the invention. Accordingly, the foregoing
description and drawings are by way of example only.

‘What is claimed is:
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CLAIMS:
1. A method for tracking cancer treatment and outcome information, comprising:

generating, by one or more processors, a model configured to analyze treatment data

and outcome data, wherein generating the model includes:
indexing the outcome data based on one or more genomic-based indices, and

specifying a data structure that includes the one or more genomic-based

indices;

receiving, by the one or more processors, a user input indicative of an update to
treatment or outcome of a patient via a first user interface having one or more first user
interface controls categorizing treatment information and outcome information into a plurality

of selectable categories to minimize time required by a physician to input data;
processing the user input according to the model;

dynamically identifying, by the one or more processors, a set of patients similar to the

patient based on the model;

configuring, by the one or more processors, a second user interface based at least

partially on the model by:

generating a personalized timeline indicating one or more treatments and one

or more outcomes associated with the patient according to the model, and

generating a second user interface control for viewing the set of patients similar

to the patient; and

responsive to receiving a selection of the second user interface control, configuring, by

the one or more processors, a third user interface including:
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a treatment data structure associated with the set of patients similar to the
patient to provide actionable or advisory information for treatment decision making,

and

a genomic filter configured to filter the set of patients similar to the patient

based on selected genomic information associated with each patient,

wherein the third user interface is configured to allow the physician to locate
the treatment information and the outcome information for patients with same or
similar genomic alterations occurring in one or more tumor types to inform decision-

making for off-label uses of a particular treatment.

2. The method of claim 1, wherein the treatment data includes data representing drugs,
therapeutics, named drugs, named therapeutics, drug cocktails, drug combinations, radiation,

and surgery.

3. The method of claim 1, wherein the outcome data includes data representing one or

more of complete response, partial response, stable disease, and progressive disease.

4. The method of claim 1, wherein the genomic filter specifies one or more genomic

alterations.

5. The method of claim 1, further comprising:
executing a treatment filter and/or a tumor type filter.

6. The method of claim 1, further comprising:

responsive to a selection of a filter, displaying a waterfall view of one or more

patients.

7. The method of claim 1, wherein the set of patients similar to the patient is identified

based on one or more of:

a genomic alteration associated with the patient,
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an affected gene identified in a cancer associated with the patient,
an affected pathway associated with the patient,

a treatment associated with the patient, and

a tumor type associated with the patient.

8. The method of claim 1, wherein the set of patients similar to the patient is identified
based on a class of genomic alterations associated with the patient selected from a plurality of

classes of genomic alterations.

9. The method of claim §, wherein the class of genomic alterations include alterations in

a domain of a gene.

10. The method of claim 9, wherein the domain includes at least a kinase domain of the

gene.

11.  The method of claim 9, wherein the gene includes BRAF, and the domain includes at

least one of kinase, BRAF V600E, and BRAF V600K.

12.  The method of claim 9, wherein the domain includes at least an ATP binding pocket

domain.

13.  The method of claim 12, further comprising aggregating information associated with

patients having at least one alteration within the ATP binding pocket domain.

14.  The method of claim 13, further comprising aggregating information associated with
patients having at least one alteration within the ATP binding pocket domain for a specified

gene.

15.  The method of claim 13, further comprising aggregating information associated with
patients having at least one alteration within the ATP binding pocket domain for a plurality of

genes.
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16.  The method of claim §, wherein the classes of genomic alterations include at least a

tumor suppressor gene alteration class.

17.  The method of claim 16, further comprising aggregating information based on patients

having at least one alteration within the tumor suppressor gene alteration class.

18.  The method of claim 17, further comprising aggregating information based on a

specific gene.

19. The method of claim 17, further comprising aggregating information based on a

plurality of specified genes.

20. The method of claim 7, further comprising aggregating information based on at least

one gene identified within a pathway.

21.  The method of claim 20, further comprising aggregating information based on a

plurality of genes identified within the pathway.

22.  The method of claim 1, wherein the set of patients similar to the patient is identified by

aggregating alteration information according to pathways affected by respective alterations.

23.  The method of claim 1, wherein the set of patients similar to the patient is identified

based on functional similarity of a genomic alteration associated with the patient.

24. The method of claim 1, wherein the model is stored in a database and the database is a
central database storing the outcome data, wherein the outcome data is collected and

aggregated from a plurality of sources.

25.  The method of claim 5, wherein the treatment filter is configured to filter the set of
patients similar to the patient based on the treatment data of the set of patients similar to the

patient.

26.  The method of claim 5, wherein the tumor type filter is configured to filter the set of

patients similar to the patient based on tumor types of the set of patients similar to the patient.
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27.  An electronic device, comprising:
one Or More Processors;
a memory; and

one or more programs, wherein the one or more programs are stored in the memory
5  and configured to be executed by the one or more processors, the one or more programs

including instructions for:

generating a model configured to analyze treatment data and outcome data,

wherein the instructions for generating the model includes instructions for:

indexing the outcome data based on one or more genomic-based

10 indices, and

specifying a data structure that includes the one or more genomic-based

indices;

receiving a user input indicative of an update to treatment or outcome of a
patient via a first user interface having one or more user interface controls categorizing
15 treatment information and outcome information into a plurality of selectable categories

to minimize time required by a physician to input data;
processing the user input according to the model;

dynamically identifying a set of patients similar to the patient based on the

model;

20 configuring a second user interface based at least partially on the model,

wherein the instructions for configuring the second user interface includes instructions

for:
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generating a personalized timeline indicating one or more treatments
and one or more outcomes associated with the patient according to the model,

and

generating a second user interface control for viewing the set of patients

similar to the patient; and

responsive to receiving a selection of the second user interface control,

configuring a third user interface, the third user interface including:

a treatment data structure associated with the set of patients similar to
the patient to provide actionable or advisory information for treatment decision

making, and

a genomic filter configured to filter the set of patients similar to the

patient based on selected genomic information associated with each patient,

wherein the third user interface is configured to allow the physician to
locate the treatment information and the outcome information for patients with
same or similar genomic alterations occurring in one or more tumor types to

inform decision-making for off-label uses of a particular treatment.

28. The electronic device of claim 27, wherein the treatment data includes data
representing drugs, therapeutics, named drugs, named therapeutics, drug cocktails, drug

combinations, radiation, and surgery provided to the patient.

29. The electronic device of claim 27, wherein the outcome data includes data
representing one or more of complete response, partial response, stable disease, and

progressive disease.

30.  The electronic device of claim 27, wherein the genomic filter specifies one or more

genomic alterations.
31.  The electronic device of claim 27, further comprising instructions for:
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executing a treatment filter and/or a tumor type filter.
32. The electronic device of claim 27, further comprising instructions for:

responsive to a selection of a filter, displaying a waterfall view of one or more

patients.

33.  The electronic device of claim 27, the set of patients similar to the patient is identified

based on one or more of:
a genomic alteration associated with the patient,
an affected gene identified in a cancer associated with the patient,
an affected pathway associated with the patient,
a treatment associated with the patient, and
a tumor type associated with the patient.

34. The electronic device of claim 27, wherein the set of patients similar to the patient is
identified based on a class of genomic alterations associated with the patient selected from a

plurality of classes of genomic alterations.

35.  The electronic device of claim 34, wherein the class of genomic alterations include

alterations in a domain of a gene.

36. The electronic device of claim 35, wherein the domain includes at least a kinase

domain of the gene.

37.  The electronic device of claim 35, wherein the gene includes BRAF, and the domain

includes at least one of kinase, BRAF V600E, and BRAF V600K.

38. The electronic device of claim 35, wherein the domain includes at least an ATP

binding pocket domain.
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39.  The electronic device of claim 38, further comprising instructions for aggregating
information associated with patients having at least one alteration within the ATP binding

pocket domain.

40.  The electronic device of claim 39, further comprising instructions for aggregating
information associated with patients having at least one alteration within the ATP binding

pocket domain for a specified gene.

41.  The electronic device of claim 39, further comprising instructions for aggregating
information associated with patients having at least one alteration within the ATP binding

pocket domain for a plurality of genes.

42, The electronic device of claim 34, wherein the classes of genomic alterations include

at least a tumor suppressor gene alteration class.

43.  The electronic device of claim 42, further comprising instructions for aggregating
information based on patients having at least one alteration within the tumor suppressor gene

alteration class.

44.  The electronic device of claim 43, further comprising instructions for aggregating

information based on a specific gene.

45.  The electronic device of claim 43, further comprising instructions for aggregating

information based on a plurality of specified genes.

46.  The electronic device of claim 33, further comprising instructions for aggregating

information based on at least one gene identified within a pathway.

47.  The electronic device of claim 46, further comprising instructions for aggregating

information based on a plurality of genes identified within the pathway.

48.  The electronic device of claim 27, wherein the set of patients similar to the patient is
identified by aggregating alteration information according to pathways affected by respective

alterations.
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49.  The electronic device of claim 27, wherein the set of patients similar to the patient is

identified based on functional similarity of a genomic alteration associated with the patient.

50. The electronic device of claim 27, wherein the model is stored in a database and the
database is a central database storing the outcome data, wherein the outcome data is collected

5  and aggregated from a plurality of sources.

51.  The electronic device of claim 31, wherein the treatment filter is configured to filter
the set of patients similar to the patient based on the treatment data of the set of patients

similar to the patient.

52.  The electronic device of claim 31, wherein the tumor type filter is configured to filter
10 the set of patients similar to the patient based on tumor types of the set of patients similar to

the patient.

53. A non-transitory computer-readable storage medium storing one or more programs,
the one or more programs comprising instructions, which when executed by one or more

processors of an electronic device, cause the electronic device to:

15 generate a model configured to analyze treatment data and outcome data, wherein the
instructions which cause the electronic device to generate the model comprises instructions

which cause the electronic device to:
index the outcome data based on one or more genomic-based indices, and
specify a data structure that includes the one or more genomic-based indices,

20 receive a user input indicative of an update to treatment or outcome of a patient via a
first user interface having one or more first user interface controls categorizing treatment
information and outcome information into a plurality of selectable categories to minimize

time required by a physician to input data;
process the user input according to the model;

25 dynamically identify a set of patients similar to the patient based on the model;
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responsive to receiving the user input, configure a second user interface based at least
partially on the model, wherein the instructions which cause the electronic device to generate

the second user interface comprise instructions which cause the electronic device to:

generate a personalized timeline indicating one or more treatments and one or

5 more outcomes of the patient according to the model, and

generate a second user interface control for viewing the set of patients similar

to the patient; and

responsive to receiving a selection of the second user interface control, configure a

third user interface, the third user interface including:

10 a treatment data structure associated with the set of patients similar to the
patient to provide actionable or advisory information for treatment decision making,

and

a genomic filter configured to filter the set of patients similar to the patient

based on selected genomic information associated with each patient,

15 wherein the third user interface is configured to allow the physician to locate
the treatment information and the outcome information for patients with same or
similar genomic alterations occurring in one or more tumor types to inform decision-

making for off-label uses of a particular treatment.
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EGFR: LASER Alleration
Updated November 12, 2011

interpretation
I h@MﬁtQSdlC\ﬁsiﬂg EG?Rmu,Amrsarewofch'ﬂu fors of efficacy for the EGFR tyrosing
sinase inhibftors (TR 3, erotind (Tavceval)

Frequency
* Anproximately 10 % of alf NSCLE in the USA
* Approximately 35% of ali NSCLC in Asia

Overview
EGFR { Epidermal Growth Factor Reoeptor} belongs fo cass of profelns called recepl lor fyrasing
kinases. In resp'rsv to igals rom the environment, EGFR passes bochemical Messges
cel tal stmulaes 1o grow and dhie hﬁpfe<e1\,eoas G abnormally { mutation, amplfication,

o overexpression ) can result in an overabundance or overacivly of EGFR prolein, which can lead b
excessive profferation,

Relevance o Targeted Theraplas
Lanoratory and clincal trial dale has demmonsirated that NSCLC tumars which o0el ain terain EGFR
mutafions {5, exon 19 deleion ) Bef et al, 2005: Linch ol ), 2004 Pasz i &), 2004 Pao st o],
2004} orampifcation {Hiroch atal, 2008 Hrsch efal, 2006} may have a better responss 1o EGFR
ihibors than o comvens mna&c*e'“aharaﬁ" aE"*angb the eifect on overall sunvivalis modest {Mokef
al, 2009 Russel el af, 200 Tsao gl &, LJO% Based on accumulaled evidence, he f%'“emar\
Society for Chnical anbg {400 }h,,s ssied & Provion G {pirion recommending EGFR
mistational analysls for NSCLE patients to predicl beneft fom EGFR nidbiors
{Keedyetal, 1)
Soma pafierts exhibit resistance to EGFR infibiion, resistance has somefimas been associated with
inagrtons n excn 2, the T7904 mutefon In EGFR, amplfcaion of the gene ¢-HET, and muaions
in PIACA {Engelman ot al, 2067: Greufich ot al, 200 Kwak et al, 2005 Ludowini o1 al, 2011 Sog
ghal, 2006 Thomes el i, ZJV R evasbie BGFR inhiitors, 3uch 2 RIBW X7 {Alz :n;b)o
OF-20080¢, mapeees&wendmxha arg resistant to EGFR inbibitors (dameesial, 2811}
Wutalions In K-as hava boen assoclated with poor response fo small molecule EGFR inhibiters, such
a5 efofib and gefinl, bt do not appaer o have 2 rediofve sl for the efficacy of antbodies such
as celuimab in NOGLG {Mack etd, 2005 OByme e, 2008 Paoelal, 200 5)Mamssa
-1as have been found o ﬁemuuafiy@ chisive with EGFR mutations i NSCLC

{Shemaisuctl, 2008

Wew Therapy Delals T3 Print

miaibepslll =

Eriotﬁ,* (&“s;:ag‘

: NCTO?B%@@%
@R@»teJReeeﬂ 50w
, 2
stal, 207

Ceulme*ﬂ 08
Hrschelal, zCﬁQ
Hraoh et ol 2008
Kwak ot al, 2005 5
Lidovinil, 2011
Linchet !, 2004
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ot

L,

823 ¢ §gn?€it1i§(8u€ent)has inst FDA approwal for treating smal celf hung cancer wilh Alieration X and Alferation X.

- Repaort of Record 06.15.2011 { information Updates (11.12.11)
u@-amé fmanes {Undaed LRI i
Ve 820 822 824
Show, 4 "ihb\‘y’ ,‘»““f Show i

bl v] | Lindaies shes last ogit v

aton for Alaton X GENE b hocn ol s new e, ok and lreroes e Beinaddedlo.
Agr oo @&

GENE  Alteration Interpretation

GENE  Alteration  Inthe melaslalic seting, EGFR mulations are shang prediclors of eficacy for e 5 TR

: EGFR tyrosine Kinase inhibifers € TH! Y eriofind { Terceva) “"’"”"?fj
& nlerpretaion for Alleration X in GENE has been removed as no therapies, irials, and references are included in '

associared information lists,
11.04.41

& Interpretation for Alteration X in GENE has been adited.
1011
& = nferpretafion for Allermate X in GENE has been edited o Include citafion for new reference.
110011
ou ‘Erjt%rxpiejtaion for Alternate Xin GENE has been edited to delete citation for removed reference.

8 T!"erap;(’hempy}ha\ baen added fo st oF herapies associated with cinical benefitTor Alleralion K. ®

8 4465;&;3%(Therapy)has been removed from fist of therapies asseciated with clinical benefits for Alterafion X,

J 8 Sﬁnﬁén’ibcjsmem} has lost FDA approval for resting small cell lung cancer in clinical trials,

11.01.44

The referance "Minverem porrum Sincips a@md ionsed que venecaborepe nonsed ma volorest, quale

quare et vel Imi, vellat" supports evidence of clinical benefit has been added for Sunltind (Su ‘er{)}9

44 04.44

®® The reference Minverem qus venecaborepe ninsed ma volorest, quate quam f vel Imi, velal '
supporting evidence of clinical benafit has been disproved and remaved for Sunt inib (3 utent )
:'»' Cl ﬁ1

TR {0 NCTUDGAGZ5 {tuay of Cabozantiniy { XL 184 Yhas Dean added as frial wilh assaciated henefi tor Bferalion Xn
GENE
G ®

4 }Eé 1D NCTO0%46225 { Study of Cabozantinds € X184 3 hes been removed as tnal with assaciated benetfor Alleration X in
44 G: 41

& NCTI0:NCTO0%40225 ( Shuey of Cabozantinb { XL 154 bin Adults With Advanced Mallgnancies ;18w closed 1o partioipan's.
RGRY

& NCTID: NCTO0040225 { Study of Cabozantini XL184) in Adulis With Advanced Malignancies) is now recruiting
RNERE ®

{ View older updates 5

®
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Patient Name Report Date Prostate acinar
Kell, Jesse 31 December 1968 adengcarcinoma
Dateof Birth  of 3 Devomber 1960 Glient Sraiiple Dese Spscitnen Heveived  Not Zivan
Gender fdale Physician Hammond, Heather Specimen Site Not Provided
FiMiCase # TRFAAABAK Additional Recipient  Not Given Specimen Date 31 December 1969
bedical Record # SAMPLE FRli Client # -1 Spacimen Type Slide
Block ID SAMPLE Pathologist Not Given
ABOUT THE TEST:
FoundationOne ™ is g nexi-generation sequencing (NGS) based assay which identifies genomic alferations within hundreds of cancer-relfated ganes.
TUMOR TYPE: PROSTATE ACINAR
PATIENT RESULTS ?ﬁ ¥ ADENOCARCINOMA

Genomic Alterations identified
ERBB3 amplification

CUOND1 amplification

CDK4 amplification

MDMZ amplification

MYC amplification

NKX2-1 amplification

THERAPEUTIC IMPLICATIONS ? é é

ERBB3 None Pertuzumab Yes, see clinical trials
amplification section

COND None None Yes, see clinical trials
amplification section

CDK4 None None Yes, ses clinical {rials
ampiification saction .
MDM2 None None Yes, see clinical trials
amplification section

MYC None None Yes, see clinical trials
amplification section

NEKX2-1 MNone Nones None

amplification

Note: Genomic alterations detected may be associated with activity of centain FDA approved drugs; howaver, the agents listed in this report may have
varied clinical evidence in the patient's turmor type. Neither the therapeutic agents nor the trials identified are ranked in order of potential or predicted
efficacy for this palient, nor are they rarked in order of level of evidence for this patient's tumor fype.

Eiectranically Signed by Jeffrey 8. Ross | CUIA Number; 2202027531 § 31 Decamber 1669
Faundation Medicing, inc., One Hendall Square Sie 33501, Cambrivge MA { 1.888,988.3538 page 1of 14
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Kell, Jesse 31 December 1969 adenoccarcinoma

700

ERBB3 encodes krbb3 {also known as Her3), a member of the epidermal growth factor receptor {(Egfr}
family. While focal ampilification of ERBB3 is relatively rare in most cancer types, two studies report
amplification of the chromosomal region (12q13}) containing ERBB3 in prostate cancer; one study of 18
prostate adenocarcinoma samples found amplification in 56% of cases {Sattler et al., 1899; 10221562,
Glinsky et al., 2003; 14580688). Focal ERBB3 amgilification in prostate cancer has not been reported in
The cBio Cancer Genomics Packaf oris COMAN: Cupy Number Anlaysis (hitp:/Avww.chioportal.org, Oct
2012, hitpi/iwww.sanger.aaulingh-bitvgenstics!CGP/conan/search.cgl, Oct 2012). Pertuzumab, a

& ERBB3 humanized monocional antitody that iInterfaras'with Erbb2 and Erbb3 heteradimerization, has been

amplification recently approved for use in metasiatic ERBB2-amplified breast cancer (Baselga sl al., 2012; 22148875).

A Phase 2 study of pertuzumab in men with castration-resistant prostate cancer resulied in prolonged
survival {Agus et al., 2007; 17308272). Clinical trials of pertuzumab are ongoing. There are also several
anti-Erbb3 antibodies that are currently being tested In clinical trials. MM-121, one such monocdional
antibody directed specifically against Erbk3, has been observed fo have activity In preclinical studiss in
both ovarian cancer and pancreatic cancer (Sheng et al., 2010; 20227043, Liles et al,, 2011; 21792188).
MM-121 and other anti-Erbb3 antibodies such as AV-203 and U3-1287 are being actively tested as single
agents and in combination with other therapies In several cancer types.

GENE
ALTERATION

INTERPRETATION

CCND1 encodes Cyclin D1, which interacis with the cyclin-dependent kinases Cdké and Cdk8, resulting
in the phosphoryiation and inactivation of Rb and the progressicn of the cell cycle. Overexpression or
amplification of Cydlin D1 may therefore lead {0 excessive proliferation (Fu et al., 2004; 15331580,
Takahashi-Yanaga and Sasaguri, 2008; 18023328). The ¢Bio Cancer Genomics Portal reports no
@ CCND1 CCND1 amplification in 185 prostale cancer tumors studied (Sep 2012). However, CCND1 amplification
e {as detected by FISH]) has been reportad in 5-35% of tumors in different studies of prostats carcinoma,
amplification and may be enriched In tumors following androgen deprivation therapy (Kaltz-Wittmer et al., 2000;
11005213, Bubendorf ot al., 1999; 10029068). Overexpression of the COND1 gene product, CGyelin D1,
has been observed in 24% of primary prostate carcinoma specimens {Han et al., 1998; 9568872). There
are no approved therapies that directly target Cyclin D1; however, CCND1 amplification might predict
sensitivity to inhibitors of Cdk4 and Cdiks, which are currently under investigation in clinical trials.

CDK4 encodes cyclin-dependent kinase 4, which, along with functional homelog CDKE and family
member CDK2, ragulates cell cycle G1 phase progression and the G1/3 transition {reviewed in Wu et al,,
2011; 21477378). High-level focal amplification of CDK4 has not been reporied in prostate acinar
adenocarcinoma {Theolis Cancer Genomics Portal, http//mww.cbioportal.org/, Oct 2012, CONAN: Copy
Number Analysis, hiti/fenwsanisr.a ukiegh-birdgenstics/CGP/econanfsearch.cgi, Oct 2012). However,

& CDK4 two studies report amglifisation of the chrompsomal region containing CDK4 in prostate cancer; one study

amplification of 16 prostate adenocarcinoma samples found amplification of this region in 56% of casss (Satiler et al.,

1989; 10221562, Glinsky et al,, 2003; 14580688). Amplification of CDK4 may lead to excessive Cdkd
protein expression and activily, resuliing in unrestricted cell cycle progression. Therefare, Cdk4 inhibilors
may be relevant in a tumor with CDK4 amplification. There are currently no approved therapies that
directly target Cdk4; however a number of drugs that target Cdk4 and Cdk8 are under investigation in
Phase 1 and Phase 2 clinical irials (Musgrove EA et al,, 2011; 21734724).

Mdm2 acts to prevent the activity of the tumor suppressor p53; therefore, overexpression or amplification

of Mdm2 may be oncogenic {Brown et al., 2008; 18935875, Cordon-Cardo et al., 1994; 8306343).

Overexprassion or amplification of MDM2 is frequert in human cancer (Beroukhim et al., 2010;

@ MDM2 20184620). MDM2 syaphification has bean reparted 10:40.7% (48/118) prostate cancer patients {Leite st

o al., 2001; 11353053}, Tha saimec pager repirts an assoclation between MOM2 amplification and tumor
amplification volume and stage. Annther study reparts srphibcatinn of the genomic region 12q13-q21, including MDM2

and other genss, in prostate cancer (Satiler et al., 1899;10221562). Nutlin-type molecules and other
MDMZ antagonists are being studied pre-dlinically and in dlinical trials for muttiple tumor types.
Amplification of MDMZ2 may increase sensitivity 1o these agents, but more data is required.

& BMYC MYC Is located on chromosome 8424, and MYC dereguiation (amplification, overexpression,
amplification translocation) has been identified in a number of different cancer types, including breast, prostate,
colorecial, and lymphoma {reviewed in Nesbit et al., 1889; 10378886). Amplification of MYC has been

Elsctronically Signed by Jeffrey S. Ross | CLIA Number: 2202027531 | 31 Decernber 1363
Foundation Medicine, inc., One Kendall Square Ste B3501, Cambridge MA { 1.883.988.3639 page 2 of 14
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Keii.‘Jesse 31 December 1968 adenocarcinoma

significantly asscciated with increased mRNA and protein levels {Blancalo et al., 2004; 15083184). MYC
amplification is common in prostate cancer, reported in 20-40% of cases, and associated with higher
tumor grade and earlier disease progression (Clegg et al., 2011; 21384210; Sato et al., 2008; 16834657).
Presently, there are no available therapies that can direclly target MYC. However, praclinical evidence
O suggests that cells with overexpression of Myc protein may be sensitive to Aurora kinase inhibitors (Hook
% @ et al., 2012; 22222631}, which are under investigation in clinical trials.

The NKX2-1 (NK2 homeobox 1} gene, also known as thyroid transcription factor 1 (TTF-1) gene, encodes

the transcription factor TTF-1. Amplification of NKX2-1 resuits in overexpression of TIF-1 and

upregulated transcription of downstream target genes {(Kwei ef al., 2008; 18212743). NKX2-1 has been

reported to be amplified in a minority {2.4%}) of prostate adenocarcinomas (The c¢Bio Cancer Genomics
@& N Portal, hitp://ww.cbioportal.org/, Oct 2012). Expression of TTF-1, encoded by NKX2-1, is not typically

observed in prostate cancer, although it has been reported to be moderately expressed in 0-6.9% of
unusuzl subtypes of prosiate adenocarcinoma (Goldstein, 2002; 11888088, Leite, of al,, 2008;
18620992). Ampilification and expression of NKX2-1 in lung adenocarcinomas is correlated with a poor
prognosis (Barlelta et al., 2003; 18040418), and turmors that express both TTF-1 and NKX2-8 may be
resistant to cisplatin therapy {Hsu et al., 2009; 19278207). There are cumently no approved therapies or
trials that target tumors with TTF-1 expression.

amplification

\\:7 g

Electronically Signed by Jeffrey 5. Ross | CLIA Number: 2202027531 | 31 December 1869
Foundation Medicing, Inc., One Kendail Square Ste B3501, Cambridge MA | 1.886.988.3638 page 3 of 14
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emmimetea it

| Thers are no therapies FOA approved in this patient's tumor type that are specific fo the reported genomic alterations.

| ADDITIONAL THERAPIES ~ FDA APPROVED IN OTHER TUMOR TYPES

THERAPY RATIONALE
Pertuzumab is a humanized monodional antibody that interferes with Erbb2 and Erbb3
heterodimerization. Periuzumab has been approved in combination with trastuzumab and docetaxel for
Pertuzumab use in certain patients with mstasiatic, ERBB2Z-amplified breast cancer (Baselga et al., 2012; 22148875},
E£ERBEB3 amplification may predict sensitivity to pertuzumab. A Phase 2 study of pertuzumab in men with
castration-resistant prostate cancer resulied in prolonged survival {Agus et al., 2007; 17308272). Clinical

trials are ongoing in muitiple tumor types.

Genomic alterations detected may be associated with activity of certain FDA approved drugs, however the agents listed In this reporl may have litle or
no avidence in the patient’s tumor type

@?.O/ZB
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IMPORTANT: While every effort is made to ensure {heaccuravy of {he inforrration contalied belaw,ABs. inforiatioh available in the
public domain is continucusly updated and should be Hwastigated by the plvsiclan o resgargh stalf. Thisls not.meant fo be a
complate list of available trals. In order to conduct & morg thorough Searchy, Flease go o wew slinicaltdals.goy ard use the search
terms provided below. For more information about a specific clinigal trial, fype Bie NCT 10 of the 1dal indlcated tiziow into the search
bar,

GENE RATIONALE FOR POTENTIAL CLINICAL TRIALS

Mutation or amplification of ERBB3 may be associated with response to therapies targeting Erbb3.
ERBBE3 A search of the trial website clinicaltrials.gov, using terms such as “ERBB3", "MM-121%, “prostale” and/or
amplification "solid tumor” retrieves al least 5 irials that may be relevant for this patlent’s fumor.

Two of these trials are shown below.

A Phase 1, Pharmacologic and Phase 1 ERBB3 indiana, New York, Chio,
Pharmacodynamic Study of MM-~121 in Pennsylvania
Combination With Multiple Anticancer

Therapies in Patients With Advanced Solid

Tumors

NCT01447228

A Phase 1 Open-labsi, Multiple Dose, Dose Phase 1 ERBE3 Arizona, Texas NCT01603878
Escalation Study of Monoclonal Antibody AV-

203 Administered in Subjecis With Metastatic or

Advanced Salid Tumors

;% % 5
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RATIONALE FOR POTENTIAL CLINICAL TRIALS ? j Lf

CCND1 encodes the cell-cycle regulator Cyclin D1, which interacts with Cdk4 and Cdké to inactivate Rb
and activaie the cell cycle. inhibition of Cdk4 and Cdk6 may therefore be relevant in tumors with elevated

levels of Cyclin D1 due to CCND1 ampiification.
CCNDA
ampiification

for this patient’s tumor.

These three irials are shown below.

An Open-label, Phase |, Dose-escalation Study Phase 1 CDK1, COK2,
to Characterize the Safety, Tolerability, CDR4, CDKS
Pharmagcokinetics, and Maximum Tolerated
Dose of BAY 1000384 Given Twice Dailyina 3
Days on / 4 Days Off Schedule in Subjects With
Advanced Malignancies
. A phasel Muiti-center, Open Label, Dose- Phase 1 CDK4, CDKS
- escalation Study of Oral LEEQ11 in Patienis
With Advanced Sofid Tumors or Lymphoma
A Phase 1 Study of 2 CDK 4/6 Dual Inhibitor in Phase 1 CDK4, CDKS
Patients With Advanced Cancer

Baden-W {Cermany},
Nordrhein-Westfalen
{Germany}, Caen Cedex
{Francs), Lyon Cedex
{France), Marseille Cedex 20
{Francs}, Villejuif Cedex
(France)

Massachusetts, New York,
Tennessee, Lyon {France),
Utrecht (Netherlands), Villejuif
{France}

Californiz, Massachusetis,
Texas

A search of the trial website dinicalirials.gov, using terms such as “CDIK”, "PD0332381", "BAY1000384",
"LEEQ11", "LY2835218" and/or "solid tumor” and/or "prosiate” retrieves at least 3 trials that may be relevant

NCT01188252

NCT01237236

NCTO1394018

Q@?Nj
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91

Ampiification of CDK4 may lead to excessive Cdid4 protein expression and activity, resuliing in unrestricted
cell cycle progressien. Cdid inhibitors may thersfora be refevant in a tumor with CDK4 ampiification.

CDK4

amplification

These three example trials are shown below.

A search of the trial website clinicaltrials.gov, using terms such as "COK4" andfor "CDIC” and/or "PD-
0332881" andfor "BAY1000384” and/or "LEEQ11" and/or "LY2835219" andior "prostate” andfor “solid tumor”
retrieves at least 3 trials that may be relevant for this patient's tumor.

ASH \REETE QEATION ST
. An Open-label, Phase |, Dose-escalation Study Phase 1 CDK1, CDK2,  Missour, New York, Ohio, NCT01188252
. 10 Characterize the Safety, Tolerability, CDK4, COKS Baden-W (Germany},
. Pharmacokinetics, and Maximum Tolerated Nordrhein-Westfalen
. Dose of BAY 1000394 Given Twice Dailyina 3 {Germmany), Caen Cedex
. Days on/ 4 Days Off 3chedule in Subjects With {France}, Lyon Cedex
Advanced Malignancies {France), Marseille Cedex 20
{France), Villejuif Cedex
{France)
A phaset Muliicenter, Open Label, Dose-  Phase 1  CDK4, CDKE  Massachusetis, New York, ~ NCT01237236
escalation Study of Oral LEEO11 in Patlents Tennasses, Lyon {(France),
With Advanced Solid Tumors or Lymphoma Utrecht (Netherlands}, Villejuif
{France)
A Phase 1 Study of a CDK 4/6 Dual Inhibitor in~ Phase 1 CDK4, CDKE  Calfornia, Massachusetis, NCT01394016
Patients With Advancad Cancer Texas
/’1 P 07 é’_
9
i1 s
N
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GENE RATIONALE FOR POTENTIAL CLINICAL TRIALS

a4

Inhibitors of the Mdm2-p53 inferaction are being tested in clinical trials. QOverexpression or amplification of
MOM2Z may increase sensitivily to these agents, but more data is required.

MDM2 A search of the trial website clinicaltrials.gov, using terms such as "MDM2", "RO5045337", "R7112°,

amplification “ROB503781%, “nutlin”, "benzodiazepine”, “melanoma”, "solid tumor”, and/or "advanced malignancies”

retrieves ai leasi 2 trials that may be relevant for this patient’s tumor.

These two trials are shown below,

SHITLE \RGE: ICATIONS: L HGT
A Multi-center, Open Label, First in Human Phase 1 MDMZ Ontario (Canada), Quebec NCT01462175
Phase | Dose Escalation Study of Single Agent {Canada), Bordeaux (France)},

ROB503781, a Small Molecule MDM2 Groningen (Netherlands), Lyon
Antagonist, Administered Orally in Patients With {France), Melbourne
Advanced Malignancies, Except Lsukemia {Australia), Seoul {Korea,
Repubiic of}
A Phase 1, Open-Label, Dose-Escalation, Phase 1 p53 Massachusetlts NCT01664000

Safety, Phammacokinetic and

. Pharmacodynamic Study of Kevetrin

. {Thioureidobutyronitrile) Administerad
intravenously, in Patients With Advanced Solid
Tumors

F G- 9 H
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Several strategies are under investigation to address amplification or overexpression of MYT in human
cancer. One such strategy invoives inhibition of Myc. Another sirategy is inhibition of Aurora kinases.

MYC} . A search of the irial website clinicalirials.gov, using terms such as “Myc”, “Aurora”, “prostaie” and/or “solid
ampiification tumor” retrieves 6 trials that may bs reievant for this patient's tumor.

Twe of these frials are shown below.

THLE HASE L TARGETS &
A Phase 1, Fist-in-Human Study Evaluatingthe  Phase 1 Aurcra kinase  Maryland, New Mexico NCT00858377
Safety, Tolerability, Pharmacokineiics and

. Pharmacodynamics of Orally Administered
L AMG 900 in Adult Subjects With Advanced

| Sofid Tumors
A Phase 1 Dose Escalation Study of MLN8§237, Phase Aurora kinase  Conneclicut, Texas, Utah NCTG10458421
an Aurora A Kinase Inhibitor, in Aduli Patients 172

With Nonhamatological Malignancies, Followed
by a Phase 2 of MLNB237 in Lung, Breast,
Head and Neck, or Gastroesophageal
Malignancies

P

9.1 L
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Foundation Medicine Test: FoundationOne (Test) was developed and ifs pudormanios chemcisristios determined by Fourddation’
Medicine, Inc. (Foundation Medicing). The Test has not been cleamsd or approved by the Usitad Stalds Fodd angd Dag
Adminisiration (FDA). The FDA has determined that such clearance or approvil is not necessany. The Test may be used for clirieal
purposes and should not be regarded as purely investigational or for research only: Pountation Madigina's olinieal reference
laboratory is certified under the Clinical Laboralory Improvement Amendments of 1988 (CLIA} as gualified to perform high-

complexity clinical testing.

ABQUT THE TEST

Diagnostic Significance/Lack of Significance of Reported Biomarkers: Foundation Medicine's Test identifies alierations o select
savicor-assockated genes O pietices of genes {biomarkers). In some cases, the Test identifies biomarkers that lack detectable
svitdance of Sancer- assecisted dliaralions. These alterations (and, in some cases, lack of alterations) are reported to a patient’s
teeating physiclan in this repot (Repart)

Assouiated Publichy Available Information Provided by NeotOng: Tha Report may include publicly available information provided to
Foundation Medicine by Mol Qna, 180, (M-t s public inforsation may include associations hetween a biomarker alteration
{ordack of sitaration) and one oF more drugs will potential ofirdoal benefit {or pofential fack oF olinical benefit), including drug
candidates that ave beingrstudiod Iy dinlcal rasearalt. A Siding of hisrarker siteration doss ndt Recassarily indicate pharmacologic
eifactivenuss {of feok thereol) of any drog or realfeent regimen; a fading of no Bomuder sMemtion does not necassarily indicate
tack of pharmacolpgic sifectivenses {or elfeciivenass) of any diug or frealent regivien. AddBicaat publicly available information
fram N-obOne is available i e webislevinw N-ol-Onecom

Alterations and Drugs Not Presented in Ranked Crder: In this Report, neither any biomarker alieration, nor any drug associated with
potential clinical benefit (or potential lack of clinical benefit), are ranked in order of potential or predicted efficacy.

Level of Evidence Not Provided: Drugs with potential clinical benefit {or potential lack of clinical benefit) are not evaiuated for source
or level of published evidencs,

No Suararidse of Gliniost Benefitt This Report makes no promises or guaraniees that a particular drug will be effective in the
trentment of gissase i any patient. This Report also makes no promises or guarantees that a drug with potential lack of clinical
benaliiwill in fact provide no clinical benefit,

No Guarantee of Reimbursement: Foundation Medicine makes no promises or guaraniees that & heaithcare provider, insurer or
other third party payor, whether private or governmental, will reimburse a patient for the cost of the Test.

Treatment Decisions are Bespopgibility of Physichan Dings refersncsd in this Report may nol be sullable for a particular patient.
The selection of any, all & sone-of the duge sezotiated with polentish clinisal benelit {or poteniial lach of clinical benefit) resides
entirely within the discretion of the reating physician, indsed, e nforaition in this Reportmugt be considered in conjunction with
all other relevant informalion regaiding ¢ particilar pitlest, before the patisnts Wrealing physician recommends a course of
freatmeant. )

Denlnions an gatient vale and fualiment miust ba based on e indepeadantmedizal judgment of the ireating physician, taking into
consideration ai apiiicable infarmation conoerning the palient's condifion, Stich as patientand femily history, physical examinations,
infonration Fom-uther dagnostic leste, and palient preferences, in accordanes with the Sisnderd of care In a given community. A
Foating physichan's desisions should riol ba based ona single test, such asthis Teal or the infarmation contsingd'in this Report.

Electronically Sigred by Jeffrey 8. Ross | CLIA Number: 2202027531 | 31 December 1969
Foundation Medicine, Inc., One Kendall Square Ste B3501, Cambridge MA | 1.888.988.3633 page 14 o
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