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LEAN PROTOCOL FOR CLINICAL RESEARCH STUDY SYSTEMS

[0001] This application claims the benefit of U.S. Provisional Application No. 63/048,375,
entitled “DIGITIZED FRAMEWORK FOR CLINICAL DEVELOPMENT,” and filed July 6,
2020, and U.S. Provisional Application No. 63/198,657, entitled “DIGITIZED
FRAMEWORK FOR CLINICAL DEVELOPMENT,” and filed November 2, 2020, the

contents of both of which are hereby incorporated by reference as if set forth fully herein.

TECHNICAL FIELD

[0002] This disclosure generally relates to systems for managing clinical studies.

BACKGROUND
[0003] Data standards are often developed and used as a uniform communicative structure
for the transfer of data from one entity to another entity. These data structures may be used
by a receiving entity so that data can be processed in a known format for efficiency and
validation during processing. Regulatory agencies are becoming advocates of data standards
for submission, analysis, and approval of consumable products. However, implementation of
data standards is often burdensome and expensive for industry. Moreover, as a data standard
is changed or updated, the implementation of the standard may need to be changed or

updated, which may require significant programming efforts and further expense.

SUMMARY
[0004] In general, the disclosure describes techniques for digitizing a framework for clinical
development. In some examples, a system as described herein defines a data model that
specifies a data standard representative of requirements for regulatory-compliant exchange of
data between entities and stores metadata for the data model in a metadata repository (MDR).
As described herein, the data model includes one or more client business objects representing
aspects of a well-structured pharmaceutical clinical research study. As described herein, a
clinical research study (also referred to herein as a “study”) is, for example, a clinical
research project whose objectives are to test or confirm hypotheses concerning the utility,
impact, pharmacological, physiological, and/or psychological effects of a particular
treatment, procedure, drug, device, biologic, food product, cosmetic, care plan, or subject
characteristic. Each study as a whole specifies one or more study events, (referred to herein

as “study events” or “events”) and each study event of the one or more study events
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specifying one or more study activities (also referred to herein as “study activities” or
“activities”) to be planned for the study event.

[0005] In addition to the events and activities mentioned above, the data model further
includes additional study data elements (referred to herein as “study elements”, “protocol
elements” or “elements”) each of which is represented as a dynamically configured property
within the MDR. These properties are collected into one or more dynamically configured
property groups, also specified within the MDR, with each property group representing a
section of the study (referred to herein as “study section” or “section’) whose elements are
cohesively related. Section examples include Planned Intervention, Inclusion Criteria and
Study Model Elements among others. These properties may be aggregated into standardized
data sets for purposes of regulatory submission, or used to inform other aspects of study
design (e.g., the authoring of a study protocol document that specifies the study in narrative
form, submission of which is also a regulatory requirement).

[0006] The system uses the metadata stored in the MDR to generate a study template for
planning a clinical research study. A user interface obtains input from a user to parameterize
the study template and store the parameterized template in a database. The system further
generates, based on the template, a sequence of one or more study events specifying one or
more study activities to be executed for the study event. In some examples, the system may
further generate, based on the template, one or more study sections each of which is
composed of one or more study elements. In some examples, the system may further
generate, based on the template, at least one study objective and at least one study estimand
or endpoint (referred to herein as “endpoint”) that may be used to facilitate generation of key
activities and events within a schedule of study activities.

[0007] In some instances, objectives may specify precise endpoint descriptions, defined by
ways to estimate (which may be referred to as an estimator) and a numerical result (which
may be referred to as an estimate), where, for example, in a diabetes study an endpoint may
be described by an estimator HbAlc (glycated hemoglobin) as a measure for blood glucose
levels, and an estimate that compares the change from study baseline of HbAlc at a
prespecified study timepoint. An estimand may refer to a precise description of the treatment
effect reflecting a clinical question posed by a trial objective and may have different
components depending on a phase and purpose of a given trial. Estimands may be mandatory
for confirmatory studies.

[0008] An estimand description may not be required for exploratory objectives or for core

phase 1 studies. Estimand components include a study population, a statistical variable to be
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measured (which again may be referred to as an endpoint), details of how to account for
intercurrent events (e.g. study discontinuation), and a population-level summary of a variable.
[0009] In some examples, the system may generate reporting information and documentation,
and/or determine a cost estimate for each study activity of the study. The techniques
disclosed herein further enable performing a “lazy” copy of elements stored in the database,
and further enable updating or deleting elements of the database where a lazy copy has been
performed.

[0010] Moreover, within the context of a clinical trial and clinical operations processes,
activities can be accelerated through what is described herein as the “lean protocol process,”
which is based on protocol development gates from Clinical Development Plan (CDP)
through to final protocol. This “gated” process begins with the CDP/Protocol workflow as
the first gate when critical data is first available and enables parallel development of the
protocol, SAP and study build to begin. The early availability of critical study data elements
further triggers early and parallel development of functional plans and process activities.
Using feasibility as an example, study population, planned procedures and reference drugs
may be identified at gate 1 and trigger development of the feasibility and strategy plan. The
protocol is further refined through subsequent gates, enabling early execution of protocol
feasibility to begin after gate 2 and site feasibility activities at gate 3 or protocol level 2. The
same methodology applies to other functional plan development such as data management
(DM) and monitoring. Most importantly, this lean process provides the shared alignment and
transparency to generate and address recommendations for changes to the study design before
final protocol.

[0011] The Lean Protocol process digitizes and standardizes data that may be important to
the reliability of the study findings, specifically data that supports primary and key secondary
estimands/endpoints. By prioritizing the critical domains and activities based on what is
unique to the study such as new/unique tools/procedures or safety considerations as a result
of comparator drugs or the indication, the techniques herein may drive informed decisions
and risk assessment. Leveraging the early availability of the digitized study-critical elements
also facilitates study build processes such as Electronic Data Capture (EDC) configuration
and Randomization and Trial Supply Management (RTSM) specification.

[0012] Critical data for reporting and analysis are also identified early on in the planning
phase, driving a potential early start on development of dashboards and reporting
specifications. Therefore, the lean protocol process driven by data standards and the digital

protocol may accelerate the lifecycle through to submission data sets that are consistent with
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the protocol. This “intelligent automation” through the lean protocol process may drive
quality, consistency, and behaviors that focus on critical data versus the completeness and
accuracy of every data point at the expense of critical aspects. The end result provided by the
lean protocol process may enable a significant reduction of the clinical life cycle and
submission timeline driven by a systematic quality by design process.

[0013] In addition, various aspects of the techniques may enable a graphical user interface
(GUI) clinical study protocol designer (also referred to herein as “Graphical Study Designer”)
that allows a study design practitioner (or, in other words, a user) to graphically model the
conceptual structure of a Study Protocol in an intuitive manner and as a result of that
modeling, automatically generate the Arms necessary to execute that Study Protocol. The
extended functionality provided by the graphical study designer improves user efficiency and
accuracy in the early stages of Study Design. Each Arm represents a path through which a
Study Subject can proceed within the context of the Study.

[0014] The Graphical Study Designer application and supporting microservice may eliminate
the potential for an inaccurate representation of these Arms and the resulting delays in Study
Protocol finalization that would ensue from such an error. In this manner, the Graphical
Study Designer provides a more capable alternative means of modeling Study Protocol Arms
than a tabular capability otherwise disclosed as part of the Study Protocol Elements
application provided by the system.

[0015] In this way, the techniques of the disclosure may provide specific improvements to
the computer-related field of database management that have practical applications. For
example, the techniques disclosed herein enable the digitization of clinical research studies,
clinical research study management, and clinical research study reporting requirements so as
to obviate the performance of clinical research study management by hand. Therefore, the
techniques of the disclosure improve efficiency and data quality, reduce cycle times, reduce
the cumbersome administrative overhead of clinical research study management by hand, as
well as reduce the potential for error or omission in critical recordkeeping. Furthermore, the
techniques of the disclosure allow for the use of a lazy copy in a database as well as enabling
the updating or deleting elements of the database where a lazy copy has been performed. In
this manner, the techniques of the disclosure may allow for the use of lazy copy to increase
performance of copying elements, even where the elements are within a complex database
such as a graph database, without substantially impacting the user experience or computing

performance.
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[0016] In one example, this disclosure describes a method comprising: defining, by
processing circuitry, a data model comprising metadata that specifies a data standards-based
representation of requirements for regulatory-compliant exchange of data between entities,
wherein the data model includes one or more client business objects, each client business
object specifying one or more study events or supporting study elements, and each study
event of the one or more study events specifying one or more study activities to be executed
for the study event, and wherein the data model includes one or more properties for each of
the client business objects that organize the client business objects and supporting study
elements into one or more property groups representing study sections, and expressing, by the
processing circuitry, the data model to define one or more templates for a clinical research
study comprising at least a sequence of the one or more study events, and in some examples
one or more study element properties collected into at least one property group representing a
study section, and/or at least one study objective and at least one study endpoint.

[0017] In another example, this disclosure describes a method comprising: retrieving, by
processing circuitry and from a regulatory database, a template based on a governance
process; receiving, by the processing circuitry and via a user interface, input from a user;
parameterizing, by the processing circuitry, the template based on the governance process
with the user input to create a parameterized template; and storing, by the processing
circuitry, the parameterized template in a database.

[0018] In another example, this disclosure describes a method comprising: retrieving, by
processing circuitry and from a regulatory database, a template based on a governance
process; receiving, by the processing circuitry and via a user interface, input from a user;
parameterizing, by the processing circuitry, the template based on the governance process
with the user input to create a parameterized template; and generating, by the processing
circuitry and based on the parameterized template, a clinical research study comprising at
least a sequence of one or more study events specifying one or more study activities to be
executed for the study event, and in some examples one or more study element properties
collected into at least one property group representing a study section, and/or at least one
study objective and one study endpoint; and presenting, by the processing circuitry, via the
user interface, and to the user, the clinical research study.

[0019] In another example, this disclosure describes a method for copying a first node of a
tree data structure, the method comprising: duplicating, by processing circuitry, a first node to
create a duplicate node, wherein the first node comprises an inbound edge to a parent node of

the first node and at least one outbound edge to at least one child node of the first node;
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creating, by the processing circuitry, an inbound edge of the duplicate node to the parent node
of the first node and an outbound edge to the at least one child node of the first node;
receiving, by the processing circuitry, an update to the at least one child node of the first
node; in response to determining that the at least one child node has multiple parent nodes:
duplicating, by the processing circuitry, the at least one child node to create a duplicate child
node; creating, by the processing circuitry, an outbound edge of the duplicate node to the
duplicate child node; deleting, by the processing circuitry, the outbound edge of the duplicate
node to the at least one child node; and performing, by the processing circuitry, the update to
the at least one child node.

[0020] In another example, this disclosure describes a method for deleting a first node of a
tree data structure, the method comprising: determining, by processing circuitry, that the first
node has multiple parent nodes, wherein the first node comprises multiple inbound edges to
the multiple parent nodes of the first node and at least one outbound edge to at least one child
node of the first node; in response to determining that the first node has multiple parent
nodes: determining, by the processing circuitry, a closest superior ancestor node of the first
node that has only a single parent node: duplicating, by the processing circuitry, the superior
ancestor node of the first node to create a duplicate superior ancestor node; duplicating, by
the processing circuitry, a branch descending from the superior ancestor node of the first
node to create a duplicate branch descending from the duplicate superior ancestor node,
wherein the duplicate branch descending from the duplicate superior ancestor node duplicates
nodes and edges of the branch descending from the superior ancestor node of the first node;
and deleting, by the processing circuitry, the first node and any inferior descendent nodes of
the first node.

[0021] In another example, this disclosure describes a method for deleting a first node of a
tree data structure, the method comprising: determining, by processing circuitry, that the first
node comprises at least one outbound edge to at least one child node of the first node,
wherein the first node comprises an inbound edge to a parent node of the first node;
determining, by the processing circuitry and based on inbound edges of the at least one child
node to the first node and to a second node, that the at least one child node has multiple
parent nodes; and deleting, by the processing circuitry, the first node, an outbound edge of the
parent node to the first node, and the inbound edges of the at least one child node to the first
node.

[0022] In another example, this disclosure describes a method comprising: receiving, by

processing circuitry and from a user, an input specifying a plurality of trial elements for a
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study; receiving, by the processing circuitry and from the user, an input arranging the
plurality of trial elements into a tree data structure; determining, by the processing circuitry
based on the tree data structure of the plurality of trial elements, one or more trial arms for
the study, each trial arm of the one or more trial arms comprising a single path between at
least one trial element of the plurality of trial elements to at least one other trial element of
the plurality of trial elements; and outputting, by the processing circuitry and for display, the
one or more trial arms for the study.

[0023] In another example, this disclosure describes a device comprising processing circuitry
configured to: receive, from a user, an input specifying a plurality of trial elements for a
study; receive, from the user, an input arranging the plurality of trial elements into a tree data
structure; determine, based on the tree data structure of the plurality of trial elements, one or
more trial arms for the study, each trial arm of the one or more trial arms comprising a single
path between at least one trial element of the plurality of trial elements to at least one other
trial element of the plurality of trial elements; and output, for display, the one or more trial
arms for the study.

[0024] In another example, this disclosure describes a non-transitory, computer-readable
medium comprising instructions that, when executed, are configured to cause processing
circuitry to: receive, from a user, an input specifying a plurality of trial elements for a study;
receive, from the user, an input arranging the plurality of trial elements into a tree data
structure; determine, based on the tree data structure of the plurality of trial elements, one or
more trial arms for the study, each trial arm of the one or more trial arms comprising a single
path between at least one trial element of the plurality of trial elements to at least one other
trial element of the plurality of trial elements; and output, for display, the one or more trial
arms for the study.

[0025] The details of one or more examples of the techniques of this disclosure are set forth
in the accompanying drawings and the description below. Other features, objects, and
advantages of the techniques will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0026] FIG. 1 is a block diagram illustrating an example system for generating a digitized

framework for clinical development in accordance with the techniques of the disclosure.
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[0027] FIG. 2 is a block diagram illustrating another example system for generating a
digitized framework for clinical development in accordance with the techniques of the
disclosure.

[0028] FIG. 3 is a block diagram illustrating interactions between the MDR and the Study
and Protocol Elements application of FIG. 1 in accordance with the techniques of the
disclosure.

[0029] FIG. 4 is a flowchart illustrating an example operation to obtain template information
from an MDR in accordance with the techniques of the disclosure.

[0030] FIG. 5 is a block diagram illustrating an example query data structure for a clinical
research study template in accordance with the techniques of the disclosure.

[0031] FIG. 6 is a block diagram illustrating an example data system for a clinical research
study template in accordance with the techniques of this disclosure.

[0032] FIG. 7 is a flowchart illustrating an example operation for designing a clinical
research study in accordance with the techniques of the disclosure.

[0033] FIG. 8 is a block diagram illustrating interactions between the MDR and study design
microservice of FIG. 1 in accordance with the techniques of the disclosure.

[0034] FIG. 9 is a flowchart illustrating an example operation for designing a clinical
research study in accordance with the techniques of the disclosure.

[0035] FIGS. 10-15 are block diagrams illustrating a clinical research study organized into a
tree data structure in accordance with the techniques of the disclosure.

[0036] FIG. 16 is a graph illustrating a lazy copy of a planned study activity template for a
clinical research study in accordance with the techniques set forth herein.

[0037] FIG. 17 is a flowchart illustrating an example operation for executing a lazy copy.
[0038] FIG. 18 is a block diagram illustrating an example user interface (UI) framework for
generating clinical research studies in accordance with the techniques of the disclosure.
[0039] FIG. 19 is a block diagram illustrating example system 9400 for generating a digitized
framework for clinical development using a lean protocol dashboard in accordance with the
techniques of the disclosure.

[0040] FIGS. 20-30 are illustrations of a graphical user interface (GUI) clinical study
protocol designer in accordance with the techniques of the disclosure.

[0041] FIG. 31 is a flowchart illustrating example operation of the graphical study designer
in performing various aspects of the graphical study design techniques.

[0042] FIG. 32 is a diagram illustrating a graphical user interface that includes statuses of a

plurality of gates for a single study.
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[0043] FIG. 33 is a diagram illustrating an example conceptual representation of a clinical
study protocol as a sequence of a plurality of stages as applied to typical study planning
activities in accordance with the techniques of the disclosure.

[0044] FIG. 34 is an illustration of an example process flow representation of a clinical study
protocol that is represented as a sequence of a plurality of stages in accordance with the
techniques of the disclosure.

[0045] FIGS. 35 and 36 are illustrations of an example GUI that presents a clinical study
protocol as a sequence of a plurality of stages in accordance with the techniques of the
disclosure.

[0046] FIG. 37 is a flowchart illustrating example operation of the system shown in FIG. 19
in performing various aspects of the lean protocol techniques described in this disclosure.

[0047] Like reference characters refer to like elements throughout the figures and description.

DETAILED DESCRIPTION
[0048] FIG. 1 is a block diagram illustrating example system 100 for generating a digitized
framework for clinical development in accordance with the techniques of the disclosure.
System 100 includes UI framework 102, microservice platform 104, and database 105.
System 100 further includes API gateway 103 which interfaces between UI framework 102
and microservice platform 104.
[0049] System 100 provides a clinical lifecycle management application suite and provides a
technology platform that supports multiple means of integration and collaboration. System
100 is architected with three core principles in mind: modularity and flexibility, scalability
resiliency and security, and openness and pluggability.
[0050] System 100 uses a microservice-based architecture, which provides a flexible means
of building out incremental functionality, with each microservice deployed within the
platform controlling its own data and collaborating with other microservices and Ul based
applications via one or more APIs, with API gateway 103 serving as both a security layer and
an internal routing mechanism for such APIs. Microservices also enable multiple
programming languages to be used within the same deployment platform. In some examples,
system 100 uses a mix of Java and node s languages to develop fit-for-purpose components.
[0051] UI framework 102 provides a framework for various applications to provide
information to a user. Typically, an application of UI framework 102 operates in conjunction
with a corresponding microservice of microservice platform 104. In the example of FIG. 1,

Ul framework 102 includes controlled terminology application 110, which operates with
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controlled terminology microservice 122 of microservice platform 104 to support the
ingestion of quarterly updates of controlled terminology from CDISC and NCI. Ul
framework 102 further includes protocol standards management application (also known as
Vision) 112, which operates with MDR 124 to provide clinical standards management.
Schedule of study activities application 114, Study and Protocol Elements / disclosure
application 116, protocol authoring application 118, and statistical analysis plan (SAP)
authoring application 120 operate in conjunction with study design microservice 126 and
authoring microservice 128 to facilitate the digitization and automation of clinical research
studies as discussed in more detail below.

[0052] Each microservice 122, 124, 126, 128, 130, and 132 communicates within the
platform and to UI framework 102 through APIs. System 100 is an API-first platform, and
uses a combination of GraphQL based APIs as well as REST-based APIs to support
intercommunication both within the server side of the platform as well as communication to
the outside world through Ul-based applications and via direct API calls.

[0053] With respect to Ul-based applications 110, 112, 114, 116, 118, 120, system 100
implements a common Ul framework 102 that all applications consume. UI framework 102
provides a seamless cross-application navigation interface such that a user of system 100 is
not aware that the user is using multiple applications. Instead, the user simply navigates from
capability to capability as he or she goes about his or her daily work. Lastly, system 100
supports multiple data persistence platforms and enables the easy addition of support for
additional data platforms in the future.

[0054] In some examples, from a scalability, resiliency and security standpoint, system 100
uses a combination of Docker and Kubernetes as a deployment backbone. Docker enables the
packaging up of stateless applications or components, such as microservices and Ul-based
applications, in a reusable fashion. Kubernetes then combines its capabilities with Docker to
manage Docker instances within a runtime environment, automatically scaling those
capabilities, ensuring that the instances stay up and running as well as managing restarts
when needed, and otherwise providing effective administrative capability over the run-time
of the platform.

[0055] An administrator may manage system 100 through Rancher, which is a popular
administrative user interface plugged into the Kubernetes environment. System 100 also
provides access to elastic search 136 from a log and audit standpoint through a Kibana UI
front end, which is part of the ELK (Elasticsearch, LogStash, Kibana) suite. Although

described with respect to a particular front end user interface (UI), e.g., Kibana UlI, for
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accessing ELK databases, and a particular database, system 100 may utilize different front
end Uls and databases.

[0056] System 100 provides a secure and flexible perimeter around back-end microservices
that are managing data via a purpose-built API Gateway 103. System 100 uses industry-
hardened components within this implementation to provide core endpoint security, to give
the flexibility to plug in multiple authentication approaches such as (Lightweight Directory
Access Protocol (LDAP) and various types of Single Sign-On (SSO) and to support
federation of GraphQL APIs. API Gateway 103 also provides other baseline capabilities,
such as health check support, for the various components in the platform and a means for
components to register as the components come online.

[0057] System 100 is architected to be open and pluggable via the use of APIs that facilitate
loosely coupled integration. These APIs support both technical integrations around the utility
capabilities of the platform as well as functional integrations that support the clinical
lifecycle. Above and beyond this loosely coupled API support, system 100 supports deep
integration through a well-defined set of internal microservice APIs 122, 124, 126, 130, 132
and a reusable UI Framework 102. These interfaces enable partners and customers to develop
natively-deployed microservices and Ul apps that sit seamlessly alongside capabilities that
system 100 delivers.

[0058] In some examples, the runtime of system 100 is based on Docker. Docker is a
container virtualization environment that enables components based on Java, node.js and
other languages to efficiently share a set of pooled runtime instances. These images are then
configured to be deployed within cloud platforms or into properly-configured on-premises
(so-called “on-prem”) environments in a reusable and scalable manner. Kubernetes supports
platform scalability and resiliency by providing a management backbone for these Docker
instances. When one configures Kubernetes, one establishes various clusters of runtime
containers and establishes affinity for various components that one is deploying into those
containers. Kubernetes then manages those capabilities to ensure that the platform stays up
and performs well. Kubernetes also provides a communication backbone in the form of a
private IP network.

[0059] The architecture of system 100 builds upon common data stores by provisioning data
stores of various types. In some examples, system 100 leverages relational data stores in the
form of PostgreSQL 138, document type NoSQL data stores in the form of Elasticsearch 126,
and combination document/graph type data stores in the form of ArangoDB 140. System 100

may also integrate with other data stores, such as RDF triple stores. Rancher provides a UL
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for managing Kubernetes instances, and Kibana provides effective log and audit retrieval and
analysis capabilities on top of Elasticsearch 126.

[0060] System 100 includes a security layer between the server side of the platform and the
outside world, e.g., the Internet or other public networks. System 100 creates a secure “green
zone” within Kubernetes taking advantage of the private IP network that Kubernetes
provides. System 100 also supports internal message queue-based communication through
Advanced Message Queueing Protocol (AMQP) provided by a RabbitMQ instance. All of
this is secured behind a purpose-built application programming interface (API) Gateway 103.
API Gateway 103 provides a secure perimeter for API exposure to the outside world, both to
applications of system 100 as well as for direct integration from other partner platforms or
customer direct usage. API Gateway 103 also enables pluggable authentication through
various authentication strategies, including, for example, lightweight director access protocol
(LDAP), header based single sign-on (SSO), security assertion markup language (SAML)
based SSO, or open identification (OpenlD). Other authentication strategies may also be
enabled via this pluggable authentication framework. API Gateway 103 integrates a GraphQL
engine that allows microservices 122, 124, 126, 128, 130, 132 to provision their portion of
the data graph into a federated GraphQL API. This GraphQL API aggregates data content
across all the various microservices supporting system capabilities. This provides increased
client-side ease of use and efficient access to content provided by system 100.

[0061] System 100 uses both a common UI framework 102 and a back-end set of utility
microservices 134. Ul framework 102 provides all applications with common login, common
user session management and seamless cross-application navigation, with applications
registering into the framework such that they are able to communicate and navigate with each
other. UI framework 102 also provides various shared end user and administrative UL
elements including a library of common widgets and other components that are available for
application development. In the back-end, system 100 provides a suite of utility
microservices that in essence provide the shared technical capabilities needed in order to
build out an enterprise-class application platform suite. Capabilities such as dynamic
properties, comments, change requests, logging, audit, user management, role and
permissions management (i.e., access control), document store, reporting, notifications
through multiple channels, integrated workflow and integrated cross-application search are
part of utility microservice suite 134.

[0062] System 100 enables data standards management by an underlying metadata repository
(MDR) 124 that is embedded within system 100. MDR 124 is an ISO 11179-based MDR that
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support the provisioning of configurable content. In some examples, MDR 124 is a regulatory
database based on a governance process that defines a protocol model for storing metadata.
This metadata is managed to ensure that version control is maintained as the platform and its
capabilities mature over time. Robust workflow and governance capabilities of the system
100 apply both as new clinical data standards (CDISC and others) are specified and
provisioned and as new program, protocol and study standards are defined and refined.

[0063] In some examples, MDR 124 is prepopulated with clinical data acquisition standards
harmonization (CDASH) to study data tabulation model (SDTM) transformation rules. As
organizations continue to build out more efficient clinical lifecycle execution, MDR 124 may
incorporate additional rule-based transformations (including internal standards
transformations and transformations from SDTM to analysis data model — ADaM). MDR 124
may express rules in narrative or executable form (for example statistical analysis system —
SAS — program fragments). Additional models and transformation rules between models may
be incorporated as required to support clinical trial modeling, definition and execution.

[0064] MDR 124 is an ISO 11179-based MDR that support the provisioning of configurable
content. This metadata is managed to ensure that version control is maintained as the
platform and its capabilities mature over time. Robust change request, workflow and
governance capabilities of the system 100 apply both as new clinical data standards (CDISC
and others) are specified and populated, and as new program, protocol and study standards
are defined and refined.

[0065] MDR 124 is exposed to data standards curators and other standards management
personnel through Protocol Standards Management application 112 (also known as Vision).
Vision provides a very flexible yet end user centric view over MDR content. MDR 124, by its
very nature, includes technical components and Vision allows the presentation of MDR
content in a context that is meaningful to managers of that content. Controlled terminology
microservice 122 and application 110 suite augment MDR 124 by supporting the ingestion of
quarterly updates of controlled terminology from CDISC and NCI. Thus, MDR 124 provides
a flexible application that supports effective identification of the intersection between new
terminology and existing internal terminology defined by clinical organizations and helps
customer organizations manage the impact of adopting newly defined terminology on a case-
by-case basis. API Gateway 103 in turn exposes data standards APIs that allow system 100 to
support downstream data platform provisioning with other customer or vendor platforms.
[0066] In addition to supporting direct content access externally via GraphQL API calls, the

platform also provides reporting microservice 134 which exposes platform content via
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configured REST APIs. Each configured API is exposed via API Gateway 103 and is
associated with an internal GraphQL query that retrieves content of interest for the report.
Query results are then provided to a configurable formatting engine that is part of
microservice 134. The formatting engine collects, organizes, and transforms the contents of
query results into the desired output in the form of java script object notation (JSON),
extensible markup language (XML), Microsoft Excel spreadsheet (XLSX), comma separated
values (CSV) and/or portable document format (PDF) as required by the expected user of the
configured API. In one example, reporting microservice 134 maps an inbound REST API
request to a specific service configuration that defines how to fetch the data needed for the
response, how to traverse that data, and how to prepare the response. The incoming request
mapping is routed based on the parameterized resource path of the incoming resource request.
[0067] Once mapped, the service configuration informs which GraphQL query to run against
the system’s federated GraphQL interface. This query may be tuned to specify the exact data
attributes needed to satisfy the request. The GraphQL response is a JSON object that is
further processed by reporting microservice 134. The JSON object is traversed based on the
service configuration and is defined in terms of data views, each of which consists of data
selectors and (further recursive) data views. During traversal, the recursion algorithm sends
events to a formatter when a view starts, a data selector delivers data, or when a view ends.
Formatters are agnostic to the actual request, data source or traversal. They prepare a data
export based on the events such formatters receive. Each formatter is specialized for a
specific export format based on the media type of the original request. Reporting
microservice 134 may support response formats for Excel, CSV, JSON, XML, and PDF
media types. In another example, the reporting microservice configuration supports the
application of XSLT transformations for XML based media types.

[0068] Study Design microservice 126 sits at the core of the clinical lifecycle management
suite provided by system 100. Study Design microservice 126 provides a fully digital clinical
research study representation ranging from study initialization parameters such as
Therapeutic Area and Indication, study-specific objectives and endpoints, all the way through
to a full fidelity schedule of study activities with study events and study activity items that are
to be executed for those study events. Both industry-wide and corporate clinical standards
may be automatically sourced from MDR 124 in support of Study Design microservice 126.
[0069] Study and Protocol Elements application 116 manages the wide range of elements
organized into pages and sections and that are necessary to populate and define a fully

specified study. A key aspect of this application is the Objective and Endpoint editor. This
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editor exposes predefined templates managed within the MDR 124, providing a study
designer with an intuitive and easy to use Ul when defining primary, secondary, or
exploratory Objectives and Endpoints for the study under development. These Objectives and
Endpoints establish a basis for the scientific hypotheses to be experimentally assessed by the
Study. Study and Protocol elements populated via this application are persisted in study
design microservice 126, where the elements become available for downstream systems use
including automated disclosure capabilities to relevant authorities.

[0070] Schedule of study activities application 114 provides a fully digitized clinical research
study schedule development environment that leverages objectives and endpoints that have
been previously specified to provide automated suggestions for schedule study events as well
as study activities to be executed during those study events. Schedule of study activities
application 114 directly consumes industry and corporate data standards automatically from
MDR 124 such that once the user has completed schedule definition, a full fidelity schedule
is then stored in study design microservice 126, synchronized back to MDR 124 for impact
analysis purposes and ultimately enabled for export (via file extract, API invocation or other
means) to downstream customer or vendor platforms. In other examples, the full fidelity
schedule may be stored in one or more special purpose microservices for impact analysis and
export purposes.

[0071] System 100 provides an additional protocol standards management capability in the
area of data standards via MDR 124. A clinical data standards management protocol
standards management application facilitates defining reusable objective and endpoint
templates along with other data elements in support of clinical research study lifecycle
applications.

[0072] Authoring microservice 128 and application suite 120 provide protocol authoring
capabilities. In one example, this suite supports a fully digitized implementation of a protocol
model of a clinical research study along with other templatized content. Authoring
microservice 128 and application suite are natively integrated with study design microservice
126 and MDR 124. Authoring microservice 128 is fully templatized so that one may apply
additional templates to support customer-specific protocol formats, and support alternative
documents such as statistical analysis plans.

[0073] Microservice developers may pick from a wide range of programming languages and
data persistence platforms. Specifically, system 100 may incorporate both portfolio and
program level applications such as Portfolio Management, Indication Analysis, Target

Product Profile (TPP), Clinical Development Plan (CDP) and Protocol Synopsis as well as
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study execution centric applications and support of topics such as feasibility and recruitment,
risk management and supply management. These additional applications are examples only
and not intended to limit the scope of system 100.

[0074] System 100 uses database 105 to store, manage, and retrieve content for clinical
development. Database 105 may take various forms, such as a relational database, a
document-based database, or a graph-based database. In the example of FIG. 1, database 105
is implemented with Elasticsearch 136, PostgreSQL 138, ArangoDB 140 and/or Neptune (an
example of an RDF Triple Store database) 142. In some examples, database 105 implements
GraphQL queries and mutations to manage data. For example, study design microservice 126
implements GraphQL APIs that invoke database 105 as an efficient and flexible way to
retrieve clinical development content.

[0075] Microservices 122, 124, 126, 128, 130, 132, and 134 are “GraphQL first” in nature.
Microservices 122, 124, 126, 128, 130, 132, and 134 expose core Create/Read/Update/Delete
(CRUD) actions on their business objects via GraphQL queries and mutations. GraphQL,
originally developed by Facebook, Inc. as part of its microservice-based platform
architecture, provides two possible features that make GraphOL well-suited for such
development: federation and field (attribute) selectivity.

[0076] GraphQL supports the concept of API federation, where each microservice
contributes its business object declarations to an all-encompassing graph spanning the entire
set of business objects deployed into the platform. This federated view is exposed by a single
GraphQL API endpoint. As each new microservice 122, 124, 126, 128, 130, 132, and 134 is
deployed into the platform, the microservice augments this object graph with the new objects
for which it has responsibility. A GraphQL API consumer can in turn initiate a single API
query that spans as much of the graph as is needed, with server-side infrastructure efficiently
merging the content to support the API request.

[0077] Field selectivity in GraphQL is a natural complement to business object federation, as
GraphQL allows API consumers to precisely identify which object fields (attributes) are to be
returned in query results. This eliminates the potential concern of very large datasets being
returned to the client in response to a broad query invocation, while at the same time
eliminating the need to implement multiple purpose-specific APIs supporting various
combinations of object content to suit the needs of the client. Because GraphQL supports
field selectivity, it is easy to modify a full query to database 105 by removing various
elements to produce a result that aligns with desired view of the template graph aligned for

ease of use to the customer. The result may in turn be transformed from JSON into other
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representations (e.g., HTML) via reporting microservice 134, Ul framework 102, or other
means.

[0078] System 100 may operate to generate dynamically configured applications composed
of pages and sections within pages. Contextual properties such as ordinality, read-only,
multivalued and required are used by the Ul to present the property correctly within the page
section in question. Different property subtypes require specialized context properties; for
instance, ordered literal types such as integer, decimal, date and timestamp include optional
properties such as lower and upper bounds and Boolean flags that indicate inclusive or
exclusive bounds settings. Dynamically retrieved types such as user specify attributes such as
permission name (derived from system configuration used to specify access control
microservice 134 behavior) and associated resource type, and include optional properties
such as whether the current user is to be included in the dynamically retrieved results for the
property. Enumerated properties may be specified by value lists within MDR 124, or those
value lists may be dynamically retrieved from sources external to MDR 124 (e.g., a list of
platform users with a specified role may be retrieved from the system’s User microservice in
concert with the Access Control microservice, a list of valid Protocol Numbers may be
retrieved from an external Clinical Trial Management System (CTMS)). Compound property
types (which compose two or more elemental property types) may also be specified within
the system. One example of a compound property type is a representation of a Study Event
composed of a period type (enumerated value list composed of values such as Day, Week,
Month) and integer. The Study Event property type may support automatic generation of
Study Events via Endpoint Template parameterization.

[0079] Conditional property specifications, where default contextual properties are modified
given a specific set of conditions, are also supported. For example, a property A may become
editable only when a property B contains a specific value, or when property B is populated
with any value. Conditions may span multiple specified values for a designated property
(e.g., property C must be set to one of values x, y or z for the condition to be in effect) and
may span multiple designated properties (e.g., the conditional rules for properties D, E and F
must all be met for the condition to be in effect).

[0080] In general, system 100, operating in accordance with the techniques of the disclosure,
enables the digitization of a framework for clinical development. For example, study design
microservice 126 uses metadata stored in MDR 124 to generate a study template for
performing a clinical research study. UI framework 102 obtains input from a user to

parameterize the study template and store the parameterized template in database 105. User
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input includes an Effective Date parameter which is defaulted to the current date and may be
modified by the user. The Effective Date value is used to automatically retrieve the correct
version of study and protocol standards from which the study template will be generated.
[0081] As such, different versions of the study template may be associated with a
corresponding Effective Date parameter and thereby facilitate retrieval of a correct version of
the study template representative of the governance process identified by the Effective Date
parameter. The correct version is selected by identifying the version with a specified date
most recently prior to the Effective date specified for the study. For example, if three versions
of the study template exist, with version 1 specified date set to January 31, 2018; version 2
set to October 15, 2019; and version 3 set to December 31, 2020, then Study A with an
effective date of July 15, 2019 would be assigned version 1, Study B with an effective date of
January 15, 2020 would be assigned version 2, and Study C with an effective date of April
30, 2021 would be assigned version 3. The ability to specify an Effective Date may be useful
for long-running Clinical Development Programs (e.g., for an Oncology Therapeutic
Domain) where Studies within a Program span years and for which a consistent set of
standards must be applied.

[0082] Study design microservice 126 generates, based on the template and potentially
combined with user input, a sequence of one or more study events specifying one or more
study activities to be executed for the study event and study elements associated with the
clinical research study. As described herein, a “study event” refers to a checkpoint or
milestone during a clinical research study at which specific study activities are performed.
The study event specifies one or more study activities to be executed for the corresponding
study event. Each study activity may be, e.g., a clinical assessment or procedure to be
performed on a subject, a data element to be measured from the subject, an assemblage of
already existing data about the subject, or collection of non-treatment related data (e.g.,
healthcare utilization) from the subject. The detailed specification of a study activity is based
on data collection standards (e.g., CDASH) as governed within MDR 124, thus linking these
collection standards (and by extension tabulation, analysis and other data standards via
transformation rules also governed in MDR 124) to the study template and protocol standards
also specified within that template. For example, a study event for a study objective may
occur on a periodic basis (e.g., daily, weekly, or monthly) and specify that a study activity to
be performed, for example, that a subject’s blood pressure and heart rate be monitored. In

accordance with the techniques of the disclosure, a clinical research study may be quantized
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into a sequence of such study events and study activities, and thereby objectively defined and
measured.

[0083] Study elements are data elements that a regulatory authority may require the
collection of during the clinical research study. Further, the regulatory authority may require
the submission of such study elements to the regulatory authority as part of reporting
requirements of the clinical research study. System 100 enables the collection of study
element data via configuration of properties and property groups specified as part of the study
template and managed within MDR 124. System 100 manages these configured elements as
configured sections within study design microservice 126 and directly persisted via dynamic
property microservice, one of the utility microservices 134. These configured sections also
support the Lean Protocol process as disclosed in subsequent paragraphs. Dynamic property
microservice 134 is primed to accept study elements by study design microservice 126
through advanced message queuing protocol (AMQP) messages informing dynamic property
microservice 134 of the study element sections specified in the template used for the study.
Use of asynchronous messaging in this manner may preserve loose coupling between
microservices.

[0084] In some examples, the specific types of study elements are mandated by the
regulatory authority (e.g., as CDISC submission data sets). Examples of study elements
include data related to pharmaceutical administration, sponsor information, study planning, or
study extensions. Study elements related to pharmaceutical administration may include a dose
formulation of the pharmaceutical studied in the clinical research study, a route of
administration, a dose per administration, a dose regimen, dose units, or dosing frequency.
Study elements related to sponsor information may include a responsible party, a sponsor
status, a sponsor name, sponsor contact information, a sponsor legal address, a sponsor
telephone number, or a sponsor email address. Study elements related to study planning may
include a planned number of subjects, a planned treatment duration, a stable disease
minimum duration, a confirmed response minimum duration, a planned trial duration, or
study stop rules. Study elements related to study extension may include an extension trial
indicator, a substudy planned indicator, or substudy details.

[0085] In some examples, study design microservice 126 may further generate, based on the
template, at least one study objective and at least one study endpoint that may be used to
facilitate generation of key activities and events within a schedule of study activities. A study
objective specifies a hypothesis for the clinical research study. A study endpoint specifies a

means by which the hypothesis is evaluated (e.g., a lab test, physiological measurement, or
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other data point). Each study event may be linked to a study objective and an associated study
endpoint of the study objective. For example, a study endpoint is defined within the scope of
a study objective, and the study endpoint is the means by which one establishes connectivity
to a corresponding study activity for a study event. In other words, the study endpoint allows
for the definition of one or more relevant study activities to be executed in associated study
events. In some examples the study endpoint is connected to one or more study activities via
introduction of a Biomedical Concept resource type within MDR 124,

[0086] By defining a hypothesis through a study objective and a means for testing the
hypothesis with a corresponding study endpoint, system 100 may generate a sequence of
study events and study activities to be performed for each study event such that system 100
may objectively define the clinical research study as well as a method for implementing and
carrying out the clinical research study. As described in more detail herein, various
applications executing within microservice platform 104 may generate a schedule of study
activities and study events to implement the study, generate reporting information and
documentation, and/or determine a cost estimate for each study activity of the study.

[0087] As a further example, study design microservice 126 enables the specification of
repeated activities during a single study event. Such a specification is called a timepoint
schedule. Consider the scenario where a study event X includes drug administration
(Exposure) followed by repeated measurements of Vital Signs, e.g., 10 min, 20 min, and 30
min after drug exposure. In this scenario, the Exposure study activity is marked once on the
main schedule for study event X and a timepoint schedule with three timepoints is created for
study event X. The Vital Signs study activity is then scheduled for observation at each of the
timepoints.

[0088] As further described below, to support the digitized framework for clinical
development described herein, MDR 124 extends the data model set forth in ISO 11179. For
example, MDR 124 implements a data model that specifies a data standard representative of
requirements for regulatory-compliant exchange of data between entities and stores metadata
for the data model. As described herein, the data model includes one or more client business
objects representing aspects of a well-structured pharmaceutical clinical research study. As
described herein, a clinical research study is, for example, a research project whose objectives
are to test or confirm hypotheses concerning the utility, impact, pharmacological,
physiological, and/or psychological effects of a particular treatment, procedure, drug, device,

biologic, food product, cosmetic, care plan, or subject characteristic.
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[0089] MDR 124 extends each client business object to represent a clinical research study or
associated study element, whereas each clinical research study in turn specifies one or more
study events. Each event specifies one or more study activities to be executed for the
corresponding study event. MDR 124 further extends the data model of ISO 11179 to include
one or more properties for each of the client business objects that organize the client business
objects into one or more property groups. These properties and property groups are used to
represent both cohesive collections of study elements (i.e., sections) and configurable
elements of objective and endpoint templates.

[0090] The extended data model implemented by MDR 124 enables the digitization of
clinical research studies as described herein by templatizing various data for clinical research
study such that clinical research studies may be standardized and preformatted, and specific
instances of clinical research studies may be rapidly designed. Such techniques as described
herein enable the digitization of clinical research studies, clinical research study management,
and clinical research study reporting requirements so as to obviate the performance of clinical
research study management by hand. Therefore, the techniques of the disclosure improve
efficiency and data quality, reduce submission cycle times, reduce the cumbersome
administrative overhead of clinical research study management by hand, as well as reduce the
potential for error or omission in critical recordkeeping.

[0091] As described herein, data for clinical research studies generated in accordance with
the techniques of the disclosure are stored in database 105. The techniques disclosed herein
further enable the use of a “lazy” copy algorithm to copy elements stored in database 105.
Furthermore, techniques are disclosed herein for updating or deleting elements of the
database where a lazy copy has been performed. In this manner, the techniques of the
disclosure may allow for the use of lazy copy to increase performance of copying elements in
a graph, even where the elements are members of a complex database such as a graph
database, without substantially impacting the user experience or computing performance.
[0092] System 100 may be implemented on one or more computing devices that comprise
processing circuitry and a memory. In some examples, the processing circuitry is one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), or any other equivalent integrated or
discrete logic circuitry, as well as any combinations of such components. In some examples,
the memory is random access memory (RAM), read only memory (ROM), programmable
read only memory (PROM), erasable programmable read only memory (EPROM),
electronically erasable programmable read only memory (EEPROM), flash memory,
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comprising executable instructions for causing the one or more processors to perform the
actions attributed to them. Further, this memory may be implanted entirely in hardware,
software, or a combination thereof.

[0093] FIG. 2 is a block diagram illustrating example system 200 for generating a digitized
framework for clinical development in accordance with the techniques of the disclosure.
System 200 may operate in a substantially similar fashion to system 100 of FIG. 1. However,
system 200 includes additional application/microservice suites, such as non-EDC data source
mapping application 216 and microservice 202, machine learning administration/analytics
application 218 and microservice 204, and transform / submit application 220 and
microservice 206.

[0094] System 200 may operate as an industry-wide integration platform and may support
various partner- and customer-specific applications. For example, one partner may choose to
specialize in non-EDC data source management, and so system 200 may provide non-EDC
data source mapping application 216 and underlying microservice 202 to integrate and
consume non-EDC oriented data sources such as the FHIR and OMOP standards. Such an
application 216 and microservice 202 consumes content from MDR 124, including additional
data standards definitions and mapping rules, to support cross-standard data normalization.
Because MDR 124 is an ISO 11179-based implementation, MDR 124 is fully flexible and
extensible to support wide ranges of data and other content standards in support of partner
and customer goals.

[0095] In some examples, system 200 may implement machine learning in aspects of clinical
lifecycle development as well as in analysis of legacy protocols and studies in support of
future optimization efforts. For example, system 100 may embed machine learning analytics
and administrative capabilities application 218 and accompanying machine learning analytics
and administrative microservice 202 within microservices platform 104. System 100 may
provide a common machine learning framework application and microservice suite in support
of customer machine learning initiatives.

[0096] In some examples, system 100 implements a submission management application 220
and accompanying microservice 206. Such an application 220 integrates with an external data
management platform 208 and/or data warehouse to trigger content extraction, transformation
and assembly of submission materials, including CDISC submission data sets directly
extracted from Study Design microservice 126 or other functional microservices. This

submission management microservice manages submission packages to government
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authorities such as FDA and EMA, as well as tracks submissions as the submissions are
processed.

[0097] FIG. 3 is a block diagram illustrating interactions between MDR 124 and Study and
Protocol Elements application 116 of FIG. 1 in accordance with the techniques of the
disclosure. MDR 124 stores and maintains metadata definitions as well as relationships with
related metadata types. MDR 124 is an enterprise software system that provides metadata
management for an end-to-end data lifecycle including public or private standards or data
exchange formats, which can be any established norm or requirement with a formal document
that establishes uniform engineering or technical criteria, methods, processes and practices.
MDR 124 may implement one or more standards as an authoritative source and governance
for creation of metadata as well as automatic inheritance and impact analysis of any proposed
changes.

[0098] MDR 124 acts as a centralized repository of metadata assets associated with data
collection, tabulation, analysis and other representational standards, and a governance
platform that supports requirements through configuration, rather than hardcoded behavior
requiring custom modification to adapt to changing requirements.

[0099] MDR 124 provides and maintains an asset library that stores assets, and presents an
interface to index, search and selectively retrieve the assets from the asset library for reuse.
In this way, MDR 124 may be implemented to provide, as one example, a centralized
organizational metadata repository and governance solution for providing management of
standards, semantics, and metadata associated with data collection. In general, MDR 124
allows users to manage metadata assets associated with data standards, where each of the
assets 1s a separate collection of descriptive information about an accepted, standardized data
element having semantic context for a given data standard, and where the asset is related in a
hierarchical structure within an asset library where each respective asset may have one or
more parent or child assets.

[0100] As such, entities may use MDR 124 to reuse the collection of information represented
by any given asset for implementing different data standards. This may be particularly useful
in situations where a standard is built on top of another standard. When this happens, MDR
124 allows users to advantageously create relationships to generic assets. For example, if
each asset represents an XML element and each asset attribute represents an XML attribute
for that respective XML element, then MDR 124 allows the assets to be used across standards
and, for example, for creation of forms for collecting data and for tabulation and reporting of

the data, i.e., throughout the entire process.
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[0101] In some examples, the underlying physical data model used by standards specification
and management system 18 may be based on an Object Management Group’s (OMG)
Reusable Asset Specification, such as Reusable Asset Specification Version 2.2, Object
Management Group, November 2005, incorporated herein by reference. Physical content
may be organized and constrained by a logical meta-model.

[0102] MDR 124 is an ISO/IEC 11179-based MDR. ISO/IEC 11179 standardizes the
representation of metadata for an organization in an MDR and documents the standardization
and registration of metadata to make data understandable and shareable. An MDR as defined
by ISO/IEC 11179 specifies the use of one or more data elements. Each data element
specifies a type of data and permits the use of only those values enumerated in a value
domain to be used as valid values for the type of data. Further, ISO/IEC 11179 specifies the
grouping of related data elements by a high-level concept and an object class, e.g., a data
element concept. Additional description of data elements may be found in the ISO/IEC 11179
standard available from the International Organization for Standardization (ISO), the entire
content of which is incorporated herein by reference. The baseline logical model provided by
standards specification and management system 18 may be based on the ISO/IEC 11179
standard for metadata registries.

[0103] CDISC trial summary 302 and Clinical Trials.gov specification 304 are examples of
regulatory authorities, entities, or organizations that specify or receive submissions of clinical
study data or clinical research study protocols. For example, a regulatory authority may use
submitted data to ensure that proper procedures were followed during a clinical trial or study
and/or to approve or reject the introduction of one or more products into the market.
Although the techniques are described with respect to a clinical study, the techniques are not
so limited and may be applied in other implementations where an agency or organization
needs produce a detailed specification for controlling submission of data in accordance with a
standard.

[0104] MDR 124 allows a user to automatically generate and manage metadata associated
with client business objects. In some examples, the metadata may be associated with one or
more standards (e.g., associated with one or more data models defined by a data standard).
For example, a regulatory authority may define and promulgate one or more standards, such
as a data collection standard, a data tabulation standard, or a data submission standard, to
which MDR 124 adheres. For a given data submission standard being implemented, MDR
124 tabulates data submitted by users and formats the data according to the data submission

standard.

24



WO 2022/011380 PCT/US2021/070829

[0105] MDR 124 implements one or more data models that represent a data standard for
exchanging data. Each data model is a guide or specification that describe standardized data
for collection and tabulation. As one example, a model associated with a standard data
exchange for clinical research may identify data collection fields needed from a clinical,
scientific and regulatory perspective to enable more efficient and consistent data collection at
an investigative site. In one example, a model represents a data standard by defining a
schema in accordance with a data description language, such as the extensible markup
language (XML), JSON, or other languages not expressly described herein.

[0106] In this way, a model may represent a corresponding standard for describing and
exchanging data, such as data for clinical studies, in a form that is vendor neutral and
platform independent. More specifically, a model may specify a data standard for
exchanging data via an XML schema, which uses schema components to define the meaning,
usage and relationships of the elements that may be used within a class of XML documents,
as well as permissible content, attributes, and values for the elements. In some examples, the
data models may include, i.e., specify, assets that define objects for the data model.

[0107] MDR 124 operates as a fully integrated asset management system in which data
specified in data guides or specifications for data standards are automatically processed and
transformed into reusable assets. This metadata can be exported in submission standards
such as ODM XML or Define XML, which is an XSD and specification relating business
rules, for automatic generation of forms utilized by regulatory authorities.

[0108] In some examples, MDR 124 implements the Clinical Data Acquisition Standards
Harmonization (CDASH) data collection standard, such as the CDASH v1.1 Standard
developed by CDISC.ORG (which is one example of an industry standard) and/or sponsor-
specific standards (e.g., pharmaceutical standards, contact research organization (CRO)
standards, and/or device manufacturer standards). MDR 124 can be configured to support
independent management of multiple sponsor standards in conjunction with shared global
standards. This configuration is useful for Contract Research Organizations (CROs) that
concurrently execute studies for numerous pharmaceutical, biotech and medical device
providers.

[0109] In this configuration, the shared global standards (CDISC and/or CRO-defined) are
managed at the top (Enterprise) organization of MDR 124. A suborganization is created for
each sponsor and clearly named to be easily identifiable as associated with that sponsor.

Sponsor-provided and sponsor-specific (i.e., developed by the CRO specifically in support of
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a sponsor) standards are populated in the suborganization for that sponsor. System users are
then assigned specific organizations for which they are allowed access.

[0110] For example, User A may be allowed to access Sponsor 1, User B may be allowed to
access Sponsor 2, and User C may be allowed to access Sponsors 1, 2 and 3 and the
Enterprise (CRO) organizations. When a user logs into system in this configuration, they
select an organization for which they are working for the duration of that user session. That
user is then allowed to view only those standards contained in the specific organization which
they selected, along with the global standards at the Enterprise level if the selected
organization is a sponsor organization.

[0111] This organizational hierarchy approach may provide two major benefits to a CRO.
First, each sponsor is freely able to share/reuse CRO global standards as part of their sponsor-
level definitions, where this can greatly improve efficiency for the sponsor as the CRO may
have well-defined standards in areas that the sponsor would otherwise have to itself define
and develop. Second, users are strictly limited to access standards for only those sponsor
organizations for which they have been assigned. For example, Sponsor 1 and Sponsor 2 may
establish contractual stipulations that CRO individuals directly assigned to sponsor-specific
work may be limited to view only CRO shared standards and sponsor-specific standards for
the duration of the contract.

[0112] In this respect, User A and User B in the above example are dedicated to Sponsor 1
and Sponsor 2, respectively. CRO oversight personnel (e.g., User C) are configured to have
viewing rights to all sponsor standards along with direct access to CRO shared standards.
CRO oversight personnel may be configured to have such viewing rights so that they can
provide guidance to sponsor-specific users when confronted with difficult standards modeling
decisions, and maintain and enhance CRO global standards over time so as to improve the
efficiency of sponsor work done by the CRO.

[0113] In any event, the CDASH standard may be represented by a declarative XML-based
data model conforming to the CDISC Operational Data Model (ODM). The XML-based
model facilitates the regulatory-compliant acquisition, archive and interchange of metadata
and data for clinical research studies. As one example, a regulatory-compliant standard for
exchanging clinical research may be specified in accordance with the CDISC Operational
Data Model Version 1.3.2 available from CDISC.ORG. In other examples, one or both of the
data tabulation standard and/or the data submission standard may conform to a Study Data

Tabulation Model (SDTM) data standard and/or an ADaM data standard.
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[0114] As an example data model, MDR 124 incorporates protocol model 306. The protocol
model defines a set of data elements, controlled terminology, and relationships based on
existing industry and/or sponsor-specific standards which would be leveraged to automate the
transfer and re-use of the same data by different systems. The protocol model enables the
platform to be used by different study sponsor organizations and a broad range of vendor
types and vendor systems. Foundational industry standards (CDISC (SDTM, ODM-XML,
CTR-XML, etc.), TransCelerate Common Protocol Template (CPT) libraries, Clinical
Trials.gov, EudraCT, HL7/FHIR) are leveraged to define the data elements of the protocol
model. The protocol model uses industry standards, such as CDISC, LOINC, SNOMED,
MedDRA, ICD9/10, IDMP) to control terminology and relationships to identify additional
components from other libraries (CDISC Library, Sponsor Global Libraries) which identify
data to be received during defined study time periods which is stored in additional data
elements of the protocol model.

[0115] MDR 124 implements a full metadata model including various reference libraries,
such as Program and Study Design Elements, Objective and Endpoint Templates, Biomedical
Concepts, and Study Activities. MDR 124 also holds various clinical data standards, such as
Collection Standards, Tabulation Standards, and Analysis Standards. MDR 124 may provide
these standards as linked data, including tracing Indication to Objective to Endpoint to
Biomedical Concept to Defined Study Activity, and from there further on to Collection,
Tabulation, and Analysis Standards. Furthermore, MDR 124 extends the metadata model to
include all data elements defined by CDISC Trial Summary Domain and Clinical Trials.gov
specifications.

[0116] MDR 124 implements a data model that specifies a data standard representative of
requirements for regulatory-compliant exchange of data between entities and stores metadata
for the data model. As described herein, the data model includes one or more client business
objects. MDR 124 includes data element extensions 308 and metadata extensions 310 that
extend the data model set forth in ISO 11179 and/or sponsor-specific standards.

[0117] Metadata element extensions 308 include extensions to the business objects to specify
one or more study events. Each study activity may be, e.g., a clinical assessment or procedure
to be performed on a subject, a data element to be measured from the subject, an assemblage
of already existing data about the subject, or collection of non-treatment related data (e.g.,
healthcare utilization) from the subject. For example, a study event for a study objective may
occur on a periodic basis (e.g., daily, weekly, or monthly) and specify a study activity to be

performed, for example, that a subject’s blood pressure and heart rate be monitored. In
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accordance with the techniques of the disclosure, a clinical research study may be quantized
into a sequence of such study events and study activities, and thereby objectively defined and
measured.

[0118] Data element extensions 310 extend the data elements of ISO 11179 to include one or
more properties for each of the client business objects. MDR 124 may use the properties to
organize the client business objects into one or more property groups. Each property specifies
a value for a property type for the property. For example, the property type may be one of a
date, a time, a string, a uniform resource locator (URL), a Boolean, or an integer. In some
examples, one may enumerate one or more valid property types (e.g., as a predefined string
or integer list of valid values), where a valid property specifies one of the enumerated
property types specified by the predefined list.

[0119] In some instances, each of the one or more properties are strongly typed. In some
examples, each of the one or more properties specifies a dependent relationship to another
property of the one or more properties. In other examples, a property may be compound (i.e.,
composed of two or more simple properties). Each property group specifies, for example, an
ordinality of the property group in a property group hierarchy or a business object within a
microservice associated with the property group. In some examples, each property group
comprises a clinical research study, a clinical research study protocol, a clinical research
study version, a clinical research study design, or a clinical research study.

[0120] Properties and property groups are managed as MDR-governed standards and are
specified alongside other clinical standards elements, such as CDISC 302 and internal
organizational data standards (including sponsor-specific standards). These standards are
grouped into a standards collection (i.e., study template) that is managed and versioned
within MDR 124. Each version of the standards collection is assigned an Effective Date
attribute. MDR 124 uses this Effective Data attribute to automatically select the correct
standards collection version to be used as the template for a newly instantiated Study.
Properties and property groups are used to implement protocol model 306 as described above.
An example property is masking, which has a type Value Domain, so the Masking property
in turn references an ISO 11179 Value Domain for Masking, which contains a set of
enumerated Domain Values. The enumerated domain values are the only valid values for the
value domain masking type, which ensures consistency in metadata across multiple
organizations by forcing a user to use only enumerated values when describing data elements.
[0121] MDR 124 exposes properties and property groups to applications and microservices
via a GraphQL API. With respect to FIG. 1, study design microservice 126 consumes
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properties and property groups to populate study creation elements. Additionally, Study and
Protocol Elements application 116 uses properties and property groups to specify the broad
range of data required to fully instantiate a study. A Study Disclosure application may reuse
study planning and execution content alongside user-populated study finalization and
submission related elements such as governing authority mandates. Further, properties may
be configurable elements within objective and endpoint templates used in support of
Schedule of Study Activities automation as described herein.

[0122] MDR 124 implements properties and property groups as logical class models.
Properties are strongly typed, and support property types such as String, URL, Value
Domain, Boolean, Date, Timestamp, Time, Integer, Decimal, User, and Compound. Most
property types are represented by a LiteralPropertyDefinition subclass. Value Domain
properties are represented by a TermPropertyDefinition subclass which references a
Terminology Domain (Value Domain) and Terms (Domain Values). Values for term
properties may also be dynamically derived via connection to system microservice (e.g.,
User) or external systems. Compound property types may be composed of two or more
simple property types as listed above.

[0123] Properties share a set of common configuration elements via a class inheritance
structure. Common configuration elements may include, e.g., display name, cardinality,
required and multivalued flags, and read-only setting. Each individual type in turn receives
type specific elements from its subclass. For example, ordered literal property types such as
Integer, Decimal, Date and Timestamp add upper bound and lower bound settings.

[0124] Properties may in turn be assembled into Property Groups, where context-specific
configuration elements such as ordinality and the associated microservice field name are
specified. Property Groups themselves have configuration elements such as display name,
and can be assembled by parent groups with each level establishing group-level ordinality as
needed.

[0125] Properties can also be grouped into dependent relationships. For example, a property
specifying a valid set of Indications to be presented when creating a study may depend on a
value previously specified for a Therapeutic Area property. Properties can also be grouped
into compound assemblies. For example, one may combine a Value Domain property
comprising Day, Week, Month, or Year with a positive integer property to represent a study
event within the specification of an Endpoint.

[0126] Applications 312 of UI framework 102 may invoke metadata extensions 310 to

parameterize objective and endpoint templates. In some examples, MDR 124 may further
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generate, based on the template, one or more study sections each of which is composed of
one or more study elements. In some examples, system 100 may further generate, based on
the template, at least one study objective and at least one study estimand or endpoint (referred
to herein as “endpoint”) that may be used to facilitate generation of key activities and events
within a schedule of study activities.

[0127] These templates parameterize information for scientific hypotheses and link these to
associated biomedical concepts and activities that are applicable to those concepts. A
clinician may specify objectives and endpoints for the clinical research study based on
template constraints, including an identification of study events in support of analysis of the
scientific hypotheses. These study events, coupled with the previously mentioned study
activities, serve as a basis for automatically generating key aspects of a schedule of activities
for the clinical research study. The study activities indicate which clinical observations need
to be performed and the study events indicate when these observations need to be scheduled,
so that the results of these observations can be used to validate if the study has met the
endpoint according to the statistical hypothesis of the study. The clinician may use the
generated schedule of activities to guide data collection in support of the scientific
hypotheses of the clinical research study.

[0128] For example, as described herein, objective and endpoint templates extend the use of
properties to support dynamic user-driven objective and endpoint specification within Study
and Protocol Elements application 116 of FIG. 1. The objectives and endpoints editor of
application 116 presents this templatized information in a structured way such that the
clinician can specify key aspects of the study. The specified endpoints are further presented
to the clinician in Schedule of Activities application 114 of FIG. 1. When creating the study
events in the schedule using this application, the user is offered suggestions about including
certain study events based on the content of the endpoints. These templates are similar to
property groups in that the templates contain properties as part of their definition. Objective
and endpoint templates include objective or endpoint-specific information, such as objective
type, study type, indication (for objective templates), and biomedical concept and associated
study activities (for endpoint templates). Objective and endpoint templates further include a
tokenized string representing the configurable objective or endpoint text and associated
named properties for each of the tokenized string elements.

[0129] Study and Protocol Elements application 116 renders these templates into a
configurable form where a user may specify concrete values in combination with template-

specific default and read-only values. Study and Protocol Elements application 116 uses these
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values, in combination with a parameterized string representation of the Objective or
Endpoint, to render a human-readable sentence representing the Objective or Endpoint that is
processed by protocol authoring application 118, and in the case of an Endpoint, stored for
downstream system use in generating Schedule Study events and corresponding Study
activities. Each parameter is the parameterized string is associated with a specific property of
the template such that a human readable phrase is produced upon processing of the string and
associated properties as specified by the Objective or Endpoint template. In some examples, a
property may be specified as multi-valued (e.g., a property representing a Study Event for
which data supporting an Endpoint is to be collected). The human readable phrase rendered
from such a configuration may take into account grammatical rules (e.g., if multi-valued
Secondary Study Event property of an Endpoint template has been specified to include Week
4, Week 8, and Week 12 as values, string rendering processing must produce grammatically
correct output such as “The percentage change in HbAlc from Baseline to Week 4, Week 8
and Week 127). For example, protocol elements application 316 (which may represent an
example of study and protocol app 116 of FIG. 1) may invoke properties and property groups
to parameterize objective and endpoint templates in the creation of a study. Registration and
disclosure application 318 may invoke properties and property groups when generating
disclosure submissions mandated by regulatory authorities.

[0130] FIG. 4 is a flowchart illustrating an example operation to obtain template information
from an MDR in accordance with the techniques of the disclosure. MDR 124 defines a data
model comprising metadata that specifies a data standard representative of requirements for
regulatory-compliant exchange of data between entities (402). In some examples, MDR 124
stores the data model in an ISO 11179-based MDR database. The data model conforms to a
data description language and specifies which data elements must be collected and a format
in which the data elements are to be collected. The data model includes one or more client
business objects representing aspects of a well-structured pharmaceutical clinical research
study. As described herein, a clinical research study is, for example, a research project whose
objectives are to test or confirm hypotheses concerning the utility, impact, pharmacological,
physiological, and/or psychological effects of a particular treatment, procedure, drug, device,
biologic, food product, cosmetic, care plan, or subject characteristic.

[0131] Each client business object specifies one or more study events and associated study
elements for a clinical research study. Each study event specifies one or more study activities
to be executed for the study event. Each study activity may be, e.g., a clinical treatment or

procedure to be performed on a subject, a data element to be measured from the subject, an
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assemblage of already existing data about the subject, or collection of non-treatment related
data (e.g., healthcare utilization) from the subject.

[0132] The data model further includes one or more properties for each of the client business
objects; these properties may be in turn organized into one or more property groups
representing the client business objects. Each property specifies a value for a property type
for the property. For example, the property type may be one of a date; a time; a string; a
uniform resource locator (URL); a Boolean; or an integer. In some examples, one may
enumerate one or more valid property types (e.g., as a predefined string or integer list of valid
values), wherein a valid property specifies one of the enumerated, valid property types
specified by the predefined list. In other examples, the valid value list may be dynamically
retrieved from system microservices (e.g., users based on roles as specified by the
combination of the user microservice and the access control microservice) or from external
systems (e.g., protocol numbers as specified by an external CTMS system). In other
examples, a property may be specified as compound (i.e., composed of two or more simple
properties of the above types).

[0133] In addition, conditional property specifications, where default contextual properties
are modified given a specific set of conditions, are also supported. For example, a property A
may become editable only when a property B contains a specific value, or when property B is
populated with any value. Conditions may span multiple specified values for a designated
property (e.g., property C must be set to one of values x, y or z for the condition to be in
effect) and may span multiple designated properties (e.g., the conditional rules for properties
D, E and F must all be met for the condition to be in effect).

[0134] Each of the one or more properties are strongly typed. In some examples, each of the
one or more properties specifies a dependent relationship to another property of the one or
more properties. Each property group specifies, for example, an ordinality of the property
group in a property group hierarchy or a microservice associated with the property group. In
some examples, each property group comprises a clinical research study, a clinical research
study protocol, a clinical research study version, a clinical research study design, or a clinical
research study.

[0135] MDR 124 expresses the data model to define one or more templates for a clinical
research study comprising a sequence of the one or more study events and associated study
elements (404). To support the digitized framework for clinical development described
herein, MDR 124 extends the data model set forth in ISO 11179. For example, MDR 124

implements a data model that specifies a data standard representative of requirements for
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regulatory-compliant exchange of data between entities and stores metadata for the data
model. As described herein, the data model includes one or more client business objects
representing aspects of a well-structured pharmaceutical clinical research study. As described
herein, a clinical research study is, for example, a research project whose objectives are to
test or confirm hypotheses concerning the utility, impact, pharmacological, physiological,
and/or psychological effects of a particular treatment, procedure, drug, device, biologic, food
product, cosmetic, care plan, or subject characteristic.

[0136] MDR 124 extends each client business object to represent a clinical research study or
associated study element, whereas each clinical research study in turn specifies one or more
study events. Each event specifies one or more study activities to be executed for the
corresponding study event. MDR 124 further extends the data model of ISO 11179 to include
one or more properties for each of the client business objects that organize the client business
objects into one or more property groups. These properties and property groups are used to
represent both cohesive collections of study elements (which may be referred to as
“sections”) and configurable elements of objective and endpoint templates.

[0137] The extended data model implemented by MDR 124 enables the digitization of
clinical research studies as described herein by templatizing various data for clinical research
study such that clinical research studies may be standardized and preformatted, and specific
instances of clinical research studies may be rapidly designed. Such techniques as described
herein enable the digitization of clinical research studies, clinical research study management,
and clinical research study reporting requirements so as to obviate the performance of clinical
research study management by hand. Therefore, the techniques of the disclosure may
improve efficiency and data quality, reduce submission cycle times, reduce the cumbersome
administrative overhead of clinical research study management by hand, as well as reduce the
potential for error or omission in critical recordkeeping.

[0138] MDR 124 may optionally express the data model to define at least one study objective
and at least one study endpoint which may be used to facilitate generation of a sequence of
the one or more study events and key activities for the events. For example, MDR 124
expresses one or more properties for each client business object specified by the one or more
templates to define one or more study objective templates and one or more study endpoint
templates. In some examples, system 100 may parameterize one or more templates for the
clinical research study based on the user input to obtain a schedule of study activities to be

executed for each study event of the sequence of the one or more study events.
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[0139] FIG. 5 is a block diagram illustrating example query data structure 500 for a study
template in accordance with the techniques of the disclosure. Query data structure 500 lists
the set of queries supported by the GraphQL API of system 100 of FIG. 1. Query data
structure 500 uses a mix of data standards queries (such as propertyGroupByNameVersion
and objectiveTemplatesByIndication) and protocol and study instance-specific (such as
studies) queries are present. Data standards queries are provisioned into the federated
system’s GraphQL API by MDR 124 of FIG. 1, whereas instance-specific queries are
provisioned by Study Design microservice 126 o FIG. 1. As depicted in the example of FIG.
5, query data structure 500 includes the following data fields: businessObject,
definedActivities, definedActivity, defined ActivityFilterByID,
definedActivityFilterDomains, defined ActivityFilterByDomains, endpointTemplate,
endpointTemplates, exportFormats, features, getSchedulePDF, health, object,
objectiveTemplate, objectiveTemplates, objectiveTemplatesByIndication, pingStudyDesign,
propertyGroup, propertyGroupByNameVersion, studies, and terms. The foregoing data fields
are provided as examples only, and other implementations of the techniques of the disclosure
may use only a portion of the foregoing data fields or additional data fields not expressly
described herein.

[0140] FIG. 6 is a block diagram illustrating example data system for a clinical research
study template in accordance with the techniques of the disclosure. Data system 500 include
a number of interconnected data structures 510-560. Study data structure 510 is the entry
point to study and protocol content that is managed by Study Design microservice 126 of
FIG. 1. Study data structure 510 serves as an anchor point for Study Protocol data structure
520, which binds a corresponding user or users who own a protocol for purposes of attribute-
based access control.

[0141] Attributes specified during study creation such as Therapeutic Area, Indication, Study
Type, Study Phase, Participant Type and Compound may be persisted as part of the Study
object, and may be used as filter attributes to determine user eligibility for a configured role
in system 100. For example, an organization may choose to assign users to specific
Therapeutic Areas. As such, each user profile as managed by User microservice 134 will then
be populated with one or more Therapeutic Area values for which they are eligible. At time
of user login into system 100, Access Control microservice 134 retrieves the set of
Therapeutic Area values for the user and incorporates these values into role and permission

evaluation.
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[0142] A user assigned to Therapeutic Area A may, in this example, not be allowed to own,
view, or otherwise access Studies created for other Therapeutic Areas. Study data structure
510 includes the following data fields: internalID, ID, owner, protocol, and revision. The
foregoing data fields are provided as examples only, and other implementations of the
techniques of the disclosure may use only a portion of the foregoing data fields or additional
data fields not expressly described herein.

[0143] Study protocol data structure 520 serves as an anchor point for the potentially
multiple versions of a study that are produced over the life of the study and that system 100
of FIG. 1 manages to implement a digitized protocol. Study protocol data structure 520 may
include the following data fields (which may be persisted via dynamic property capabilities in
which certain properties are automatically inherited, generated, and/or created due to
definition of templates for clinical research studies): internallD,
addedOnToExistingTreatments, agencylIDs, al.ocation, board Approal Status,
caApplicantType, citations, companionStudies, compound,
confirmedResponseMinimumDuration, country, currentTherapyOrTreatment,
currentVersion, extensionTriallndicator, ID, Indication, InterventionModel,
InterventionModel OtherValue, Investigational TherapyOrTreatment, keywords, masking,
participant, pharmacologicClass, plannedSubjects, plannedTreamentDuration,
plannedTrialDuration, program, protocolNumber, protocol Template, pubmedCitationID,
responsibleParty, revision, sexOfParticipants, sponsorStatus,
stableDiseaseMinimumDuration, stratificationFactor, study, studyDescription, studyPhase,
studyStopRules, studyType, studyURL, substudyDetails, substudyPlannedIndicator,
supportOrganization, therapeuticArea, triallntent, trialIntentOtherValue, trial Scope, and
versions. Again, the foregoing data fields are provided as examples only, and other
implementations of the techniques of the disclosure may use only a portion of the foregoing
data fields or additional data fields not expressly described herein.

[0144] Study protocol version data structure 530 may support a clinical research study
template in accordance with the techniques of the disclosure. Study Protocol Version data
structure 530 may serve as the anchor point for each version (original or amendment)
produced in the course of study planning and execution. Study protocol version data structure
530 includes the following data fields (which similarly may be persisted via dynamic
property capabilities in which certain properties are automatically inherited, generated, and/or
created due to definition of templates for clinical research studies): internalID, amendment,

approvalDate, creationDate, designs, ID, lastModificationDate, ordinal, protocol,
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protocol Acronym, protocolShortTitle, protocolStatus, protocolTitle, revision, and
studyElementObjectID. As noted above, the foregoing data fields are provided as examples
only, and other implementations of the techniques of the disclosure may use only a portion of
the foregoing data fields or additional data fields not expressly described herein.

[0145] Study design data structure 540 may further support a clinical research study template
in accordance with the techniques of the disclosure. Study design data structure 540 may
serve as the collection of all study protocol version data elements 530, and enables these
study protocol version data elements 530 in aggregate to be saved and restored as a snapshot.
Snapshots allow users to save their work at checkpoints and if desired return to one of those
checkpoints as needed should future study definition work be determined to be incorrect or
otherwise problematic. Study design data structure 540 may include the following data fields:
internalID, arms, elements, epochs, ID, label, lastModificationDate, lastModificationUser,
objectives, ordinal, protocol Version, revision, schedules, and studyActivities. Once again, the
foregoing data fields are provided as examples only, and other implementations of the
techniques of the disclosure may use only a portion of the foregoing data fields or additional
data fields not expressly described herein.

[0146] Study design data structure 540 consists of two primary categories of content:
schedule and arm related content, and section-related lock state, properties and comments.
Schedule and arm related content consists of Objectives and Endpoints, Arms and Arm
Elements, and Schedules, Study Events and Planned Activities. Section-related content
consists of Study Element Sections, Dynamic Property Sets and Comment Sets.

[0147] In other words, study data structure 510 is (as noted above) the entry point to study
and protocol content that is managed by Study Design microservice 126 of FIG. 1. Study data
structure 510 serves as an anchor point for study protocol data structure 520 and contains
mandatory data fields (which may be another way to refer to “study design elements”)
specified during study creation such as Therapeutic Area, Indication, Study Type, Study
Phase, Participant Type and Compound. These attributes characterize the study and are thus
immutable upon study creation. They may also be used to assist, via attribute-based access
control mechanisms implemented by system 100, in binding specific users to the study.
[0148] In some instances, attribute-based access control enables use of these attributes within
filters that are then used to determine user eligibility for a configured role (e.g., study owner,
study protocol editor, etc.) in system 100. For example, an organization may choose to assign
users to specific Therapeutic Areas. As such, each user profile as managed by User

microservice 134 will then be populated with one or more Therapeutic Area values for which
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the associated users are eligible. At time of user login into system 100, access control
microservice 134 retrieves the set of Therapeutic Area values for the user and incorporates
these values into role and permission evaluation. In this manner, a user assigned to
Therapeutic Area A in this example is not allowed to own, view, or otherwise access Studies
created for other Therapeutic Areas. The foregoing data fields discussed above are provided
as examples only, and other implementations of the techniques of the disclosure may use only
a portion of the foregoing data fields or additional data fields not expressly described herein.
[0149] Study protocol data structure 520 serves as an anchor point for the potentially
multiple versions of a study protocol that are produced over the life of the study and that
system 100 of FIG. 1 manages to implement a digitized protocol. As such, study protocol
data structure 520 contains an immutable Protocol Number data field that is specified at time
of study creation, along with a collection of all study protocol versions in existence for the
study and specific references to the original and currently active study protocol version. The
foregoing data fields are provided as examples only, and other implementations of the
techniques of the disclosure may use only a portion of the foregoing data fields or additional
data fields not expressly described herein.

[0150] Study protocol version 530 serves as the anchor point for each version (original or
amendment, and minor versions of the same) produced in the course of study planning and
execution. As such, the study protocol version data structure includes the following data
fields: amendment version (major and minor), creation date, approval date, and mutable study
protocol attributes such as protocol title, protocol short title, protocol acronym and protocol
keywords. Study protocol version also maintains a reference to the currently active study
design along with a collection of all study designs in existence for the study protocol version.
The foregoing data fields are provided as examples only, and other implementations of the
techniques of the disclosure may use only a portion of the foregoing data fields or additional
data fields not expressly described herein.

[0151] Study design data structure 540 may serve as the collection of all Study Protocol
Version data structures and elements, and enables these data structures and elements in
aggregate to be saved and restored as a snapshot. Snapshots allow users to save their work at
meaningful checkpoints and if desired return to one of those checkpoints as needed should
future study definition work be determined to be incorrect or otherwise problematic. Only the
currently active study design as referenced by the study protocol version may be updated in

the course of study protocol development.
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[0152] Study design content can be further classified into one of two content categories:
statically specified (or in other words, fixed) study protocol elements (shown as statically
specified study content 560) and dynamically generated elements (shown as dynamically
generated study content 570). For example, statically-specified study content 560 may
include Objectives and Endpoints, Arms and Arm Elements, and Schedules, Study Events
and Planned Activities, each of which supports aspects of study design as discussed
throughout this disclosure. Dynamically generated study content 570 may include a
representation of section-related content via Study Element Sections. Each Study Element
Section may in turn consist of a section locked element, Dynamic Property Sets and
Comment Sets. A Dynamic Property Set represents the manifestation of a specific dynamic
property group with its collection of dynamically configured properties as discussed
throughout this disclosure. A Comment Set represents a collection of informal thread-based
communications created by Study role-players as appropriate to assist in section specification
decisions made over the course of Study Element Section development and review. The
foregoing data fields are provided as examples only, and other implementations of the
techniques of the disclosure may use only a portion of the foregoing data fields or additional
data fields not expressly described herein.

[0153] The section locked element of a Study Element Section is used in combination with
user access control permissions to control the ability to update the content of the associated
section, and can also be used to validate whether updates to related sections are allowed (e.g.,
a user who has update permission for the Schedule section may still be prevented from
editing that section until the Arms section is locked; a user attempting to submit a Study
Protocol Version for approval may be prevented from that submission if Lean Protocol is
installed and the Lean Protocol section is unlocked). In support of these and other
permissions validation requirements, the Study Design service integrates a configurable rules
engine. For example, when a user attempts to update a specific Study Element Section, the
rules engine looks up the section, verifies that it is under a Study Protocol Version that is not
in an approved state, checks that the properties in the section are valid, and then does an
Access Control check to make sure the user has permission to lock the section.

[0154] In this way, dynamically generated study content 570, which includes dynamic
property set, comment set, and study element section, are dynamically configured from MDR
124, where property and property groups flow from MDR 124 (e.g., MDR 124 provides the
structure, users enter information with respect to such structure, and MDR 124 dynamically

persists the information entered by the users via a dynamic properties microservice). MDR
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124 may, in other words, specify properties and/or property groups as key-value pairs so that
such properties and/or property groups can be resolved into a cohesive object. For example,
100 or more attributes (which is another way to refer to properties) may result in a single
object type.

[0155] In addition, the template represented by data system 500 (and which may, as a result,
be referred to as template 500) may parameterize what normally would be entered as a text
phrase (e.g., in a document defining a study). For example, a scientific hypothesis
specification may be entered (e.g., “To evaluate the efficacy of ZD 5mg Daily / Oral
administered to individuals with Type 2 Diabetes Mellitus (T2DM)”), whereupon study
design microservice 126 may parse such text phrase representative of the scientific
hypothesis specification to identify parameters by which to identify attributes to which
system 100 may automate against. Study design microservice 126 may generate endpoints as
part of statically specified study content 560, where in the example above such endpoints
may include “The absolute change in HbAlc from Baseline to Week 4, Week 8 and Week
12), “The percentage of patients with HbAlc (%) < 10 % at Week 10,” etc.

[0156] Study and protocol elements user interface 116 may enable editing of objectives and
definition of different endpoints to facilitate dynamic generation of the study. In the
immediately proceeding examples, the values “Baseline”, “Week 47, “Week 87, “Week 107,
and “Week 12” represent Study Events that may be automatically populated into a Schedule
for the Study. The edits all flow to template S00 and create additional arms, arm elements,
schedules, events, activities, etc, as described above. Study design 540 may control which of
the created events, activities, etc. are to be performed and/or edited, using template 500 as a
definition for mandatory activities and events, thereby allowing template 500 from MDR 124
to establish secure and safe clinical research studies that adhere to formal and/or sponsor
standards while also potentially permitting expedient study research as such templates may be
reusable and allow for faster study design.

[0157] FIG. 7 is a flowchart illustrating an example operation for designing a clinical
research study in accordance with the techniques of the disclosure...FIG. 7, in other words,
illustrates an operation for creating a clinical research study during which a user initiates a
new study, defines protocol level content, sets up objectives and endpoints, defines a
schedule of study activities, reviews a version history of the study, and submits changes to
the study for approval. The operation of FIG. 7 may be executed by study design

microservice 126.
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[0158] Study design microservice 126 receives, as process inputs, metadata from a metadata
library of MDR 124, external data, and protocol data elements (602). Study design
microservice 126 may receive, from a user, an indication to create a study (604). In some
examples, Ul framework 102 allows a user to initiate a study from an authorized list of
studies or allows the user to initiate a study by defining a new study via study attributes
provided by the user. To initiate a study from an authorized list, UI framework 102 may
present, to the user, one or more approved studies for selection by the user. The user may
select a study program or provide a study protocol number. UI framework 102 may
prepopulate one or more study attributes of the selected study for presentation to the user for
review.

[0159] To initiate a study by defining a new study, UI framework 102 allows to define a new
study, provide study attributes such as a study ID, protocol title, and protocol acronym. Ul
framework 102 may further prompt the user to select a compound, study phase, study type,
participant type, and therapeutic area, or indication. Additionally UI framework 102 may
present the user with an Effective Date value defaulted to current date but which the user can
modify to specify a date in the past and is used to select the correct version of study template
(i.e., standards collection) based on the algorithm previously described. Typically, UL
framework 102 provides, to the user, a list of valid options for each element of the study.
Some elements may be dependent on other elements selected by the user; for example, Ul
framework 102 may not allow the user to select an indication until the user specifies a
therapeutic area.

[0160] Study design microservice 126 receives, from a user, protocol content for specifying a
protocol for the study (606). This allows study design microservice 126 to capture key
attributes for the protocol, such as study long name, short name, acronym, study blinding,
treatment administration, comparator arms, or other defined fields. UI framework 102 may
provide, to the user, a drop-down menu of choices to specify data for the protocol, such as a
study intent.

[0161] Study design microservice 126 retrieves, possibly prior and/or concurrent to the
protocol content being defined or potentially after the user has defined the protocol content,
from the reference library of MDR 124 the relevant set of objective templates (608) and
endpoint templates (610) based on prior specified data elements for the study such as
Therapeutic Area and Indication. Study design microservice 126 parameterizes the templates

based on input from the user and full metadata defined by the reference library of MDR 124.
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This configuration further generates relationships between indications and objective
templates and relationships between objective templates and endpoint templates.

[0162] Study design microservice 126 adds an objective or endpoint to a study by
parameterizing an objective or endpoint template. Study design microservice 126 may use,
e.g., parameters bound by the template, study parameters, or metadata data elements specified
by MDR 124 to parameterize the templates. Further, Study design microservice 126 may
parameterize the templates based on input received from the user via UI framework 102.
Study design microservice 126 assembles a description of the objectives or endpoints based
on the parameterized data.

[0163] Study design microservice 126 specifies a data model that relates arms to
interventions (many-to-many) consistent with CT.gov submission requirements, while also
integrating drug administration information that can be related to product information
compliant to the ISO standard for the identification of medicinal products (IDMP data
model). For example, a treatment arm may include more than one intervention (e.g., for a
combination therapy), and a medicinal product may be administered in multiple ways (e.g.,
dosage level) within a schedule.

[0164] Study design microservice 126 further generates one or more of study design, study
intervention, inclusion and/or exclusion criteria, and protocol content for the study (614). For
example, a study builder defines and manages a schedule for the clinical research study based
on defined protocol content. Schedule of Activities application 114 defines and manages the
schedule based on the defined protocol content. Schedule of Activities application 114
enables the selection and definition of desired assessments and measures to be collected
within protocol content (616). Once the user has completed the study and reviewed the study
content, study design microservice 126 allows the user to approve the study (618). Ul
framework 102 may thereafter display the approved study as read-only and disallow
subsequent changes to the study. However, UI framework 102 may still provide a mechanism
for the user to review the study.

[0165] Further, UI framework 102 may allow the user to define an amendment (i.e., change
to the scientific experiment expressed by the study) or minor version (e.g., corrections to the
study specification that do not result in meaningful change to the scientific experiment
expressed by the study) to the study and submit the amendment for approval. The amendment
or minor version may specify an edit or change to the study arm of the study. UI framework
102 may also display a version history including a list of approved versions of the study and a

status of submitted amendments.
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[0166] As described in more detail below with respect to Lean Protocol Microservice 9404, a
Gate instance supports a fixed state machine that includes In Progress, Ready for Review,
Under Review, and Approved states. This four-state model is applied to approval of
StudyProtocol Version as well. For example, when Lean Protocol application is present, the
Approve action on StudyProtocol Version in Ul Framework 102 is augmented by a collection
of one or more StudyProtocolVersion gates in Lean Protocol application 9402, each of which
assembles relevant section locks as represented by Study and Protocol Elements application
116, Schedule of Activities application 114, Protocol Authoring application 118, etc., to the
minimum set required as a precursor to approval of the StudyProtocol Version (e.g., because
some Study and Protocol Element application sections may be informational and not
mandatory). Additional discussion of the Lean Protocol Microservice and corresponding state
machine is set forth in more detail below.

[0167] FIG. 8 is a block diagram illustrating interactions between MDR 124 and study design
microservice 126 of FIG. 1 in accordance with the techniques of the disclosure. FIG. 8 may,
in other words, illustrate a process by which study design microservice 126 uses protocol
content and parameterized objective and endpoint templates to generate a schedule of study
activities for the study.

[0168] As described above, MDR 124 may implement protocol standards 702 and clinical
data standards 704 specified by regulatory authorities such as the CDISC trial summary and
Clinical Trials.gov specifications and/or as determined by enterprise-specific guidelines and
processes. MDR 124 defines a data model and accompanying metadata in reference library
706 in accordance with protocol standards 702 and clinical data standards 704.

[0169] MDR reference library service 712 interfaces with study design microservice 126 to
provide a schedule of study activities to a user. For example, study design microservice 126
may present, via UI framework 102, one or more defined study activities 716 in the study to
the user. Defined Activities 716 present a preferred grouping of clinical data standards
elements as they are to be used in definition of a schedule. Study design microservice 126
obtains the defined study activities from reference library 706 based on protocol standards
702 and clinical data standards 704. Defined study activities 716 may be mandatory,
recommended, or optional. If a study activity is mandatory, the study activity is presented via
Ul framework 102 as selected and may not be unselected by the user. If a study activity is
recommended, the study activity is presented via Ul framework 102 as selected but may be
unselected by the user. If a study activity is optional, the study activity is presented via Ul

framework 102 as unselected but may be selected by the user.
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[0170] Study design microservice 126 may also inform the user on a selection of defined
study activities based on protocol content, such as endpoints of the study. Study design
microservice 126 stores the user selection as study activities 718. Study design microservice
126 brings in clinical data collection standards 704 for study activities. The user may review
the list of study activities and may change default settings of study activities for a study
schedule. Further, the user builds the study schedule of study activities by selecting study
events via Ul framework 102 so as to denote planned study activities 720 for the study
schedule. Study design microservice 126 may write the study schedule to MDR 124 as MDR
study-level metadata 708 which in turn can be used to generate Electronic Data Capture
(EDC) system builds 709 to enable electronic capture of study execution data, along with
other data descriptor formats that can be used to specify the non-EDC data to be collected for
the study. Examples of non-EDC data include lab test results produced by central lab service
providers and Electronic Health Records (EHR) patient data related to concomitant
medications, demographic information and other topics and specified through the use of HL.7
FHIR resource profiles. In some examples, such information is represented as an intermediate
“clinical view” standard that aggregates all data sources (EDC and non-EDC) into a
consolidated data structure that is then mapped to the SDTM tabulation standard currently
mandated by the FDA as the format for all study submissions. In other examples, the study
schedule may be populated in one or more specialized system microservices to facilitate
generation of EDC, non-EDC and other study specification representations.

[0171] FIG. 9 is a flowchart illustrating an example operation for designing a clinical
research study in accordance with the techniques of the disclosure. Study design microservice
126 retrieves, from a regulatory compliant database such as MDR 124 of FIG. 1, one or more
templates based on a governance process (802). The one or more templates based on a
governance process may comprise, e.g., a clinical research study objective template and a
clinical research study endpoint template.

[0172] Any combination of Study and Protocol Elements application 116, Schedule of
Activities application 114, Protocol authoring application 118 and additional not-specified
applications receive, via a user interface provided by UI framework 102, input from a user
(804). Study design microservice 126 parameterizes the template based on the governance
process with the user input to create a parameterized template (806). For example, study
design microservice 126 may parameterize a clinical research study objective template to

obtain one or more study objectives for a clinical research study. As another example, study
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design microservice 126 may parameterize a clinical research study endpoint template to
obtain one or more study endpoints for a clinical research study.

[0173] In some examples, system applications incorporating Ul framework 102 display, via
the user interface, one or more input types and one or more values for each of the one or more
input types. System applications incorporating Ul framework 102 receive, from the user, a
selection of a value of the one or more values for each of the one or more input types. The
selection of values may specify, e.g., one or more values for one or more study protocol
elements, one or more study design elements, or one or more study model elements. The user
input may further specify one or more secondary or exploratory study objectives or one or
more secondary or exploratory study endpoints.

[0174] Study design microservice 126 parameterizes the template based on the governance
process with the selection of the value of the one or more values for each of the one or more
input types to create the parameterized template. Study design microservice 126 stores the
parameterized template in database 105 (808). In some examples, database 105 implements
GraphQL queries and mutations to manage data. For example, study design microservice 126
implements GraphQL APIs that invoke database 105 as an efficient and flexible way to
retrieve clinical development content.

[0175] Study design microservice 126 generates, based on the parameterized template, a
clinical research study comprising a sequence of one or more study events specifying one or
more study activities to be executed for the study event and associated study elements (810).
In some examples, study design microservice 126 may optionally generate, based on the
template, at least one study objective and at least one study endpoint that may be used to
facilitate generation of the sequence of study events and key activities for the one or more
study events. In some examples, study design microservice 126 defines a database for storing
data collected for the clinical research study. System applications incorporating Ul
framework 102 may present, via a user interface, the clinical research study to a user. The
user interface provided by UI framework 102 may be a dashboard web application.

[0176] In some examples, study design microservice 126 determines schedule optimizations,
for example in terms of traceability of estimands/endpoints, cost estimates, or patient burden,
for the one or more study activities to be executed for each study event of the one or more
study events. Study design microservice 126 determines, based on the cost estimate for the
one or more study activities to be executed for each study event of the one or more study
events, a total cost estimate for the at least one study endpoint of the clinical research study.

Schedule of Activities application 114 may present, via a user interface provided by Ul
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framework 102, the cost estimate for the one or more study activities to be executed for each
study event of the one or more study events and the total cost estimate for the at least one
study endpoint.

[0177] In some examples, study design microservice 126 determines, based on the sequence
of the one or more study events, a timeline for the clinical research study. The timeline may
include a schedule for each of the one or more study activities to be executed for each study
event of the one or more study events. Schedule of Activities application 114 may present,
via a user interface provided by UI framework 102, the timeline for the clinical research
study.

[0178] In some examples, study design microservice 126 exports, to MDR 124, metadata for
the clinical research study (812). For example, study design microservice 126 retrieves, from
database 105, a graph data structure representative of the clinical research study. Study
design microservice 126 generates, from the graph data structure representative of the clinical
research study, a tree data structure representative of the metadata for the clinical research
study. Study design microservice 126 stores, in MDR 124, the tree data structure
representative of the metadata for the clinical research study. In some examples, MDR 124
stores the metadata for the clinical research study in a predefined file format such as, e.g., an
Extensible Markup Language (XML) file, a Portable Document Format (PDF) file, or a
Microsoft Excel (XLS) file. In other examples, study design microservice 126 exports to one
or more specialized system microservices the metadata for the clinical research study.

[0179] In some examples, study design microservice 126 generates, based on the
parameterized template, one or more reporting criteria for the clinical research study. Ul
framework 102 may produce, within its dashboard capability, the results of one or more
reporting criteria for the clinical research study.

[0180] FIGS. 10-15 are block diagrams illustrating a clinical research study organized into a
tree data structure in accordance with the techniques of the disclosure. FIG. 10 depicts an
initial state of tree data structure 1100. The tree data structure comprises a clinical research
study as a root node. A study protocol is a child node of the clinical research study. A study
protocol version is a child node of the study protocol. A study design is a child node of the
study protocol version. The study design comprises two child nodes, a study arm and a study
schedule.

[0181] To copy an object, most techniques may be considered to be either a “shallow” copy
or a “deep” copy. To perform a shallow copy, one creates a new object, and copies data of the

to-be-copied object to the new object. Furthermore, references of to-be-copied object are
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copied to the new object such that the new object contains references and/or pointers to the
same objects as the to-be-copied object. For example, where the to-be-copied object is a node
in a tree and comprises a reference to a child node, the new object is configured with a
reference pointer that points to the same child node to which a reference pointer of the to-be-
copied node points. Therefore, objects referenced by the to-be-copied object are shared by the
new object, so if a referenced object is modified, the change is visible by both the to-be-
copied object and the new object. Shallow copies are typically fast and computationally
cheap to perform. However, shallow copies have the drawback that referenced objects are not
distinct between the to-be-copied object and the new object.

[0182] An alternative to the shallow copy is the deep copy. To perform a deep copy, any
references of the to-be-copied object are dereferenced such that, rather than copying
references to objects from the to-be-copied object to the new object, a deep copy creates new
copy objects are created for any referenced objects, and places references to these new copy
objects placed in the new object that is a copy of the to-be-copied object. For example, where
the to-be-copied object is a node in a tree and comprises a reference to a child node, a new
child node and a new object are created, the data of the to-be-copied node is copied to the
new node, the data of the child node is copied to the new child node, and the new object is
configured with a reference pointer to the new child node. Thus, the deep copy is different
from a shallow copy in that the objects referenced by the copy are distinct and independent
from the objects referenced by the original. Changes made to the child node of the to-be-
copied node are different and distinct from the changes made to the new child node of the
new node. Deep copies are typically more computationally expensive because additional
objects are created for each object referenced by the to-be-copied node. Further, deep copies
may sometimes be substantially more complicated where the references form a complicated
graph.

[0183] As described herein, the techniques of the disclosure store a clinical research study as
a tree data structure in a database. Further, the techniques of the disclosure implement a form
of lazy copy to make updates to the tree data structure. The lazy copy algorithm is described
in additional detail below. A lazy copy is an implementation of a deep copy. When initially
copying an object, a shallow copy is made between the to-be-copied node and the new node.
When an object is modified (e.g., one of the to-be-copied node, the new node, or a child of
the to-be-copied node), a deep copy is made to maintain independence between the to-be-

copied node and the new node. This allows one to take advantage of the speed of a shallow
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copy where a deep copy is not immediately needed, and defer the computational expense of
the deep copy until the deep copy is necessary.

[0184] In some examples, tree graph 1200 shown in the example of FIG. 11 may be retrieved
from a storage medium. One or more updates, changes, deletions, or additions may be made
to tree graph 1200, a node of tree graph 1200, or data represented by a node of tree graph
1200, and the updated tree data structure 1200 may be stored in the storage medium. As
described herein, a node of tree graph 1200 may comprise, e.g., data for one of a study, a
study protocol, a study protocol version, a study design, or a study schedule of the data model
stored by MDR 124 of FIG. 1.

[0185] FIG. 11 is a block diagram illustrating an operation for performing a lazy copy of
node 1202 of tree data structure 1200 to obtain duplicate node 1202’. In some examples, tree
data structure 1100 of FIG. 10 is modified from an initial state to obtain tree data structure
1200 as described subsequently. As depicted in FIG. 11, node 1202, which comprises data for
a study protocol version, is copied to duplicate node 1202°. Further, inbound edge 1204 and
outbound edge 1206 of node 1202 are duplicated to node 1202’ such that node inbound edge
1204’ and outbound edge 1206’ point to duplicate node 1202,

[0186] FIG. 12 is a block diagram illustrating an operation for updating node 1306 of tree
data structure 1300, where an ancestor of node 1306 is a lazy copy of another node. In some
examples, tree data structure 1200 of FIG. 10 is modified from an initial state to obtain tree
data structure 1300 as described subsequently.

[0187] As depicted in FIG. 12, an update is to be made to node 1306, which includes data for
a study arm. The algorithm of FIG. 12 walks up the stack of tree data structure 1300 to
determine if the updated node 1306, or any ancestor of node 1306, has more than one owner.
If so, then a branch including node 1306 includes a lazy copy. In the example of FIG. 12,
node 1302’ is a lazy copy of node 1302.

[0188] If the algorithm determines that node 1306 and each ancestor of node 1306 includes
only a single owner (e.g., parent), then the update is performed in place and the algorithm
completes. If the algorithm determines that node 1306 or an ancestor of node 1306 has
multiple owners, then the algorithm duplicates node 1306 and all parents between node 1306
and the ancestor node with multiple owners. The algorithm duplicates inbound and outbound
edges to point at new documents, and duplicates outbound edges pointing at new nodes.
[0189] For example, with respect to FIG. 12, node 1306 is duplicated as node 1306’ and node
1304 is duplicated as node 1304’. Edge 1308’ pointing at node 1304 is duplicated as edge
1308’ to point at node 1304 and edge 1308’ is deleted. Edge 1310 pointing at node 1306 is
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duplicated as edge 1310’ to point at node 1306°. Edge 1312 pointing at node 1314 is
duplicated as edge 1312’ to point at node 1314.

[0190] As another example, first node 1302 comprises inbound edge 1302 to parent node
1301 and outbound edge 1308 to child node 1304. First node 1303 of tree data structure 1300
is duplicated to create second node 1302’ as described above. Inbound edge 1303” of
duplicate node 1302’ is created to parent node 1301 and outbound edge 1308’ of duplicate
node 1302’ is created to child node 1304. An update is made to child node 1304. In response
to determining that child node 1304 has multiple parents (e.g., nodes 1302 and 1302), child
node 1304 is duplicated to create a duplicate child node 1304°. Outbound edge 1308’ of
duplicate node 1302’ is created to duplicate child 1304’. Outbound edge 1308’ of duplicate
node 1302’ to child 1308 is deleted, and the update is performed to the at least one child
node. This process may be performed to duplicate each child and descendent of duplicate
node 1302,

[0191] FIGS. 13-15- depict illustrating various use cases for deleting nodes where the node,
an ancestor of the node, or a descendent of the node is a lazy copy. FIG. 13 is a block
diagram illustrating an operation for deleting node 1404, wherein parent node 1402 is a lazy
copy. In some examples, tree data structure 1200 of FIG. 11 is modified from an initial state
to obtain tree data structure 1400 as described subsequently.

[0192] As depicted in FIG. 13, node 1404 is to be deleted. The algorithm determines whether
node 1404 or an ancestor of node 1404 is a lazy copy as described above with respect to FIG.
13. If an ancestor of node 1404 is a lazy copy, the algorithm walks up the stack of tree data
structure 1400 to find the top lazy copy (e.g., node 1404). Starting at the top lazy copy (e.g.,
node 1404), the algorithm decouples documents down the stack by performing deep copies of
each descendent of the top lazy copy. The algorithm then deletes node 1404 and all
dependent nodes.

[0193] FIG. 14 is a block diagram illustrating an operation for deleting node 1502, wherein
node 1502 is a lazy copy. In some examples, tree data structure 1200 of FIG. 16 is modified
from an initial state to obtain tree data structure 1500 as described subsequently.

[0194] As depicted in FIG. 14, node 1502 is to be deleted. The algorithm determines whether
node 1502 or an ancestor of node 1502 is a lazy copy as described above with respect to FIG.
13. Upon determining that node 1502 is a lazy copy but has no ancestors that are lazy copies,
the algorithm deletes node 1502 and deletes inbound edge 1504 and outbound edge 1506
pointing to and from node 1502.
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[0195] FIG. 15 is a block diagram illustrating an operation for deleting node 1602, wherein
child node 1604 is a lazy copy. In some examples, tree data structure 1200 of FIG. 11 is
modified from an initial state to obtain tree data structure 1600 as described subsequently.
[0196] As depicted in FIG. 15, node 1602 is to be deleted. The algorithm walks tree data
structure 1600 to identify descendent nodes of node 1602. For each owned node of node
1602, the algorithm checks to see if any nodes outside the set of owned nodes also declares
ownership to the node (e.g., the node has multiple parents). If so, each owned nodes with
multiple parents is duplicated to as to decouple the multiple parent nodes from one another
and permit deletion of the owned node.

[0197] As an example of the foregoing, the algorithm may determine that the first node has
multiple parent nodes, wherein the first node comprises multiple inbound edges to the
multiple parent nodes of the first node and at least one outbound edge to at least one child
node of the first node. In response to determining that the first node has multiple parent
nodes, the algorithm determines a closest superior ancestor node of the first node that has
only a single parent node. The algorithm duplicates the superior ancestor node of the first
node to create a duplicate superior ancestor node. The algorithm duplicates a branch
descending from the superior ancestor node of the first node to create a duplicate branch
descending from the duplicate superior ancestor node, wherein the duplicate branch
descending from the duplicate superior ancestor node duplicates nodes and edges of the
branch descending from the superior ancestor node of the first node. The algorithm deletes
the first node and any inferior descendent nodes of the first node.

[0198] As another example, the algorithm determines that the first node comprises at least
one outbound edge to at least one child node of the first node, wherein the first node
comprises an inbound edge to a parent node of the first node. The algorithm determines,
based on inbound edges of the at least one child node to the first node and to a second node,
that the at least one child node has multiple parent nodes. The algorithm deletes the first
node, an outbound edge of the parent node to the first node, and the inbound edges of the at
least one child node to the first node.

[0199] FIG. 16 is a graph illustrating a lazy copy of a planned study activity template for a
clinical research study in accordance with the techniques set forth herein. A template for a
planned study activity may be created from a study activity group as a lazy copy. The
template of planned study activities carries a special link type. When a study event is created
from the template and then modified, the special template link does not get replicated in

decoupled copies. Terms that are shared are reproduced in the template as lazy copies.
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[0200] FIG. 17 is a flowchart illustrating example operation of the study design microservice
in performing a lazy copy in accordance with various aspects of the techniques described
herein. Study design microservice 126 (FIG. 1) may first duplicate a first node, e.g., 1202, to
create a duplicate node, e.g., 1202’ (as shown in the example of FIG. 11), which comprises an
inbound edge 1204 and at least one outbound edge 1206 to at least one child node, e.g., node
1203, of first node 1202 (1700). As described above, study design microservice 126 may
create an inbound edge 1204’ of duplicate node 1202’ and an outbound edge 1206’ to at least
one child node 1203 of first node 1202 (1702).

[0201] Study design microservice 126 may then receive an update to at least one child node
1203 of first node 1202 (1704), whereupon study design microservice 126 may, in response
to determining that child node 1203 has multiple parent nodes, duplicate child node 1203 to
create a duplicate child node 1304’ (FIG. 12) (1706). In response to determining that child
node 1203 has multiple parent nodes (e.g., nodes 1302 and 1302’), study design microservice
126 may create an outbound edge 1308’ to duplicate child node 1304’ (1708). Moreover, in
response to determining that child node 1203 has multiple parent nodes 1302 and 1302’,
study design microservice 126 may delete outbound edge 1308’ of duplicate node 1302’ to
child node 1308 (1710). Study design microservice 126 may next, in response to determining
that child node 1203 has multiple parent nodes 1302 and 1302’, perform the update to child
node 1302’ and/or each child and descendant of duplicate node 1302 (1712).

[0202] FIG. 18 is a block diagram illustrating example UI framework 2500 for generating
clinical research studies in accordance with the techniques of the disclosure. UI Framework
2500 may operate in a substantially similar fashion to UI framework 102 of FIG. 1. Ul
Framework 2500 implements a plurality of applications, including controlled terminology
110, vision/protocol standards management 112, schedule of study activities 114, Study and
Protocol Elements / disclosure application 116, protocol authoring 118, and SAP authoring
120. In some examples, Ul Framework 2500 may further be configured to implement other
applications not expressly described herein. Each application comprises an API interface for
interfacing with API gateway 2502. UI Framework 2500 provides a common login, cross-
application navigation, configurable, reusable, shared UI components or widgets, secure
token storage, and session management services to a user.

[0203] FIG. 19 is a block diagram illustrating example system 9400 for generating a digitized
framework for clinical development using a lean protocol dashboard in accordance with the
techniques of the disclosure. System 9400 may operate in a substantially similar fashion as

system 100 of FIG. 1. In addition, as described herein, Schedule of Activities application 114,
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Study and Protocol Elements application 116, and Protocol Authoring application 118
(executed against Study Design microservice 126) may accommodate graphical user interface
(GUI) study designer (“GSD”) 9406 (which exists as a separate graphical user interface
application that complements one or more of associated applications 114-118 as well as
possibly additional apps that are not shown in the example of FIG. 19) that enables graphical
design of a study protocol as described herein. When GUI study designer 9406 is present,
certain operations of associated applications may be rendered as read-only; in other words,
these operations are supplanted by the more advanced graphical design capabilities of GUI
study designer 9406 thereby improving the overall ease of use of system 100 for the end user.
[0204] Further, system 9400 includes Lean Protocol application 9402 and Lean Protocol
microservice 9404 that implement the functions of the lean protocol system for presenting a
clinical study protocol as a sequence of a plurality of stages described herein. A stage
specifies a logical grouping of study development tasks and may comprise multiple
concurrently-executable processes (also referred to herein as “swimlanes”), as described
below, with the intent that these study development tasks are enabled earlier in the study
development process than would be otherwise possible via the appropriate grouping and
locking of the necessary prerequisite study protocol content sufficient to enable those actions.
In other words, the Lean Protocol application is a formalization or instantiation of the
principle that Clinical Study design can be made more efficient by decomposing what is
currently treated as a monolithic set of work into multiple concurrently executed “gates,”
each of which frees up specialized processes/tasks that are necessary for study execution to
begin.

[0205] Gates may optionally be grouped into phases, which may be logical in nature and
serve to represent relative timing from inception of the clinical study design work. Gates
may address specific topics (e.g., feasibility and recruitment) that in turn may be present in
multiple phases with each phase representing a potential refinement of design content
informed by the results of gate-enabled prior phase activity.

[0206] In one example, for a simple study design (e.g., Phase I safety trial) these gates may
be fully independent of each other and grouped under a single stage. In another example, for
a more complex study design (e.g., Phase III efficacy trial) gates may be assembled into
multiple stage groupings, where each stage progressively refines the study protocol content
from earlier stages and as a result enables the study development tasks associated with gates

of those stages to also be further refined.

51



WO 2022/011380 PCT/US2021/070829

[0207] Lean Protocol conceptually sits above all other Study development application
functionality of system 9400 of FIG. 19 (including Graphical Study Designer application
94006, Schedule of Activities application 114, and other apps not expressly described herein).
Each such application may produce one or more “conditions” that feed into “gates;” these
gates in turn free up downstream processes/tasks once approved. In one example, these
conditions are based on the locking of Study sections as previously disclosed. FIGS. 20-30
are illustrations of a graphical user interface (GUI) clinical study protocol designer in
accordance with the techniques of the disclosure. The GUI clinical study protocol designer
(also referred to herein as “Graphical Study Designer”) 9406 allows a study design
practitioner to graphically model the conceptual structure of a Study Protocol in an intuitive
manner and as a result of that modeling, automatically generate the Arms necessary to
execute that Study Protocol. The extended functionality provided by graphical study designer
9406 improves user efficiency and accuracy in the early stages of Study Design. Each Arm
represents a path through which a Study Subject can proceed within the context of the Study.
[0208] For example, in a double-blinded Study where a drug candidate is evaluated against a
placebo with neither the medical practitioner nor the subject being aware of which substance
the subject is being given, two Arms are necessary, one for the placebo path and one for the
active drug path, with a randomization rule distributing the subjects within the study between
the two Arms. Study Protocols may become much more complex than this, and one of the
potential challenges for a Study Designer is to accurately decompose a complex Protocol’s
design into the correct set of Arms that represent the full set of valid Study Protocol paths
through which a subject can proceed. The Graphical Study Designer application and
supporting microservice eliminates the potential for an inaccurate representation of these
Arms and the resulting delays in Study Protocol finalization that would ensue from such an
error. In this manner, Graphical Study Designer 9406 provides a more capable alternative
means of modeling Study Protocol Arms than the tabular capability previously disclosed as
part of the Study Protocol Elements application.

[0209] In addition, Graphical Study Designer 9406 produces standardized CDISC-compliant
datasets representing Trial Elements (TE) and Trial Arms (TA). In combination with Study
and Protocol Elements application 116 production of the CDISC-compliant datasets Trial
Inclusion/Exclusion Criteria (TI) and Trial Summary Elements (TS) and the Schedule of
Activities application 114 production of Trial Visits (TV), system 9400 as a whole is capable
of automatically producing the full complement of CDISC-compliant Study Design datasets

that are required as part of a regulatory submission and are typically assembled in a manual
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manner from disparate information. In this way, the ability to automatically assemble these
datasets may provide significant value to the end user in terms of accuracy and efficiency.
System 100 of FIG. 1 provides a third means of Arm definition directly embedded within the
Schedule of Activities application.

[0210] The capabilities of graphical study designer 9406 may naturally flow into the
previously disclosed Schedule of Activities (SOA) application 114. As part of a Study
Protocol’s specification, each Arm is associated with a Schedule. Within a Study Protocol,
multiple Arms may share the same Schedule (as in the case for the double-blinded efficacy
study described above, where every subject experiences the Study in an identical manner with
the exception of the substance the subject is given), each Arm may be assigned a unique
Schedule, or some combination of shared and unique Schedules may be assigned.

[0211] During the period when a study protocol is under development, Arms and Schedules
may be decoupled. This allows a user of the Schedule of Activities application 114 to detach
an Arm from a Schedule in case the Arm design needs to be updated, but the configuration of
the Schedule needs to be preserved. In this example, after updating the Arm design the user
can attach the temporarily decoupled Schedule again to one or more Arms of the updated
Arm design. When a Schedule is not attached to any Arms it is considered an orphaned
Schedule.

[0212] As noted above, orphaned Schedules are allowed only during protocol development.
Upon a user’s attempt to lock the Schedule of Activities section, Study Design microservice
126 will validate that no orphaned schedules are present in the study protocol and prevent the
section lock from occurring if this is not the case. In other words, as a result of this Arm to
Schedule linkage which occurs within the Schedule of Activities application 114, a Schedule
may (temporarily) exist without being attached to any Arm (where such Schedule may be
referred to as an orphaned Schedule). Support for decoupling of Arms from Schedules
accommodates a potential need for designers to be able to delete one or more Arms under
development without losing already created Schedules, in particular in the context of using
graphical study designer 9406. As a result, Schedules are assigned a human-readable and
meaningful label so they can be identified by the user independent of the existence of Arms.
[0213] As a peer application to graphical study designer application 9406 as described above,
schedule of activities application 114 and underlying study design microservice 126 may
support the following Arm and Schedule Management requirements:

1. When an Arm is newly created (regardless of source), it has no related Schedule.

2. A newly created Arm A without a Schedule can acquire a schedule in three ways:
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2.1. First, it may attach an existing Schedule X to Arm A. It is possible that X was
orphaned before becoming attached to Arm A.

2.2 Second, it may create a new empty Schedule X and attach it to Arm A.

2.3 Third, it may create a new Schedule X as a copy of an existing Schedule Y and attach
X to Arm A.

3. Given Arm A related to a Schedule X, it is valid to relate A to another existing
Schedule Y. Schedule X may become orphaned as a result of this action. It is possible that Y
was orphaned before becoming attached to Arm A.

4. Detach an existing Schedule X from an Arm A. The Arm then returns to the same state
asin (1), e.g., an Arm with no related Schedule. Schedule X may become orphaned as a result
of this action.

5. The logical action to change an existing Schedule X of an Arm A to a copy of another
existing Schedule Y is not directly supported in the Schedule of Activities application 114, as
this functionality can be accomplished by first doing (4) followed by (2.3).

6. An Arm without a Schedule can be deleted (unless a Lean Protocol lock is in place).
Arm deletion occurs in the application used to generate the initial set of Arms for the Study
Protocol.

7. An Arm A with a related schedule X may also be deleted. This results in deletion of
Arm A, but not in deletion of associated Schedule X. Schedule X may become orphaned as a
result of this action.

8. A Schedule may only be deleted if it is orphaned. To delete a Schedule X that is not
orphaned, the user first detaches all Arms from schedule X.

[0214] Graphical study designer 9406 may operate as an independent application, or an Arm
Table Editor may execute within the Study and Protocol Elements application 116. In both
cases the intention is managing Arms (without thinking of Schedules): create arms, update
arm attributes, delete arms. For example, creating an Arm defines a new Arm without a
related Schedule as in (1) above. Updating Arm attributes is allowed, even if a Schedule is
attached to the arm. Deleting an Arm (when not locked) is possible irrespective of whether a
Schedule is attached following (6) and (7) above.

[0215] A user who does not use the Schedule of Activities application 114 has the capability
to manage Arms without ever creating Schedules. If the user has access to Schedule of
Activities application 114, creating Arms may not in itself create the overhead of
automatically creating Schedules. In combination with Lean Protocol locking, the Arms have

been given full consideration by the user before beginning Schedule definition. This may
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provide separation between managing Arms vs managing Schedules. In one example, a user
may choose to enable parallel Arm and Schedule development, whereas in another example a
user may choose to configure platform validation rules such that the capability of creating
and editing Schedules is prevented until the Arms section has been successfully locked.
[0216] When the graphical study designer application 9406 is deployed, the Arm Table
within study protocol elements application 116 may be set to read-only. The user may
manage Schedules dialog within schedule of activities application 114. If the schedule of
activities application 114 is standalone (meaning without arm management by study and
protocol elements application 116, Arm table, or graphical study designer application 9406),
then the dialog has two sections: Manage Arms and Manage Schedules. If schedule of
activities application 114 is deployed with a separate application (either graphical study
designer 9406 or study and protocol elements application 116) for Arm management, then the
dialog has only the second section Manage Schedules (without user actions to create or delete
arms).

[0217] The aforementioned is a specific example of the general platform (which is another
way of referring to system 9400 or any system set forth in this disclosure) concept of
deployment-sensitive application functionality. As such, each application deployed into a
platform instance is aware (e.g., via registration or some other process) of all other deployed
applications and, based on desired behavior, may enable or disable aspects of its functionality
based on the presence or absence of other platform applications within the deployment.
Another such example is the enabling or disabling of section unlock capability within the
suite of study design-related applications (graphical study designer 9406, study and protocol
elements 116, and schedule of activities 114) based on the presence or absence of lean
protocol application 9404 described below within the deployment.

[0218] When present, the Manage Arms action Create Arm within the schedule of activities
application 114 should only create the Arm, but not a default Schedule for that arm,
consistent with (1) and the way Arms are created in study and protocol application 116 or
graphical study designer 9406. The result of the create arm action is that the Arm is added to
the Manage Schedules table, but with no value for Schedule. Where system 9400 provides a
Manage Arms section, then an Arm (with or without a Schedule) can be deleted from the
Manage Schedules section following (6) or (7) above.

[0219] Within the Manage Schedules table of the schedule of activities application 114,
graphical study designer 9406 may display only Arm Label from the Arm attributes. This

attribute is read-only. Schedule of activities application 114 may assign a Schedule a unique
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label. When creating a new Schedule, the user provides a label for the Schedule. User actions
for (2), (3), (4) and (8) are required for the Manage Schedules section of the dialog.

[0220] With respect to the Lean Protocol described below, locking does not change the
foregoing, but constrains which of the actions are possible in graphical study designer 9406,
Arm Table Editor, and schedule of activities application 114, depending on the locking states
of the apps. Without locking capabilities, all of the above may still consistently work
(particularly in the case of an Schedule of Activities-only deployment). Locking constraints
may force the user to do things in the right order from a domain perspective.

[0221] Referring first to the example of FIG. 20, graphical user interface 2600A may
represent one example of a user interface presented by graphical study designer 9604 to
enable a user to define a study protocol or select an existing study protocol to edit. After
selecting a study protocol, such as “GSD-DEMO-1,” graphical study designer 9604 may
transition to user interface S00B shown in the example of FIG. 21, which enables the user to
define Trial Elements datasets, while also being able to switch between Trial Elements, Study
Schematic, Arm View, and Trial Activity (TA) datasets via selectors 2602A-2602D.
Graphical user interface 2600B may also include an input 2604 by which a user may add new
trial elements.

[0222] Selecting input 2604 may result in graphical study designer 9604 presenting graphical
user interface 2600C, which is shown in the example of FIG. 22. Graphical user interface
2600C may enable definition of a Trial Element having properties of “Element Code,”
“Element Description,” “Start Rule,” “End Rule,” and “Planned Duration,” where various of
these properties may be graphically represented for use in study design. The user may iterate
in this manner to define the Trial Elements dataset, resulting in an example graphical user
interface 2600D shown in FIG. 23.

[0223] Graphical user interface 2600D presents a populated Trial Elements dataset having a
Drug A, a Drug B, a Placebo, a run-in, and a screen. The user may review the Trial Elements
dataset, which may represent an example of statically defined study content 560 shown in the
example of FIG. 6. Once the Trial Elements are confirmed, the user may select to transition
to the study schematic by selecting selector 2602B, whereupon graphical study designer 9604
may, responsive to receiving the selection of selector 2602B, present a graphical user
interface 2600E shown in the example of FIG. 24.

[0224] Graphical user interface 2600E enables graphical definition of study. Each study may
have one or more Epochs, where graphical user interface 2600E may include an input for

adding new Epochs to the current study (which again is denoted as “GSD-DEMO-17).
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Graphical user interface 2600E also includes icons 2608, where each icon denotes a different
Trial Element (e.g., a Drug A, a Drug B, a Placebo, a run-in, and a screen). Responsive to
selecting input 2606, graphical study designer 9604 may generate and present a graphical
user interface 2600F, which is shown in the example of FIG. 25.

[0225] Graphical user interface 2600F may enable definition of an Epoch (e.g., by assigning
a name), where graphical study designer 9604 may, responsive to receiving the definition of
the Epoch generate a graphical user interface 2600G as shown in the example of FIG. 26.
Graphical user interface 2600G may graphically depict the Epoch (entitled “Screening”) via
graphical element 2610A. Multiple Epochs may be created in this manner, resulting in an
example graphical user interface 2600H that is shown in FIG. 27, which includes graphical
elements 2610B and 2610C in addition to graphical element 2610A. Graphical element
2610B may represent an Epoch referred to as “Run-in,” while graphical element 2610C may
represent an Epoch referred to as “Treatment.”

[0226] Graphical user interface 2600H may enable for dragging various trial element icons
2608 to graphical element 2610A-2610C (“graphical elements 2610”) to associate the
corresponding trial elements to a given Epoch. Graphical user interface 2600H may also
allow for edges to be defined between different trial elements (which may represent nodes of
a tree data structure) across the Epochs to define a schedule of events and/or activities. For
example, a user may drag the screen (scrn) icon of icons 2608 to graphical element 2610A,
the run-in (rn) icon of icons 2608 to graphical element 2610B, and the Drug A (DA), Drug B
(DB), and placebo (P) icons of icons 2608 to graphical element 2610C. The user may next
link screen icon to run-in icon via an edge, and create separate edges between run-in icon and
each of the Drug A, Drug B, and placebo icons, resulting in a graphical user interface 26001
shown in the example of FIG. 28.

[0227] In the event that a node is associated via multiple edges with more than one
downstream node, the user is informed via graphical representation that further information
in the form of a Branching Rule (e.g., randomization) must be specified for each edge. In this
respect, system 9400 may determine that nodes (representative of trial elements) have
connections to multiple down stream nodes (representative of trial elements, such as a second
trial element and a third trial element). Responsive to determining that nodes have
connections to multiple downstream nodes, system 9400 may refrain from generating the one
or more trial arms until branching criteria has been specified.

[0228] The user may review the created study schematic, and if satisfied, proceed to interact

with input 2611 that enables generation of trial arms, where such input 2611 may represent a
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commit action performed by the user when: 1) all requirements for arm generation have been
satisfied, and 2) the user is satisfied with the study design. Responsive to receiving input
2611, graphical study designer 9406 may enable the user to view the arms of the study that
are automatically created based on the study schematic shown in user interface 260001.
However, should the user subsequently modify any aspect of the study schematic as
represented in the example of FIG. 28, the generated trial arms are invalidated and the user
may be required to initiate regeneration of the trail arms via input 2611, where again
invocation of this action may be restricted (by system 9400) until all requirements for arm
generation have been met.

[0229] FIG. 29 is a diagram showing graphical user interface 2600J, which graphical study
designer 9604 may generate responsive to receiving the input that selector 2602C was
selected. Graphical user interface 2600J replicated various icons to graphically depict each
arm of the study, where in this example, a first arm includes a screen icon coupled to the run-
in icon, which in turn is connected to the Drug A icon, a second arm includes a screen icon
coupled to the run-in icon, which in turn is connected to the placebo icon, and a third arm
includes a screen icon coupled to the run-in icon, which in turn is connected to the Drug B
icon. As such, graphical study designer 9604 may graphically represent, as a tree data
structure, a clinical study protocol, and flatten trial arms for a clinical study protocol
generated from the tree data set .

[0230] The user may next select TA dataset selector 2602D to transition to graphical user
interface 2600K, which is shown in the example of FIG. 30 and provides a list of Trial Arms
datasets in terms of trial activities.

[0231] In this respect, FIGS. 20-30 are illustrations of a GUI clinical study protocol designer
in accordance with the techniques of the disclosure. As illustrated in FIGS. 20-30 system 100
of FIG. 1 receives, from a user, an input specifying a plurality of trial elements for a study.
System 100 receives, from the user, an input arranging the plurality of trial elements into a
tree data structure. System 100 determines, based on the tree data structure of the plurality of
trial elements, one or more trial arms for the study. Each trial arm of the one or more trial
arms comprises a single path between at least one trial element of the plurality of trial
elements to at least one other trial element of the plurality of trial elements. System 100
outputs, for display to the user, the one or more trial arms for the study.

[0232] In some examples, the user begins arm design by initially defining a plurality of trial

elements. As depicted in the examples of the FIGS. 20-30, the user defines trial elements
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including screening (scrn), run-in (rn), dosage type A (DA), dosage type B (DB), and placebo
(P).

[0233] Subsequent to trial element definition, in some examples the user specifies one or
more epochs for the study. An epoch describes an interval of time in the planned conduct of a
study. As used herein, an epoch is a conceptual construct used to logically group trial
elements (also referred to herein as “study elements”) with respect to various aspects of trial
execution. An epoch is associated with a purpose and applies across all arms of the study. For
example, an epoch may be associated with a purpose such as screening, randomization, run-
in, treatment, follow-up, etc. As illustrated in the examples of FIGS. 20-30, the user specifies
a screening epoch, a run-in epoch, and a treatment epoch.

[0234] After defining one or more epochs for the study, in some examples the user specifies
each trial element for association with each epoch by dragging-and-dropping a representation
of the trial element into a representation of a corresponding epoch. Further, in some examples
the user arranges the plurality of trial elements into a tree data structure by, for each trial
element, dragging-and-dropping a unidirectional arrow from a trial element to a sequentially
subsequent trial element so as to specify an order for which the trial elements are to occur.
[0235] FIG. 31 is a flowchart illustrating example operation of the graphical study designer
in performing various aspects of the graphical study design techniques. As discussed above,
graphical study designer 9604 may initially receive, from a user, an input specifying a
plurality of trail elements for a study, and receive, again from the user, an input arranging the
plurality of trail elements into a tree data structure (2700, 2702). Graphical study designer
9604 may next determine, based on the tree data structure of the plurality of trail elements,
one or more trial arms for the study, and output, for display, the one or more trial arms for the
study (2704, 2706).

[0236] Referring back to the example of FIG. 19, lean protocol application 9402 may present
a clinical study protocol as a sequence of a plurality of stages in accordance with the
techniques of the disclosure. In today’s environment, it has become increasingly critical to
accelerate the clinical development process, maximize efficiency and drive innovation to
support the increasing complexity of trials including Platform, Adaptive, Umbrella and
Basket Trials. Within the context of a clinical trial and clinical operations processes, activities
can be accelerated through what is described herein as the “lean protocol process,” which is
based on protocol development gates from Clinical Development Plan (CDP) through to final

protocol.
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[0237] This “gated” process begins with the CDP/Protocol workflow (which may be
configurable) as the first gate when critical data is first available and enables parallel
development of the protocol, SAP and study build to begin. The early availability of critical
study data elements further triggers early and parallel development of functional plans and
process activities. Using feasibility as an example, study population, planned procedures and
reference drugs are identified at gate 1 and trigger development of the feasibility and strategy
plan. The protocol is further refined through subsequent gates, enabling early execution of
protocol feasibility to begin after gate 2 and site feasibility activities at gate 3 or protocol
level 2. The same methodology applies to other functional plan development such as data
management (DM) and monitoring. Most importantly, this lean process provides the shared
alignment and transparency to generate and address recommendations for changes to the
study design before final protocol.

[0238] The Lean Protocol process digitizes and standardizes data that is critical to the
reliability of the study findings, specifically data that supports primary and key secondary
estimands/endpoints. By prioritizing the critical domains and activities based on what is
unique to the study such as new/unique tools/procedures or safety considerations as a result
of comparator drugs or the indication, the techniques herein may drive informed decisions
and risk assessment. For example, one may consider whether there are competitive studies
that need to be considered for the study population, whether the inclusion/exclusion criteria
are open to interpretation or unclear, or whether the complexity of the study increase risks for
execution. Leveraging the early availability of the digitized study-critical elements also
facilitates study build such as EDC and RTSM systems and processes.

[0239] Critical data for reporting and analysis are also identified early on in the planning
phase, driving a potential early start on development of dashboards and reporting specs.
Therefore, the lean protocol process driven by data standards and the digital protocol
accelerates the lifecycle through to submission data sets that are consistent with the protocol.
This “intelligent automation” through the lean protocol process may drive quality,
consistency, and behaviors that focus on critical data versus the completeness and accuracy of
every data point at the expense of critical aspects. The end result provided by the lean
protocol process may enable a significant reduction of the clinical life cycle and submission
timeline driven by a systematic quality by design process.

[0240] In other words, at high-level, the Lean Protocol supports the following conceptual
requirements. Each Study instance is associated with a set of Gates. Gate configuration needs

to be supported in an aggregated manner. For example, some gates may be universally
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applied. As another example, some or all gates may be scoped by TA/Indication/Phase/etc.
(e.g., filtered condition set) with the scoping process based on a best-fit algorithm (i.e., where
a Lean Protocol definition is selected via application of filtering criteria under increasingly
less stringent rules including the potential of selecting a default definition that conforms to
none of the specified filtering criteria), or based on an additive algorithm (i.e., where a
baseline Lean Protocol definition is augmented by identification of further gates that conform
to the specified filtering criteria). Further, some gates may be custom-defined for a specific
study. Each Gate rolls up a set of Conditions (Boolean flags). Conditions may include section
locks (automated from other system functional microservices), other gates, and/or human-
settable flags. Gate approval is enabled by setting of all conditions associated with the Gate.
Further, gate approval may be tied to Workflow.

[0241] With respect to Lean Protocol Microservice 9404, each declared Gate instance
supports a fixed state machine as follows:

. In Progress: the initial state; the instance remains in this state while all gate conditions
have not been met.

. Ready for Review: state transition from In Progress is enabled once all gate
conditions have been met. This state also enables an approval workflow action. While a Gate
is in Ready for Review state, the User can also choose to revert the Gate back to In Progress

state (e.g. to force clear a Condition (section lock) because modifications are required in that

section).
° Under Review: occurs at time of approval workflow initiation
° Approved: occurs when workflow successfully completes. An Approved Gate can be

rescinded by the user as appropriate (e.g., as described in subsequent paragraph). At the time
of rescindment, the user may identify one or more Conditions that are to be unlocked, or may
choose to manually review and unlock those sections as a separate action. Depending upon
this choice, the Gate’s state will be set to In Progress (if the user selects one or more
Conditions to be unlocked at time of rescindment) or Ready for Review (if the user chooses
to defer the action of Condition review and unlock).

Similar to the Rescind path described above, if Gate approval workflow processing results in
rejection, the Gate's state may return to Ready for Review. Alternatively, the state may return
to “In Progress” with workflow-driven reset of one or more Gate Conditions based on

approver role feedback.
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[0242] Once a Gate’s Conditions are fully set, the ability for the user to submit the Gate into
its approval Workflow is enabled for that Gate. Lean Protocol microservice 9404 may also
support automated Workflow invocation as a configuration option on a per Gate basis. The
full range of Workflow configuration can be applied to Gate approval, where, for example,
the workflow may be: Logical no-op (e.g., automatically transitioned gate); simple
notification only (e.g., gate has been transitioned); or a human-driven approval process. Per
Workflow microservice design, any workflow may incorporate side actions including but not
limited to role-based notifications, invocation of external APIs.

[0243] Additionally, if a multi-phase gating approach is configured for a Lean Protocol
instance, it is possible for a locked Condition for a previously approved Gate to become
unlocked in a Phase that is downstream from a prior Phase incorporating that Condition. At
this occurrence, Lean Protocol microservice notifies (via asynchronous messages received
and acted upon by utility Notifications microservice 134) the appropriate user of this
occurrence so as to allow the user an opportunity to rescind the affected Gate approval from
the prior phase (e.g., because the unlock action resulted from a significant enough change to
the Study Design to warrant revisiting of previous downstream tasks enabled by Gate
approval) or to allow the prior phase Gate to remain in the Approved state (e.g., because the
user determines that the change is not material to the prior Gate’s approval and resulting
downstream tasks).

[0244] Also, because Conditions can be shared across multiple Gates, such a Condition
unlocking can occur for a Gate currently being processed through an Approval workflow
(e.g., because a user unlocks that Condition in the context of another Gate); when this occurs,
the Workflow microservice informs a user attempting to initiate final Gate approval that
unlocked Condition(s) exist. The user is then allowed to Reject the approval request or to
instead defer the approval decision until a later time under the assumption that the unlocked
Conditions will subsequently become relocked.

[0245] A Lean Protocol instance is itself a section within a Study definition. The Lean
Protocol section is unlocked at time of instantiation (i.e., when its parent study instance is
created), becomes locked when all of its Gates are in the Approved state, and may
subsequently become unlocked if any of its previously Approved Gates are rescinded as
described above. By specifying the Lean Protocol instance for a Study as a section of that
Study, it becomes possible to use Lean Protocol completion as a gating criteria for

submission of the Study for final approval and thereby ensuring sufficient scrutiny of all
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Study contents while at the same time enabling the efficiencies of parallel study development
task execution.

[0246] Lean Protocol microservice 9404 publishes Gate transitions to an AMQP exchange
with an appropriately specified routing key. Likewise, Lean Protocol microservice 9404
publishes messages for Condition unlock requests (and listens for peer messages that indicate
the result of unlock requests) and Lean Protocol instance lock and unlock transitions per the
previously described algorithm. Lean Protocol microservice 9404 also listens (or in other
words, monitors) for inbound section lock messages so as to effect the resulting Condition
state changes as required. This messaging enables loosely coupled integration with other
applications of system 9400. In some examples, Lean Protocol microservice 9404 state
transitions as represented by messages are loosely integrated into existing application
integration points of system 9404, e.g., a user attempting to submit a Study Protocol Version
for approval may be prevented from that submission if Lean Protocol is installed and the
Lean Protocol section is unlocked as described in the prior paragraph.

[0247] For Gate/Condition configuration, one applies Study attribute filters to configuration
instance (e.g., a Phase 2 trial may establish different gates than a Phase 3 trial, different gates
may be set for Oncology vs. Nervous System Disorders Therapeutic Area). Gate definitions
are allowed to share Conditions. It is the responsibility of the microservice to ensure fanout of
condition state change to all specified Gate instances for a Study.

[0248] With respect to UI presentation, Lean Protocol application 9402 may display a Study-
specific page presenting all Gates for a Study including Gate status (e.g., In Progress, Ready
for Review, Under Review, Approved). When Gate status is Under Review, the user may
view and/or launch a current Workflow request form status from the UI of Lean Protocol
application 9402.

[0249] Lean Protocol application 9402 may display, for each Gate, a list of associated
Conditions and their current states. A Gate/Conditions pattern may be implemented in part by
using existing dynamic page/section/element generation library components. Other fixed
behavior aspects of the platform (e.g., schedule of activities application 114) may also be
used to provision a Condition or Conditions into the Lean Protocol application 9402 and lean
protocol microservice 9404. A user may launch into another application of system 9400 from
a Condition (e.g.,. hyperlink that opens new tab to the relevant Study and Protocol Elements
section, Schedule of Activities, etc.). Lean Protocol application 9402 may provide

permissions-based edit control over any human-settable condition values. In some examples,
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Ul framework 102 implements a graphical dashboard that presents Gate status, dates and
comments associated with gate states for all Studies.

[0250] UI framework 102 may present a cross-study dashboard GUI that presents a bird’s
eye view of statuses across a large number of protocols based on underlying Lean Protocol
gate status. Specifically, the x-axis of the cross-study dashboard may define a plurality of
study protocols and the y-axis of the cross-study dashboard GUI may provide a plurality of
gates. The column, row entry depicts a status of a gate for a corresponding study protocol.
[0251] When Lean Protocol microservice 9404 is present, once a section lock is set within a
StudyProtocol Version the lock may in some examples be reset only via Lean Protocol
activity as described above. In some examples, AMQP is used to communicate between Lean
Protocol microservice 9404 and functional (section lock managing) microservices of system
100. For example, as a result of user input via the Lean Protocol application 9402, system
100 may require a Condition unlock action to be done on the Gate dashboard, which would
send a message to a known topic. Any listeners can then decide what to do with that
information. For example, Study Design microservice 126 may then unlock the affected
section, emitting an Unlocked message into AMQP which is in turn received and acted upon
by Lean Protocol microservice 9404. A corollary to this approach is that section locks are
one-way within the scope of the functional microservice/application stack (where, in other
words, once a section is locked, such section may only be unlocked via the Lean Protocol
app/microservice 9402/9404 stack per above when present).

[0252] Section unlock controls within functional application may be modal based on
presence/absence of Lean Protocol application 9402 (e.g., if Lean Protocol application 9402
is not present, then unlock action needs to be enabled via permission within the functional
app). Gate status may be wired into StudyProtocol Version approval action (e.g., one may not
initiate Study approval for original or amendment until all Gates for that Study are approved).
Study Amendment creation may implement a dialog that allows a user to determine which
Locks are to be reset upon instantiation of the new Amendment.

[0253] FIG. 32 is a diagram illustrating a graphical user interface that includes statuses of a
plurality of gates for a single study. As shown in the example of FIG. 32, graphical user
interface 2800 presents a chart in which the x-axis illustrates a plurality of conditions and the
y-axis illustrates a plurality of gates. The column, row entry depicts a status of a gate for a
corresponding condition of the study protocol.

[0254] FIG. 33 is a diagram illustrating an example conceptual representation of a clinical

study protocol as a sequence of a plurality of stages as applied to typical study planning
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activities in accordance with the techniques of the disclosure. In the example of FIG. 33,
conceptual representation 2900 shows a bird’s eye view of various gating “swim lanes” (also
referred to herein as “lanes”) specifying downstream process categories associated with
Study Protocol implementation. In the example shown in FIG. 33, there are eight example
process categories listed down the vertical axis (and repeated below): Feasibility and
Recruitment, IDMP/CDR, Risk-Based Monitoring, Clinical Development Risk Management,
Medical Standards, Environment for Clinical Data, Clinical Supply Management, and CTA
Submission. Each diamond in a swimlane equates to a Lean Protocol Gate, and the swimlanes
themselves equate to Lean Protocol Gate Categories. Such process categories are provided by
examples only. In other examples, customers may use these processes, other processes not
expressly described herein, or provide their own custom-defined processes or swim lanes in
accordance with the techniques of the disclosure.

[0255] FIG. 34 is an illustration of an example process flow representation of a clinical study
protocol that is represented as a sequence of a plurality of stages in accordance with the
techniques of the disclosure. For example, FIG. 34 depicts a graphical user interface 3000 of
an example process flow against one “swimlane” of the overall Study planning process of
FIGS. 33. GUI 3000 of FIG. 34 illustrates how one swimlane (e.g., Feasibility and
Recruitment) might be implemented within a Lean Protocol configuration. The three objects
in the Requirements row equate to Gates, and the list within each object equates to the set of
Conditions required to fulfill the Gate requirements. Specifically, when mapped to an
example configuration, the Gate entitled “Protocol Level 1”7 in the diagram depends upon the
following Study Protocol Version sections being locked: Study Planning, Trial Arms,
Planned Intervention, Interventions, Objectives and Endpoints, Inclusion Criteria, and
Exclusion Criteria. Other swim lanes as represented in FIG. 33 may have similar process flow
representations.

[0256] In some examples, a Lean Protocol configuration may also be defined to represent the
aggregation of stages across swim lanes by introducing a “closing gate” for each stage, where
the closing gate’s conditions are made up of the aggregation of swim lane gates for the stage.
In the example of FIG. 33, each of the bottom eight rows of the diagram represents a swim
lane, and the vertical bars labeled “Protocol Level 17, “Protocol Level 2” and “Final
Protocol” represent stages.

[0257] Lean protocol application 9402 may also present GUISs that depict sections/conditions
within a clinical study protocol that are in turn consumed by Lean Protocol gates in

accordance with the techniques of the disclosure. The GUI may be configured via the
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dynamic properties mechanism described above. Feasibility and Recruitment is incrementally
specified/refined in three stages as part of Study planning work. Each stage represents a Gate
with Conditions, where the Protocol Level 2 Gate builds upon the Key Deliverables enabled
by Protocol Level 1 Gate approval (and whose Gate contents are influenced by those Key
Deliverables as shown by the flow arrow from Level 1 Key Deliverables to Level 2 Protocol),
and likewise Protocol Level 3 builds upon the results of Protocol Level 2. This allows for the
incremental buildout of downstream process swim lanes. The figures provided represent
examples of sections that are relevant to Level 1 Feasibility and Recruitment.

[0258] Lean protocol application 9402 and lean protocol microservices 9404 may also
operate according to a state machine for a sequence of a plurality of stages defining a clinical
study protocol in accordance with the techniques of the disclosure. A gate may be in 4
possible states:

1. Not all gate conditions are met. (Indicated by “In Progress”).

2. All gate conditions are met. (Indicated by “Ready to Review”).

3. Gate approval workflow started. (Indicated by “Under Review”).

4. Gate approved. (Indicated by “Approved”).

[0259] FIGS. 35 and 36 are illustrations of an example GUI that presents a clinical study
protocol as a sequence of a plurality of stages in accordance with the techniques of the
disclosure. FIG. 35 is an example GUI 3100A representing how a user may invoke Lean
Protocol application 9402 of FIG. 19 from a dashboard interface representing a plurality of
clinical study protocols.

[0260] As illustrated in FIGS. FIG. 36, graphical user interface 3100B includes a graphical
elements 3102A-3102D, each of which represents protocol gates, where each Study Protocol
Version can have a number of protocol gates. Each protocol gate depends on a set of gate
conditions. Gate conditions can be of three types:

1. Conditions depending on protocol sections (e.g., locked, unlocked).

2. Conditions depending on other gates (e.g., locked, unlocked).

3. Manual conditions.

The set of conditions and gates can be configured optionally depending on study attributes
(phase, trial arm, etc.).

[0261] In some examples, FIG. 36 may depict conceptual diagram 3100B that is substantially
similar to conceptual diagram 2900 depicted in FIG. 33. However, conceptual diagram
3100B also includes a Gate Review Status graphical element 3104A and a Process Sections

graphical element 3104B . Gate Review Status graphical element 3104A may provide a way
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by which to capture Lean Protocol Owner notes on gate activities. The Process Sections
graphical element 3104B may represent a way by which to present information and status
about downstream clinical study planning activities triggered by completion of a Lean
Protocol gate.

[0262] FIG. 37 is a flowchart illustrating example operation of the system shown in FIG. 19
in performing various aspects of the lean protocol techniques described in this disclosure. As
shown in the example of FIG. 37, lean protocol application9402 and/or lean protocol
microservice 3404 (which may be denoted as lean protocol system 9402/9404) may define a
data model comprising metadata that specifies a data standard representative of requirements
for regulatory-compliant exchange of data between entities (3200). As described above, the
data model includes one or more client objects, each client object specifying a sequence of a
plurality of gates for a process of a clinical research study protocol, where each gate of the
plurality of gates defines one or more conditions for completion of the gate. Lean protocol
system 9402/9404 may then express the data model to define the clinical research study
protocol (3202).

[0263] As such, various aspects of the techniques may enable one or more of the following
examples:

[0264] Example Al. A method comprising: defining, by processing circuitry, a data model
comprising metadata that specifies a data standard representative of requirements for
regulatory-compliant exchange of data between entities, wherein the data model includes one
or more client business objects, each client business object specifying one or more study
events or associated study elements, and each study event of the one or more study events
specifying one or more study activities to be executed for the study event, and wherein the
data model includes one or more properties for each of the client business objects that
organize the client business objects into one or more property groups, and expressing, by the
processing circuitry, the data model to define one or more templates for a clinical research
study comprising a sequence of the one or more study events.

[0265] Example A2. The method of example 1, wherein expressing the data model to define
one or more templates for a clinical research study comprising the sequence of the one or
more study events comprises: expressing the data model to define one or more templates for
at least one study objective and at least one study endpoint; and parameterizing the one or
more templates for at least one study objective and at least one study endpoint to obtain the

sequence of the one or more study events.
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[0266] Example A3. The method of any of examples A1-A2, further comprising
parameterizing, by the processing circuitry, the one or more templates for the clinical
research study to obtain a schedule of study activities to be executed for each study event of
the sequence of the one or more study events.

[0267] Example A4. The method of any of examples A1-A3, wherein expressing the data
model to define one or more templates comprises expressing the one or more properties for
each of the client business objects to define: one or more study objective templates; and one
or more study endpoint templates.

[0268] Example AS. The method of any of examples A1-A4, wherein the data model
conforms to a data description language and specifies which data elements must be collected
and a format in which the data elements are to be collected.

[0269] Example A6. The method of any of examples A1-AS, further comprising storing, by
the processing circuitry, the data model in an International Organization for Standardization
(ISO) 11179-based metadata registry (MDR) database.

[0270] Example A7. The method of any of examples A1-A6, wherein each study activity of
the one or more study activities is selected from a group comprising at least: a clinical
treatment or procedure to be performed on a subject; a data element to be measured from the
subject; or non-treatment related data of the subject.

[0271] Example A8. The method of any of examples A1-A7, wherein each property of the
one or more properties specifies a value for a property type for the property, the property type
selected from a group comprising at least: a date; a time; a string; a uniform resource locator
(URL); a Boolean; a member of an pre-defined list; or an integer;

[0272] Example A9. The method of any of examples A1-A8, wherein each of the one or
more properties are strongly typed.

[0273] Example A10. The method of any of examples A1-A9, wherein each of the one or
more properties specifies a dependent relationship to another property of the one or more
properties.

[0274] Example A11. The method of any of examples A1-A10, wherein each property group
of the one or more property groups specifies at least one of: an ordinality of the property
group in a property group hierarchy; or a microservice associated with the property group.
[0275] Example A12. The method of any of examples A1-A11, wherein each property group
of the one or more property groups comprise one of: a clinical research study; a clinical
research study protocol; a clinical research study version; a clinical research study design; or

a clinical research study arm.
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[0276] Example A13. A computing device configured to perform the method of any of
examples A1-A12.

[0277] Example A14. A computing device comprising means for performing the method of
any of examples A1-A12.

[0278] Example A15. A system configured to perform the method of any of examples Al-
Al2.

[0279] Example B1. A method comprising: retrieving, by processing circuitry and from a
regulatory database, a template based on a governance process; receiving, by the processing
circuitry and via a user interface, input from a user; parameterizing, by the processing
circuitry, the template based on the governance process with the user input to create a
parameterized template; and storing, by the processing circuitry, the parameterized template
in a database.

[0280] Example B2. The method of example B1, further comprising: generating, by the
processing circuitry and based on the parameterized template, at least one study objective and
at least one study endpoint for a clinical research study; generating, by the processing
circuitry and based on the at least one study objective and the at least one study endpoint, a
sequence of one or more study events specifying one or more study activities to be executed
for the study event; and exporting, by the processing circuitry and to the regulatory database,
metadata for the clinical research study.

[0281] Example B3. The method of example B2, wherein exporting the metadata for the
clinical research study comprises: retrieving, by the processing circuitry and from the
database, a graph data structure representative of the clinical research study; generating, by
the processing circuitry and from the graph data structure representative of the clinical
research study, a tree data structure representative of the metadata for the clinical research
study; and storing, by the processing circuitry and in the regulatory database, the tree data
structure representative of the metadata for the clinical research study.

[0282] Example B4. The method of any of examples B2—B3, wherein exporting the metadata
for the clinical research study comprises exporting the metadata for the clinical research
study according to a predefined file format.

[0283] Example B5. The method of any of examples B2—B4, further comprising defining, by
the processing circuitry and based on the parameterized template, a database for storing data
collected for the clinical research study.

[0284] Example B6. The method of any of examples B1-BS5, wherein the template based on

the governance process comprises a clinical research study objective template, and wherein
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parameterizing the template comprises parameterizing the clinical research study objective
template to obtain one or more study objectives for a clinical research study.

[0285] Example B7. The method of any of examples B1-B6, wherein the template based on
the governance process comprises a clinical research study endpoint template, and wherein
parameterizing the template comprises parameterizing the clinical research study objective
template to obtain one or more study endpoints for a clinical research study.

[0286] Example B8. The method of any of examples B1-B7, wherein the regulatory database
comprises a metadata registry (MDR) database.

[0287] Example B9. The method of example B8, wherein the MDR database comprises an
International Organization for Standardization (ISO) 11179-based MDR database.

[0288] Example B10. The method of any of examples B1-B9, wherein the database is
configured to receive a GraphQL query or mutation.

[0289] Example B11. A computing device configured to perform the method of any of
examples B1-B10.

[0290] Example B12. A computing device comprising means for performing the method of
any of examples B1-B10.

[0291] Example B13. A system configured to perform the method of any of examples B1-
B10.

[0292] Example C1. A method for copying a first node of a tree data structure, the method
comprising: duplicating, by processing circuitry, a first node to create a duplicate node,
wherein the first node comprises an inbound edge to a parent node of the first node and at
least one outbound edge to at least one child node of the first node; creating, by the
processing circuitry, an inbound edge of the duplicate node to the parent node of the first
node and an outbound edge to the at least one child node of the first node; receiving, by the
processing circuitry, an update to the at least one child node of the first node; in response to
determining that the at least one child node has multiple parent nodes: duplicating, by the
processing circuitry, the at least one child node to create a duplicate child node; creating, by
the processing circuitry, an outbound edge of the duplicate node to the duplicate child node;
deleting, by the processing circuitry, the outbound edge of the duplicate node to the at least
one child node; and performing, by the processing circuitry, the update to the at least one
child node.

[0293] Example C2. The method of example 1, further comprising: duplicating, by the
processing circuitry, one or more child nodes of the child node to create one or more

duplicate child nodes of the child node; and creating, by the processing circuitry, an outbound
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edge of the duplicate child node to each of the one or more duplicate child nodes of the child
nodes.

[0294] Example C3. A method for deleting a first node of a tree data structure, the method
comprising: determining, by processing circuitry, that the first node has multiple parent
nodes, wherein the first node comprises multiple inbound edges from the multiple parent
nodes of the first node and at least one outbound edge to at least one child node of the first
node; in response to determining that the first node has multiple parent nodes: determining,
by the processing circuitry, a closest superior ancestor node of the first node that has only a
single parent node: duplicating, by the processing circuitry, the superior ancestor node of the
first node to create a duplicate superior ancestor node; duplicating, by the processing
circuitry, a branch descending from the superior ancestor node of the first node to create a
duplicate branch descending from the duplicate superior ancestor node, wherein the duplicate
branch descending from the duplicate superior ancestor node duplicates nodes and edges of
the branch descending from the superior ancestor node of the first node; and deleting, by the
processing circuitry, the first node and any inferior descendent nodes of the first node.

[0295] Example C4. A method for deleting a first node of a tree data structure, the method
comprising: determining, by processing circuitry, that the first node comprises at least one
outbound edge to at least one child node of the first node, wherein the first node comprises an
inbound edge to a parent node of the first node; determining, by the processing circuitry and
based on inbound edges of the at least one child node to the first node and to a second node,
that the at least one child node has multiple parent nodes; and deleting, by the processing
circuitry, the first node, an outbound edge of the parent node to the first node, and the
inbound edges of the at least one child node to the first node.

[0296] Example C5. The method of any of examples C1-C4, further comprising: retrieving,
by the processing circuitry, the tree data structure from a storage medium; updating, by the
processing circuitry, the tree data structure with data for the first node; and storing, by the
processing circuitry, the updated tree data structure.

[0297] Example C6. The method of any of examples C1-C5, wherein the first node
comprises data for one of a study, a study protocol, a study protocol version, a study design,
or a study schedule.

[0298] Example C7. The method of any of example C1-C6, wherein the first node comprises
data for one of a clinical research study, a clinical research study protocol, a clinical research
study protocol version, a clinical research study design, a clinical research study schedule, or

a clinical research study arm.
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[0299] Example C8. A computing device configured to perform the method of any of
example C1-C7.

[0300] Example C9. A computing device comprising means for performing the method of
any of examples C1-C7.

[0301] Example C10. A system configured to perform the method of any of examples C1-
C7.

[0302] Example D1. A method comprising: retrieving, by processing circuitry and from a
regulatory database, a template based on a governance process; receiving, by the processing
circuitry and via a user interface, input from a user; parameterizing, by the processing
circuitry, the template based on the governance process with the user input to create a
parameterized template; and generating, by the processing circuitry and based on the
parameterized template, a clinical research study comprising a sequence of one or more study
events specifying one or more study activities to be executed for the one or more study
events; and presenting, by the processing circuitry, via the user interface, and to the user, the
clinical research study.

[0303] Example D2. The method of example D1, wherein the clinical research study further
comprises one or more study elements associated with the one or more study events.

[0304] Example D3. The method of any of examples D1-D2, wherein generating, based on
the parameterized template, the clinical research study comprising the sequence of one or
more study events comprises: generating, based on the parameterized template, at least one
study objective and at least one study endpoint for the clinical research study; and generating,
based on the at least one study objective and the at least one study endpoint for the clinical
research study, the sequence of the one or more study events specifying the one or more
study activities to be executed for the study event.

[0305] Example D4. The method of any of examples D1-D3, wherein parameterizing the
template based on the governance process with the user input to create the parameterized
template comprises: displaying, by the processing circuitry, via the user interface, and to the
user, one or more input types and one or more values for each of the one or more input types,
and receiving, via the user interface and from the user, a selection of a value of the one or
more values for each of the one or more input types; and parameterizing the template based
on the governance process with the selection of the value of the one or more values for each
of the one or more input types to create the parameterized template.

[0306] Example D5S. The method of any of examples D1-D4, wherein receiving the input

from the user comprises receiving a user input specifying a selection of one or more values
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for: one or more study protocol elements; one or more study design elements; or one or more
study model elements.

[0307] Example D6. The method of any of examples D1-DS5, wherein receiving the input
from the user comprises receiving a user input specifying one or more secondary or
exploratory study objectives or one or more secondary or exploratory study endpoints.
[0308] Example D7. The method of any of examples D1-D6, further comprising:
determining, by the processing circuitry, a cost estimate for the one or more study activities
to be executed for each study event of the one or more study events; determining, by the
processing circuitry and based on the cost estimate for the one or more study activities to be
executed for each study event of the one or more study events, a total cost estimate for the at
least one study endpoint; and displaying, by the processing circuitry and via the user
interface, the cost estimate for the one or more study activities to be executed for each study
event of the one or more study events and the total cost estimate for the at least one study
endpoint.

[0309] Example D8. The method of any of examples D1-D7, further comprising:
determining, by the processing circuitry and based on the sequence of the one or more study
events, a timeline for the clinical research study; and displaying, by the processing circuitry
and via the user interface, the timeline for the clinical research study.

[0310] Example D9. The method of example D8, wherein the timeline further comprises a
schedule for each of the one or more study activities to be executed for each study event of
the one or more study events.

[0311] Example D10. The method of any of examples D1-D9, wherein presenting, via the
user interface, the clinical research study comprises presenting, via user interface embedded
within a dashboard web application, the clinical research study.

[0312] Example D11. The method of any of examples D1-D10, further comprising:
generating, by the processing circuitry and based on the parameterized template, one or more
reporting criteria for the clinical research study; and displaying, by the processing circuitry
and via the user interface, one or more reporting criteria for the clinical research study.
[0313] Example D11. A computing device configured to perform the method of any of
examples D1-D11.

[0314] Example D12. A computing device comprising means for performing the method of
any of examples D1-D11.

[0315] Example D13. A system configured to perform the method of any of examples D1-
DII1.
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[0316] Example 1E. A method comprising: defining, by processing circuitry, a data model
comprising metadata that specifies a data standard representative of requirements for
regulatory-compliant exchange of data between entities, wherein the data model includes one
or more client objects, each client object specifying a sequence of a plurality of gates for a
process of a clinical research study protocol, wherein each gate of the plurality of gates
defines one or more conditions for completion of the gate; and expressing, by the processing
circuitry, the data model to define the clinical research study protocol.

[0317] Example 2E. The method of example 1E, wherein the method further comprises:
outputting, by the processing circuitry, an indication that the process of the clinical research
study protocol is at a first gate of the sequence of the plurality of gates; determining, by the
processing circuitry, that one or more conditions of the first gate are satisfied; determining,
by the processing circuitry and in response to determining that each of the one or more
conditions of the first gate are satisfied, that the first gate is completed; only after determining
that the first gate is completed; outputting an indication that the clinical research study
protocol is at a second gate of the sequence of the plurality of gates subsequent to the first
gate.

[0318] Example 3E. The method of example 2E, wherein determining that one or more
conditions of the first gate are satisfied comprises: receiving, via a user interface application
executed by the processing circuitry and from one or more first users, data associated with the
first gate; displaying, via the user interface application and to one or more second users, the
data associated with the first gate; receiving, via the user interface application and from the
one or more second users, an indication that the one or more conditions of the first gate are
satisfied; transmitting, by the user interface application and to a microservice executed by the
processing circuitry, the indication that the one or more conditions of the first gate are
satisfied; and wherein determining, in response to determining that each of the one or more
conditions of the first gate are satisfied, that the first gate is completed comprises:
determining, by the microservice and in response to the indication from the user interface
application that that the one or more conditions of the first gate are satisfied, that the first gate
is completed.

[0319] Example 4E. The method of example 3E, wherein transmitting, by the user interface
application and to the microservice, the indication that the one or more conditions of the first
gate are satisfied comprises transmitting, by the user interface application and according to a
guaranteed messaging protocol, the indication that the one or more conditions of the gate are

satisfied.
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[0320] Example SE. The method of any of examples 1E through 4E, further comprising:
outputting, by the processing circuitry, a representation of the sequence of the plurality of
gates, wherein the representation of the sequence of the plurality of gates comprises: a
representation of each gate of the sequence of the plurality of gates; and a representation of
each condition of the one or more conditions of each gate of the sequence of the plurality of
gates.

[0321] Example 6E. The method of example SE, wherein the representation of the sequence
of the plurality of gates further comprises a status of each gate of the sequence of the plurality
of gates; and a status of each condition of the one or more conditions of each gate of the
sequence of the plurality of gates.

[0322] Example 7E. The method of any of examples SE through 6E, wherein the
representation of the sequence of the plurality of gates comprises a grid representation of
each gate of the sequence of the plurality of gates and each condition of the one or more
conditions of each gate of the sequence of the plurality of gates.

[0323] Example 8E. The method of any of examples SE through 7E, wherein outputting the
representation of the sequence of the plurality of gates comprises outputting, for display on a
dashboard of a web browser, the representation of the sequence of the plurality of gates.
[0324] Example 9E. The method of any of examples 1E through 8E, wherein each client
business object specifies a plurality of processes (e.g., “swimlanes”), each process of the
plurality of processes comprising an independent sequence of a plurality of gates for the
clinical research study protocol.

[0325] Example 10E. The method of claim 9, wherein the sequence of the plurality of gates
further comprises a closing gate for each process of the of the plurality of processes, such that
completion of the closing gate for the corresponding process is indicative that the process has
completed.

[0326] Example 11E. The method of any of examples 9E through 10E, wherein the plurality
of processes comprise at least one of: a process comprising a sequence of a plurality of
feasibility and recruitment stages for the clinical research study protocol; a process
comprising a sequence of a plurality of Identification of Medicinal Products (IDMP) or
Clinical Decision Rule (CDR) stages for the clinical research study protocol; a process
comprising a sequence of a plurality of risk-based monitoring stages for the clinical research
study protocol; a process comprising a sequence of a plurality of clinical development risk
management stages for the clinical research study protocol; a process comprising a sequence

of a plurality of medical standards stages for the clinical research study protocol; a process
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comprising a sequence of a plurality of environment for clinical data stages for the clinical
research study protocol; a process comprising a sequence of a plurality of clinical supply
mission stages for the clinical research study protocol; or a process comprising a sequence of
a plurality of Clinical Trial Agreement (CTA) submission stages for the clinical research
study protocol.

[0327] Example 12E. The method of any of examples 1E through 11E, further comprising
receiving, by the processing circuitry and from a user, an input defining: at least one gate of
the sequence of the plurality of gates; or at least one condition of the one or more conditions
for at least one gate of the sequence of the plurality of gates.

[0328] Example 13E. A device comprising processing circuitry configured to: define a data
model comprising metadata that specifies a data standard representative of requirements for
regulatory-compliant exchange of data between entities, wherein the data model includes one
or more client objects, each client object specifying a sequence of a plurality of gates for a
process of a clinical research study protocol, wherein each gate of the plurality of gates
defines one or more conditions for completion of the gate; and express the data model to
define the clinical research study protocol.

[0329] Example 14E. The device of example 13E, configured to perform the method of any
of examples 1E through 12E.

[0330] Example 15E. A system comprising the device of any of examples 13 through 14.
[0331] Example 16E. A non-transitory, computer-readable medium comprising instructions
that, when executed, are configured to cause processing circuitry to: define a data model
comprising metadata that specifies a data standard representative of requirements for
regulatory-compliant exchange of data between entities, wherein the data model includes one
or more client objects, each client object specifying a sequence of a plurality of gates for a
process of a clinical research study protocol, wherein each gate of the plurality of gates
defines one or more conditions for completion of the gate; and express the data model to
define the clinical research study protocol.

[0332] Example 17E. The computer-readable medium of example 16E, wherein the
processing circuitry is configured to perform the method of any of examples 1E through 12E.
[0333] Example 1F. A method comprising: receiving, by processing circuitry and from a
user, an input specifying a plurality of trial elements for a study; receiving, by the processing
circuitry and from the user, an input arranging the plurality of trial elements into a tree data
structure; determining, by the processing circuitry based on the tree data structure of the

plurality of trial elements, one or more trial arms for the study, each trial arm of the one or
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more trial arms comprising a single path between at least one trial element of the plurality of
trial elements to at least one other trial element of the plurality of trial elements; and
outputting, by the processing circuitry and for display, the one or more trial arms for the
study.

[0334] Example 2F. The method of example 1F, wherein the method further comprises:
displaying, by the processing circuitry, a graphical user interface comprising: a representation
of a template area; a plurality of representations of trial elements positioned within the
template area; and a representation of a workspace area;

[0335] Example 3F. The method of example 2F, wherein receiving the input specifying the
plurality of trial elements for the study comprises: receiving, by the processing circuitry and
from the user, an input from the user specifying movement of at least some of the plurality of
the representations of trial elements from the representation of the template area to the
representation of the workspace area.

[0336] Example 4F. The method of example 3F, wherein the input from the user specifying
the movement of the at least some of the plurality of the representations of trial elements
from the representation of the template area to the representation of the workspace area
comprises an input specifying a drag-and-drop operation to move the at least some of the
plurality of the representations of trial elements from the representation of the template area
to the representation of the workspace area.

[0337] Example SF. The method of any of examples 2F through 4F, wherein each
representation of the plurality of the representations of trial elements comprise at least one
anchor point, and wherein the input arranging the plurality of trial elements into a tree data
structure comprises an input specifying a drag-and-drop operation to drag a connection
between a first anchor point of a first representation of a first trial element of the plurality of
the representations of trial elements to a second anchor point of a second representation of a
second trial element of the plurality of the representations of trial elements, the input
indicating a parent-child relationship of the first trial element to the second trial element.
[0338] Example 6F. The method of any of examples 1F through SF, wherein outputting, for
display, the one or more trial arms for the study comprises outputting, for display on a
dashboard of a web browser, the one or more trial arms for the study.

[0339] Example 7F. The method of any of examples 1F through 7F, further comprising
outputting, by the processing circuitry, at least one of: a trial arm dataset for the one or more

trial arms for the study; or a trial element dataset for the one or more trial arms for the study
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[0340] Example 8F. The method of any of examples 1F through 7F, wherein receiving the
input specifying the plurality of trial elements comprises receiving an input specifying a
selection of a plurality of pre-defined trial elements for the study.

[0341] Example 9F. The method of any of examples 1F through 7F, wherein receiving the
input specifying the plurality of trial elements comprises receiving an input defining a
plurality of custom trial elements for the study.

[0342] Example 10F. The method of any of examples 1F through 9F, wherein determining,
based on the tree data structure of the plurality of trial elements, the one or more trial arms
for the study comprises: deterministically traversing of the tree data structure of the plurality
of trial elements to obtain one or more paths from a root of the tree data structure to a unique
leaf of the tree data structure; and defining, based on the one or more paths, the one or more
trial arms for the study, each trial arm of the one or more trial arms corresponding to each
path of the one or more paths.

[0343] Example 11F. The method of any of examples 1F through 10F, wherein the tree data
structure comprises a single parent, single root tree data structure.

[0344] Example 12F. A device comprising processing circuitry configured to: receive, from a
user, an input specifying a plurality of trial elements for a study; receive, from the user, an
input arranging the plurality of trial elements into a tree data structure; determine, based on
the tree data structure of the plurality of trial elements, one or more trial arms for the study,
each trial arm of the one or more trial arms comprising a single path between at least one trial
element of the plurality of trial elements to at least one other trial element of the plurality of
trial elements; and output, for display, the one or more trial arms for the study.

[0345] Example 13F. The device of example 12F, further configured to perform the method
of any of examples 1F through 11F.

[0346] Example 14F. A system comprising the device of any of examples 12F through 13F.
[0347] Example 15F. A non-transitory, computer-readable medium comprising instructions
that, when executed, are configured to cause processing circuitry to: receive, from a user, an
input specifying a plurality of trial elements for a study; receive, from the user, an input
arranging the plurality of trial elements into a tree data structure; determine, based on the tree
data structure of the plurality of trial elements, one or more trial arms for the study, each trial
arm of the one or more trial arms comprising a single path between at least one trial element
of the plurality of trial elements to at least one other trial element of the plurality of trial

elements; and output, for display, the one or more trial arms for the study.
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[0348] Example 16F. The computer-readable medium of example 15F, wherein the
processing circuitry is configured to perform the method of any of examples 1F through 11F.
[0349] The techniques described in this disclosure may be implemented, at least in part, in
hardware, software, firmware or any combination thereof. For example, various aspects of the
described techniques may be implemented within one or more processors, including one or
more microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), or any other equivalent integrated
or discrete logic circuitry, as well as any combinations of such components. The term
“processor” or “processing circuitry” may generally refer to any of the foregoing logic
circuitry, alone or in combination with other logic circuitry, or any other equivalent circuitry.
A control unit comprising hardware may also perform one or more of the techniques of this
disclosure.

[0350] Such hardware, software, and firmware may be implemented within the same device
or within separate devices to support the various operations and functions described in this
disclosure. In addition, any of the described units, modules or components may be
implemented together or separately as discrete but interoperable logic devices. Depiction of
different features as modules or units is intended to highlight different functional aspects and
does not necessarily imply that such modules or units must be realized by separate hardware
or software components. Rather, functionality associated with one or more modules or units
may be performed by separate hardware or software components, or integrated within
common or separate hardware or software components.

[0351] The techniques described in this disclosure may also be embodied or encoded in a
computer-readable medium, such as a computer-readable storage medium, containing
instructions. Instructions embedded or encoded in a computer-readable storage medium may
cause a programmable processor, or other processor, to perform the method, e.g., when the
instructions are executed. Computer readable storage media may include random access
memory (RAM), read only memory (ROM), programmable read only memory (PROM),
erasable programmable read only memory (EPROM), electronically erasable programmable
read only memory (EEPROM), flash memory, a hard disk, a CD-ROM, a floppy disk, a
cassette, magnetic media, optical media, or other computer readable media.

[0352] Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

defining, by processing circuitry, a data model comprising metadata that specifies a
data standard representative of requirements for regulatory-compliant exchange of data
between entities,

wherein the data model includes one or more client objects, each client object
specifying a sequence of a plurality of gates for a process of a clinical research study
protocol,

wherein each gate of the plurality of gates defines one or more conditions for
completion of the gate; and

expressing, by the processing circuitry, the data model to define the clinical research

study protocol.

2. The method of claim 1, wherein the method further comprises:

outputting, by the processing circuitry, an indication that the process of the clinical
research study protocol is at a first gate of the sequence of the plurality of gates;

determining, by the processing circuitry, that one or more conditions of the first gate
are satisfied;

determining, by the processing circuitry and in response to determining that each of
the one or more conditions of the first gate are satisfied, that the first gate is completed,

only after determining that the first gate is completed; outputting an indication that the
clinical research study protocol is at a second gate of the sequence of the plurality of gates

subsequent to the first gate.

3. The method of claim 2,

wherein determining that one or more conditions of the first gate are satisfied
comprises:

receiving, via a user interface application executed by the processing circuitry and
from one or more first users, data associated with the first gate;

displaying, via the user interface application and to one or more second users, the data
associated with the first gate;

receiving, via the user interface application and from the one or more second users, an

indication that the one or more conditions of the first gate are satisfied;
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transmitting, by the user interface application and to a microservice executed by the
processing circuitry, the indication that the one or more conditions of the first gate are
satisfied; and

wherein determining, in response to determining that each of the one or more
conditions of the first gate are satisfied, that the first gate is completed comprises:

determining, by the microservice and in response to the indication from the user
interface application that the one or more conditions of the first gate are satisfied, that the

first gate is completed

4. The method of claim 3, wherein transmitting, by the user interface application and to
the microservice, the indication that the one or more conditions of the first gate are satisfied
comprises transmitting, by the user interface application and according to a guaranteed

messaging protocol, the indication that the one or more conditions of the gate are satisfied.

5. The method of claim 3, wherein determining that the first gate is completed
comprises:

determining, by the microservice, in response to the indication from the user
application that the one or more conditions of the first gate are satisfied, whether a workflow
has been completed; and

determining, responsive to determining that the workflow was completed, that the

first gate is completed.

6. The method of claim 1, further comprising:

outputting, by the processing circuitry, a representation of the sequence of the
plurality of gates, wherein the representation of the sequence of the plurality of gates
comprises:

a representation of each gate of the sequence of the plurality of gates; and

a representation of each condition of the one or more conditions of each gate of the

sequence of the plurality of gates.
7. The method of claim 6, wherein the representation of the sequence of the plurality of

gates further comprises:

a status of each gate of the sequence of the plurality of gates; and
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a status of each condition of the one or more conditions of each gate of the sequence

of the plurality of gates.

8. The method of claim 6, wherein the representation of the sequence of the plurality of
gates comprises a grid representation of each gate of the sequence of the plurality of gates
and each condition of the one or more conditions of each gate of the sequence of the plurality

of gates.

9. The method of claim 6, wherein outputting the representation of the sequence of the
plurality of gates comprises outputting, for display on a dashboard of a web browser, the

representation of the sequence of the plurality of gates.

10. The method of claim 1, wherein each client object specifies a plurality of processes,
each process of the plurality of processes comprising an independent sequence of a plurality

of gates for the clinical research study protocol.

11. The method of 10, wherein the sequence of the plurality of gates further comprises a
closing gate for each process of the of the plurality of processes, such that completion of the

closing gate for the corresponding process is indicative that the process has completed.

12. The method of claim 10, wherein the plurality of processes comprise at least one of:

a process comprising a sequence of a plurality of feasibility and recruitment stages for
the clinical research study protocol;

a process comprising a sequence of a plurality of Identification of Medicinal Products
(IDMP) or Clinical Decision Rule (CDR) stages for the clinical research study protocol;

a process comprising a sequence of a plurality of risk-based monitoring stages for the
clinical research study protocol;

a process comprising a sequence of a plurality of clinical development risk
management stages for the clinical research study protocol;

a process comprising a sequence of a plurality of medical standards stages for the
clinical research study protocol;

a process comprising a sequence of a plurality of environment for clinical data stages

for the clinical research study protocol;
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a process comprising a sequence of a plurality of clinical supply mission stages for the
clinical research study protocol; or
a process comprising a sequence of a plurality of Clinical Trial Agreement (CTA)

submission stages for the clinical research study protocol.

13. The method of claim 1, further comprising receiving, by the processing circuitry and
from a user, an input defining:

at least one gate of the sequence of the plurality of gates; or

at least one condition of the one or more conditions for at least one gate of the

sequence of the plurality of gates.

14. The method of claim 1, wherein the data model further includes one or more
properties for each of the client objects that specify one or more dynamic sections of the
clinical research study protocol that are to be completed prior to completion of at least one

gate of the sequence of the plurality of gates.

15. The method of claim 1, wherein the data model further includes one or more
objectives, endpoints, and schedules that specify one or more static sections of the clinical
research study protocol that are to be completed prior to completion of at least one gate of the

sequence of the plurality of gates.

16. The method of claim 1, wherein the data model further includes a configurable
workflow that participates in approval of at least one gate of the sequence of the plurality of

gates.

17. A computing device comprising:

one or more processors configured to:

define, by processing circuitry, a data model comprising metadata that specifies a data
standard representative of requirements for regulatory-compliant exchange of data between
entities,

wherein the data model includes one or more client objects, each client object
specifying a sequence of a plurality of gates for a process of a clinical research study

protocol,
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wherein each gate of the plurality of gates defines one or more conditions for
completion of the gate; and
express the data model to define the clinical research study protocol; and

a memory configured to store the data model.

18.  The computing device of claim 17, wherein the one or more processors are further
configured to:

output an indication that the process of the clinical research study protocol is at a first
gate of the sequence of the plurality of gates;

determine that one or more conditions of the first gate are satisfied,

determining, in response to determining that each of the one or more conditions of the
first gate are satisfied, that the first gate is completed;

only after determining that the first gate is completed, output an indication that the
clinical research study protocol is at a second gate of the sequence of the plurality of gates

subsequent to the first gate.

19.  The computing device of claim 18, wherein the one or more processors are
configured, when determining that one or more conditions of the first gate are satisfied, to:

receive, via a user interface application and from one or more first users, data
associated with the first gate;

display, via the user interface application and to one or more second users, the data
associated with the first gate;

receive, via the user interface application and from the one or more second users, an
indication that the one or more conditions of the first gate are satisfied;

transmit, by the user interface application and to a microservice executed by the
processing circuitry, the indication that the one or more conditions of the first gate are
satisfied; and

wherein determine, in response to determining that each of the one or more conditions
of the first gate are satisfied, that the first gate is completed comprises:

determine, by the microservice and in response to the indication from the user
interface application that the one or more conditions of the first gate are satisfied, that the

first gate is completed.
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20.  The computing device of claim 19, wherein the one or more processors are
configured, when transmitting, by the user interface application and to the microservice, the
indication that the one or more conditions of the first gate are satisfied, to transmit, by the
user interface application and according to a guaranteed messaging protocol, the indication

that the one or more conditions of the gate are satisfied.

21.  The computing device of claim 19, wherein the one or more processors are
configured, when determining that the first gate is completed, to:

determine, by the microservice, in response to the indication from the user application
that the one or more conditions of the first gate are satisfied, whether a workflow has been
completed; and

determine, responsive to determining that the workflow was completed, that the first

gate 1s completed.

22, The computing device of claim 17,

wherein the one or more processors are further configured to output a representation
of the sequence of the plurality of gates, and

wherein the representation of the sequence of the plurality of gates comprises:

a representation of each gate of the sequence of the plurality of gates; and

a representation of each condition of the one or more conditions of each gate of the

sequence of the plurality of gates.

23.  The computing device of claim 22, wherein the representation of the sequence of the
plurality of gates further comprises:

a status of each gate of the sequence of the plurality of gates; and

a status of each condition of the one or more conditions of each gate of the sequence

of the plurality of gates.

24.  The computing device of claim 22, wherein the representation of the sequence of the
plurality of gates comprises a grid representation of each gate of the sequence of the plurality
of gates and each condition of the one or more conditions of each gate of the sequence of the

plurality of gates.
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25.  The computing device of claim 22, wherein the one or more processors are
configured, when outputting the representation of the sequence of the plurality of gates, to
output, for display on a dashboard of a web browser, the representation of the sequence of the

plurality of gates.

26. The computing device of claim 17, wherein each client object specifies a plurality of
processes, each process of the plurality of processes comprising an independent sequence of a

plurality of gates for the clinical research study protocol.

27. The computing device of 26, wherein the sequence of the plurality of gates further
comprises a closing gate for each process of the of the plurality of processes, such that
completion of the closing gate for the corresponding process is indicative that the process has

completed.

28. The computing device of claim 26, wherein the plurality of processes comprise at
least one of:

a process comprising a sequence of a plurality of feasibility and recruitment stages for
the clinical research study protocol;

a process comprising a sequence of a plurality of Identification of Medicinal Products
(IDMP) or Clinical Decision Rule (CDR) stages for the clinical research study protocol;

a process comprising a sequence of a plurality of risk-based monitoring stages for the
clinical research study protocol;

a process comprising a sequence of a plurality of clinical development risk
management stages for the clinical research study protocol;

a process comprising a sequence of a plurality of medical standards stages for the
clinical research study protocol;

a process comprising a sequence of a plurality of environment for clinical data stages
for the clinical research study protocol;

a process comprising a sequence of a plurality of clinical supply mission stages for the
clinical research study protocol; or

a process comprising a sequence of a plurality of Clinical Trial Agreement (CTA)

submission stages for the clinical research study protocol.
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29.  The computing device of claim 17, wherein the one or more processors are configured
to receive, from the user, the input defining:

at least one gate of the sequence of the plurality of gates; or

at least one condition of the one or more conditions for at least one gate of the

sequence of the plurality of gates.

30.  The computing device of claim 17, wherein the data model further includes one or
more properties for each of the client objects that specify one or more dynamic sections of the
clinical research study protocol that are to be completed prior to completion of at least one

gate of the sequence of the plurality of gates.

31.  The computing device of claim 17, wherein the data model further includes one or
more objectives, endpoints, and schedules that specify one or more static sections of the
clinical research study protocol that are to be completed prior to completion of at least one

gate of the sequence of the plurality of gates.

32.  The computing device of claim 17, wherein the data model further includes a
configurable workflow that participates in approval of at least one gate of the sequence of the

plurality of gates.

33. A non-transitory, computer-readable medium comprising instructions that, when
executed, are configured to cause processing circuitry to:
define a data model comprising metadata that specifies a data standard representative
of requirements for regulatory-compliant exchange of data between entities,
wherein the data model includes one or more client objects, each client object
specifying a sequence of a plurality of gates for a process of a clinical research study
protocol,
wherein each gate of the plurality of gates defines one or more conditions for
completion of the gate; and

express the data model to define the clinical research study protocol.
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DEFINE A DATA MODEL COMPRISING METADATA
REPRESENTATIVE OF REQUREMENTS FOR REGULATORY
COMPLINT EXCHANGE OF DATA BETWEEN ENTITIES,
WHEREIN THE DATA MODEL INCLUDES ONE OR MORE
CLIENT BUSINESS OBJECTS SPECIFYING ONE OR MORE
EVENTS AND ASSOCIATED STUDY ELEMENTS, EACH
EVENT SPECIFYING ONE OR MORE ACTIVITIES TO BE
EXECUTED FOR THE EVENT

! f404

EXPRESSING THE DATA MODEL TO DEFINE ONE OR MORE
TEMPLATES FOR A CLINICAL RESEARCH STUDY
COMPRISING A SEQUENCE OF THE ONE OR MORE EVENTS

FIG. 4
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RETRIEVE, FROM A REGULATORY DATABASE, A
TEMPLATE BASED ON A GOVERNANCE PROCESS
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¥
RECEIVE INPUT FROM A USER
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¥ 4
PARAMETERIZE THE TEMPLATE TO CREATE A
PARAMETERIZED TEMPLATE
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STORE THE PARAMETERIZED TEMPLATE IN A GRAPH
DATABASE
! /-8’5@
GENERATE, BASED ON THE PARAMETERIZED TEMPLATE,
A CLINICAL RESEARCH STUDY COMPRISING A SEQUENCE
OF THE ONE OR MORE EVENTS AND ASSOCIATED 3TUDY
ELEMENTS
il f—mz
EXPORT, TO THE REGULATORY DATABASE, METADATA
FOR THE CLINICAL RESEARCH STUDY
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DUPLICATING, BY PROCESSING CIRCUITRY, A FIRST NODE TO CREATE A DUPLICATE NODE,
WHEREIN THE FIRST NODE COMPRISES AN INBOUND EDGE TO A PARENT NODE OF THE FIRSY
NODE AND AT LEAST ONE QUTBOUND EDGE TO AT LEASYT ONE CHILD NODE OF THE FIRSY
NODE

é I/f‘i?ﬁﬁ

CREATING, BY THE PROCESSING CIRCUITRY, AN INBOUND EDGE OF THE DUPLICATE NODETO
THE PARENT NODE OF THE FIRST NODE AND AN OUTBOUND EDGE TO THE AT LEAST ORE
CHILD NODE OF THE FIRST RODE

$ //—"i?ﬁé
RECEIVING, BY THE PROCESSING CIRCUITRY, AN UPDATE TO THE AT LEAST ONE CHILD NODE
OF THE FIRST NODE
1708
! -

IN RESPONSE TO DETERMINING THAT THE AT LEAST ONE CHILD NODE HAS MULTIPLE PARENT
NODES, DUPLICATING, BY THE PROCESSING CIRCUITRY, THE AT LEAST ONE CHILD NODETO
CREATE A DUPLICATE CHILD NODBE

$ /’1?@8

IN RESPONSE TO DETERMINING THAT THE AT LEAST ONE CHILD NODE HAS MULTIPLE PARENT
NODES, CREATING, BY THE PROCESSING CIRCUITRY, AN OUTBOUND EDGE OF THE
DUPLICATE NODE 7O THE DUPLICATE CHILD NODE

; /,»“5?“5@

IN RESPONSE TO DETERMINING THAT THE AT LEAST ONE CHILD NODE HAS MULTIPLE PARENT
NODES, DELETING, BY THE PROCESSING CIRCUITRY, THE QUTBOUND EDGE OF THE
DUPLICATE NODE TO THE AT LEAST ONE CHILD NODE

$ /1?12

IN RESPONSE TO DETERMINING THAT THE AT LEAST ONE CHILD NODE HAS MULTIPLE PARENT
NODES, PERFORMING, BY THE PROCESSING CIRCUITRY, THE UPDATE TO THE AT LEAST ONE
CHILD NODE.

SUBSTITUTE SHEET (RULE 26)




PCT/US2021/070829

WO 2022/011380

18437

s108pim 10 slisuodos in
pelRYS 2iqesnss ‘sigeainbiyuon .
wislweBeusiy UOISSQ - uonefiaeu dde-ssoiny .
2621016 USHOL UNVRS uifo] UOWIKIOD  «

7057z (2UIBUS TOUdRIS ‘Bunoy {7 0SS dY T uoEOUSYINY) AEMBIED |dY

M : ¥

xis!Misia x;ssm.iss.o ¥ ¥ @....m.!m. % b ] &

; F ; — P SINSOISIC] _— Y -
 osdde ¢ 4 sdde 0Z1 it SAUIBE 5T ST |obuesy 57

t I : Bunouiny | § Buloyiny - :

O BUYKD o IBYID . , 1000104 SHPAHOY wufyy spis | ABojounusy
e T ; d¥S || 100030 | | n fpnje | L0 SRpRUDS| | [000I0IdMOISIA | JsjionuoD

{unupe ‘Auanoe/obessaul ‘pieogysen ‘wbol UCURLIOT) WoMaUIRL4 IN

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

19437

Zrt 0yl gel gtl o
enl suniden agjobuehy o850 d 4oiBag sy S B
A & & & & =
: ¥ ¥
P {UniBas ‘MOoMm
: “" ‘uoneounou ‘a01s oop ‘wubu sjol Jwibw sesh ‘ypnesbol
" SOANIST ALIILN dON W
; (DAEGEs) dOWY dLLH @
; LOBESIINULIOT) SUOY BIN0eg &
: ¥ &
” : e
¥ ¥ ¥ ¥ % W
D
2l bove o ol __ B
F0IAYASH SoiANTET el A0IAYFST =7
03sve TON0LOMN S0IAAIST NDISA M
-0 YIHLO NI ONIHOHLNY AONLS
Y
¥ o3
& ) 4 & 4 & & & e =
” “ | | g
\\. : : JoiAadEsT =
: ; ASOTONINYEL
vl ! ! G TIOULNOD
X A * &
/7 (suibus oydess Bunoy (" '08S dv(T) uoieoRusyiny) Aemeles) |dy
g0l ; ; erbee
ki ¥ ¥ ¥ il ¥ ¥ &
N pu— pu— SOINSOI5I(] _— _ -
sdde 7076 T LT Csuewem | 70 lagsell 70 P2V am
201 syl | |ddY 1000100 {BubouY | | DULOUIY || Dongins © somaloY f| qa || WU SPIS || ABojouiiel
\\V NYIT dvs 1000104 | 1 e Aprig 110 2MPRYOS OD0I0I/UOISIA | Jojonuon
501 {unupe ‘Auanoe/ebessaiu ‘pueogusen ‘WHo) USIULINS) IOMBWEI4 IN

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

2037

Y009Z

IEOGUSED JNOA WI0K ADMIS MBU B 218210 U0

puibuo O
Lrouisp-psb

reabue O

| Jualipuswe O
WIHETY

jowdap

JOGUINN |090101d AQ 1914

BRUUOT 0 a0 U Apnis BUnsixe U 1oas 8588 d
SI0301044

138Viva vl MZIA PRIV

QUSROS AONLS SLNIWITE WIML

+ UINDISIC AGHES

&
4 (31037136 AQNIS ON ?

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

21437

g009¢

184 DRIBRIO LIRS SARY SWUAWSIT 18U ON

HtdaL

TuNEEL Ti8EL

ANFNETH

4243

LHOGXS T | | ANTWTA TYRIL 0O + T/

1o5RIR] SIUSWISIT jeu)

i
OO (E09Z~, 07092 82092 Y2092
) ) 2
1ISYIVIVL MEIA Y DUYINEHOS AGNLS SLNDNTTE VIR
@ .Q A MANSISIC AGNLS 4 FOWEA-G52 @ HEH

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

22137

20082

AAYS

TAONYD

{|euondo) usiBIng patiuR]d
dNCEL

{jeuondo) ainy pus
TeNIEL

Ay uels
TH1SEL

g/0

LOIGUDSH0] JUBILS|S
ANIAETS

2p0T HLaLHD
el

jusisly jelll PPy

HNGEL

THNEEL

Tdissl

ANZREE

4 0013

LHOXI T | | LNIWETE ToidL 00Y +

1951 SIUSWRNY [BUL

REERLARLER AR ARZIA Y

QiLFINAHDS ACNLS

SLNIWITE VikL

O

A YANDISRQ AQNLE

OW3G-Aso

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

23137

{00ec

: 159] usesos
: 159 w-un
: 1591 6gaoRld
: 18y o Brug
: 1591 v Brug
HNdsEL TENIEL THLSEL ANINETS $O0L3

LICAXI T | | LNTWETE TV GOV +

12SRIR(] SIUSWSLT jBLL

Qmomwix Omawm:/
] ;

mmommi/

{mmmmi/

1A8VIYG VL AAIA PRIV

g
DHIVINZHOS AQNLS

§
SLNZWITE TYIML

G o

A HIANDISEQ AGNLE

Aw -OW3C-08D

D

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

2437

30092

4 Ed

‘1iBeg NoA 2i0180 | SNOILSIND GIUSY ATLLNINDIYL IHL m 18 %00} 2 848 01 1uzM Apwl nok YauBisaq ApmS auY O MaU &l ok §j

Apms Jnok SuipIng SnuUUCO uey: n:mm HA043 NY ONLEYIMS | AQ UEIS 0] D3aU fim nak

194 SB BUISLNS 517 1 SIIBLUSIS Ol 4 0] Siredde aioy)

m = SHMY YL ZLYHINTD @

RERAAN(UR A AAIA PRIV

HLYINAHOS AGNLS SN TYidd

6 u

A YANDISHQ AQNLS ~

-OWAG-G52

%

809

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

25137

4000¢

e

+ gEd

uifieg nod 2:0j00 | SNOLLSINT

IAVS

T30NYO

aufiseq ApniG 2yl 01 Mau ale noA §

Apnis snok

1 pABU [jiM NOA

{=qe7

ysods ppy

e SPuY TYiiL ZLYHINGS| @

1I8VivG YL AN PRIV HIYIWEHOS AQnls SINGWITZ TYRIL

G u

A HIANDISEQ AQNLE -~

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

26 /37

+ 183

o)

Bussniag

Y0192

J

e Sy Toid ] 2LVHINGD| @

BEELINEAAS AIIA Y

SILYWEHOS AGRLR SINZWHTE TVIdL

230097 gy
OR:;

4 HINOIS30 AGNLS

JOnac-ase

809l

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

27137

HO09Z

o wses}

o]

HTRTLY

o]

Buuseing

1111%°74

J

Y0192

J

e SdY TYINL ZLYHINTD @

138V vl MIHA PRV

SUYWEHOS AONLS SININETE TVidL

69

& YINOISH] AGNLS

- “,Ez_wmmOAA L-CIEG-GeD

D

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

28 /37

009¢

3574

o Wsuneal]

J

00182

<]

HHEH D] 93

fususaing

gq019e

ism « SYMY YIML ALHIANID 8

//m.. H..cmosmwmu mh.. M@ ESEE

| ¢ | Ho0d3 Ny 3ivaus B

R v e nnn o a  e  e

Qmamm!ﬁ Qmwmmij

mwommi/ <Nommi/

l ]
AESVIVaYL MIHA Y

!

i
OUYWEHOS AQNLS SINGNETE TVl

9 ©

& YINOISI] AONLS

a (N0} 1-oREa-0sD

b

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

29 /37

ro09g

+

IS

-1

Buusasng

Qmommix uNomNi/

mmo@mi/ <N¢@mi/

i i
13svivavl MIIA Y

i i
CLLYINZHOS AUNLS SINBWHTE Tvidl

4 HINDISIA AGNLS

jVONEC-ase

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/070829

WO 2022/011380

30 /37

#0092

WBLEsl] - - g Bnig 2 G Wiy a0 Wl L-owap-psd Gl
- - u-uni Z g uly 4a Wl {-owap-ped 2]
Bussiog - - TERTAL [ os i G Wiy a0 Wl L-owap-psd ¢l
WBlEs ), - - g Bnig 2 Uy 3q Wl L-ciap-psh A
- - U Z ¥ Wiy 3a Vi {-owsp-psh i
Buiussiong - - U38i0s i i ULy 3q Wl L-ciap-psh Gl
WBlEs ), - - 041908 2 ¢ Wy d Wi 1-0Wap-psh 8
- - 2z Sy d v L-0Wsp-psh g
fuisaing - - i ¢y d Wi {-0ulap-psh i
BUNESL - - 04808 2 2wy d v L-0Wsp-psh g
- - s 2z Zwry d v L-0Wsp-psh o
fuusang - - UB8BI08 i Z iy d vl L-oiap-psh ¥
BueRd; - - v Brigy ¢ Ly il vl L-oiap-psh 2
LY - - U Z Ly il vl L-oiap-psh Z
fuusang - - UB8BI08 i Ly il vl L-oiap-psh {
HO0d4 SNYHLYL HONYHEYL AN acid 0¥0L3VL Y QoY NIYINOG QAGNLS 3 moy
SHOI T 18SEIR(] sllly (Bl
daoed 22092 d20al v¥208¢
N TN T

138¥iYd YL

MEIA PY

ULYINEHOS AONLS

l
SININITI TVIdL

9 ©

4 HINDISIQ AGNLS

o {TNISINO } 1ORIC-TSO

Y

SUBSTITUTE SHEET (RULE 26)



WO 2022/011380 PCT/US2021/070829

31/37

2700

e

RECEIVE, FROM A USER, AN INPUT SPECIFYING A PLURALITY OF TRIAL ELEMENTS
FORA STUDY

2702

! /,,

RECEIVE, FROM THE USER, AN INPUT ARRANGING THE PLURALITY OF TRIAL
ELEMENTS INTO A TREE DATA STRUCTURE

; //z?m

DETERMINE, BASED ON THE TREE DATA STRUCTURE OF THE PLURALITY OF TRIAL
ELEMENTS, ONE OR MORE TRIAL ARMS FOR THE STUDY

$ 2708

QUTPUT, FOR DISPLAY, THE ONE OR MORE TRIAL ARMS FOR THE STUDY
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DEFINE A DATA MODEL COMPRISING METADATA THAT SPECIFIES A DATA
STANDARD REPRESENTATIVE OF REQUIREMENTS FOR REGULATORY-
COMPLIANT EXCHANGE OF DATA BETWEEN ENTITIES
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