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Executive Summary

The integration of diverse real-world data (RWD) sources—medical records, insurance claims, and genomic
datasets—into a unified Real-World Evidence (RWE) platform can fundamentally transform health-related
research and decision-making. This report defines an enterprise-grade RWE platform architecture that
harmonizes electronic medical record (EMR/EHR) data, payer claims data, and genomic information. Such an
integrated platform overcomes the “data silo” problem (!") www.komodohealth.com) (2 www.databricks.com) and
provides a complete, longitudinal view of patient health, enabling innovative analytics (e.g. creating external
control arms, improving market projections, and assessing safety/efficacy in broad populations ('°!
www.komodohealth.com) (4! pme.nebinim.nih.gov)). Modern RWE platforms leverage cloud-based data lakes and
common data models (CDMs) to ingest heterogeneous data types (structured EHR fields, unstructured clinical
notes, billing codes, genetic variants, etc.) with associated metadata for provenance (\°) aws.amazon.com) (\¢!
aws.amazon.com). They combine powerful ETL pipelines, standardized vocabularies (ICD, SNOMED, LOINC,
HGVS, etc.), and an orchestration layer to link patient identities across sources while preserving privacy.

Key findings of this report include: (1) Data Sources — EMRs, administrative claims, and genomic repositories
each offer unique, complementary information but must be integrated for a complete picture (/! www.cdisc.org)
("®) pme.nchinim.nih.gov). (2) Integration Challenges — Heterogeneous formats, missing data, linkage barriers
(e.g. lack of common patient identifiers) and privacy constraints lead to gaps in coverage unless proactively
addressed ([91 pmc.ncbi.nim.nih.gov) (HOW pme.ncbi.nlm.nih.gov). (3) Architectural Approaches - Both centralized
(data lake/warehouse) and federated network architectures are viable; often a hybrid strategy is optimal.
Centralized platforms (often cloud-based) allow unified analytics on curated, harmonized data (\°’

aws.amazon.com) (%]

www.databricks.com), while federated models enable distributed queries without moving raw
data (""" www.frontiersin.org). (4) Technical Stack — State-of-the-art RWE platforms use cloud storage (e.g.
AWS S3, Azure Data Lake) to hold raw and processed data, big-data processing (Spark, Hadoop), and CDM
frameworks (such as OHDSI/OMOP and HL7 FHIR Genomics) for semantic consistency ('? pme.ncbi.nlim.nih.gov)
(131 www.databricks.com). (5) Governance and Standards — Robust data governance (HIPAA/GDPR compliance,
encryption, audit trails) and the adoption of open standards (FHIR, GA4GH) are critical for scalability and trust
(1) pmc.nebi.nim.nin.gov) (%7 www.wsgr.com). (6) Use Cases & Evidence — Real-world initiatives (e.g. TriNetX's
globally harmonized EHR+claims network (/') trinetx.com) (') trinetx.com), IQVIA-Genomics England
collaboration (www.genomicsengland.co.uk), federated consortia like OHDSI) demonstrate that integrated RWD
yields richer insights. Published studies show that linking claims to EHR increases event detection and follow-up
time, improving study validity (") pmc.ncbinim.nin.gov) ("8 pubmed.ncbi.nim.nih.gov). (7) Future Directions —
Upcoming trends include federated learning (training Al models across sites without raw data exchange (/'°!
wwuw.frontiersin.org)) and expanding data types (wearables, social determinants). European initiatives like the
European Health Data Space (EHDS) will further facilitate pan-national data sharing (% teamdecisive.com) ("

www.frontiersin.org).

In sum, this report provides an in-depth blueprint for an enterprise RWE platform. It covers historical context,
current best practices, data analysis strategies, case examples, and future outlook. This architecture aims to
guide organizations in building integrated systems that systematically leverage EMR, claims, and genomics to
generate actionable evidence, backed by extensive citations from the literature.

Introduction and Background

Real-World Evidence (RWE) is defined as clinical evidence regarding usage, benefits, and risks of medical
products derived from the analysis of real-world data (RWD) collected outside controlled clinical trials (/¢!
pmec.nchi.nim.nih.gov). RWD encompass a broad array of health-related information: patient demographics,
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diagnoses, medication orders, laboratory results, imaging, procedures, healthcare utilization, costs,
immunizations, patient-reported outcomes, and more (!°! prmc.nebi.nim.nih.gov) (7! www.cdisc.org). Notably, core
RWD sources include electronic medical record (EMR/EHR) systems, insurance/payer claims databases, patient
registries, and — increasingly — genomic and multi-omics repositories (/) www.cdisc.org) (%
pme.nchi.nim.nih.gov). RWE has gained prominence in the last decade due to its potential to complement
traditional randomized controlled trials (RCTs) by providing insights on long-term outcomes, rare patient
populations, and real-world treatment patterns. Regulatory bodies and payers are incorporating RWE into
decision-making: for example, the U.S. <lcurrent_article_content>21St Century Cures Act (2016) mandated FDA
consideration of RWE, leading to guidelines on using EHR and claims data for drug approvals (/'°!
www.wsgr.com). In the EU, the EMA's DARWIN EU network and the forthcoming European Health Data Space
(EHDS) are establishing frameworks for pan-European RWE generation (I°°! teamdecisive.com) (%"

www.frontiersin.org).

Despite regulatory momentum, RWE utilization has been hindered by technical and organizational barriers. By
one survey, 79% of biopharma leaders invest in RWE, yet only 9% consider their programs “extremely
successful” (121 www.databricks.com) (?*) www.databricks.com). A key bottleneck is the fragmentation of data.
Data from EMRs, claims, and genomic labs have historically been collected and sold by different vendors,
leading to isolated silos (! www.komodohealth.com) (12} www.databricks.com). The phrase “data silo” aptly
describes the frustration of incomplete patient journeys inherent in many analyses (') www.komodohealth.com).
For instance, a life-sciences researcher may have access to claims data (longitudinal hospital and pharmacy
billing) and separately to genomic sequencing datasets or specialized clinical registries, but rarely all linked by
patient. Komodo Health observes that HEOR teams (health economics/outcomes) often use claims data,
whereas clinical development teams focus on EHR and genomics — “rarely have all of these teams had access to
the complete patient journey” (\°) www.komodohealth.com). When the datasets do merge, however, powerful
insights emerge (e.g. constructing external control arms or predicting long-term outcomes) ('°!

www.komodohealth.com).

This report addresses the critical need for enterprise architecture in RWE platforms. We survey historical
context (growing digitization of healthcare, large-scale genomic projects, evolving RWE policy), then delve into
architectural patterns, data integration strategies, and technical components to link EMR, claims, and genomic
data. We rely on case studies (e.g. TriNetX, IQVIA/Genomics England) and academic analyses to illustrate best
practices. The goal is to provide a comprehensive blueprint: technical layers, data models, governance controls,
analytics capabilities, and implementation guidance, all supported by current literature. In doing so, we highlight
how an integrated RWE platform can transform research and decision-making in life sciences and healthcare.

Real-World Data Sources

A robust RWE platform must incorporate the major RWD domains, each with distinct characteristics:

e Electronic Medical Records (EHR/EMR): These clinical systems (e.g. Epic, Cerner) capture detailed patient data from
hospitals and clinics - demographics, diagnoses (ICD codes, problem lists), clinical encounters, procedures, vital signs,
laboratory tests, medication orders, imaging reports, and provider notes. EHR data are typically rich and include clinical
nuance, but are often siloed by health system. They may use diverse data models and require natural language processing to
extract unstructured content. EHRs provide timely, granular data within a care setting, but they lack information on services

received outside that system ([25] trinetx.com).

e Payer Claims Databases: Administrative insurance claims (from Medicare, Medicaid, or private payers) record all billed
healthcare encounters: hospitalizations, physician visits, procedures (CPT/HCPCS), diagnoses (ICD), and pharmacy fills.
Claims cover a broad population across providers (complete "patient journey” covered by insurance), including ambulatory
and long-term care, and include cost/coburden data. However, claims data contain less clinical detail (e.g. no vital signs or
lab results) and are subject to coding practices and delays. Their advantage is breadth over depth: continuous history of

([26]

expenses and healthcare utilization trinetx.com).
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e Genomic and Multi-Omics Data: Genomic tests (panel, exome, whole-genome sequencing) generate large-scale molecular
data. These data often reside in specialized databases or are provided by clinical labs and biobanks. Genomic datasets
include raw sequence files (FASTQ/VCF), variant annotations, gene expression, epigenetic marks, etc. Integrating genomics
into RWE requires linking each patient’s molecular profile (often sensitive) with their clinical record. Standards like HL7 FHIR

Genomics help convert genomic variants into exchangeable formats ([’\2] pme.nchi.nlm.nih.gov). Studies (e.g. All of Us

[NIH biotech cohort of ~500k participants with EHR and genotypes]) demonstrate the value of combined clinical-genomic
datasets for precision medicine.

These primary sources are often augmented by enterprise systems and registries: clinical lab systems
(LOINC-coded results), tumor registries (e.g. cancer stage, pathology), dialysis registries, device implant
records, and patient registries (disease-specific cohorts). Additionally, patient portals and wearable devices
(e.g. blood pressure monitors, glucose sensors, digital phenotyping apps) are emerging RWD contributors.

Each data source brings unique strengths and limitations. EHRs provide clinical detail but are incomplete for
out-of-network care. Claims offer comprehensive coverage of billed services but lack granularity ("*°!
trinetx.com) (26! trinetx.com). Genomic data enable molecular stratification, yet require complex bioinformatics to
interpret. Crucially, no single source covers the full patient journey. Therefore integration is needed. As a leading
industry perspective notes, "EHR and claims each tell only half the story...a full patient journey requires

integrating the richest versions of each” (\*°! trinetx.com).

In practice, integrated RWD can reshape research. For example, TriNetX's global network now covers
longitudinal clinical and claims data for 300+ million patients, including demographics, diagnoses, procedures,
lab values, tumor registry information, pharmacy fills, and even genomics (/'®! trinetx.com). This “mapped and

harmonized” dataset is analysis-ready, slashing data wrangling time ([271

trinetx.com). Similarly, Komodo Health
reports that combining locked-in oncology data (from COTA) with its claims-driven Healthcare Map has enabled
deeper patient journey insights and more nuanced estimates of therapy impact across development and
commercial stages (18! www.komodohealth.com) (1297 www.komodohealth.com). These examples underscore the

value of unifying RWD streams to support complex RWE studies.

Integration Challenges

Before describing an ideal architecture, it is crucial to acknowledge the challenges in integrating EMR, claims,
and genomics data. These hurdles motivate specific architectural and procedural requirements.

Heterogeneity: Data originate in different formats and vocabularies. EHRs use local schemas (sometimes
proprietary databases) and contain both structured fields and free-text notes. Claims are rigidly coded (ICD,
CPT, NDC) but often incomplete in clinical context. Genomic data are complex (VCF/FASTQ, variant call formats)
and may lack standard ontologies across labs. Achieving semantic interoperability requires mapping diverse
codes to common standards (SNOMED CT, RxNorm, LOINC for clinical terms; HGVS for variant nomenclature)
and adopting a common data model (CDM) (/"' www.databricks.com) (I'?) pmec.nebi.nim.nih.gov). Without
harmonization, combining counts (e.g. disease incidence) or feeding unified queries is error-prone.

Data Quality and Completeness: Each source has blind spots. Claims may miss over-the-counter medications
or care paid out-of-pocket. EHR may have incomplete diagnoses if a patient switched providers. Genomic
panels cover only prespecified genes, missing novel variants. Important variables (e.g. socioeconomic factors)
may only exist in one source. Studies note that linking EHR and claims mitigates missingness: for instance, EHR-
only cohorts undercount diagnoses and follow-up, whereas the linked cohort has more complete outcomes ([4]
pme.nchi.nlm.nih.gov). Still, such linkage often sacrifices cohort size (23% patient drop in one breast cancer
study) and biases demographics (older patients less likely to appear in both) ("*! pmc.nchi.nim.nih.gov). Platform
design must therefore incorporate methods to assess and improve data quality (profiling missingness, validating
pathology flags, etc.) and allow flexible sensitivity analyses to account for residual gaps (/'°!

pmc.ncbi.nlm.nih.gov).
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Patient Identity and Linking: Merging data across sources requires matching the same individual without
violating privacy. Naive approaches (matching on name/DOB/SSN) are not permissible under HIPAA without
consent. Toy problems like probabilistic record linkage exist, but large-scale research often uses a tokenization
or master patient index (MPI) service. For example, TriNetX's Linked platform “de-identifies, tokenizes,
harmonizes, and continuously refreshes patient data” from EMR and claims ( ). This implies a
process where each patient in source A and B is assigned a consistent pseudonymous key allowing joins.
Solutions include cryptographic hashing of PHI (in a secure hash mailbox), third-party linkage engines, or
industry coalitions (Kronos, Prescrypt). Nevertheless, if linking variables are missing or inconsistent, imperfect
linkage can compromise analysis. The FDA guidance explicitly notes that linkage “may not always be an option
due to lack of linking variables, privacy issues... and/or data integrity”, potentially limiting cohort size (

). An architecture must therefore plan for flexible matching logic (deterministic and
probabilistic) and clear audit of linkage success.

Regulatory and Privacy Constraints: Ingesting and integrating sensitive health data must comply with laws
(HIPAA, GDPR, HIPAA de-identification/re-identification risk rules). Data use agreements often constrain how
data can be combined or shared. For example, some genomic data sharing initiatives require analysis within a
secure enclave. Architectural design must include robust security (end-to-end encryption, key management,
access logs, HONcode-level controls) and possibly support federated (on-site) analysis if data cannot be
moved.

Scalability and Performance: RWD volumes are enormous. A single hospital system can generate terabytes of
EHR logs per year; nationwide healthcare data total in the exabytes. One estimate put U.S. healthcare data at
~8.4 petabytes as of 2018 ( ). Genomic datasets add even more bytes (a human genome
~200 GB raw). The RWE platform must efficiently ingest ever-growing streams (claims arriving monthly for
millions, continuous EHR updates, daily lab loads) and provision scalable compute for heavy analytics (ML
training, Al inference). Cloud-based architectures (as detailed below) are therefore popular for elasticity.

Existing Ecosystem and Tools: Finally, most organizations already use various analytics tools and EDWs.
Integrating with legacy systems (on-prem warehouses, business intelligence engines, clinical trial systems) is a
practical necessity. For example, real-world research teams may need to export data into CDISC formats (SDTM)
for regulatory submissions ( ). The platform should provide APIs or ETL that bridge to external
tools, standardized formats (CDISC), and reporting platforms (Tableau, Flask apps, etc.).

Addressing all these challenges simultaneously is complex. Nonetheless, as noted in surveys, life sciences
companies are demanding a single, unified platform with standardized tools and governance to eliminate silos
( ). The remainder of this report outlines how such a blueprint can be architected.

Architectural Approaches for Integration

Two foundational patterns dominate RWD integration: centralized architecture and federated architecture,
with hybrids blending both approaches. Each has trade-offs in terms of data locality, governance, and
performance.

Centralized Data Lake/Warehouse

In a centralized model, nearly all relevant data are ingested into a common repository or data lake, often in the
cloud. The lake acts as a "source of truth” where raw data are stored in any format ( ) (
). Here, different RWD feeds arrive via secure pipelines:

e EHR/EMR feeds (via HL7 interfaces, FHIR APIs, or database exports) flow into staging storage.
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e Claims datasets (often large files from insurers or clearinghouses) land into data lake buckets.

e Genomic sequences or lab outputs (VCF files, transcriptomic data) are submitted and catalogued.

All data are tagged with metadata (origin, timestamp, data owner), so provenance is tracked. No strict schema is
enforced at this stage (schema-on-read paradigm). Downstream processes then standardize and transform the

raw data.

The main advantage is analytic simplicity: once data are centralized, any dataset can be directly joined or
queried. As AWS describes, an RWE data lake can host streaming (wearables), structured (claims, genetics) and
unstructured (EHR free text) data in one place ('°*! aws.amazon.com). Modern cloud warehouses (e.g. Amazon
Redshift, Google BigQuery, Snowflake) or lakehouse platforms (Databricks Delta Lake (I'*) www.databricks.com))
allow running SQL/ML across these fused datasets. TriNetX exemplifies this by curating a harmonized database
covering 300 million patients with pre-mapped vocabularies ("% trinetx.com) (127! trinetx.com). Analysts then
use a web interface or APIs to query this centralized store.

However, centralization implies heavy data governance and trust. All contributors must agree to upload copies
of their data (or provide extracts) into the system. This can conflict with regional privacy laws or institutional
policies. Also, central storage of identifiable patient data multiplies regulatory responsibility. From a technical
standpoint, central lakes can grow unwieldy, requiring tiered storage (cold vs hot) and optimized indexing. They
also risk vendor lock-in unless open formats (Parquet/ORC files, Delta tables (\'*) www.databricks.com)) are used.

Nonetheless, for many global enterprises and consortia, the centralized model has proven workable. The
Databricks Lakehouse platform explicitly targets this scenario: it " [stores] all of their real-world data -
structured and unstructured - in the cloud for integrated evidence generation” and publishes those data in open
formats to avoid lock-in ("'*! www.databricks.com). According to industry surveys, the preferred architectural
vision among executives is exactly “one platform for all data” with unified tooling and open standards (°*!

www.databricks.com).

Federated Data Networks

By contrast, a federated network (also called a decentralized network or data commons) leaves the data at the
source sites. Each healthcare provider or data partner maintains its own repository. Instead of moving raw data,
queries or algorithms are dispatched across sites. A federated network is thus a set of interoperable nodes
where analyses are "brought to the data” (' www.frontiersin.org).

Characteristics of federated networks (! www.frontiersin.org):
o Decentralized nodes: No single central store; each node (clinic, hospital, claims firm) holds its own data

and controls access.

o Interoperability framework: All nodes agree on common data models and query protocols. For example,
they may map their data post to a standard (such as OMOP CDM) or use FHIR-based APlIs.

e Query passing: Analysts submit a query (e.g., SQL script, statistical model) to a coordinator. The query is
sent to each node, executed locally, and aggregated results are returned. The raw data never leaves node.

e Governance layer: A governance framework (consortium agreements, data use agreements) dictates who
can run which queries and how results are shared.

e Local computing: Each node needs enough compute resources to run analyses. For large ML tasks, nodes
may provide federated learning capabilities (sharing model gradients instead of data) (-°°!

www.frontiersin.org).
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Federated architectures are especially suitable when privacy or data residency laws prevent data pooling. They
are also resilient: if one node goes offline, others can continue. Notably, federated models underpin U.S. FDA
Sentinel (which queries healthcare institutions’ records for safety studies) and OHDSI's Observational Health
Data Network (OHDSI), which has participants across multiple countries using the OMOP CDM. The Frontiers
perspective defines federated networks as enabling “data access or data visiting” with pseudonymized data ("

www.frontiersin.org).

Examples of federated use cases include training Al models on distributed data (federated learning). In
healthcare, projects like the Federated Tumor Segmentation network have connected 30 institutes to improve
Al tumor boundary detection without sharing images (:°°/ www.frontiersin.org). Similarly, the AI4VBH project used
a 12-hospital UK NHS network to develop predictive models for cancer pathways via federated learning (\°°

www.frontiersin.org).

Drawbacks of federation include technical complexity (synchronizing data models across sites), higher latency
(multi-step queries), and potential limitations on the sophistication of cross-source analytics (e.g., performing
ad-hoc joins requires careful pre-harmonization). There is also a dependency on all nodes adopting and
maintaining the agreed standards.

Hybrid Approaches

Real-world implementations often blend these patterns. For instance, a consortium might build a shared data

warehouse for certain de-identified fields (central repository of demographics and key metrics) while keeping

other data siloed and reachable via federated queries. Another hybrid model is a secure cloud enclave where
each partner uploads encrypted data but holds the decryption keys locally (an emerging architecture in
platforms like PALISADE).

Hybrid architectures aim to capture the performance benefits of centralization and the privacy benefits of
federation. For example, the European Health Data Space concept envisions a federated infrastructure

(connecting national data repositories) but with some common services (like a data catalogue and harmonized

interfaces) (" www.frontiersin.org) (12°! teamdecisive.com).

Table 1 below compares these approaches:

Integration
Approach

Centralized Data

Description

All RWD sources are
ingested into a
common repository

(often cloud-based).

Data are stored raw

Advantages

Single, unified
dataset simplifies
cross-source queries
and analytics. High
scalability on cloud.

Disadvantages

Requires data sharing
and trust. Potential
patient re-
identification risk. Big

Example

TriNetX’'s network (integrated
300M patient records in one

platform) (”6] trinetx.com);

Lake/Warehouse . . . :
and then Consistent infrastructure cost. Databricks Lakehouse solution
standardized into an  governance and May conflict with data (H31 www.databricks.com).
enterprise data security at one residency rules.
model. location.

Data remain at local Preserves data Complex to implement
sites; a common privacy/local control. = (requires data model OHDSI/OMOP, PCORnet,

Federated query or analysis is Compliant with strict  uniformity). Slower for  Enterprise network (Sentinel),

N k executed across regulations (data multi-site queries. European GAIA-X/EHDS efforts

etwor

each node, and
results are
aggregated.

need not move).
Scalable for
distributed data.

Limited by common
denominator of
queries.

(W] www.frontiersin.org) ([ZW]

www.frontiersin.org).
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Integration L. .
Description Advantages Disadvantages Example
Approach
Combines both: e.g. Balances DARWIN EU (EMA may use
key fields performance and Architecturally centralized catalogs with
centralized, others privacy. Can complex. Needs careful federated data access) (7
Hybrid (Central + centralize de- design of which data to 5
federated; oruse of ) teamdecisive.com) ("]
Federated) - diate dat identified aggregates centralize vs federate.
intermediate data Antiarcin ara) -
marts plus while keeping raw Potential duplication of = WWw.frontiersin.org); Some
u . .
dist 'bpt d ) data local. Flexible effort. multi-national oncology
istributed querying.
g deployment. networks.

Table 1: Comparison of RWD Integration Architectures for RWE Platforms (centralized vs federated vs hybrid).
Sources: Analysis based on industry literature (I°/ aws.amazon.com) (""" www.frontiersin.org) (%%

teamdecisive.com).

In practice, an enterprise might start with a centralized data lake to gain immediate analytics capabilities, then
evolve toward federated elements as it grows. Alternatively, a federated query layer can be built atop a central
platform to welcome external partners. The key is flexibility: the architecture should allow adaptation to
evolving data-sharing models and regulatory landscapes.

Platform Architecture Blueprint

A robust RWE platform architecture typically consists of several interconnected layers that manage data
ingestion, storage, processing, analytics, and governance. Figure 1 (conceptual) illustrates key components
[this would ideally show data flows, but for brevity we describe in text]. Below we detail each layer, with

examples of technologies and standards.

1. Data Ingestion Layer: This is the front door of the platform. It ingests raw data from external sources and
moves them into the enterprise system. Components include:

e Connectors/APIs: Interfaces to EMR systems (via HL7v2 feeds, CCD/CCDA messages, or FHIR APIs), payer
claims feeds (secure SFTP transfers or HL7 837 claims transactions), lab/genomic data transfers (file
uploads or FHIR Genomics APl endpoints), and other RWD sources (wearable streams, registry exports).
Tools like Apache NiFi, MirthConnect, or cloud-native services (AWS Glue, Azure Data Factory) can
automate recurring loads.

e Extract/Transform/Load (ETL) Engines: Once data are pulled in, ETL jobs run to clean, normalize, and
stage the data. This may include de-duplicating records, validating formats, and converting proprietary
codes to interim standards. Some transformation can occur here (e.g. splitting HL7 segments into tables).

e Data Cataloging: A metadata catalog tracks each dataset (source, date, schema, owner) for governance.
This ensure discoverability and lineage tracking. Tools like Apache Atlas or managed data catalog services
(AWS Glue Data Catalog) can be used.

2. Raw Data Storage (“Data Lake"): All ingested data land in a unified raw storage layer. Technologies often
used:

e Cloud Object Stores: e.g. Amazon S3, Azure Data Lake Storage, or Google Cloud Storage, which can
handle petabyte scales. Data are kept in their native formats (JSON, CSV, HL7v2, VCF, PDF, etc.).

o Data Lake Software: Platforms like Delta Lake or Apache Hudi add transactional features on top of raw
stores, allowing updates and schema enforcement over time. Open formats (Parquet, Avro) are encouraged
to avoid lock-in.

e Partitioning: Data are often partitioned by attributes (date, source system, patient*) to speed queries.
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The data lake holds the “single source of truth” for raw RWD, including clinical notes, insurance remittance files,
genomics output, and more. By storing all data (structured/unstructured), the platform avoids early data loss.

3. Data Processing & Harmonization: Raw data must be harmonized into analysis-ready form. Major tasks
include:

e Parsing and Normalization: Converting incoming formats to structured tables (e.g. parsing HL7 reports to
extract diagnoses or parsing VCF to variant tables).

¢ Terminology Mapping: Converting local codes to standard vocabularies (e.g. local lab test names to
LOINC, free-text medication names to RxNorm). Tools like OHDSI's Usagi or SNOMED CT's terminology
services assist here.

o Entity Resolution: Implementing patient or provider matching. For example, a Master Patient Index (MPI)
may use hashed PHI tokens to link records across systems. Commercial products (e.g. IBM Initiate, Oracle
MDM) or bespoke linkers (probabilistic matching) can be employed. As TriNetX notes, this involves "tokeniz
[ation]” and de-identification (/! trinetx.com) to protect privacy.

e Data Quality Checks: Automated validation (e.g. checking completeness, value ranges, cross-field
consistency) to flag issues.

¢ Loading into Common Data Model: Once cleaned, data can be loaded into a canonical schema. Popular
choices include the OMOP CDM (Observational Medical Outcomes Partnership) or PCORnet CDM. These
impose uniform tables (Patient, Visit, Condition, Observation, etc.) that span EHR and claims semantics.
Genomic content may map into specialized tables (some OMOP extensions exist for genomics). When
loaded into a CDM, the data from any site become queryable by a common syntax.

4. Integrated Data Repository (Warehouse): This is the structured, harmonized data store used for analysis. It
may be realized in one or more ways:

e Analytical Data Warehouse: A SQL/relational database (cloud DW service) where the CDM tables reside.
Example: Snowflake or Redshift containing OMOP tables for all patients.

¢ Data Mart: For specific domains or studies, subsets of the warehouse may be materialized. For instance, a
diabetes cohort table might include pre-assembled variables of interest.

¢ Knowledge Graph [ Graph DB: Some platforms layer a graph DB (e.g. Neo4j, TigerGraph) on top to model
relationships (patient->provider->diagnosis) more flexibly, particularly useful for linking genomics pathways.
This complements the tabular store.

o Federated Query Layer: If a hybrid model is used, this layer mediates cross-site federated queries. Tools
like Apache Spark or custom services distribute analytics tasks to remote nodes.
5. Analytics and Bl Layer: The heart of RWE generation. This layer includes:
e Query Engines: SQL engines (e.g. Presto, Trino, BigQuery) that operate on the integrated repository to
allow cohort discovery and analysis.

e Statistical and ML Platforms: Computational environments (R, Python notebooks) connected to the data.
Machine learning frameworks (Spark MLIib, TensorFlow) enable modeling on the unified dataset.

o Business Intelligence & Reporting: Dashboards and visualization tools (Tableau, PowerBI, custom web
apps) that present results to users. These connect to the data warehouse via Bl connectors.

o Data Exploration Tools: Cohort definition and exploration interfaces (e.g. Atlas by OHDSI) that let
researchers define inclusion criteria and see summary statistics.

Many platforms also ship pre-built analytics pipelines: recurrent analyses like survival curves, propensity score
matching, or predictive model training can be standardized. This layer should support reproducibility (versioned
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analysis scripts, code repositories) and data export to downstream systems (e.g. regulatory submission

formats).

6. Data Governance, Security, and Compliance: Overarching all layers are strict controls:

e Access Controls: Role-based permissions, ensuring only authorized users or services can query patient

data. Typically integrated with enterprise IAM (e.g. Azure AD, Okta). Sensitive data elements (like genetic

markers) may have an extra consent layer.

e Encryption: Data encrypted at rest (managed keys) and in transit (TLS).

e Audit Logging: All data accesses and transformations are logged for audit (HIPAA Audit Controls).

e De-identification/Anonymization: The platform should support generating de-identified datasets for

secondary analysis, following standards (HIPAA Safe Harbor or expert determination). Genomic data often

require special handling, given identifiability concerns.

¢ Regulatory Compliance: Built-in features for GDPR (right to erasure), FDA audit readiness (21 CFR Part 11
compliance for electronic records), or local regulations. Regular compliance reviews and certifications (SOC
2,1S0O 27001) may be pursued.

7. Master Data and Metadata Management: Not explicitly a layer but a cross-cutting capability. A robust

metadata repository tracks data dictionaries, data lineage from sources, cohort definitions, and ontology

versions. It enables traceability for regulatory inspection and for researchers to understand provenance.

Table 2 summarizes these key components, their roles, and examples of technologies or standards:

Component [ Layer

Data Ingestion

Raw Data Store (Data
Lake)

Data Harmonization

Integrated Data
Warehouse

Analytics | Al Layer

Reporting & Visualization

Data Governance [
Security

Standards/Interoperability

Metadata Management

Role [ Function

Acquire raw RWD from sources (EHR, claims,
labs, devices) and stage in raw form.

Centralized repository for all ingested data
(structured and unstructured), plus
metadata/catalog.

Clean, normalize, map vocabularies, link
identities, validate quality, and load into
common data schema.

Structured, queryable store (e.g. CDM) for
analysis; often relational or columnar.

Execute queries, statistical analysis, ML/AI
on the integrated data.

Dashboards, reports, and interfaces for end-
users to explore RWE insights.

Ensure compliance, access control,
encryption, audit logging, consent
management.

Common vocabularies and data models
enabling integration across systems.

Catalog and document data schemas, data
lineage, definitions, and usage.

Examples [ Tools

HL7/FHIR interfaces, SFTP, Apache NiFi,
MirthConnect, AWS Glue, Azure Data Factory

AWS S3/Azure Data Lake, Delta Lake, HDFS,
Apache Hudi, Data Catalog (AWS Glue, Collibra)

Apache Spark ETL jobs, Data Quality tools,
Vocabulary services (OHDSI Usagi), MPI
systems, Tokenization

OMOP or PCORnet CDM tables in
Snowflake/Redshift, or Azure Synapse
Analytics, BigQuery

R/Python notebooks, Spark MLIib,
TensorFlow/PyTorch, SQL engines, Cohort
builder (OHDSI Atlas)

Tableau, PowerBI, Custom web Uls, REST APIs

IAM (e.g. RBAC in Azure AD), encryption (KMS),
logging (CloudTrail), DLP tools, IRB
management systems

HL7 FHIR, OMOP CDM, REDCap, CDISC (SDTM),
GA4GH Phenopackets, SNOMED CT, LOINC,
RxNorm, HGVS

Metadata repositories, Data governance
platforms (e.g. Apache Atlas, Collibra)
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Table 2: Key components of an enterprise RWE platform architecture. Each component supports integration,
storage, analytics, or governance functions necessary for EMR/claims/genomics data fusion.

Together, these layers and components form a flexible blueprint. In an implementation, some pieces (e.g.
chosen CDM, cloud vendor) may vary according to organization needs, but the functional outline remains
similar. The next sections will discuss specific standards and use cases within this architecture framework.

Data Standards and Modeling

Effective integration hinges on shared data semantics and structures. Key strategies include:

e Common Data Models (CDMs): To harmonize disparate clinical and claims data, many organizations adopt a CDM. The
OMOP CDM (by OHDSI) is a leading example: it uses standardized tables (Person, Visit, Condition, Drug, Measurement, etc.)
and enforces common vocabularies. Claims data are ingested into the same tables by mapping diagnosis and procedure
codes. Using OMOP or similar models enables cross-database research with the same analytic code. The FDA Sentinel
initiative has its Sentinel CDM, and PCORnet uses its own data model. The platform should support transforming each
source into one of these unified schemas.

e Terminology Standards: Clinical terms (diseases, labs, drugs) must be codified uniformly. Adoption of SNOMED-CT (for
conditions), LOINC (for lab tests), RxNorm (for medications), ICD-10 (for billing diagnoses) is common. For genomics,
standards like HUGO Gene Nomenclature, HGVS variant notation, and molecular ontologies (Sequence Ontology, ClinVar IDs)

are used. Notably, HL7 FHIR Genomics introduces specific resources and profiles for sequencing data (HZW

pmec.nchi.nlm.nih.gov). Our architecture should include a terminology service and vocabulary tables to map local codes
into these standards (for example, OHDSI's ATHENA vocabulary repository fills this role).

e Fast Healthcare Interoperability Resources (FHIR): HL7 FHIR has become a de facto API standard for healthcare data
exchange. Even if the back-end platform uses a CDM, FHIR interfaces are useful as a data access layer. For example, the
platform might expose a FHIR-based REST API for external apps to query patient data, or use FHIR messages to ingest data.
The CDISC article notes that “FHIR's interoperability across various data sources makes it a logical choice” as an interface

31]

for EHRs (‘ www.cdisc.org). Furthermore, the HL7 Genomics Workgroup's FHIR profiles (FHIR Genomics) allow genomic

results to be represented in FHIR resources, facilitating linkage with clinical FHIR data ([38] pmc.ncbi.nim.nih.gov).

e Clinical Data Interchange Standards Consortium (CDISC): For regulatory submissions and analysis standardization, the
platform should interface with CDISC standards (SDTM, ADaM). In particular, researchers often need to map findings back to
SDTM format. Tools that map CDM outputs to SDTM (or CDASH) can streamline RWE use in regulatory workflows ([3”

www.cdisc.org).

e Open APIs and Data Sharing: Where possible, the architecture should use open-source or widely adopted frameworks to
avoid vendor lock-in. For example, Databricks emphasizes open delta sharing, and GA4GH promotes open formats
(Parquet/QC) for genomic data. Adherence to open standards ensures data can be shared or migrated across partners and
platforms.

e Data Quality Frameworks: Standards on data completeness/fitness are emerging. For instance, EMA’'s ongoing work

[39]

includes a RWD quality framework ( teamdecisive.com). The platform should incorporate quality metrics (e.g.

completeness scores for key variables, validation against external sources) to tag datasets accordingly.

By alighing on common data models and terminologies, the platform ensures that once EMR, claims, and
genomic data are loaded, they “speak the same language” for analysis. This semantic harmonization enables
complex queries: e.g. "find patients with disease X (SNOMED code demonstration) who have variant Y (HGVS
ID) and have been prescribed drug Z." Without consistent coding and structure, such multi-source queries
would be infeasible.

Technical Infrastructure
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Building the platform entails choosing technologies that satisfy the scale and diversity of RWD, while ensuring
performance and security. Typical components include:

e Cloud Services vs On-Premises: Most modern RWE platforms leverage public cloud (AWS, Azure, GCP) for their elastic
resource pools. Cloud choices simplify scalability and global distribution. For example, an AWS-based design might use S3
for storage, EMR/Spark for processing, SageMaker for ML, and Redshift or Athena for querying ([5] aws.amazon.com). On-
prem solutions remain possible, but may constrain growth. In practice, hybrid clouds (some on-prem data plus cloud

analytics) are also used.

e Big Data Technologies: Data processing typically employs distributed frameworks. Apache Spark is dominant for ETL and
ML, operating either on Databricks or EMR clusters. Hadoop components (HDFS, Hive) are also used in older setups. For
near-real-time analytics, streaming platforms (Kafka, Kinesis) can ingest live EHR updates or device data.

e Databases: The platform might include a mixture of storage engines. A relational or columnar MPP database (Greenplum,
Snowflake) can store the curated analytics tables. NoSQL or graph databases (MongoDB, Neo4j) can store unstructured or
highly connected data (e.g. free text, social graphs).

e Analytical Notebooks and Tools: Data scientists often use Jupyter or Zeppelin notebooks connected to the data
warehouse. They may also deploy containerized ML models via Kubernetes for scalable workloads. Commercial RWE
platforms might include specialized query builders or analytics dashboards.

e Security Stack: Industrial firewalls, VPN link to partners’ networks, intrusion detection, and DDoS protection are part of
enterprise security. The platform likely resides in a Virtual Private Cloud (VPC) with tightly controlled ingress/egress and
thorough identity management (multi-factor auth, least-privilege policies).

Importantly, the technical stack should align with the chosen architecture. A centralized cloud lake uses object
storage and managed services. A federated setup may instead install software at partner sites (or use secure
query nodes), communicating results back to a coordinator service.

Analytical Use Cases and Data Analysis Methods

With EMR, claims, and genomic data integrated, a range of analyses becomes possible. Below are
representative use cases illustrating platform value:

e External Control Arms for Clinical Trials: By linking longitudinal RWD, one can construct “synthetic” control groups. For
example, a study might identify patients in the integrated dataset with similar baseline covariates to a trial's experimental
arm. The platform supports estimating real-world outcomes, as EHR/genomic data provide inclusion/exclusion criteria and
outcome measures. (Komodo notes that clinical teams can build an end-to-end story per patient, enabling external arm

creation (‘3‘ www.komodohealth.com).)

e Comparative Effectiveness and Safety: An integrated dataset allows direct comparison of treatments. Claims supply
medication fill history and hospital readmissions; EHR adds lab values and side-effect notes; genomics enable subgroup
analysis (e.g. variants affecting drug metabolism). For example, linking data demonstrated that adverse event rates were

higher and more accurately captured in EHR+claims data than in EHR alone (W pmc.ncbi.nim.nih.gov) ([40]

pmec.nchi.nim.nih.gov), improving safety signal detection. The platform can run statistical analyses (propensity scoring,
multivariate models) across the merged records.

e Pharmacogenomics Research: By federating or centralizing genomic and clinical data, researchers can study variant-—
disease associations at population scale. The IQVIA-Genomics England platform explicitly targets this: authorized analysts
can query de-identified genomes linked to clinical traits to find correlations that inform drug discovery
(www.genomicsengland.co.uk).

e Health Economics & Outcomes Research (HEOR): Claims data give cost and resource use, which can be combined with
clinical outcomes from EHR to build models of healthcare utilization and economic burden. For instance, one could compute
average treatment costs per Genotype: number of hospital days (claims) plus clinical outcomes (labs, mortality from EHR).
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e Disease Surveillance and Epidemiology: Large integrated datasets allow tracking incidence of diseases or rare events
across populations. EMA's DARWIN EU program will leverage a catalog of national EHR/claims sources to rapidly study drug
side effects in real-world usage. For example, during the COVID-19 pandemic, early RWE analyses combined EHR
phenotypes with genetic risk factors to understand vaccine and therapy outcomes.

e Machine Learning on Patient Journeys: With comprehensive multi-modal data, advanced ML models (deep learning,
causal inference) can be trained. Federated learning frameworks (see below) enable training on distributed sites without
exposing raw data, which may be used for risk prediction or patient stratification.

From an analytical standpoint, integrated RWE demands both traditional biostatistics and modern data science.
Once the data warehouse is populated, analysts can run queries like:

SELECT COUNT(DISTINCT patient_id)

FROM visits v JOIN conditions ¢ ON v.patient_id = c.patient_id
WHERE c.condition_concept_id = {ICD_CODE}

AND EXISTS (SELECT 1 FROM genomics g

WHERE g.patient_id = c.patient_id

AND g.variant = 'BRCA1 c.5266dupC')

This could count patients with metastatic breast cancer and a particular BRCA1 variant. Similarly, cohort
definitions and time-to-event Kaplan—-Meier curves are straightforward on the integrated tables.

Advanced analytics, such as federated learning, are also supported by the architecture. As described, federated
networks facilitate distributed model training ("*°/ www.frontiersin.org). For example, the platform could
implement a federated logistic regression to predict readmission risk, sending iterative model updates
(gradients) to each hospital node. The network then aggregates these updates centrally, yielding a global model
without ever sharing patient data.

Case Studies and Examples

TriNetX (Global Clinical Research Network): TriNetX is a commercial RWD platform that exemplifies
centralized integration. It aggregates de-identified EMR and linked claims data from a federation of healthcare
organizations worldwide. TriNetX notably announced December 2018 that it had integrated ambulatory,
medical, and pharmacy claims (190 million patients) into its network (" trinetx.com). Its network now spans 1.8
million providers and almost all US health plans (14?! trinetx.com). The integrated platform provides a user-
friendly interface for querying patient cohorts. According to TriNetX, the longitudinal data cover 300+ million
patients, are mapped to controlled vocabularies, and include demographics, diagnoses, lab results, tumor
registry entries, genomics, and more (/! trinetx.com). This highlights a modular architecture (Fig. 2): data
ingestion from partner EHRs and payers - harmonization (TriNetX curates and maps 80% of analysis time often
saved on data wrangling (*’! trinetx.com)) = unified database - analytics Ul. TriNetX has enabled such use
cases as identifying eligible patients for trials based on full-care records and performing real-world outcome
comparisons. TriNetX’s Linked EHR+Claims product further tokenizes and regularly refreshes patient links (/'
trinetx.com). This case demonstrates the feasibility of massive centralization in RWE.

IQVIA - Genomics England Collaboration: A notable example of clinico-genomic integration is the IQVIA
partnership with Genomics England (www.genomicsengland.co.uk). They launched a platform (E360) to provide
researchers with secure access to de-identified genomic data linked to clinical traits. Authorized users can run
"leading-edge analytics on genomics and observable traits” to accelerate drug research
(www.genomicsengland.co.uk). The alliance combines IQVIA's RWE technology with Genomics England’s
national sequenced cohort ( =100,000 genomes) under strict privacy. It explicitly targets association studies,
comparative effectiveness, and burden-of-illness analyses in a secure environment
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(www.genomicsengland.co.uk). This underscores how a platform can bridge government genomic initiatives
with clinical data (claims/EHR) in a federated or cloud enclave model.

Federated Consortia (OHDSI, PCORnet, PHC, etc.): Many research networks operate on federated or hybrid
architectures. For instance, the Observational Health Data Sciences and Informatics (OHDSI) initiative uses the
OMOP CDM across hundreds of institutional datasets in different countries (collective patient count in hundreds
of millions). Investigators use common queries distributed via tools like ATLAS. Similarly, PCORnet (the US
Patient-Centered Clinical Research Network) connects data from multiple Clinical Data Research Networks
(CDRNSs). A real-world example: a multi-site |A project where each node held local OMOP tables and ran a
federated analysis to answer a diabetes medication effectiveness question. Results were aggregated
statistically, with no central patient-level transfer. In Europe, projects like the Personal Health Train allow
iterative algorithms to travel to distributed hospital data without central pooling. The Frontiers Federated
Networks perspective cites several real applications (tumor segmentation, Al for value-based health, Kaapana
imaging consortium) (%) www.frontiersin.org) that have successfully used federated ML on healthcare data while
preserving privacy. While not cited there, the Sentinel Initiative (FDA) routinely queries claims data in a

distributed manner for drug safety, exemplifying federated RWE usage.

All of Us Research Program: Although primarily a biobank/health study, All of Us (NIH) builds a centralized
repository by design. Participants consent to share their EHRs (from healthcare providers or patient portals),
and also provide genomic data (genotyping arrays, with plans for whole genome). The All of Us Researcher
Workbench (cloud platform) now hosts >570,000 participants’ data linked by unique identifiers. This connection
of clinical EHR with genetics epitomizes the integration discussed here, albeit within one controlled program.
Notably, they transform inbound EHR records into the OMOP CDM (1**! pmc.ncbi.nim.nih.gov) (4%
pme.nchi.nlm.nih.gov), which aligns with the discussed approach.

Case Study - Influenza Vaccine Research (EHR + Claims): A published case (Boikos et al. 2022, Vaccines)
integrated EMR data from Kaiser Permanente Southern California with insurance claims to study influenza

vaccine effectiveness (I*°!

pmec.ncbi.nlm.nih.gov). They state: "A large database has been created (‘Integrated
Dataset’) that integrates and maps commercial claims data and EMR data” for influenza outcomes research (/*°!
pme.nchi.nlm.nih.gov). This study highlights specific methods of merging a health plan’'s EHR with its own claims
to analyze vaccine impact. (The detailed methods note linking by patient ID and reconciling overlapping
records.) It shows that even within one system, EMR+claims links can provide a more complete record for

observational analyses.

These examples underscore that integrated RWE platforms, whether built by industry or research consortiums,
follow similar blueprints: modular ingestion and transformation pipelines, common data models, and governed
access. The outcomes - richer datasets enabling novel insights — validate the approach. For instance, analyses
have shown that EHR+claims cohorts capture more outcomes and yield different effect estimates than EHR
alone (! pme.ncbinim.nin.gov) (I"® pubmed.nebinim.nih.gov), indicating the practical value of integration.

Implications and Future Directions

Integrating EMR, claims, and genomic data within an enterprise platform has profound implications across
healthcare and life sciences:

e Drug Development and Regulatory Science: A unified RWE platform accelerates clinical research and regulatory
submissions. Companies can rapidly test hypotheses (e.g. subgroup safety signals) across their entire patient population.
Regulators (FDA/EMA) can access more robust post-market study data. The FDA's finalized guidance on EHR/claims

specifically calls for rigorous data traceability and QA in RWE submission ([461

directly addresses these needs by documenting lineage, validating definitions, and pre-approving data inputs. The European

www.wsgr.com); a well-architected platform

Health Data Space and EMA's DARWIN EU mean that future RWE queries will increasingly span national boundaries, and

([201

architectures must support multi-jurisdiction queries teamdecisive.com) ([2ﬂ www.frontiersin.org).
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e Patient Care and Precision Medicine: Clinicians and payers may use integrated data for decision support. For instance, a
molecular tumor board might query a patient's integrated profile (genomics and treatment history) against outcomes of
similar real-world patients. By analyzing large integrated cohorts, providers can offer personalized risk assessments (e.g.
"we see this patient’s genomic variant plus comorbidities co-occur in X% of cases with outcome Y"). Over time, artificial
intelligence tools trained on these platforms could suggest optimal treatments based on population evidence. The ability to
securely combine genome and EHR also underpins initiatives like the "1+ Million Genomes” (EU) by ensuring interoperability

(“17J pmc.ncbi.nim.nih.gov).

e Public Health and Epidemiology: Integrated RWE supports surveillance of epidemics and chronic disease. For example, a
unified platform that ingests vaccination records, lab results, and genomic sequences could rapidly analyze vaccine
effectiveness across viral variants. Similarly, it could detect emerging adverse event clusters sooner. Federated
architectures allow multi-national epidemiologic studies without violating sovereignty. The World Economic Forum'’s
recommendations affirm that federated networks could unlock such global insights ([48] www.frontiersin.org) ([ﬂ]

www.frontiersin.org).

e Innovation and Partnerships: The model of independent nodes (each hospital or insurer) connecting to shared analytics
may spur a data commons economy. For example, GAIA-X (EU) and similar federations propose that enterprises can share

([21]

data or algorithms under common standards www.frontiersin.org). Businesses might emerge that provide specialized

analytics on the platform (e.g. a genomics interpretation service that queries the integrated database). Collaborative
research networks (like the PEDSnet for pediatric data in the US) could similarly build on the blueprint.

Looking forward, several trends will shape RWE platform evolution:

1. Artificial Intelligence [ Machine Learning: As ML capabilities advance, integrated RWE platforms can drive Al innovations.
The architecture must accommodate GPU/sklearn workloads and Governance for Al (explainability, bias checks). With
federated learning, a global model (e.g. predicting heart disease risk) can be trained across sites without moving data,
leveraging the data at scale.

2. Real-Time Data Streams: Beyond static claims/EHR, devices (wearables, smartphone apps) and loT can feed continuous
health metrics into the platform. Streaming ingestion (Kafka, Kinesis) and edge compute will become more common,
enabling near-real-time RWE (e.g. monitoring glucose in diabetics population-wide).

3. Blockchain and Decentralized Identity: Innovative privacy frameworks like blockchain (as studied by Elhussein et al.) may

(\49I

be incorporated to secure auditable logs and consent management pmc.nchi.nlm.nih.gov). Blockchain could also

underpin tokenization or patient-mediated data sharing.

4. Regulatory Standardization: Agencies will likely converge on data standards for RWE (e.g. FDA's interest in SAMD/OCD
data formats, HL7 RWD standards). Platforms will need to stay aligned (schema updates, new FHIR IGs).

5. Cloud-Native and Edge Integration: Architectures might split workloads between cloud and on-prem (e.g. keep the most
sensitive data on hospital premises, but share summary data or models in cloud). Funding models like “data residing with
institution, model researched by pharma” may emerge.

In summary, an enterprise RWE platform acts as both a data autumn and a launchpad for next-generation
analytics. Its architecture must thus be robust yet adaptable. The blueprint provided here — from ingestion to
governance - is designed to accommodate technological advances and policy shifts, ensuring that
organizations can harness EMR, claims, and genomic data for the emerging era of evidence-based, personalized

healthcare (134 www.databricks.com) (2% teamdecisive.com).

Conclusion

This report has presented a comprehensive architecture for an enterprise Real-World Evidence platform
integrating EMR, claims, and genomics data. Starting from background and need, we examined data source
characteristics and outlined core integration strategies. We then proposed a multi-layered blueprint addressing
ingestion, storage, harmonization, analytics, and governance. Throughout, we have supported claims with

extensive citations: industry reports highlighting data silos (!'' www.komodohealth.com), regulatory guidance on
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RWD use ("°! www.wsgr.com), technical case studies (%) trinetx.com) () pme.nebinim.nin.gov), and forward-
looking analyses ("**! www.databricks.com) (?% teamdecisive.com). Tables summarized integration paradigms
(centralized vs federated) and platform components along with example technologies.

The evidence indicates that linking disparate healthcare data dramatically enhances RWE. Integrating claims
into an EHR cohort extended observation periods and increased clinical event capture (! pmc.ncbi.nim.nih.gov)
("9 bme.nebi.nlm.nih.gov). Expert opinion echoes that unified platforms (one system for all data, unified
analytics, open standards) are the key to RWE success (*/ www.databricks.com) (4 www.databricks.com).
Conversely, surveys identify that the greatest barrier to insights is data fragmentation (/°°!

www.komodohealth.com) () www.databricks.com), underscoring the necessity of the proposed architecture.

In practice, major projects like TriNetX's network, IQVIA-Genomics, All of Us, and federated research networks
demonstrate the feasibility and payoff of the blueprint outlined. Institutions building such platforms should
ensure adherence to interoperability standards (FHIR, OMOP, etc.), invest in data engineering (ETL, quality
control), and embed security by design.

Looking ahead, as RWE usage expands (supported by funding and regulatory initiatives), these platforms will
underpin real-world clinical research, regulatory submissions, and even point-of-care decision support. By
adopting the principles and components detailed herein, organizations can create a future-proof infrastructure
that systematically generates actionable evidence from the full spectrum of patient data.

References: All factual claims and data in this report are supported by references
[7,16,4,42,24,52,45,54,55,39,22,51], which include peer-reviewed studies, regulatory documents, and
authoritative industry sources. Each citation is noted in the text using the format sourcefLx-Ly. Please refer to
the reference list for detailed source information.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.
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