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Executive Summary

Contract Research Organization (CRO) data integration has become a critical strategic focus for clinical
development groups. Sponsors increasingly seek timely, independent access to trial data rather than waiting
on periodic CRO deliverables. This report comprehensively examines current and emerging approaches to
CRO-sponsor data integration. We analyze traditional models and their inefficiencies, modern integration
patterns (including APls and EDC connectors), and the rise of “clinical data lakes” and data lakehouse
architectures in practice. We review leading tools and platforms (e.g. Veeva Vault, Medidata Rave, Oracle
Clinical, and cloud data platforms) and contrast batch-oriented workflows with Al-enabled real-time data
streams. Multiple case studies illustrate how industry leaders—such as Catalyst Clinical Research, Takeda,
and top-tier CROs—are tackling data consolidation. We find that sponsors are progressively building deep
data platforms to ingest CRO data in near-real-time, leveraging standards like CDISC and FHIR and advanced
analytics. Key findings include:

* A 2017 Tufts/Veeva survey of database-startup practices associated release after first patient, first visit
(FPFV) with data-entry times twice as long as for release before FPFV (Veeva). Evaluate periodic CRO-
to-sponsor data handovers separately.

» Data silos are pervasive: CROs, labs, eCOA vendors, and hospitals all generate trial data in different
systems. Integrating these via manual exports or batch ETL is slow and error-prone (pharma.solix.com)
(www.medidata.com).

- Data Lakehouse architectures are emerging to unify clinical and real-world data under one governed
repository. Recent webinars and whitepapers advocate a lakehouse for Pharma R&D, noting it
combines the scalability of a raw-data lake with the schema and performance of a warehouse
(www.clinicalleader.com) (solutionsreview.com). For example, eClinical Solutions and Covasant
describe ingesting diverse streams (EDC, labs, wearables, EHRS) into open-format cloud storage
(Delta, Iceberg on S3/ADLS) with Spark/SQL processing (www.covasant.com) (solutionsreview.com).
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« Al and automation are being applied to data integration: NLP and ML tools help map instruments and
adverse-event fields, clean free-text entries, and alert on anomalies. Intelligencia Al reports weekly
database refreshes, with newly captured data points available the day after collection (Intelligencia Al).
Al-driven analytics enable continuous risk-based monitoring and early safety signal detection
(hbrppublication.com).

« Several advanced tools/platforms have emerged with dedicated CRO/sponsor collaboration features.
For example, Veeva’s Vault EDC and Safety modules allow CROs to auto-share data with sponsors
(Catalyst Clinical notes “real-time access to their data” via Veeva Safety (www.veeva.com)). Benchling
and Revvity (Signal Synergy) provide ELN/workflow platforms with CRO-facing modules
(www.carolpreisig.com). New connectors like RealTime-CTMS’s EDC Connect allow sites to map
eSource directly into any CDISC-ODM-compatible EDC, eliminating double data entry (realtime-
eclinical.com).

Collectively, these trends demonstrate an industry shift: sponsors are investing in advanced informatics (cloud
data lakes, APIs, Al ETL) to break dependency on CRO batch schedules. In the future, we expect fully
federated, Al-curated clinical data platforms delivering near real-time insights across studies. Robust data
governance and standardization remain critical, as does continued evolution of standards (CDISC FHIR, etc.)
to realize truly seamless data flows.

Introduction and Background

Clinical trials have become vast data-generating processes. A contemporary Phase Il trial can produce
millions of datapoints, far exceeding what was common a decade ago (lifebit.ai). Data now streams not only
from sites via traditional EDC (electronic data capture) of case report forms, but also from lab systems (central
and local labs), imaging, eCOA/ePRO devices, biosensors, hospital EMR/EHR, and external sources like
claims and disease registries (lifebit.ai) (www.medidata.com). This explosion of data volume and variety drives
unprecedented complexity in data management. At the same time, sponsors face immense pressure to
accelerate development timelines and shorten time to market. Consequently, sponsors and CROs are re-
evaluating the conventional data workflow architectures.

Traditionally, sponsoring pharma/biotech companies (Sponsors) define study protocols and often outsource
many operational tasks to CROs. CROs typically handle site selection, monitoring, data entry, query resolution,
etc., using their own CTMS, EDC, and data management teams. Data is often collected into a CRO-managed
EDC and then periodically exported for analysis. Major execution events—first patient first visit (FPFV), interim
analyses, database lock—occur according to pre-set schedules. After database lock, an analysis dataset (e.g.
CDISC ADaM) is generated and submitted for regulatory review.

Under this model, sponsors depend on the CRO'’s internal data pipelines and timelines. In the 2017
Tufts/Veeva survey, respondents that always released the clinical database before FPFV reached database
lock in an average of 31 days (Veeva research highlights). This comparison concerns initial database
deployment; assess CRO-to-sponsor transfer schedules separately. Meanwhile, data lives fragmented in
multiple silos (CRO systems, lab vaults, safety databases), making cross-trial analytics difficult
(pharma.solix.com) (www.medidata.com).
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These inefficiencies have fueled an urgent need for robust data integration. The fundamental problem is: how
to integrate disparate trial data from CROs (and other sources) into a unified, timely system for
sponsor analytics and decision-making? In this report, we explore the current and emerging “integration
patterns” used by sponsors to accomplish this. We define integration objectives — e.g. early visibility, data
consolidation, analytics readiness — and examine technical approaches, platforms, and case examples across
multiple scenarios. We pay particular attention to two use-cases highlighted by investors and sponsor teams:

* CRO-Independent Data Timelines: Clinical development increasingly requires that sponsors not be
held back by CRO upload schedules. How do sponsors obtain data on their timetable rather than reload
it only at contractually-set milestones?

» Real-Time vs. Rigid Cutover: The old model—‘data cuts” at FPFV or interim timepoints—is giving way
to near-real-time monitoring. What Al-enabled architectures (streams, alerts, dashboards) enable
continuous data access, and how do they compare to batch ETL regimes?

We address these by surveying literature, industry reports, and vendor materials (both peer-reviewed and
trade) on clinical data integration. While academic research on CRO-sponsor integration is sparse, numerous
whitepapers and case studies shed light on practical solutions. This report synthesizes evidence from eClinical
blogs, regulatory guidance (CDISC, HL7), and CRO/sponsor collaborations. Wherever possible, claims are
backed by citations (e.g. industry surveys, vendor case studies, academic observations) to ensure credibility.

Terminology: Hereafter, “Sponsor” refers to a pharmaceutical/biotech company leading drug development,
and “CRO” to an external contract research organization conducting trial operations. “CTMS” denotes Clinical
Trial Management Systems, “EDC” electronic data capture (including eCRFs & eSource), and “data
lake/lakehouse” refers to large cloud-based repositories for raw and structured data. “Datacut” or “database
lock” refers to the point when a trial database is frozen for analysis. Detailed definitions appear contextually
below.

The Traditional CRO-Sponsor Data Hand-off
Model

Historically, data integration between sponsor and CRO has been a one-way, manual-driven process. Data
flows from sites — CRO systems - sponsor systems with defined handovers. For example, at the end of each
study, the CRO generally delivers a complete CDMS database export (often a locked SAS/XPT or CDISC
SDTM set). Interim, some sponsors may negotiate periodic partial extracts. Along the way, queries and site
data cleaning occur within the CRO’s EDC environment. In many setups, the sponsor has view-only accounts,
or receives PDFs of forms, but does not directly ingest the raw EDC data until formal transfer.

This model creates dependencies. One industry survey notes “Database build processes have remained
largely unchanged over 10 years...and will get more complicated as CROs and sponsors manage increasing
variety of data.” The survey found sponsors took ~40% longer than CROs to build and lock databases, partly
due to handoff inefficiencies (www.veeva.com). When a sponsor waits for a CRO to “release” their EDC
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system (e.qg. finalize edit checks), the sponsor’s data entry and analysis timelines slip correspondingly
(www.veeva.com). As Ken Getz (Tufts CSDD) summarized: releasing databases after study start leads to
“longer downstream cycle times” in entering and locking data (www.veeva.com).

Moreover, data often remains siloed. Veeva’'s 2017 survey shows that CROs and sponsors frequently manage
lab values, PROs, safety, etc. in separate systems. Unsurprisingly, 77% of respondents reported issues
loading data into the EDC; and 66% blamed integration problems . In effect, each dataset (labs, eCOA,
imaging, etc.) might be delivered via its own format (CSV, PDF, proprietary portal) and later reconciled
manually at the sponsor. One CRO study explicitly laments that sponsor and CRO systems rarely “talk”;
interchange involves manual spreadsheets, file transfers, and re-formatting (www.carolpreisig.com).

Legacy Tools and Methods: The traditional pattern was “Extract-Transform-Load (ETL)” on a schedule. For
instance, a sponsor might receive weekly CSV exports from a CRO’s EDC. Those files would be wrangled via
SAS (or R) programs into an analysis dataset. This cycle repeats monthly or at so-called “data cuts”. Datacuts,
however, are by design rigid. Once made, data is frozen for analysis until the next cut. If mistakes are found, a
cycle must re-run. Psychologically, stakeholders feel that important insights (safety signals, enrollment
bottlenecks) may be delayed until after a cut.

Stakeholder Pain Points:

» Data Latency: Sponsors can only analyze data as frequently as the CRO provides it. Any delays (e.g. by
slow query resolution) push out interim analyses and safety reviews. As Lifebit's blog notes, “the
problem is that traditional data management approaches can't keep pace...data sits in silos, making it
nearly impossible to get the real-time insights needed” (lifebit.ai).

e Data Quality Issues: Manual reformatting introduces errors. Carol Preisig observes CROs often deliver
results in messy multi-tab spreadsheets and text files, necessitating sponsor reformatting. She cites
“back-and-forth communication regarding errors and version control” with CROs as common, time-
consuming issues (www.carolpreisig.com). These reflect the lack of integration: every sponsor ends up
spending effort on data curation that ideally the CRO would handle or deliver in standard form.

» Governance and Compliance: Fragmented data flows hinder consistent audit trails. Regulatory and
quality teams must piece together provenance. Without integration, 100% source-data verification (SDV)
remains a heavy resource burden (www.medidata.com). The lack of a unified system means RBQM
(risk-based monitoring) is hard to implement across data silos.

In summary, the old paradigm strains sponsors. They outsource data ops for cost and focus, but face
slowed decision-making. Industry leaders have recognized this bottleneck. Recent conferences and surveys
emphasize moving toward integrated platforms. For example, Applied Clinical Trials noted executives calling to
“turn data chaos into trial intelligence” by harnessing data in real time (www.appliedclinicaltrialsonline.com).
Likewise, voices like RealTime-eClinical observe sponsor demands for technology that “ends duplicate data
entry” and speeds interactions (realtime-eclinical.com). These signals indicate a major industry shift is
underway: from episodic data hand-off toward continuous, holistic data management.
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Patterns of CRO Data Integration

Sponsors have begun adopting a variety of strategies to break the old mold. These integration patterns
range from low-tech file sharing to sophisticated API-driven workflows. The goal across patterns is the same:
unify CRO data with sponsor systems efficiently. Key approaches observed in practice include:

» Standardized File Exchange (CDISC/ODM): Many CRO contracts now require deliverables in CDISC
formats (SDTM/ADaM). This ensures the data is structured, but it remains batch/offline. Sponsors load
these files into their analysis systems. Enhancements include using CDISC Operational Data Model
(ODM) XML for exchanging casebook definitions and data dictionaries (e.g. RealTime’s EDC Connect
uses CDISC ODM to map eSource to sponsor EDC (realtime-eclinical.com)). This removes one layer of
translation but still typically happens per data cut.

« Database Links and Shared EDC: In some programs, the sponsor provides the EDC system (or a
cloud instance) that the CRO uses. For example, a sponsor might invite a CRO to build and manage the
study directly in a Vault or Rave system owned by the sponsor. This means the data all lives in a
common platform. During the trial, the sponsor can monitor data entry continuously. This model
eliminates many transfer steps, but relies on the sponsor (or vendor) owning the software license. It can
also blur lines of oversight (the CRO still executes trial operations but via a sponsor tool). In Veeva’'s
summit account, Vertex reported reducing average database build times from 12—-13 weeks to 5-6
weeks (Veeva).

 CTMSIEDC Integration Middleware: Vendors have emerged offering middleware connectors between
CTMS, EDC, and other systems. These integration layers automate data syncs. For instance, CDISC’s
emerging FHIR-based standards aim to enable query/response between clinical apps. Similarly,
orchestration tools (like Merative) can receive EDC data via APl and push it into analytical databases.
RealTime describes EDC Connect as mapping eSource definitions to equivalent EDC fields so data may
be sent electronically in an industry-standard format (RealTime). The advantage is lower latency; the
challenge is ensuring compatibility of data models. Many CROs still use different EDC products, so
building one-to-many interfaces is costly.

- Data Warehouse/Lakehouse Integration: Sponsors are increasingly building their own central data
repositories. In this model, CROs either push data into sponsor data lakes or provide access for pulling.
Tools like Azure Data Factory, Snowflake’s Snowpipe, or Databricks Jobs can run regularly to import
EDC/CTMS tables, lab feeds, etc. Acommon pattern is ELT (Extract-Load-Transform): raw data is
dumped into a “data lake” storage (often in CSV/JSON), and then transformed downstream. What's new
is treating this as a continuous pipeline rather than discrete deliveries. The “lakehouse” builds on this by
enforcing some schema on the lake (via Delta or Iceberg) to allow SQL queries on fresh data. For
instance, an enterprise data lake may ingest nightly CSV exports of CRO data, reconciled daily. Treat
reduced dependence on scheduled CRO reports as a design goal, and check source capture,
export/API| availability, ingestion and validation before promising fresher analytics. For example,
Snowpipe provides no load-latency guarantee (Snowflake documentation). A Globally recognized
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example is ERT (a CRO) which built a cloud data lake and MDM for its own enterprise data

(www.infog.com); similarly, Persistent Systems describes a “single source of truth” data lake built on
Azure for a top CRO, consolidating 3,000 trials into executives’ dashboards (www.persistent.com).

« Federated Query and Data Virtualization: A more cutting-edge pattern is to leave data resident in

CRO systems but query it centrally. Data virtualization tools (e.g. Denodo, IBM Cloud Pak, Talend Data
Fabric) allow a sponsor analyst to run a virtual SQL query that joins ERP/site/CRO data. Under the

hood, the tool issues API calls to the CRO’s EDC or CTMS. This eliminates copies of data, ensuring up-

to-date values, but raises network/security complexities. For example, an iRT (Interactive Response

Technology) system might federate enrollment info to the sponsor’s environment so status dashboards
are live. This pattern is still emerging in pharma, partly due to stringent validation needs.

Each pattern has trade-offs. Batch file exchange is familiar and standards-driven (CDISC, HL7), but by

definition delayed until cutovers. Shared platforms minimize transfers but require platform unification and
governance. Middleware/API offers timeliness but implicates heavy development and security work. Data

lakes provide flexibility for analytics but demand strong data governance or risk becoming “data swamps”

(www.infog.com). Hence sponsors often use these patterns in combination, according to program needs and
scale. Table 1 below summarizes common integration vehicles, their capabilities, and limitations.

Integration
Approach

EDC Database
(shared)

Data File
Exchange
(CDISC)

CTMSIEDC

Middleware

Data Lake /
Lakehouse

Federated/Virtuali
zation

Examples | Tools

Veeva Vault EDC on client
instance; Oracle EDC;
Medidata Rave

SAS EXPORT, CDISC
ODM, HL7 FHIR messages

RealTime eSource-EDC
connectors; Oracle MDM,;
Veeva Connectors

Azure Data Lake/Synapse;
Databricks; Snowflake;
AWS HealthLake

Denodo, IBM Data
Virtualization, cloud APIs

Key Capabilities

Unified database for CRO/sponsor;
real-time view; shared
query/resolution.

Standards-based exports (e.g. SDTM,
ADaM); regulated; easy archiving

Event-driven sync: automate transfers
of IRT, Lab, safety to sponsor systems
via APIs.

Central repository: integrates
structured & unstructured CRO data
plus RWD; supports analytics/Al.

On-demand integration: live queries
across CRO systems without copying;
always-current data.

Drawbacks /| Considerations

Requires sponsor-owned license;
CRO training; data governance
overlap; less vendor diversity.

Batch-oriented: typically monthly or
quarterly; late visibility; manual
validation.

Infrastructure overhead; needs
standard APIs (CDISC, FHIR);
security/validation effort.

Governance complexity; risk of “data
swamp”; requires data engineers.

New paradigm for life sciences; strict
validation needed; network latency
and security.

Table 1: Common patterns for integrating CRO-generated trial data into sponsor data environments. Each
approach has unique tools and trade-offs; sponsors often combine multiple methods.
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Clinical Data Lakes and Lakehouses in
Practice

A dominant theme in sponsor data strategy is building enterprise data lakes or lakehouses for clinical trial
data. These concepts, borrowed from Big Data, have been promoted as a way to consolidate all R&D data (not
just CRO-run study data) into one platform. Key motivations include:

« Scalability for High-Volume Data: Modern trials generate huge volumes (e.g. imaging DICOMs,
genomics) that are unwieldy in relational databases. Data lakes (and lakehouses) on cloud object
storage (S3, ADLS, GCS) can ingest raw data in native form, often with schemas-on-read
(www.drugdiscoverytrends.com). For example, BMS, Takeda, and Amgen have each deployed cloud-
based data lakes to speed up R&D analytics (www.drugdiscoverytrends.com).

» Consolidation of Heterogeneous Sources: A lakehouse unifies EDC tables, LIMS, CTMS logs,
wearable feeds, EHR extracts, etc. Venu Mallaparu of eClinical Solutions notes typical trials now draw
on 6-10 external data sources (solutionsreview.com). A lakehouse can ingest all these, structured or
unstructured, enabling cross-dataset joins. As the Ardigen blog explains, merging the scalability of lakes
with structure of warehouses lets life sciences organizations “store all their data in one place” yet run
analytics on it (ardigen.com).

e Support for Real-time Analytics: While a pure data lake might batch ingest, a lakehouse supports
both batch and streaming integration (www.infog.com) (www.drugdiscoverytrends.com). For instance,
Covasant illustrates architectures where an “Ingestion Layer” continuously pumps EHR FHIR feeds, IRT
events, wearable streams, and the like into a Delta Lake (www.covasant.com). Once in the lake, data is
query-able via Spark or SQL. Smooth incremental loading (e.g. Delta Lake’s merge or Snowflake’s
Snowpipe) lets analysts get near realtime views. Importantly, this also lays the groundwork for Al/ML:
unified datasets enable machine learning models to train on the complete, up-to-date trial data.

In practice, what does a “clinical data lake” look like? Table 2 adapts industry descriptions of modern
architectures:

Layer Components (typical) Purpose | Example Data Streams

Ingestion - FHIR/HL7 APIs (EHR) Continuously ingest site data, lab results, imaging, etc
- EDC/CTMS connectors (www.covasant.com).
- eCOA/ePRO feeds

- Wearable device streams

Landing/Stora - Cloud Object Storage: Amazon S3, Azure Data Store raw data in open formats; unify structure.
ge Lake Storage, Google GCS (with Parquet, Delta, or

Iceberg format) (www.covasant.com)

- Raw ingestion zones & curated zones

Processing/lET - Spark, SQL engines, ETL tools (Azure Data Cleanse, standardize, and integrate data. Build analytics

L Factory, AWS Glue, dbt) tables.
- Data transformation pipelines
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Layer Components (typical) Purpose | Example Data Streams
Catalog/Gover - Metadata Catalogs (AWS Glue/Azure Purview) Track data lineage and manage access. Regulated entities
nance - Data Lineage tools, Data Contracts remain responsible for ensuring that electronic records
- Security/Audit (IAM) meet applicable Part 11 requirements (FDA).
Consumption - Bl dashboards (Tableau, Power BI) End-user access: reports for trial oversight; Al models; VR
- ML/Al notebooks (Python/SAS) applications.
- Alerts/Automation

- Custom applications

Table 2: Typical components of a modern clinical data lakehouse architecture (sources: eClinical Solutions
webinar (www.clinicalleader.com), Covasant blog (www.covasant.com), information management best
practices (www.infoq.com)).

Several large sponsors have publicly acknowledged building these infrastructures. For example:

« Historical ERT example. In a 2018 interview, ERT's Chief Data Officer Dr. Prakriteswar Santikary
described their fully cloud-based data lake and master data management (MDM) system. His team built
an enterprise data lake to serve all R&D analytics, with streaming ingestion from CRO/operational
systems and strong encryption to meet regulatory requirements (www.infog.com). Santikary emphasized
that real-time reporting at scale required integrating streaming and batch loads, and enforcing
governance via MDM.

« Persistent Systems (technology provider to a CRO). Persistent established Clinical Trial Operations
Reporting on Azure Data Platform to deliver a single source of truth for its CRO client (Persistent).

+ Takeda. As noted in industry briefings, Takeda’'s R&D Data Science Institute built a “data hub” to
integrate clinical, observational, biobank, and real-world datasets (www.slideshare.net). This advanced
platform (using Deloitte’s Deep Miner on AWS) accelerated ML modeling for complex patient subgroups.
Though focused on discovery, it reflects the enterprise trend: ingesting large biomedical datasets for Al
analysis.

« Johnson & Johnson. Anecdotal conference reports indicate J&J has developed new clinical data
platforms to unify multiple formats. One session titled “Johnson & Johnson’s newly built platform to
handle different data formats” implies J&J’s strategy of flexible data processing (www.arena-
international.com). While details are proprietary, J&J's public data science initiatives (e.g., Al-driven trial
design) suggest strong emphasis on integrated data infrastructure (www.jnj.com).

In summary, data lakes/lakehouses are central to sponsor strategies for CRO data. They enable sponsors to
ingest CRO data feeds rapidly and treat them as part of a larger enterprise dataset. With this approach,
sponsors can perform analyses on demand rather than waiting for CRO reports. In one vision, a trial-
monitoring dashboard pulls from the lakehouse to show cumulative enrollment or pending queries in real-time
(or near-real-time) without separate downloads. As large pharma wants to shift left on data quality and
oversight, these unified platforms become the backbone for next-gen data management.
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Tools and Platforms for Integration

A variety of software solutions now support the above patterns. We categorize them by function:

« Electronic Data Capture (EDC) and CTMS Platforms: These remain central. Major players include
Medidata Rave, Oracle Clinical/Veeva Vault EDC, CRFweb, Medrio, etc. Modern EDCs often have built-
in integration modules or APIs. Veeva describes EDC as an environment to collect, review, and process
site-reported patient trial data (Veeva EDC). RealTime CTMS (a unified site platform) now claims native
eSource-to-EDC mapping (realtime-eclinical.com). The key function here is to capture site data at
source, but increasingly these systems also expose data for integration (via services or files) so
sponsors can ingest it.

» Data Integration | ETL Platforms: Tools like MuleSoft, IBM DataStage, Talend, Boomi, or cloud-native
AWS Glue/Azure Data Factory are used to orchestrate data flows. In pharma, specialized offerings also
appear: e.g. Informatica Cloud for Biopharma (which supports CDISC mapping) or Seeq Pharma. These
platforms can connect to common pharma sources (EDC, LIMS, eTMF, loT devices) and perform
cleansing/standardization. They often serve as “glue” between CRO outputs and the sponsor’s data
lake. For example, in a data lakehouse pipeline one might use Azure Data Factory to copy nightly EDC
extracts into Synapse tables.

» Master Data | Governance Tools: Sponsors emphasize data quality and lineage. Platforms for data
governance (e.g. Collibra, Talend Data Fabric, Informatica EDC) help catalog data sources and enforce
standards. The InfoQ interview highlights the importance of MDM in the clinical data lake (entities like
patient and site must be mastered) (www.infog.com). For clinical data management, Medidata’s Clinical
Data Studio supports data aggregation, standardization, and management workflows (Medidata).

« Analytics & Dashboards: On top of the lakehouse lies analytics software. These might not be
integration tools per se, but they realize the value of integration by providing insights. Common choices
include Microsoft Power BI, Tableau, and Spotfire. Cloud ML platforms (Databricks, Azure ML Studio,
AWS Sagemaker) allow data scientists to build Al models on integrated data.

« Al & NLP Solutions: Newer entrants leverage Al specifically for data tasks. For instance, the Alcedis
(Huma) “Meteor” tool uses NLP to review CRO-compiled free-text in eCRFs, spotting adverse events or
data entry errors automatically (www.clinicaltrialsarena.com). Benchling’s Al-driven Data Entry Assistant
(an LLM) parses lab documents into structured ELN fields (www.carolpreisig.com). These illustrate how
Al can streamline the most tedious parts of data integration. Companies like IQVIA and others offer Al-
centric platforms (e.g., Orchestrated Clinical Data) to accelerate data mapping.

 Emerging Standards & APIs: Finally, industry standards underpin tools. FHIR (HL7 Fast Healthcare
Interoperability Resources) is being extended to clinical research (R4 Clinical Research IG). Some EHR-
integrated tools promise pull of patient data directly into trials (e.qg., IgniteData’s EHR — EDC connector
(ignitedata.com)). Conformance rules and XML/API usage are additional considerations. In practice, a
sponsor may use a standards-compliant APl (CDISC ODM, HL7 FHIR) to fetch data from a CRO’s
system on demand, rather than via manual transfers. (E.g. RealTime’s EDC Connect uses the industry-
standard ODM format (realtime-eclinical.com), which itself can be accessed via API.)
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A few table-based summaries:

Category

EDCICTMS

Integration
Middleware

Data Lakehouse

Platforms

Data
Governance/MD
M

Analytics & Al

Standards &
APIs

Examples (Vendors)

Veeva Vault EDC/CTMS, Medidata
Rave, Oracle Clinical Cloud, CRFweb,
ClinCapture, RealTime SOMS

Mulesoft (Anypoint), Boomi, Tibco EBX,
Talend, AWS Glue, Azure Data Factory

Databricks, Snowflake, Azure Synapse,
AWS HealthLake, Databricks Delta,
Google BigQuery

Collibra, Informatica EDC/Data Quality,
AWS Glue Data Catalog, Azure Purview

Power BI, Tableau, SAS Viya, Python/R,
Xoriant, Simbo Al, Alcedis Meteor,
Benchling, Intelligencia Al

CDISC ODM/SDTM/ADaM, HL7 FHIR
(Research), IHE RFD, JSON/SQL API
(REST)

Notes

Capture site data; often include integration modules. Separately,
Catalyst reports real-time sponsor access through Veeva Safety
(www.veeva.com).

Connectors for REST, SOAP, FHIR, file systems; transform and
load data.

Host integrated clinical data. Examples: Snowflake used by large
pharma for unified reporting; Databricks on CSDD demonstration
for multi-trial analytics.

Tag and manage metadata; enforce data standards (CDISC, HL7).
ERT'’s lake uses MDM to align patient/site across streams
(www.infog.com).

For visualization and ML. Intelligencia.ai publishes about weekly
refreshed repositories (www.intelligencia.ai); Bloomberg Al index
notes growing adoption (www.bloomberg.com).

Emerging: CDISC’s Clinical Data Acquisition Standards
Harmonization (CDASH) plus FHIR. RealTime’s EDC Connect uses
sponsor-provided ODM study metadata (RealTime).

Table 3: Representative tools and technologies for CRO—sponsor data integration. Note many offerings are

configurable (e.g. Veeva Vault can serve as EDC, safety database, or CTMS with integrations)

(www.veeva.com) (realtime-eclinical.com).

In sum, sponsors now have a rich ecosystem of integration and analytics tools. Some are general IT platforms

repurposed for pharma, others are life-science specific. The key enabler is that most modern solutions focus

on open connectivity (APIs, standards) and real-time/near-real-time data pipelines, rather than static file

dumps.

Case Studies and Real-World Examples

Several real-world examples highlight how integration strategies are actually implemented:

« Catalyst Clinical Research & Veeva Safety (CRO-Sponsor Collaboration): Catalyst (a mid-size

CRO) implemented Veeva Safety to streamline pharmacovigilance data sharing. Catalyst reports that

Veeva Safety “ [provides] our sponsors real-time access to their data while improving collaboration”
(www.veeva.com). In practice, this means Catalyst no longer needs to manually send PDF reports;

instead, when safety events are logged, the sponsor (via Vault Safety) immediately sees them. This has

reduced paperwork and freed safety specialists to focus on analysis. Although this is a CRO-level
example, it models how sponsor teams in other functions want similar access: continuous visibility

without waiting for periodic reports.
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+ RealTime eClinical CTMS (Site-facing integration): RealTime describes EDC Connect as using the
CDISC ODM standard for eSource-to-EDC exchange (RealTime launch). Its FAQ specifies export into
an ODM-compatible sponsor EDC (RealTime FAQ). Assess transfer frequency and end-to-end latency
for each implementation.

« Large CRO (Anon): A top-5 CRO engaged Persistent to build an “Intelligent Data Platform.” The result
was an Azure-based data lake that centralized multiple data domains. The solution integrated 3,000
trials of data into 15 consolidated management reports (www.persistent.com). Persistent reports that its
use of accelerators helped speed up time to market.

» Takeda-Deloitte Deep Miner: Deloitte describes Deep Miner as software and services running on AWS
to accelerate insight generation and knowledge management (Deloitte).

 MSK-IgniteData EHR-to-EDC collaboration: MSK'’s Joe Lengfellner describes implementing
IgniteData’s Archer in an account of site-to-sponsor collaboration (IgniteData).

These cases reveal common themes: sponsors are moving to central platforms, CROs are offering data-
sharing features, and integration points (both technological and organizational) are expanding. Crucially, many
of these examples explicitly aim for real-time or continuous data flow rather than monthly batches. For a CRO
query correction, verify source capture, export/API availability, ingestion and validation, and measure end-to-
end latency before describing sponsor visibility as immediate. Snowpipe, for example, does not guarantee load
latency (Snowflake documentation). Adoption is nascent, but growing.

Al-Enabled Real-Time Data vs. Traditional
Data Cuts

A core question is whether Al and modern architectures can truly replace the “rigid datacut schedule” with
something more dynamic. Research and industry insights suggest this is indeed feasible—but with caveats.

Real-Time Monitoring: Academic research (Parasaram et al., 2025) asserts that Al-driven analytics enable
real-time trial monitoring by integrating diverse data streams (hbrppublication.com). Instead of the old
reactive model (post hoc SDTM analysis), Al can continuously analyze EHR and wearable feeds for anomalies
or safety signals (hbrppublication.com). Similarly, trade publications emphasize that integrated live data can
alert teams to issues (e.g. site non-compliance, enroliment drops) as they occur, a capability unattainable with
once-per-month datacuts. Suvoda’s blog details that CROs using eCOA with real-time connectivity can
immediately spot IRT or eConsent problems and adapt treatments for trial patients on the fly
(www.suvoda.com).

Case: Risk-Based Monitoring (RBM). Regulatory guidance (FDA/EMA) now encourages RBM, which relies
on centralized analytics. In practice, RBM projects use integrated data pipelines to feed Al/ML models. For
example, if query metrics are streaming in daily via sponsor’s data lake, they can be fed into anomaly
detectors (to identify unusual data patterns at a site). This continuous approach contrasts with the old schedule
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of site visits triggered by fixed database lock dates. Sponsors like GSK and Merck have published that they
deploy ongoing statistical monitoring algorithms on live data to target quality checks. While proprietary, these
programs illustrate the complementarity of integrated streams and Al.

Al for Data Curation: Rapidly arriving data still needs curation. In its discussion of public biomedical
information for clinical-development analytics, Intelligencia Al describes combining automated tools with expert
human oversight (Intelligencia Al). This example concerns biomedical information curation; patient-level CRO
integration should be evaluated separately.

Generative Al and Metadata: Newer LLM-based systems are emerging to enhance integration. Benchling’s
Data Entry Assistant, for instance, uses a large language model to parse free-text lab reports into structured
ELN fields (www.carolpreisig.com). Similarly, some groups use generative models to automate creation of data
dictionaries from raw study protocols. While still experimental in regulated trials, these tools exemplify the
trend: Al enabling on-the-fly data wrangling and metadata management, which further shrinks the time from
collection to insight.

Comparison - Data Cuts vs. Continuous: In practice, shifting fully away from data cuts is gradual. For
critical milestones (e.g. Final Database Lock for submission), sponsors will still need validated cut datasets.
For blinded trials, assess the potential for unblinding before expanding operational visibility or interim analytics
(FDA ICH EB(R3)). Any new data architecture must still satisfy regulatory demands (audit trails, fixed dataset
snapshots), so sponsors typically maintain cut schedules in parallel with a continuous data layer.

In essence, Al/automation enables a near realtime layer on top of the traditional pipeline. Instead of one rigid
move at cruise altitude, data flows like a river with occasional dams. Clinical teams can fish at any time. This
model is supported by emerging products and services:

» Clinical Data Review: Medidata Clinical Data Studio supports reviewing data in context and
maintaining oversight (Medidata).

- Event-Triggered Integration: Some systems support event triggers. E.g., when a subject is
randomized (FPFV event), an API call could automatically push that record into the sponsor’s analytics
DB. This leverages message queues or pub/sub architectures common in cloud systems. Sponsors
beginning to implement this have reported drastically faster safety report distribution.

Overall, the evidence suggests that Al-enabled integration is a disruptive improvement. It cannot entirely
obviate the need for some manual oversight (Al still makes mistakes, and regulatory compliance must be
proven). But by reducing manual handoffs and delays, it aligns data flow with the needs of modern, agile trials
(e.g., Decentralized Trials, complex adaptive designs) (www.clinicalleader.com) (www.clinicaltrialsarena.com).
Data, in other words, is becoming a real-time asset instead of a backlog.

Challenges and Limitations

Despite the progress, significant challenges remain:
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- Data Heterogeneity: Even with lakehouses, different CROs often label the same concept differently.
For example, a lab value might be in mmol/L in one system, mg/dL in another. CDISC standards help,
but only if strictly applied. As Medidata notes, “data standards are in place, but ... physicians’ notes etc.
create context issues” (www.medidata.com). Sponsors must still invest in extensive data mapping and
ontology management. This is partly why vendors emphasize MDM and controlled vocabularies in their
integration platforms (www.infog.com).

- Data Quality and Governance: A data lake can easily become a “swamp” if not governed
(www.infog.com). Ensuring data integrity (no duplicates, correct relationships) is harder at scale.
Regulators will still demand traceability (who changed what, and why). Sponsors must implement strong
governance councils and validation steps. This is non-trivial across global studies with cross-company
data sharing (e.g. cross-CRO studies sometimes lead to multiple copies of records). In short, integration
accelerates data availability but also multiplies the risk of uncontrolled errors entering core datasets.

« Security and Privacy: Consolidating clinical data (often including PHI) in the cloud raises patient
privacy and cybersecurity issues (www.infog.com) (solutionsreview.com). Assess privacy obligations by
jurisdiction, data processing, organizational role and data-sharing arrangements. The HIPAA Rules
apply to covered entities and business associates (HHS); assess GDPR applicability separately. New
frameworks like Threat Modeling, encryption, and strict IAM (Identity and Access Management) are
required. The InfoQ interview emphasized “security, privacy and protection at scale” as an architecture
challenge (www.infog.com). RealWorldData integrations further complicate this (linking trial data to
EHRS).

* Vendor and CRO Readiness: Many CROs, especially smaller ones, may not yet be capable of real-
time systems integration. Sponsors dealing with dozens of CROs in one program must manage
inconsistent capabilities. While the largest CROs (IQVIA, Parexel, ICON) can align on APIs, smaller
niche CROs often still rely on email spreadsheets. This can force sponsors to maintain hybrid models
(automated where possible, manual elsewhere).

« Organizational Change Management: Building a data lake/Al pipeline is only half the battle; getting
clinical teams to trust and use it is next. People used to the old “send a PDF” process may be unsure
about pulling numbers directly. Sponsors must invest in training and culture change. A Medidata blog
remarks that moving to real-time transparency can “create excitement” among data managers
(www.veeva.com), but also requires breaking old silos.

Despite these challenges, the momentum is strong. Many in the industry view integration as not a nice-to-have
but a core competency. In conference panels, leaders emphasize that trials are only as good as their data
(www.medidata.com), and thus “data integration and interoperability” are top priorities. Initiatives like
TransCelerate’'s common protocols, or the Emerging Data Commons (by C-Path), show the trends toward
shared, interoperable systems.

Future Outlook and Implications

Looking ahead, several trends will shape CRO-sponsor data integration:
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« Further Standardization: CDISC continues to advance standards for data exchange, including HL7
FHIR resources for research. Widespread adoption will simplify multi-source integration. RealTime’s use
of CDISC ODM in EDC Connect suggests a move to industry-standard payloads (realtime-
eclinical.com). We anticipate a future where APIs (FHIR-based) will be common for data pulls/pushes
between systems, enabling somewhat plug-and-play connectivity.

« Electronic Records: Assess applicable electronic-record requirements when designing data
architectures. Part 11 remains in effect, with enforcement discretion limited to the circumstances FDA
identifies in its guidance (FDA).

« Decentralized Trials (DCTs) Acceleration: DCTs inherently rely on digital data (eConsent, wearables,
home nursing). Sponsors doing many DCTs (e.g. vaccines in pandemic era) are driving real-time needs.
Future technologies (blockchain for provenance, edge computing at sites) may further alter data flows.

« AIIML Evolution: As Al tools improve, we’ll see more automated data annotations and even predictive
integration (e.g. anticipating data formatting issues). Some predict that “self-driving labs” could one day
automatically merge results into sponsor data models. For now, the use of Al for anomaly detection
(warn if site data strange) and natural language to structure free-text will only grow.

» Collaborative Platforms: The lines between sponsor and CRO IT may blur. Some foresee an industry-
neutral “data fabric” where multiple sponsors and CROs share a common platform (an idea broached by
consortium projects like EHDEN). Alternatively, master service providers might emerge who specialize in
just integration, offering it as a managed service.

« Economic Implications: Efficient data integration saves time and money by shortening trials. The
Veeva-sponsored Tufts analysis projects multi-million-dollar savings if data management timelines
improve. Sponsors that fail to modernize may lose competitive edge. Conversely, CROs that invest in
integration (to “attract bids”) can leverage this for differentiation (www.medidata.com).

» Data Analytics and Al Outcomes: The ultimate aim is better insights. Sponsors want to run Al on
unified data to identify biomarkers, optimize protocols, and even discover new drug uses from trial
results. A well-integrated data lakehouse could allow meta-analyses across trials (already done
academically, e.g. with Transcelerate or Vivli) and training of predictive models on trial success. In
essence, the integration patterns becoming standard today are the foundation for this Al-driven future.

Conclusion

The imperative is clear: sponsors in clinical development must evolve their data architectures to liberate
themselves from traditional CRO timeline constraints. This involves rethinking how CRO data flows into the
sponsor ecosystem. Our research shows that successful sponsors are combining multiple integration patterns:
leveraging modern EDC/CTMS connectors, building centralized data lakes, and applying Al to automate and
accelerate those pipelines.

Current state-of-the-art is characterized by data lakehouse architectures (hybrid cloud repositories for all trial
data) and Al-driven extraction and cleansing. Intelligencia Al describes combining automation with expert
review to prepare Al-ready clinical-development data (Intelligencia Al). Conversely, sticking to the old batch

Pharma & biotech Al consulting - Custom software - Data engineering Page 15 of 18


https://realtime-eclinical.com/2025/11/20/realtime-eclinical-solutions-ends-duplicate-data-entry-from-esource-to-edc-with-launch-of-edc-connect/#:~:text=With%20EDC%20Connect%2C%20sites%20can,true%20interoperability%20finally%C2%A0accessible%C2%A0for%20every%20site
https://realtime-eclinical.com/2025/11/20/realtime-eclinical-solutions-ends-duplicate-data-entry-from-esource-to-edc-with-launch-of-edc-connect/#:~:text=With%20EDC%20Connect%2C%20sites%20can,true%20interoperability%20finally%C2%A0accessible%C2%A0for%20every%20site
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/part-11-electronic-records-electronic-signatures-scope-and-application
https://www.medidata.com/en/life-science-resources/medidata-blog/how-data-fueled-performance-gives-cros-a-competitive-edge/#:~:text=On%20a%20unified%20platform%20with,deliver%20guaranteed%20efficiency%20for%20sponsors
https://www.intelligencia.ai/ai-ready-clinical-data-intelligencia-ai/

IntuitionLabs

model risks ongoing delays and higher costs (each trial-day is expensive).

Going forward, we anticipate a blended model: regulatory submissions will still use curated datacuts, but day-
to-day operations will run on live integrated data. New standards (CDISC FHIR, OMOP for data harmonization)
and technologies (generative Al, blockchain) will further reduce friction. From a governance perspective,
sponsors must invest in metadata management and maintain robust audit trails. A cross-functional “data
governance council” — as recommended by experts like Santikary (www.infog.com) — will be key.

In conclusion, the landscape of CRO-sponsor data exchange is rapidly transforming. This report has
documented how industry players are pioneering the integration patterns of tomorrow: unified platforms,
open data standards, and Al-enhanced workflows. It is imperative for sponsors to stay at the forefront of these
trends. The move toward real-time, Al-enabled integration is not just a technical upgrade—it fundamentally
changes the timeline of drug development, enabling faster decisions, nimble trial adaptations, and ultimately,
quicker delivery of therapies to patients.

Overall, the evidence suggests that the use case of “independence from CRO timelines” is being realized in
leading organizations. By adopting these advanced integration strategies, sponsors can break the old
constraints, turning data into a strategic asset rather than a bottleneck.
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About IntuitionLabs

IntuitionLabs is an Al consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

Al consulting and adoption

Our Al enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind Al: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted Al options support teams
evaluating how to operate Al with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include Al agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore Al enablement, pharma and biotech software development, data engineering and Bl, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ali

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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