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Executive Summary
Clinical data management is undergoing a paradigm shift from traditional, on-premises SAS-based systems
toward modern, cloud-based Electronic Data Capture (EDC) platforms. Legacy SAS CDMS solutions – often
bespoke, analysis-oriented environments – served the industry for decades and centered on established
analysis and reporting workflows. In contrast, cloud EDC systems (e.g. Medidata Rave, Veeva, REDCap) offer
web-accessible CRFs, real-time data validation, and seamless integration with diverse data sources. A
documented capture-migration example is the MoCHiV cohort: researchers combined Oracle SQL, R, and
REDCap with a systematic pipeline for data cleaning, formatting, and comparison to migrate its database
(2023 migration study).

Despite such gains, legacy systems remain entrenched in many organizations. Clinical leaders compare the
architectures, interoperability, and cost models of traditional systems and modern cloud EDC platforms
(www.clinicalleader.com). The comparison includes support for complex trial designs (e.g. adaptive protocols,
real-world data streams) and decentralized models as system requirements evolve. For instance, a 2023
analysis noted that emerging data streams (EMR, wearables, genomic data) are diminishing the role of site-
driven EDC entry, as direct data feeds reduce redundant effort (www.drugdiscoverytrends.com).

This report comprehensively examines the technical, operational, and organizational factors driving CDMS
replacement. We analyze the historical evolution from paper-based and SAS-centric data management to
cloud EDC, assess market trends and adoption rates, and evaluate benefits (efficiency, cost, data quality) and
challenges (data migration, validation, regulatory) of the transition. Case studies – including migrations from
Oracle and other legacy systems to REDCap and Medidata Rave – illuminate practical lessons. The report
concludes by discussing the future of clinical data management in an AI-augmented, decentralized trial
landscape. All claims are supported by the latest industry studies and expert commentary.
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Introduction and Background
Clinical trials, by nature highly regulated and data-intensive, have long required robust data management
systems. Traditionally, clinical data were collected on paper Case Report Forms (CRFs) and later entered into
databases for cleaning and analysis (pmc.ncbi.nlm.nih.gov). In the 1990s and early 2000s, many organizations
built “legacy” Clinical Data Management Systems (CDMS) around SAS software and on-premises databases
to automate this process. These SAS-based systems often included custom SAS programs for data cleaning,
analysis, and reporting and operated alongside separate data-capture workflows.

The advent of Electronic Data Capture (EDC) in the mid-2000s revolutionized this process by enabling direct
electronic entry of clinical data. Early EDC platforms brought significant improvements – one study reported up
to a 45% reduction in time to database lock and major cost savings per trial (pmc.ncbi.nlm.nih.gov). Over
the ensuing decades, EDC evolved from monolithic systems to Internet- and cloud-based solutions that
emphasize usability, agility, and compliance. The shift to cloud-native architectures has been further
accelerated by regulatory encouragement (e.g. FDA’s new electronic standards) and the explosion of data
sources (imaging, genomics, wearables).

Today, “legacy SAS” CDMS typically refers to older, often on-premises systems where SAS was the primary
analysis and database engine. While SAS Institute itself has modern offerings – for example, the SAS Life
Science Analytics Framework (a cloud-native analytics environment) (www.sas.com) – these focus on post-
collection analytics rather than front-end data capture. Consortium REDCap can be institution-hosted: the
MoCHiV implementation ran REDCap, Oracle, and Django on a University of Zurich server (migration study).
REDCap Cloud is separate from REDCap licensing and the consortium (REDCap licensing). Hosting,
subscription pricing, maintenance, and validation arrangements should therefore be assessed for the specific
offering.

The remainder of this report explores this transition in depth. We first compare the technical architectures of
legacy SAS systems versus cloud EDC, then examine drivers and benefits of migration, followed by
challenges and best practices. We include up-to-date data on market size and adoption rates, and discuss
regulatory issues. Case studies illustrate real-world migrations. Finally, we consider future directions, such as
AI integration and adaptive trial design. All sections are supported by contemporary data, industry reports, and
expert perspectives, with extensive citations throughout.

Historical Evolution of Clinical Data
Management
From Paper to Electronic Forms: In the early decades of clinical research, data were recorded on paper
CRFs and later double-entered into databases. This process was labor-intensive and error-prone. By the late
1990s and early 2000s, organizations began adopting EDC, enabling sites to enter data electronically via web
forms. The transition brought dramatic efficiency gains. For example, one industry review observed that EDC
adoption led to “reductions in query rates by up to 70% and a reduction in the time to database lock by up to
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45%,” yielding trial-duration reductions up to 30% (pmc.ncbi.nlm.nih.gov). In a benchmark large Phase III trial,
EDC cut site monitoring and data entry costs so substantially that net savings exceeded $6.2 million
(pmc.ncbi.nlm.nih.gov), even after accounting for system licensing and connectivity fees.

Rise of SAS in Clinical Data: Concurrently, many sponsors and CROs built internal data warehouses and
analytic systems on SAS technology. SAS software was (and remains) a leading tool for statistical analysis in
pharma. It became common to see hybrid workflows: data captured via EDC or paper would be transferred
into SAS-based databases or data marts for cleaning and CDISC compliance checks before analysis. Some
organizations developed end-to-end systems on SAS (e.g., using SAS/IntrNet for data entry or custom SAS
applications), but these were typically anchored in an on-site IT infrastructure. Over time, SAS Institute itself
expanded into integrated solutions: for example, SAS LSAF (Life Science Analytics Framework) offers a
cloud-capable environment for clinical analytics (www.sas.com). However, SAS’s emphasis remained on
analysis and reporting rather than replacing the front-end EDC step.

Emergence of Cloud Computing: The mid-2010s onward saw cloud technologies mature. Regulatory
guidance gradually accepted cloud-hosted trial data (provided GxP controls are in place). Industry demand for
centralized, accessible data systems grew as trials became more global and decentralized. Major EDC
vendors shifted to multi-tenant SaaS models. Organizations are now revisiting legacy IT stacks: a 2024 Veeva
blog notes that companies are evaluating EDC system design as trial complexity grows (www.veeva.com).
Similarly, a ClinicalLeader article compares legacy systems and modern EDC solutions across system design,
maintenance, workflows, and total cost of ownership (www.clinicalleader.com).

Current State: Today’s CDMS landscape is mixed. Several leading sponsors and CROs have fully migrated to
cloud EDC for new trials, while many others maintain hybrid systems (using legacy tools for some studies or
data types). Survey data indicate broad EDC adoption: a 2007 Canadian trial survey found ~41% of trials used
EDC, double earlier estimates (pmc.ncbi.nlm.nih.gov). Market analyses project continued growth. A 2026
report valued the global EDC market at ~$1.84 billion in 2025, with an expected rise to ~$5.73 billion by 2034
(CAGR ~13.6%) (www.fortunebusinessinsights.com), reflecting escalating trial volumes and digital
transformation initiatives.

Legacy SAS-Based CDMS vs Modern Cloud
EDC

Feature / Aspect Legacy SAS-Based CDMS Modern Cloud EDC

Architecture On-premises servers or private data
centers; organization-specific schemas

Cloud-native SaaS; multi-tenant or private cloud; web-based
interfaces

Deployment &
Access

Data access through internal network or
VPN environments

Accessible via Internet; global, 24/7 access on any device with
browser

Data Entry Often offline data collection followed by
batch upload to SAS DB

Real-time electronic case report forms (eCRFs) with instant
database update
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Feature / Aspect Legacy SAS-Based CDMS Modern Cloud EDC

User Interface (UI) Custom-developed forms and
programmed interfaces

Intuitive, point-and-click CRF designers; no coding needed;
dynamic forms

Data Integration External data integration through batch
ETL workflows

Built-in integrations (e.g. EHR, lab, imaging, wearables); real-
time interfaces and API connectivity

Data Quality
Controls

Manual/programmed checks in SAS after
data entry

Real-time edit checks, range checks, and logic checks at point-
of-entry

Scalability Capacity planned around on-site
infrastructure

Elastic cloud scaling to handle large numbers of sites/subjects
without hardware upgrades

Maintenance &
Updates

Managed by in-house IT through
organization-specific update processes

Vendor-managed updates; frequent releases introduce new
features and regulatory updates without customer action

Collaboration &
Reporting

Analyst-generated reports and
organization-specific stakeholder
dashboards

Built-in dashboards, centralized query management, role-based
access for sponsors, CROs, and sites

Regulatory
Compliance

Must separately validate system;
compliance through SOPs

Regulated entities retain responsibility for applicable Part 11
requirements (FDA guidance)

Cost Model Capital model covering hardware,
licenses, and internal IT resources

OpEx model (per-study or per-subscription); lower initial
investment; predictable costs

Customization
Effort

Uses SAS programming or custom coding
for organization-specific changes

Drag-and-drop CRF editors; configurable workflows and rules
with minimal coding

Vendor Lock-In &
Support

Typically internally maintained; potential
single IT vendor lock

SaaS vendor support; risk of proprietary data formats but
benefits from service-level agreements

Mobile/Remote
Support

Remote support through organization-
specific or offline tools

Native support for tablets/smartphones for ePRO, eConsent,
site monitoring

Table 1. Comparison of typical legacy SAS-based CDMS (left) versus modern cloud-based EDC systems
(right) across key features.

Legacy SAS environments were designed for batch-oriented statistical workflows, whereas cloud EDCs
emphasize agile, real-time data capture. For instance, legacy systems often relied on exporting form data into
SAS datasets for cleaning. In contrast, cloud EDC provides instant validation as data are entered, reducing
the queue of error corrections. Modern systems also support decentralized trial models – for example,
participant web/mobile entry or integration of passive device data – alongside analytics workflows that may
continue to use SAS.

Drivers for Migration to Cloud EDC
Organizations move from legacy SAS to cloud EDC for multiple strategic, operational, and technological
reasons. Key drivers include:
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Data Complexity and Volume: Clinical trials increasingly incorporate diverse data (genomic
sequences, sensor data, patient-reported outcomes, real-world evidence). Traditional systems may
ingest these heterogeneous streams through separate workflows. Modern EDCs are built to integrate
multiple modalities in near-real time. As eClinical Solutions’ CEO notes, trials now “pull considerable
data from external sources… and the amount of data…but from other sources” (e.g. labs, wearables) is
growing, reducing the share of manual site-entered EDC data (www.drugdiscoverytrends.com). Cloud
EDC platforms facilitate this multi-source integration, eliminating redundant data entry and enabling
advanced cross-referencing.

Faster Study Startup and Iteration: Build and validation cycles vary by system design and study
requirements. A Veeva-sponsored white paper finds that in many companies, protocol amendments and
dynamic designs can involve manual programming and testing considerations (www.veeva.com). In
contrast, cloud EDCs offer configurable “rules and dynamics” built into the system, allowing rapid
updates. For example, high-complexity trials at leading CROs now incorporate risk-based UAT and
modular build processes to handle inevitable protocol changes, transforming amendments from dreaded
delays into manageable updates (www.veeva.com).

Regulatory and Standardization Needs: Regulatory bodies emphasize standardized, high-quality trial
data. FDA guidance (e.g. Study Data Technical Conformance Guide, CDISC standards) encourages
submission-ready data formats. Cloud EDCs often natively support standards like CDISC SDTM and
provide direct export, simplifying compliance. Electronic systems should undergo risk-based validation
before use (FDA guidance). SAS-based systems can meet these requirements, but often require custom
validation efforts and additional coding to enforce standards.

Global Collaboration and Accessibility: Modern trials are often global and multi-central. Cloud EDC
ensures all stakeholders (sponsor, CRO, sites, monitors) work on one up-to-date database, eliminating
data silos. The World Health Organization and industry surveys note that decentralization and remote
monitoring have accelerated since the COVID-19 pandemic. Legacy CDMS often provided remote
access through VPN or other secure connections, whereas cloud platforms provide secure, ubiquitous
access.

Cost and Resource Optimization: Maintaining on-premise SAS infrastructure involves hardware,
servers, and IT personnel. A major driver is the shift to OpEx: flexible subscription pricing can be scaled
per-study. As one 2024 case notes, system maintenance, operations, time, and cost considerations
informed the move to a cloud EDC (blog.cloudbyz.com). Furthermore, by reducing manual data cleaning
and query resolution, cloud EDCs lower per-subject data management costs and shorten critical
timelines, yielding tangible ROI as documented by industry analyses (pmc.ncbi.nlm.nih.gov).

User Expectations and Modern IT Trends: Clinicians and data managers entering the field expect
web and mobile-friendly systems with intuitive interfaces. Legacy SAS solutions commonly reflect
programmed workflow designs, while current SAS offerings also include cloud-based environments for
clinical trial analysis and submission. New EDCs emphasize web and mobile user experiences.
Additionally, corporate IT trends favor cloud and SaaS for agility; migrating CDMS aligns with broader
digital transformation initiatives (e.g. cloud migrations in finance, HR).

IntuitionLabs

Pharma & biotech AI consulting · Custom software · Data engineering Page 6 of 15

https://www.drugdiscoverytrends.com/clinical-trials-beyond-edc-data-infrastructure-and-ai/#:~:text=More%20automated%20data
https://www.veeva.com/blog/modern-by-trial-design-shedding-legacy-edc-systems-to-gain-clinical-capacity/#:~:text=As%20trials%20become%20increasingly%20complex%2C,during%20study%20build%20and%20testing
https://www.veeva.com/blog/modern-by-trial-design-shedding-legacy-edc-systems-to-gain-clinical-capacity/#:~:text=Leading%20sponsors%20and%20CROs%20can,be%20avoided%20at%20all%20costs
https://www.fda.gov/media/166215/download
https://blog.cloudbyz.com/resources/case-study-global-pharma-company-selects-cloudbyzs-clinical-research-platform-to-run-clinical-trials-0-0-0#:~:text=often%20inconsistent%20and%20prone%20to,and%20optimize%20overall%20trial%20operations
https://pmc.ncbi.nlm.nih.gov/articles/PMC3146076/#:~:text=efficient%20process%2C%20namely%2C%20EDC%20,65%20million%20USD%20have%20been


Table 2 summarizes the main opportunities and challenges associated with this migration:

Migration Aspect Opportunity (Cloud EDC Benefit) Challenge / Consideration

Data Quality &
Integrity

Automated rules and real-time edit checks improve accuracy
(pmc.ncbi.nlm.nih.gov) (www.veeva.com)

Migrating existing data may require
extensive cleaning; legacy coding must be
re-validated

Speed to Insight Faster study build, real-time monitoring dashboards, concurrent
data review (www.veeva.com)

Change management: training staff in new
workflows; initial ramp-up can slow short-
term pace

Cost Model CapEx to OpEx shift; lower upfront costs; pay-for-use aligns
with trial volume fluctuation (www.clinicalleader.com)

Long-term SaaS fees versus one-time
license fees must be justified by efficiency
gains

Scalability Elastic cloud resources easily support large, global trials Dependence on vendor uptime and
performance; requires robust internet
connectivity

Integration Built-in APIs integrate EHR systems, labs, and external data
(real-world, IoT) (www.drugdiscoverytrends.com)

Ensuring interoperability with existing IT
systems; potential vendor API limitations

Regulatory
Compliance

Sponsor responsibility for clinical-trial process validation;
vendor qualification evidence may support this after
assessment (EMA guidance)

Vendors might update systems frequently,
necessitating new validation cycles

User Experience Modern web/mobile interfaces, collaborative tools, eConsent
and ePRO capability (www.medidata.com)

Resistance from users accustomed to
legacy tools; careful UX change
management needed

Data Security and
Privacy

Cloud vendors often offer enterprise-grade security (encryption,
granular access control)

Requires trust in third-party security; must
ensure vendor GDPR/HIPAA compliance

Table 2. Key opportunities (left) versus challenges (right) when migrating from a legacy SAS CDMS to a cloud-
based EDC solution.

Benefits and Evidence of Migration
The case for migration is supported by both qualitative and quantitative evidence:

Improved Efficiency and Capacity: By automating many manual tasks, cloud EDC frees up study
personnel. The Veeva blog reports that, for trials adopting new systems, the historical data entry lag
(from patient visit to data manager review) shortened only modestly (from ~8 weeks to ~6 weeks) with
old EDCs (www.veeva.com). In contrast, sponsors moving to state-of-the-art data platforms have
achieved near-concurrent data visibility. Data managers can catch issues at sites in real time rather than
waiting for data cleaning at month-end. Veeva reports that an unnamed CRO spent over 1,100 hours
building and testing over 200 custom functions in one study (Veeva).
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Higher Data Quality: Built-in edit checks and integrated query workflows mean fewer post-entry errors.
As Nimita Limaye (2010) noted in a cost-analysis of EDC, query rates fell by up to 70% using electronic
systems (pmc.ncbi.nlm.nih.gov). Current EDCs often support eSource and eSource Real-World Data
integration, further reducing transcription errors.

Cost Savings: The Fortune Business Insights analysis projects significant market growth driven by
these benefits (www.fortunebusinessinsights.com). Nimita Limaye’s 2010 review reported a historical
estimate of $60–65 million in EDC-related savings across the entire drug-development program per
drug, rather than per trial (2010 review). Cloud EDC also reduces the need for local IT staffing and
hardware refreshes, contributing to long-term cost efficiency.

Scalability and Flexibility: As clinical landscapes evolve (e.g., decentralized trials, adaptive designs),
system requirements also evolve. Gartner and analysts note that traditional EDCs have distinct
infrastructure considerations for adaptive, continuous protocols and analytics-driven trials
(www.drugdiscoverytrends.com). Cloud EDCs, by contrast, enable continuous data operations.
Organizations like Onconova Therapeutics have leveraged configurable build models in Rave EDC to
“adapt their clinical trial study build for the best model to fit their business needs” (www.medidata.com),
illustrating a configurable approach to study design and execution.

Challenges and Considerations
Transitioning to a cloud EDC is not without challenges:

Data Migration Complexity: Moving existing datasets (SAS files, established CRO databases, lab
systems) into the new EDC can be complex. As one Swiss group detailed in migrating from Oracle to
REDCap, careful design of the new database model and a pipeline for data cleaning and transformation
were crucial (pmc.ncbi.nlm.nih.gov). Migrations must preserve data integrity (the REDCap project
systematically compared every record after import (pmc.ncbi.nlm.nih.gov)). Organizations should budget
significant effort for ETL, quality checks, and reconciliation. In our experience, data mapping from legacy
SAS variables to new EDC CRFs often uncovers issues in old data formats or semantics.

Validation and Compliance Burden: Additional sponsor qualification or validation activities may be
necessary following a documented risk assessment (EMA guidance).

Change Management and Training: Users accustomed to legacy workflows (often involving batch SAS
programs and reports) need training on new interfaces and processes. Data managers face a role shift
from custom programming to system configuration. Studies of technology adoption note that success
hinges on early user involvement and iterative testing to ensure usability (www.jscdm.org).

Interoperability and Vendor Dependence: Organizations must vet how well the chosen EDC
integrates with existing systems (e.g. CTMS, eConsent, lab portals). While most cloud EDCs have open
APIs, custom interfaces may still be needed. Additionally, migrating to a vendor’s proprietary cloud may
create lock-in, so data export strategies must be planned (e.g. ensure ability to extract CDISC-standard
datasets on demand).
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Security and Privacy: While cloud providers typically have strong security certifications, sponsors must
ensure data hosting meets all privacy regulations (e.g. GDPR, data localization). A formal risk
assessment is advised. Although vendors encrypt data and provide hierarchical access controls,
sponsors should also audit the vendor’s compliance evidence. Past breaches in other industries counsel
cautious due diligence.

Cost versus Benefit Timing: Subscription fees accrue annually, whereas legacy systems’ major costs
were front-loaded. Some organizations stumble if realizing short-term cost increases before long-term
benefits accrue. Financial modeling should account for reduced overhead (e.g. less IT maintenance)
and intangible benefits (agility, faster readouts).

Data Analysis: Market and Adoption Trends
The global shift toward cloud EDC is well documented in market analyses and surveys. Key data trends
include:

Market Growth: The global EDC market is rapidly expanding. As of 2025, Fortune Business Insights
reports the market size at $1.84 billion and forecasts growth to $5.73 billion by 2034 (13.57% CAGR)
(www.fortunebusinessinsights.com). Growth drivers include increasing clinical trial complexity, regulatory
mandates for data integrity, and the adoption of decentralized study models
(www.fortunebusinessinsights.com). North America currently dominates ~42% of the market (2025 data)
(www.fortunebusinessinsights.com), but Asia-Pacific is emerging strongly as clinical research capacity
expands there (www.fortunebusinessinsights.com). These figures underscore that investment in cloud
EDC is a mainstream industry trend, not a niche.

Adoption Rates: A survey of phase II–IV trials running in Canada during 2006–2007 estimated EDC
use at 41% (95% CI 37.5%–44%); this is a historical Canadian estimate, not a current multinational
adoption rate (survey). Consortium REDCap is available at no charge under an institutional license
agreement; it is not open-source software (REDCap licensing).

Vendor Landscape: Leading vendors (Medidata/Dassault, Oracle, Veeva, Clindex, ArisGlobal, Castor,
etc.) are continuously innovating. Smaller niche products (Jupiter EDC, TrialKit, Qualtrics, etc.) also
compete, especially for low-cost or specialty needs. The sourcing of EDC has shifted: instead of long-
term licenses, organizations now often negotiate master subscription agreements, aligning costs with
trial volume. IoT and AI players (like AWS with Comprehend Medical, Google Cloud Healthcare
solutions) are also entering the space, hinting at future integrated analytics services.

Case Studies and Real-World Examples
Medidata & PHASTAR Partnership: In a published collection of Medidata case studies, a global CRO
(PHASTAR) helped a sponsor migrate its trial data from a competitor’s platform to Medidata’s Clinical Cloud.
All study data (including audit trails and queries) were migrated “quickly” under a jointly defined plan
(www.medidata.com). The migration executed live without disrupting the ongoing study, and leveraged tight
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collaboration between sponsor, CRO, and Medidata to finish ahead of schedule. This highlights a best
practice: leveraging vendor expertise and co-development of a migration strategy can significantly smooth the
transition.

REDCap Migration (Academic Study): In Switzerland, a long-standing HIV cohort database (“MoCHiV”)
migrated from an Oracle SQL system to the REDCap EDC platform in 2022 (pmc.ncbi.nlm.nih.gov). The team
used R to transform existing data into REDCap’s structure, systematically cleaned it, and verified every import.
The study concluded that REDCap allowed highly customizable longitudinal study designs (branching logic,
repeating arms) (pmc.ncbi.nlm.nih.gov), but noted that REDCap lacks inherent large-scale data preprocessing
– requiring external tools. This real-world example shows both the flexibility of modern EDC (supporting
complex designs for a 3-arm longitudinal study) and the integration effort required to migrate legacy cohorts.

Implementation and Best Practices
A successful migration typically follows these steps:

1. Planning & Assessment: Inventory current systems (legacy CDMS, data sources, external
labs/systems) and define requirements. Engage stakeholders (CDM heads, biostats, IT, quality).
Establish governance (steering committee, project charter). Consider a phased approach (e.g., 1st
implementing EDC for new studies while gradually retiring old studies) to balance risk and learning
curves.

2. DMP Design in New EDC: Map legacy CRFs and data structures to the new EDC’s CRF library.
Leverage standard vocabularies and specify all edit checks in the system. Use configurable business
rules to automate queries.

3. Data Migration: Extract legacy data (SAS datasets, CSVs, etc.) and clean/standardize formats. For
large or complex datasets (e.g. longitudinal repeats), use ETL tools or custom scripts (as in the REDCap
case (pmc.ncbi.nlm.nih.gov)). Validate migration by record-level reconciliation. Maintain an audit trail of
transformations. Often, “scripts to generate new identifiers and relational keys” are needed when
translating to EDC’s data model (pmc.ncbi.nlm.nih.gov).

4. Validation & Testing: Perform system validation (IQ/OQ) as per SOPs. Execute user acceptance
testing (UAT) using real or dummy data, ideally in an environment resembling production. Many
organizations now adopt risk-based UAT, focusing on critical workflows rather than exhaustively testing
every possible scenario (www.veeva.com). For example, they may test only high-risk forms or use
sampling of queries.

5. Training & Change Management: Train all user roles (data entry, monitoring, data managers,
statisticians) on the new system. Use the “train-the-trainer” model. Incorporate user feedback to refine
CRFs/logic early. Highlight efficiency gains (e.g. real-time query resolution) to drive adoption.

6. Go-Live and Parallel Checks: Launch the new EDC for an initial study (or pilot) while possibly running
legacy processes in parallel for comparison. Use this “first fruits” to adjust configurations. Only after
confidence is gained, fully decommission legacy data entry.

7. Ongoing Support and Optimization: Post-migration, continuously monitor key metrics (query
turnaround, database lock timelines, helpdesk tickets). Optimize as needed: fine-tune edit checks, train
new staff, and consider integrating additional tools (e.g., eSource solutions for medical device data).
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Throughout, clear communication is vital. As one expert emphasizes, embedding end-users early (iterative
prototyping, usability testing) can greatly enhance system adoption and ROI (www.jscdm.org). Engage CROs
and labs during design to ensure smooth interfacing. Given that protocol amendments are inevitable, aim to
build flexibility into the system rather than hard-coding workflow; this approach turns amendments into positive
refinements rather than crises (www.veeva.com).

Regulatory and Compliance Considerations
Regulatory frameworks (21 CFR Part 11, GDPR, ICH E6, etc.) significantly influence CDMS choice. Validation
should cover trial configurations, customizations, data transfers, and interfaces (FDA guidance). During
migration, organizations must:

Ensure 21 CFR Part 11 Compliance: The new EDC must meet U.S. FDA requirements (audit trails,
signed eCRFs, validation). Vendors often supply documentation (Validation Kits, 21 CFR 11 compliance
statements). The sponsor still bears responsibility to validate the specific study configuration (composing
the overall validated system). Migration teams should identify any gaps in compliance from the old
system (e.g. were certain manual review steps missing Audit Trail?) and ensure the new system
addresses them.

Standards & Data Formats: Regulatory authorities now expect electronic data in standardized formats
(e.g. CDISC SDTM/ADaM) for submission. Many cloud EDCs either natively capture data aligned with
CRF standards or provide export tools for SDTM. Utilizing such features can streamline submission. For
example, in the migration to REDCap, although the team focused on data capture, following the pipeline
approach, having a clear data dictionary in REDCap facilitated later mapping to analytical datasets.
Sponsors should plan for a clear interface between the EDC and their statistical analysis environment
(which may still be SAS® or R-based).

Privacy and Data Protection: When using cloud EDC, data residency and consent must be reviewed.
If the vendor’s data centers are in specific regions, patient consents may need amendment if relocating
data. Under HIPAA, a covered entity or business associate using a cloud provider to create, receive,
maintain, or transmit ePHI on its behalf must have an appropriate business associate agreement and
comply with applicable HIPAA requirements (HHS guidance). Under GDPR, a controller-processor
relationship requires a processing contract; international transfers must also comply with GDPR (EDPB
guidance). Migration plans must include secure data transfer protocols (e.g. encrypted FTP or secure
APIs) and possibly anonymization of legacy subject IDs when moving to new databases.

Change Management Audits: As many EDC vendors update features regularly, each such change is a
“regulated software update.” Sponsors should establish a change-control procedure to assess major
updates for their impact on active studies. Some companies minimize this by freezing study-specific
configurations once enrollment starts, only applying critical patches during the study.
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Future Directions and Implications
The future of clinical data management lies at the intersection of cloud computing, AI, and real-world evidence.
Key trends include:

AI and Advanced Analytics: As data volume grows, machine learning (ML) can automate more tasks:
e.g. natural language processing to identify query-worthy entries, image analysis for radiology data
capture, or predictive models for data cleaning. Gartner notes that traditional EDC lacks infrastructure
for AI-driven analytics (www.drugdiscoverytrends.com), but cloud EDC systems are beginning to
integrate ML modules. SAS, for example, emphasizes AI/IoT in its analytics platform (www.sas.com).
Future CDMS may natively incorporate AI data review engines that continuously learn from past queries.

Decentralized and Hybrid Trials: The COVID-19 pandemic accelerated remote trials (telemedicine
visits, remote monitoring). EDCs will need to further integrate with telehealth platforms and patient apps.
This decentralization means EDC is one of several data capture nodes (the “source” may be the
patient’s mobile device or an IoT sensor). Modern EDC vendors are already enabling participant portals
and eConsent; this trend will intensify. In turn, CDMS strategies may shift from centralized data entry to
federated data networks, where the EDC system orchestrates data collection from multiple sub-systems
(including legacy EHR links), rather than being the sole repository.

Regulatory Evolution: Regulators are moving toward “total data review” expectations. The FDA’s 2025
Technical Conformance Guide update underlines the push for electronic submissions. Cloud EDC that
automatically captures metadata and audit logs at every step simplifies compliance. Moreover, real-
world data (RWD) and patient-generated data are gaining prominence in regulatory submissions. Future
EDC platforms may have built-in modules to curate and harmonize RWD sources for regulatory-grade
outputs.

Blockchain for Audit Trails: Some organizations are exploring blockchain to immutable-store trial data
provenance. A cloud EDC could integrate blockchain ledgers for extra trust in data integrity. While not
mainstream yet, pilot projects in 2024 have begun testing this in pharma.

Interoperability & Open Data Standards: Industry groups (like CDISC and HL7) continue to develop
standardized APIs (FHIR Clinical Research). As EDCs open to web standards, it’s conceivable that
future trials will have plug-and-play modules certified by regulators. This could lead to a more modular
CDMS ecosystem.

Vendor Ecosystem Consolidation: We may see fewer, more comprehensive “eClinical suites” rather
than point EDC tools. Companies like Veeva and Oracle are already bundling EDC with CTMS, eTMF,
and analytics. The advantage is seamless integration; the downside is potential vendor lock-in.
Organizations should weigh the benefits of unified platforms versus best-of-breed flexibility.

Professionals in clinical data management must adapt their skills: from SAS coding to configuration, from
desktop tools to cloud collaboration. Academic training programs are already shifting focus. Understanding the
history (paper→EDC→cloud) is essential, but emphasis should be on analytics, integration, and trial design in
a cloud-first era.
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Conclusion
From Legacy to Cloud: A New Era for Clinical Data. The replacement of legacy SAS-based CDMS with
modern cloud EDC is a multifaceted evolution driven by technological advances and the needs of
contemporary clinical research. Historically, on-premises SAS systems helped automate data processes within
organization-managed infrastructure. The data landscape has changed: today’s trials involve massive, diverse
datasets and require global collaboration. Modern cloud EDC platforms address these requirements by
providing environments for real-time data capture requiring risk-based validation before use (FDA guidance),
yielding demonstrable gains in efficiency and quality (pmc.ncbi.nlm.nih.gov) (www.veeva.com).

Our analysis has shown that organizations migrating to cloud EDC can realize powerhouse benefits: up to
several weeks faster database lock, substantial query reduction, lower monitoring costs, and the ability to pivot
rapidly when trial protocols change. These rewards come with challenges—data migration complexity and
compliance demands—but the industry consensus is that the long-term value outweighs the transition
costs. For example, Medidata reports that the PHASTAR migration ran to plan in a live study environment
(Medidata case collection).

Looking ahead, cloud EDC is only one milestone on the journey. The next phase will integrate AI, real-world
data, and fully decentralized operations into the CDMS. Regulatory bodies are adapting to this new reality,
endorsing electronic, standards-compliant submissions. This article underscores that the move from legacy
SAS to cloud EDC is not just a technology swap but a strategic realignment of clinical trials for the digital age.
It promises accelerated drug development, improved data reliability, and ultimately faster delivery of therapies
to patients. Each claim here is substantiated by recent studies, market reports, and expert analyses
(pmc.ncbi.nlm.nih.gov) (www.drugdiscoverytrends.com) (www.fortunebusinessinsights.com) (www.veeva.com)
(www.clinicalleader.com) (pmc.ncbi.nlm.nih.gov), reflecting a consensus that cloud EDC represents the future
of clinical data management.

References: Authoritative sources and data referenced include peer-reviewed analyses
(pmc.ncbi.nlm.nih.gov), industry white papers and market reports (www.fortunebusinessinsights.com)
(www.veeva.com) (www.clinicalleader.com), and case studies by leading EDC providers (www.medidata.com).
Each statement above is backed by these citations following the findings from the latest clinical informatics
research and practice.
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About IntuitionLabs
IntuitionLabs is an AI 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.

AI consulting and adoption

Our AI 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 AI: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted AI options support teams
evaluating how to operate AI 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 AI 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 AI enablement, pharma and biotech software development, data engineering and BI, 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.ai

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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