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Executive Summary

Case Report Forms (CRFs) are the foundational instruments for collecting data in clinical trials. Traditionally paper-based,
CRFs have evolved into electronic Case Report Forms (eCRFs) hosted within Electronic Data Capture (EDC) systems.
This report provides a thorough examination of the evolution from traditional CRFs to eCRFs. It draws on historical
context, published studies, data analyses, and expert perspectives to compare paper and electronic approaches. Key
findings include:

« Improved Data Quality & Efficiency: eCRFs introduce real-time edit checks, automated consistency rules, and
immediate query resolution. These built-in controls improve data completeness and accuracy compared to paper
CRFs (I pmc.nehi.nim.nih.gov) (?) pme.ncbi.nim.nih.gov). For example, automated eCRF validation can prevent
transcription and missing-data errors that commonly occur with paper forms (?! pmc.nchi.nim.nih.gov)
(www.greenlight.guru).

- Time and Cost Savings: Multiple reports indicate eCRFs can shorten trial timelines and reduce per-patient data
management costs. In one comparative study of 27 trials, eCRFs were roughly 67% cheaper per patient than paper
CRFs (about €374 vs €1135 per patient) (°/ pmc.nchi.nim.nih.gov). Data entry with eCRFs is also significantly faster —
one randomized trial found eCRF data entry was ~23% quicker than the equivalent paper-based process ('

pmc.ncbi.nim.nih.gov).

« Stakeholder Preferences: Investigators, data managers, and sponsors generally prefer eCRFs for large, multi-
center trials (°/ pmc.nchi.nim.nih.gov) . However, adoption has been uneven: surveys show eCRFs were used in only
~40% of trials as of 2006-07 (*°! pmc.nchi.nlm.nih.gov), reflecting barriers such as technology costs and site readiness

(8 pmc.ncbi.nim.nih.gov).

« Regulatory Compliance: Electronic capture systems must meet the same quality standards as paper. FDA's 21
CFR Part 11 and ICH-GCP guidelines require e-source data to be as trustworthy as paper data (/!
pmc.ncbi.nim.nih.gov) ([8] pme.nchi.nim.nih.gov). The finalization of ICH E6(R3) in January 2025 — adopted by the FDA
in September 2025 and by the EMA effective July 2025 — further reinforces the “media neutral” approach, with
expanded guidance on digital health technologies, eSources, and robust audit trail requirements across the entire
data lifecycle (°! fda.gov). Modern eCRF platforms include full audit trails and FDA-compliant electronic signatures,
ensuring regulatory acceptance.

« Case Studies: Transitioning even small or specialized studies to eCRFs has demonstrated benefits. For example, a
Uganda-based trial adopted tablet-based eCRFs with Audio Computer-Assisted Self-Interview (ACASI) integration,
capturing hundreds of records over 19 months with fewer transcription errors (*° pmc.ncbi.nim.nih.gov). Another
cancer research unit’s shift in 2012 from mailed paper CRFs to an EDC system streamlined data flow and enabled
real-time remote monitoring (! trialsjournal.biomedcentral.com) (%) trialsjournal.biomedcentral.com).

« Current Trends: eCRF usage continues to grow, driven by technology advances and regulatory encouragement.
The global EDC market reached an estimated USD 1.84 billion in 2025 and is projected to grow to USD 5.73 billion
by 2034 at a CAGR of 13.57% (\*°! fortunebusinessinsights.com). Standards bodies like CDISC have formalized CRF
data models (CDASH) to harmonize electronic collection. Notably, emerging “eSource” paradigms aim to pull data
directly from electronic health records (EHRSs) into eCRFs, promising further efficiencies. The TransCelerate eSource
initiative has transitioned into the Vulcan HL7 FHIR Accelerator, and over 2,000 sites worldwide are now moving
toward eSource platforms (**) transceleratebiopharmainc.com).

- Challenges and Future Directions: Key obstacles include site training, upfront costs, and integrating legacy
records. However, with solutions like cloud EDC (which accounts for over 72% of the EDC market by 2026) and
improved internet access, many of these challenges are being addressed ("*°! fortunebusinessinsights.com). Looking
ahead, innovations such as Al-assisted eCRF design (e.g. Medidata Designer, which can reduce study build time
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from 10-12 weeks to days), direct device-to-EDC feeds from wearables, and the rapid growth of decentralized
clinical trials (a USD 9.39 billion market in 2025) point to even more transformative changes in trial data capture (*°!

mordorintelligence.com).

Overall, the weight of evidence indicates that while paper CRFs still have niche uses (e.g. very small trials or backup for
patients lacking tech access), the field is unmistakably moving toward fully electronic data capture. Regulators, sponsors,
and sites are converging on the view that eCRFs — when implemented and validated properly — enhance data integrity,
efficiency, and compliance in clinical research (' pme.nchi.nlim.nin.gov) (¢! pmc.nebi.nim.nih.gov). This report details the
historical progression, technology and regulatory context, quantitative comparisons, case examples, and expert
viewpoints that illuminate the transition from CRF to eCRF.

Introduction and Background

Case Report Form (CRF) Fundamentals

A Case Report Form (CRF) is the primary tool used in clinical research to record data about each participant according
to the trial protocol. Under Good Clinical Practice (GCP) guidelines (ICH E6), a CRF is defined as “a printed, optical or
electronic document designed to record all of the protocol-required information to be reported to the sponsor for each trial
subject” (*°! pme.ncbi.nim.nih.gov). Traditionally, CRFs were paper forms prepared for each study visit or assessment,
capturing information by hand at the site. Design of a CRF is critical: well-designed forms align with the protocol, guide
the site staff, and minimize ambiguous fields (*") pmc.ncbi.nim.nin.gov) (*¢) pme.ncbi.nim.nih.gov). Poor design or excessive

detail can increase queries and obscure essential data.

The primary objectives of any CRF are to preserve data quality and integrity. This means the CRF should collect all
required data efficiently while avoiding redundant or non-essential fields that waste site and monitor time (1*°!
pmec.nchi.nim.nih.gov). Best practices — often documented in a CRF completion guide — help ensure site personnel
understand how to accurately fill each field. Despite quality measures, paper CRFs are subject to legibility errors, missing
data, and transcription mistakes whenever data are re-entered into electronic databases (www.greenlight.guru).

The Transition to Electronic CRFs (eCRFs)

An Electronic Case Report Form (eCRF) refers to a digital form for recording clinical trial data, usually implemented
within an Electronic Data Capture (EDC) system. Instead of writing on paper, sites enter responses via a computer or
tablet interface. The collected data go directly into a database. As such, eCRFs represent one component of the broader
shift from paper-based data collection to fully electronic trial management.

Several factors drove this shift. By the mid-1980s and 1990s, advances in database technology and the internet made
web-based data entry feasible. Initial eCRF software was often custom-built, but by the 2000s commercial EDC platforms
(e.g. Medidata Rave, Oracle Clinical, OpenClinica) emerged.Regulatory authorities in turn adjusted expectations: the
FDA's 21 CFR Part 11 (1997) clarified how electronic records and signatures should be managed, essentially requiring
that validated e-data be “considered as trustworthy and reliable” as paper (°! pmc.nchi.nim.nih.gov). Industry guidance now
encourages the use of electronic data capture where appropriate, provided the systems are compliant with GCP and data

standards (I} pmc.ncbi.nim.nih.gov) (! pme.ncbi.nim.nih.gov).

The impetus for eCRFs also came from practical needs. Modern trials involve larger datasets, multi-center sites, and
more complex monitoring. Faster clinical development timelines and the globalization of studies made real-time data
access highly attractive. Data managers recognized that eCRFs could enforce range checks and skip logic at point-of-
entry, catching errors immediately rather than weeks later at query resolution. Indeed, numerous sources highlight that
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eCRFs reduce manual data management burdens and accelerate study progress (' pme.nchi.nim.nih.gov) (*

pmc.ncbi.nim.nih.gov).

Despite the clear advantages, adoption was gradual. Many sites remained accustomed to paper, especially in smaller
trials or regions with limited infrastructure. Surveys showed that in the mid-2000s only a few tens of percent of trials used
electronic capture systems (©°! prc.nchi.nim.nih.gov). Not until the 2010s did eCRFs become commonplace in large
pharmaceutical and academic studies. Today, eCRFs are widely regarded as the standard for multi-center trials, with
paper forms often used only as backups or for specialized contexts. As one recent review observed, “eCRFs are
increasingly chosen by investigators and sponsors... instead of traditional pen-and-paper” data collection (")

pmec.nchi.nim.nih.gov).

This report explores the evolution of CRFs, examining how the tools, processes, and regulations have changed. We will
systematically compare paper and electronic CRFs, drawing on studies and data to quantify differences in cost, time, and
quality. We also discuss design and standardization practices, present real-world case studies of transitions to eCRFs,
and consider future trends (such as direct EHR integration). Throughout, claims are supported by citations from the
literature, including clinical trials methodology research and industry guidance.

Traditional Paper CRFs vs. Electronic CRFs
(eCRFs)

Paper CRFs: Characteristics and Limitations

In the traditional model of clinical data capture, each site is provided with printed CRF booklets or pages for subjects. Site
staff, such as nurses or coordinators, fill in the CRF by hand during patient visits or after retrieving lab results. These
paper forms are then physically shipped or faxed to the sponsor or data management center. There, data entry personnel
manually transcribe the information into an electronic database (www.greenlight.guru). Only after transcription can
electronic validation checks, data cleaning, and analysis occur.

+ Workflow: Completed paper CRFs are usually batched by the site and sent via courier. Upon receipt, the sponsor’s data management
team logs the forms and starts keying the data. Audit trail is usually limited to initialing in a log to confirm CRF receipt. Any queries or
discrepancies found during data review are documented on paper and sent back to the site (often by mail or fax) for resolution. This
process often involves repeated physical back-and-forth.

o Data Quality: Paper CRFs have no built-in edit logic. Common errors on paper include illegible handwriting, missing entries, out-of-range
values, and inconsistent units. These errors only surface during data cleaning after transcription, requiring time-consuming query
generation. Studies note that manual data cleaning is a major concern with paper CRFs, since incoming handwritten pages can harbor
hidden issues (LZLJ pmc.nchi.nlm.nih.gov). While training and a clear CRF completion guide help minimize mistakes, the risk of error is
inherently higher than in interactive electronic forms.

« Time and Cost: The manual workflow causes delays. Data from sites may not be available centrally until weeks after collection. A study
of industry-sponsored trials reported that when using paper CRFs, the median time from first site opening to database lock was ~39.8
months (Q1=31.7, Q3=52.2) (*°! pmec.nchi.nlm.nih.gov). The per-patient cost is also higher. In the same study, the average cost of data
management and CRA workup per patient was €1135 for paper CRFs ([31 pmec.ncbi.nim.nih.gov), reflecting printing, shipping, data
entry, and query handling.

« Advantages: Despite downsides, paper CRFs require no expensive technology platform to set up. For very small trials or exploratory
studies, paper can be simpler — sites can begin immediately without waiting for EDC system setup or validation. There is no need for
formal system training or computerized system validation (which are mandatory for EDCs) (**! pmc.nchi.nlm.nih.gov). In environments
with unreliable internet or low IT support, paper may be more feasible. Patients without digital recording (e.g. for handwritten diaries)
might also be simpler on paper.
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Nonetheless, on balance paper CRFs are labor-intensive and slow. The need to transcribe and to manage physical
documents has long been recognized as a bottleneck. For example, one clinical research unit reported that in the paper
era monitors and data managers spent extensive time tracking CRF shipments and manually entering data (**!
trialsjournal.biomedcentral.com). The consensus in the literature is that paper CRFs are most suitable for very small or
highly specialized studies, whereas all else equal, larger multicenter trials benefit from an electronic approach ([221

pmc.ncbi.nim.nih.gov) ([23] pmc.ncbi.nim.nih.gov).

Emergence of Electronic CRFs (eCRFs)

Electronic CRFs (eCRFs) are digital questionnaires hosted in an EDC system. In practice, a sponsor/contract research
organization (CRO) configures the study’s database schema and builds eCRF forms (often via a graphical user interface
or by uploading data dictionaries). Site staff then log into a web portal to enter subject data directly. Key features of
eCRFs include:

« Real-time Validations: Unlike paper, eCRFs can enforce logic at data entry. For example, abnormal values can trigger warnings,
required fields can be enforced, and skip patterns can automatically hide irrelevant questions. These built-in edit checks greatly improve
data completeness. Studies have documented that eCRFs “increased data quality and completeness by using alarms, automatic

completions and reminders”, especially for multicenter trials ([1] pme.ncbi.nlm.nih.gov). In practice, out-of-range entries are caught
immediately (transparent to the site or requiring on-the-spot correction) rather than discovered later.

+ Query Management: Since data is centralized instantly, discrepancies can be queried within the system as soon as they arise. ECRF
platforms typically allow monitors or data managers to raise electronic queries tied to specific fields. Sites respond on-screen. This
contrasts with paper CRFs, where queries are generated after data entry, sent on paper, and waiting for postal or fax turnaround. Online
discrepancy handling reduces the query cycle by days or weeks.

« Faster Data Access: As soon as a site enters data in an eCRF, that data is immediately available for review by monitors and analyses by
the sponsor. This can accelerate interim checks, safety monitoring, and data lock. For example, one study reported that the time from first

patient enrollment to database lock was about 8 months shorter with eCRFs compared to paper (31.7 vs 39.8 months) ([31
pmec.ncbi.nim.nih.gov), reflecting overall speedier data processing.

« Audit Trail and Compliance: By design, validated EDC systems maintain full audit logs and electronic signature records, meeting
regulatory requirements. Users are authenticated (often via username/password and sometimes multi-factor methods). Every change to
the data is tracked with date/time stamp and user ID. Systems can be configured to comply with regulations like FDA's 21 CFR Part 11
(electronic record/signature rules) and EU Annex 11 (EMA guidance on computerized systems). This means sponsors have an auditable

record equivalent to signed paper, but captured electronically ([H] pmc.ncbi.nim.nih.gov).

« Potential for Integration: eCRFs are software-based, enabling sophisticated integrations. Commonly, eCRF systems integrate with
randomization services (RTSM), laboratory result imports, or external ePRO systems. In principle, data could flow directly from electronic
medical records (eSource) into the eCRF fields. The TransCelerate eSource initiative — now transitioned into the Vulcan HL7 FHIR
Accelerator — and vendor-led EHR-to-EDC solutions have demonstrated that a substantial portion of structured data (37-54%) can be

obtained from EHRs and pre-populated into eCRFs, with over 2,000 sites worldwide now moving toward eSource platforms (”/H

transceleratebiopharmainc.com) ([24] yonalink.com).

Benefits Demonstrated

Extensive research has quantified the benefits of eCRFs. A landmark randomized comparison (N=27 studies) found the
per-patient data management cost for eCRFs was on average €374 (+351), compared to €1135 (+1234) for paper
CRFs (¥ pmc.nchi.nim.nih.gov) — a reduction of roughly 67%. Similarly, the average study duration (first site open to data
lock) was shorter by about 8 months with eCRFs, though this difference did not reach statistical significance (\°!

pmc.ncbi.nim.nih.gov).

A prospective field trial further quantified efficiency gains. In one controlled experiment, patients and study nurses entered
identical data in both paper and electronic formats. The mean time to collect a full case report was 2.25 minutes shorter
on average using the eCRF, a relative reduction of ~23% (! pmc.ncbi.nim.nih.gov). Notably, the eCRF entry averaged
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7.89 minutes vs. 10.28 minutes for paper (including transcription), even when sites were experienced and forms were of
moderate length (°°! pmc.nchi.nim.nih.gov). In practical terms, this time saving translates into fewer staffing hours per
patient.

The perceived advantages are also widely noted by stakeholders. Across surveys of investigators and coordinators,
eCRFs are frequently cited as improving accuracy, speeding query resolution, and making study oversight easier ("
pme.ncbi.nim.nih.gov) (%! pme.nehi.nim.nih.gov). By reducing manual workload, eCRFs allow sites to focus on patient care
rather than paperwork. For example, an eCRF-builder vendor highlights that clinicians using eCRFs no longer need to
maintain separate handwritten records, eliminating redundant data duplication (www.greenlight.guru)
(www.greenlight.guru).

Comparisons: Key Differences

Below is a comparison of primary characteristics of paper CRFs versus eCRFs:

Attribute Paper CRF Electronic CRF (eCRF) Notes/Citation
Data Entry Mode Handwritten at site; later keyed Direct electronic entry via web/tablet Paper -> transcription needed (www.greenlight.guru)
- . LY
Built-in checks improve data quality (
Data Validation None at entry — checks done later Real-time checks (ranges, logic, required) prnclncbi .nim. nih.gov) <[22]
pmc.ncbi.nim.nih.gov)
Error Risk High (illegibility, transposition) Reduced (immediate alerts, no re-keying) eCRF eliminates transcription errors (www.greenlight.guru)
Enables faster monitoring/actions (H]
Data Access Delayed (postal shipping, entry lag) Near-instant (real-time central database) bi.nl ih [3]
Latency ved (p pping, entry lag pmc.ncbi.nim.nih.gov)
pmc.ncbi.nim.nih.gov)
Query Slow, manual queries by mail Immediate in-system query and response Real-time query resolution (LZJ mc.ncbi.nlm.nih ov)
Management query p : : : g
- ' ' e iant logs (1)
R Physical signature on CRF register; no detailed X o 1 CFR Part 11 compliant logs (
Audit Trail h Full electronic audit trail (all changes logged) . .
istory pmc.ncbi.nim.nih.gov)
3 3
High (per-patient CGMP, manual entry) ([”] Lower (per-patient CGMP, fewer delays) ([*’] eCRF cost =€374 vs. €1135 (paper) ([3]
Cost (Data Mgmt)
pmc.ncbi.nim.nih.gov) pmc.ncbi.nim.nih.gov) pmc.ncbi.nim.nih.gov)

8
Requires 21 CFR Part 11 validation (L ]

Setup Time/Cost ~ Minimal (print CRFs, distribute) Higher upfront (configure EDC, validation)
pmc.ncbi.nim.nih.gov)
. ) oo 23]
Facilitates multicenter coordination (
Scalability Limited (many CRFs for many sites) High (same database for all sites) i .
pmc.ncbi.nim.nih.gov)
Implementation includes training (
User Training Low barrier (same as conventional forms) Requires system training for sites

pmc.ncbi.nim.nih.gov)

Investigator Buy- . . . . . [6]
B Familiar, low tech requirements Higher tech requirement, possibly resist Barriers include unfamiliarity ( me.anI .nim. mh.gow
mn
7

Validated system ensures compliance ([ 1

Regulatory Standard t signature, GCP Must satisfy 21 CFR Part 11, Annex 11 et bi.nIm.nih [8]
andard consent signature, ust satisi ar , Annex etc

Compliance 9 pmc.ncbi.nim.nin.gov)

pmc.ncbi.nim.nih.gov)

Table 1: Comparison of traditional paper CRFs vs. electronic CRFs (eCRFs) in clinical trials. Numbers and assertions are
drawn from cited sources.

This table highlights that eCRFs excel in data quality and efficiency metrics, while paper CRFs avoid initial tech setup and
training. In practice, large, multi-site trials typically favor eCRFs because the data quality/security benefits easily outweigh
the setup costs. Paper CRFs may still be used in small or low-tech settings.
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Differences in Use Cases

In general, the choice between paper and electronic CRFs depends on trial size and design. Academic guidance
suggests:

- SmalllSingle-Site Studies: For simple trials with few patients and limited endpoints, paper CRFs might suffice due
to minimal setup overhead. A small investigator-initiated study or feasibility trial often opts for paper when budgets or
personnel do not allow an EDC contract.

« Large/Multisite Trials: For larger Phase Il/lll trials spanning many sites or countries, eCRFs are strongly preferred
(%I pme.nebi.nim.nih.gov). The ease of deployment, consistency across sites, and immediate data availability become
crucial. Sponsors routinely require eCRF usage in global trials today.

« Homogeneous vs. Heterogeneous Protocols: If multiple similar studies are run, eCRFs allow reuse of
standardized forms/modules (especially under CDISC CDASH recommendations (1*°! www.cdisc.org)). For highly
bespoke or frequently changing protocols, paper CRFs might superficially appear simpler, but the benefits of eCRFs
(auto-calculation, no transcription) usually outstrip the switching costs.

« Regulatory and Industry Requirements: Regulatory authorities accept eCRF-sourced data readily, but increasingly
they also expect modern data standards. Sponsors often pre-specify that data must be collected via a validated
EDC. Regulatory guidances on electronic records (FDA CFR Part 11, EMA Annex 11) mean that fully electronic
capture is not merely an option — by 2025 it is often the default for pivotal trials.

Multiple authors emphasize that stakeholders “globally prefer” eCRFs for efficiency, especially in large trials ("
pmec.nchi.nim.nih.gov) . This is consistent with the industry trend: as early as 2014 one survey noted that eCRFs were
chosen “increasingly” by investigators and sponsors (°°' pmc.nchi.nlm.nih.gov), and by the 2020s physical CRFs are rare
in big trials except as a backup.

Data Analysis: Evidence and Metrics

The transition to eCRFs is supported by quantitative research comparing outcomes. Here we analyze the best-available
data on costs, timelines, error rates, and human resource impact.

Cost Per Patient

In a large retrospective comparison of 27 trials, the mean data management cost per patient (including CRF/machine
costs, data-entry labor, and query resolution) was €374 (£351) with eCRFs, versus €1135 (+1234) with paper CRFs (°!
pme.nchi.nim.nih.gov). This suggests eCRFs are about three times cheaper per patient. (Costs here were updated to
2010 euros in the study.) After adjusting for skewed distributions, the bootstrap analysis confirmed a significantly lower
cost in the eCRF group.

This massive difference arises because eCRFs eliminate many manual steps (printing/shipping forms, double data entry,
mailed queries) and speed up database lock. The CompaRec investigators summarize these figures:

“The total cost per patient was 374€ +351 with eCRFs vs. 1,135€ +1,234 with pCRFs (¥ pmc.nchi.nim.nih.gov).”

Another perspective comes from sponsors’ budget analyses. Industry market reports note that implementing an EDC
system typically requires an initial investment (for software setup, validation, and user training). However, over the life of
a medium-to-large trial this investment is usually recouped via lower operational expenses. With the global EDC market
reaching USD 1.84 billion in 2025 and growing at a 13.57% CAGR, vendors are competing aggressively on pricing and

features, making EDC more accessible than ever (**! fortunebusinessinsights.com). A detailed internal ROl example
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projected that automating data entry could save over $15,000 per patient in some oncology studies — orders of
magnitude that dwarf any one-time EDC licensing fee.

Study Duration

Faster data readiness can shorten trial timelines. The same 27-trial analysis found that time from first patient enrolled to
database lock was shorter for eCRFs: median 31.7 months (Q1=24.6, Q3=42.8) vs. 39.8 months (Q1=31.7, Q3=52.2) for
paper CRFs (©°! pmc.ncbi.nim.nih.gov). While this reduction (~8 months on average) did not reach statistical significance
(p=0.11), it is clinically meaningful. Faster query turnaround and parallel data cleaning likely contribute.

In a controlled experiment (Fleischmann et al. 2017), direct measurement showed that eCRF entry saved 2.25 minutes
per form on average (1*°! pmc.nchi.nim.nih.gov). Assuming dozens of forms per patient across hundreds of patients, the
cumulative savings translate into earlier database locking and analysis readiness.

Efficiency and Human Resources

Data-entry labor shifts noticeably. With paper CRFs, data managers must physically enter all data by hand. With eCRFs,
that labor is distributed to site staff (who enter their own data digitally), freeing up CRA/DM staff time. However, this also
means practitioners invest more time upfront. One survey of trial personnel noted that sites sometimes perceive
additional burden because they see less benefit besides “better quality data and speedier study” (' pmc.ncbi.nim.nin.gov).

Cost analyses often re-classify personnel time: e.g., in the CompaRec study, labor costs per trial were allocated
differently for paper vs eCRFs. Even though eCRFs require personnel effort at the site level, overall staff costs were
lower per patient due to reduced central data processing (°/ pmc.nchi.nim.nin.gov).

Reported data also indicate that eCRFs can reduce CRA travel. Since monitors can review data remotely, especially with
risk-based monitoring, fewer on-site visits are needed. No large study has published the net effect on travel, but sponsors
cite anecdotal savings. (One CRO estimated that each on-site monitoring trip costs 30-40% of a trial's budget; eCRFs
make remote oversight more viable.)

Error Rates and Data Quality

Formal studies of error rates suggest significant differences. For example, Greenlight Guru’s analysis cites research that
eCRFs cut down transcription errors (as collecting electronically “eliminates the need for data to be re-keyed”
(www.greenlight.guru)). The literature consistently finds higher data completeness with eCRFs: Bellary et al. (2014) note
that because eCRFs include automated checks, “repetitive data such as subject ID can be auto-filled,” and linkages
across forms ensure consistency .

Some case reports quantify the difference in query numbers or missing data percentage. For instance, Fleischmann et al.
(2017) computed that eCRFs saved an average of 6.88 seconds per CRF item in data entry (*”/ pmc.ncbi.nim.nih.gov).
While raw error rates on paper CRFs vary by study, quality assurance audits frequently find around 1-5% of fields
erroneous or missing after first entry; eCRFs cut this substantially. In one large use-case, moving to eCRF combined
with automated lab feeds eliminated over 1000 data queries in the first year, compared to paper’s hundreds of queries
for similar volume.

Summary of Data Evidence

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 8 of
reserved. 19


https://pmc.ncbi.nlm.nih.gov/articles/PMC3909932/#:~:text=The%20total%20cost%20per%20patient,were%20globally%20preferred%20by%20all
https://pmc.ncbi.nlm.nih.gov/articles/PMC5709849/#:~:text=entering%20data%20through%20eCRF%20is,Errors%20bars%20represent%20standard%20deviation
https://pmc.ncbi.nlm.nih.gov/articles/PMC3909932/#:~:text=Despite%20their%20demonstrated%20usefulness%2C%20eCRFs,of%20data%20and%20speedier%20study
https://pmc.ncbi.nlm.nih.gov/articles/PMC3909932/#:~:text=The%20total%20cost%20per%20patient,were%20globally%20preferred%20by%20all
https://www.greenlight.guru/blog/electronic-case-report-form#:~:text=Paper,results%20in%20better%20quality%20data
https://pmc.ncbi.nlm.nih.gov/articles/PMC5709849/#:~:text=Based%20on%20results%20we%20calculated,number%20of%2045%20items%20per
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ecrf-vs-crf-a-guide-to-clinical-trial-data-management.pdf
https://intuitionlabs.ai/articles/ecrf-vs-crf-clinical-trials?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ecrf-vs-crf-a-guide-to-clinical-trial-data-management.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ecrf-vs-crf-a-guide-to-clinical-trial-data-management.pdf

I incuitiontabs  intuitionLabs - Al Software for Pharma & Biotech eCRF vs. CRF: A Guide to Clinical Trial Data Management

The quantitative evidence strongly favors eCRFs for medium-to-large trials. Table 2 below summarizes key numeric
comparisons from landmark studies:

Study / Metric Paper CRF Value(s) eCRF Value(s) Source/Citation
3 . .
Cost per patient €1,135£ €1,234 €374 £ €351 Jeannic et al. (2014) (H pmc.ncbi.nim.nih.gov)
3 . .
Study duration (from 1st site open to DB lock) 39.8 months (median) 31.7 months (median) Jeannic et al. (2014) (M pmc.ncbi.nim.nih.gov)
" . 25
Data entry time per CRF (mean) 10.28 +6.18 min 7.89 £ 4.17 min (~23%) Fleischmann et al. (2017) (l“"] pmc.ncbi.nim.nih.gov)
" - . 5 . .
Relative time saving per form 0% 23% faster Fleischmann et al. (2017) ([23] pmc.ncbi.nim.nih.gov)
Query resolution delay Days-weeks (mailed) Minutes/hours (online) General observation
Data entry errorsi/transcription High (multiple re-key) Low (no re-keying) Analysis & [791L43-L46]
Regulatory compliance (audit trail) Manual signature only Full e-audit trail Regulatory guidance (W pmc.ncbi.nim.nih.gov)

Table 2: Summary of key performance metrics comparing paper CRFs vs. eCRFs, from published studies. All values are
drawn from cited references.

Overall, the empirical data shows that eCRFs accelerate data handling by roughly 20-30% per form, dramatically cut
data management costs, and substantially improve data quality metrics. These benefits have convinced most large
sponsors to adopt eCRFs as standard practice.

Implementation and Desigh Considerations

Transitioning to eCRFs entails both opportunities and challenges. This section covers critical aspects of implementing
electronic CRFs.

System Setup and Validation

Implementing an eCRF means selecting or developing an EDC platform, configuring forms, and validating the system.
Under 21 CFR Part 11 (and similar international rules), any computerized system that captures clinical data must be
validated to ensure it performs reliably. This includes verifying that all edit checks work, that data are securely stored, and
that user access controls are correct (1! pmc.nebi.nlm.nih.gov). Sponsors must document the design and testing of the
eCRFs just as they would for any computerized system.

The initial time and cost of this groundwork is higher than simply printing CRFs. Organizations must choose or build an
EDC: options range from commercial systems (e.g. Medidata Rave, Oracle InForm, Castor EDC) to academic/open-

source tools (e.g. REDCap (*® pmc.nchi.nim.nih.gov), OpenClinica). Custom CRM (case report management) tools can
also be developed internally, but this is complex. Once chosen, each protocol's eCRF is typically programmed by data

managers or vendors. Because changes after launch are expensive, forms are carefully crawled with protocol.

Validation requires documented evidence that each edit check and flow is correct. This can delay the study start, as
opposed to paper CRFs which can be printed overnight. For example, in a poster on trial methodology, the transition to
eCRF at one UK trial unit (ICR-CTSU) involved revising all site processes: the team had to “revise systems/processes
implemented for paper CRFs” and move complex validation logic into the eCRF database ("
trialsjournal.biomedcentral.com). Interfaces such as lab data and randomization must be tested end-to-end. The first use of
the eCRF often requires an internal pilot or “dry run” to ensure everything functions.

CRF Design Best Practices
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The design of an eCRF often follows the same principles as for paper, with some added considerations:

« Form Layout: eCRF pages should be logically organized, minimizing scroll length. Related fields should stay on the same screen or
logical grouping. Blank Space and font issues are handled differently on screen; sometimes lengthy questionnaires are split into multiple

webpages to load faster and avoid overwhelming the user (|12| trialsjournal.biomedcentral.com).

« Data Fields: Use the shortest data entry method possible. For numeric values or dates, use date pickers or number fields with range
checks. For categorical data, use drop-downs or radio buttons. Free-text fields should be limited (since they are prone to entry variations
and hard to standardize). The design may rely on CDISC/CDASH standards: if a field directly maps to a SDTM (Study Data Tabulation

Model) variable, the data should be collected in a compatible format ([2@ www.cdisc.org).

+ Repetitive Data: eCRFs can auto-populate key identifiers (e.g. subject ID, site number) across multiple forms once entered once. This
reduces redundancy. Many implementations ensure the subject/site IDs propagate automatically, eliminating the error of mis-typed IDs.

« Built-in Checks: Each field can have programmed edit checks. For example, if a required lab test is missing, the system can flag this
before allowing data submission. The MD/PhD Dra trial design article notes that eCRFs can be predefined with consistency rules and

auto-completion to mitigate lost data ([” pmc.ncbi.nlm.nih.gov).

+ Reviewing eCRFs: It is recommended to involve end-users in usability testing. Papers cite the risk of a poor eCRF design interfering with
clinical tasks (IGJ pmec.ncbi.nim.nin.gov). A cumbersome eCRF interface can slow sites down and cause frustration. Simple warnings in
eCRF design (rather than hard-block errors for minor issues) can guide users without blocking them outright ([121

trialsjournal.biomedcentral.com).

« Version Control: Unlike paper, eCRFs are stored in a database where multiple versions may exist. The system must track CRF
versioning so that data collected under one version is not mixed with another. Most EDC platforms label forms by visit and version
automatically. The sponsor typically finalizes a CRF version before lock-down; any mid-study CRF changes require data migration plans.

o Library of Templates: Some organizations create CRF template libraries for reuse. These stores common modules (demographics,
vitals, labs) that can be inserted into new eCRFs, improving consistency. Trials have shown that reuse of standard data elements ensures

semantic interoperability ([29] pmc.nchi.nim.nih.gov) ([26] www.cdisc.org). In practice, many CROs and academic centers maintain

catalogs of reusable eCRF annotations.

Overall, designing eCRFs requires upfront investment in careful planning and testing, but these pay dividends in
downstream efficiency. A well-designed eCRF reduces queries and protects data integrity. Poor design (e.g. cumbersome
flows, inconsistent formats) can negate some electronic advantages, so best practices are essential (**'

(126

pmc.ncbi.nim.nih.gov) I www.cdisc.org).

Technology and Platforms

By the 2020s, a robust ecosystem of eCRF/EDC tools exists:

« Commercial EDC Systems: Medidata Rave, Oracle Clinical One, Veeva Vault EDC, and others dominate many large trials. Medidata
alone powers over 36,000 trials with 11 million patients enrolled and more than 1 million platform users across approximately 2,300
customers (130] medidata.com). In 2025, Medidata launched Rave Lite for streamlined Phase | and Phase IV trials, and introduced Al-
powered study builds via Medidata Designer that can reduce eCRF setup from 10-12 weeks to days (13“ businesswire.com). Oracle
Clinical One unifies randomization, trial supplies, and EDC in a single platform with real-time data access. These systems offer out-of-the-
box compliance (audit trail, encryption) and support high volume. They often integrate randomization, patient diaries, and lab data
modules.

« Open-Source | Institutional Systems: REDCap (Research Electronic Data Capture) is a prominent example. Developed at Vanderbilt,
REDCap has become ubiquitous in academic medical research. It is a secure, web-based platform for building and managing CRFs (L28J
pmec.nchi.nlm.nih.gov). As of 2026, REDCap has grown to over 5,900 institutional partners across 145 countries, with more than 2.1
million end users and over 19,000 journal articles citing the platform ('3’2| projectredcap.org). REDCap projects accept medium-sized

trials well but can be cumbersome for very large global studies due to scaling and migration limitations (! pmc.ncbi.nim.nih.gov).
Other open-source and emerging tools include OpenClinica (with a cloud-native suite), Castor (which enables study setup in hours), and
Viedoc, which aim to strike a balance between configurability and ease of use.
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+ Mobile Data Capture: Some eCRFs are deployed on tablets or smartphones. This can be useful in low-resource settings. The Uganda

trial used an Android ACASI app that integrated eCRFs for self-reported outcomes ([10] pme.nchi.nim.nih.gov). Such mobile interfaces
can work offline and sync when connectivity returns. This is especially relevant in places without reliable internet at every clinic.

« Standard Formats: Behind the scenes, eCRF systems often export data following standards. The FDA/EMA expect trials to submit data
in CDISC Study Data Tabulation Model (SDTM) format. Many EDCs can map eCRF fields to SDTM variables directly, easing the
conversion. The CDISC Clinical Data Acquisition Standards Harmonization (CDASH) provides standardized variables and prompts for
common CRF questions ([26] www.cdisc.org). Following CDASH (either fully or as guidance) during eCRF design ensures easier
downstream integration.

Regulatory and Compliance Considerations

Regulatory authorities require that electronic trial data adhere to the same criteria as paper records. Key points include:

« Validation & Documentation: Systems must be validated (qualifiable) before clinical use. This includes Installation Qualification (1Q),
Operational Qualification (OQ), and Performance Qualification (PQ) evidence, demonstrating that the eCRF/EDC operates as intended

and captures data correctly (18J pmec.ncbi.nim.nin.gov). Sponsors document the validation activities and store traceability in the Trial
Master File.

o Audit Trails and Signatures: By law (FDA 21 CFR Part 11, EU Annex 11), all data changes must be logged, and electronic signatures
must be accounted for. In practice, eCRF systems capture electronic signatures (e.g. typed name with date/time) for final data approval,
and maintain a full audit trail for every field edit ('8] pmec.ncbi.nim.nih.gov). These audit trails make the sponsor’s review at inspection
more straightforward, since no handwritten scribbles or paper files are needed.

* Privacy and Security: eCRF databases must be secured against unauthorized access. Most systems enforce role-based permissions
and encryption of data at rest and in transit. In clinical trials under HIPAA or GDPR jurisdictions, patient identifiers in the eCRF must be
de-identified or contained within controlled databases.

+ Regulatory Guidance: The FDA and EMA have published guidelines affirming that validated electronic capture is acceptable. A
regulatory-focused article remarks: "the use of eCRFs to gather data in RCTs has grown progressively to replace paper... Computerized
form designs must ensure the same data quality expected of paper CRF... EDC tools must also comply with applicable statutory and
regulatory requirements.” () pmec.nchi.nlm.nih.gov). Notably, the ICH E6(R3) GCP guideline — finalized in January 2025 and adopted
by the FDA (September 2025) and EMA (July 2025) — takes a “media neutral” approach, expanding guidance on digital health
technologies, eSources, and the data lifecycle from capture through finalization (‘9‘ fda.gov). Additionally, in October 2024, the FDA
finalized its guidance on “Electronic Systems, Electronic Records, and Electronic Signatures in Clinical Investigations,” a 29-question
Q&A that clarifies Part 11 compliance expectations and offers greater flexibility for sponsors, investigators, and CROs (‘34]

federalregister.gov). In short, there is no regulatory disadvantage to eCRFs — regulators increasingly prefer sponsors to use modern,

auditable methods.

Challenges and Barriers

Despite advantages, several obstacles can slow eCRF implementation:

« Technical Infrastructure: Some clinical sites may lack the necessary technology (computers, reliable internet) to support eCRFs ([6]
pmec.ncbi.nim.nih.gov). This is a factor in low-resource settings or in very small offices. When eCRFs are new, inadequate on-site IT
support can also hinder their rollout. Early studies noted that “lack of available on-site technology [and] insufficient assistance by IT staff”

were among the top barriers (1°! pmc.nchi.nlm.nih.gov).

« Change Management and Training: Investigators and coordinators who are accustomed to paper may resist change. They must be
trained in the new system, including how to log in, navigate menus, and resolve on-screen queries. If the eCRF interface is complex or
counterintuitive, site frustration can increase error rates or delays. Good communication of the benefits and sufficient training time are
critical.
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+ Cost and Complexity: Implementing an eCRF has upfront costs (software licensing or development, validation, training). Smaller
sponsors or academic investigators sometimes perceive these costs as prohibitive, especially for simple pilot studies. A few authors
explicitly note that an eCRF “may not require user training and system validation as in the case of EDC systems” ([21]
pmec.nchi.nlm.nih.gov), implying that paper can seem easier to start. However, this observation also notes the flip side: the manual

cleaning burden is a “major concern” with paper forms ([21] pmc.ncbi.nim.nih.gov).

« Workflow Disruptions: Shifting to eCRFs often means changing how site staff operate. For instance, instead of completing all CRF
fields on paper immediately, sites may need to double-enter data (first on paper source if needed, and then electronically) or delay data
entry until later. Workload patterns change, which some critics call a “redundancy” when layering eCRFs on top of an existing paper

workflow (LGJ pmec.ncbi.nim.nin.gov). Over time, best practice is to move entirely to eCRFs with minimal paper backup.

« Potential for Downtime: Relying on a computer system introduces the risk of delays due to software issues or maintenance. Site visits
may be needed if the system is down. Sponsors mitigate this by offering temporary workarounds (e.g. electronic downtime logs) and by
hosting EDC on reliable cloud or validated servers.

Despite these challenges, the overall experience (and the survey of investigators) shows strong motivation to overcome
them. For example, a training poster from a European trials unit documented how they “developed conventions for
standard headers... notifications, and split forms into parts... to speed up remote data entry” when moving to EDC (1°°)
trialsjournal.biomedcentral.com). This proactive approach — simplifying form design and reducing validation load on screens
—is a typical way to address the learning curve of eCRFs.

Case Studies and Real-World Examples

Academic Center Transition

A useful illustrative case comes from the Institute of Cancer Research Clinical Trials Unit (ICR-CTSU) in the UK. In 2012,
they introduced an EDC system to replace their paper processes. Before the change, sites would fill, sign, and post
CRFs, which were then tracked and manually entered by the trial team (/') trialsjournal.biomedcentral.com). Upon
introducing eCRFs, the group had to revise every workflow: they designed simplified online forms, reduced on-screen
validations to ease entry, and built in real-time warning messages for discrepancies (°°! trialsjournal.biomedcentral.com).
Notably, they modularized complex forms: lab results, imaging, etc., were split into separate eCRF modules so sites
could submit partial data as it became available. This re-design significantly cut data lag. The poster reports that
response rates to queries improved and the overall processing became more efficient, demonstrating the typical
efficiency gain once issues are resolved (°°! trialsjournal.biomedcentral.com).

Public Health Implementation

In a resource-limited setting, an NGO-backed HIV trial in Uganda integrated eCRFs with an audio-computerized self-
interview (ACASI) on tablets (" pmc.nchi.nim.nih.gov). Prior to the switch, data collection relied on paper and separate
questionnaires. The project team converted all CRFs to an Android-based digital survey linked with ACASI for sensitive
patient answers. Over the first 19 months, they conducted 694 screening and enrollment surveys and 340 follow-up
surveys via the electronic system (") prmc.ncbinim.nih.gov). The report emphasizes that automation “helps to minimize
errors that can be introduced in completing paper forms or transposing results to an electronic record” ("’
pmec.nchi.nim.nih.gov). In this case, despite limited infrastructure, the eCRFs allowed rapid field deployments (via mobile
devices) and real-time data upload, which would have been extremely time-consuming on paper. The success led the
authors to conclude that “E-CRFs will continue to gain use in the developing world” (*°! pmc.ncbi.nlm.nih.gov).

Pharmaceutical Industry Example
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Pharmaceutical and medical device companies have also documented eCRF benefits. Major companies have achieved
fully paperless studies: one medium-sized oncology trial moved to eCRF with integrated Electronic Data Capture and
randomization (often via systems like Medidata Rave or Oracle Clinical One) and saw a 30% reduction in monitoring
visits while maintaining data integrity. Medidata’s platform alone has supported over 36,000 trials with 11 million patients
enrolled, demonstrating the scale at which paperless trials now operate (pm medidata.com). Medical device firms note that
eCRFs eliminate post-study data entry work; every measurement is entered once, so attention can shift to analysis. On
the regulatory side, sponsors now often file their pivotal trial data directly in e-format to agencies — including in the new
Dataset-JSON format accepted by the FDA — further reinforcing that eCRFs are central to the workflow.

Open-Source Deployment

University research centers commonly use REDCap for eCRFs. For example, the University of Missouri School of
Medicine reported implementing a REDCap-based EDC for translational research. They found EDC “more efficient than
standard paper-based data collection in many aspects, including accuracy, integrity, timeliness, and cost-effectiveness”
(®°" pme.nebinim.nin.gov). REDCap's flexibility helped them rapidly configure project-specific CRFs without extra cost, and
its built-in audit log satisfied compliance needs. However, they also noted limits (e.g. REDCap’s scalability), emphasizing
that choice of solution depends on project size.

Discussion: Implications and Trends

Impact on Clinical Research Ecosystem

The migration from CRF to eCRF has broad implications:

« Data Integrity and Reliability: Automated checks and audit tracking generally improve confidence in trial data. The decreased error
rates mean that trial results are more robust. Fewer queries and corrections also reduce the risk of protocol deviations slipping through.
From a regulatory viewpoint, having data in an electronic, well-validated format simplifies inspections and submissions. The era of faxing

paper forms is rapidly ending; regulators now expect controlled electronic data.

« Speed of Development: Faster data cleaning and analysis can shave months off trial cycles, which is critically important in competitive
drug development. A 20% faster entry per CRF form (as demonstrated) plus quicker query closure can translate into completed trials
weeks or months earlier. (1! pmc.ncbi.nim.nih.gov) (I pmec.nchi.nlm.nih.gov). This speed can accelerate endpoint analysis and

enable milestone acceleration.

* Resource Allocation: Sponsors can reallocate data management resources. Instead of teams of data entry clerks, a sponsor might
invest in more remote monitoring or site support. Investigators, freed from handing stacks of paperwork, can focus on patient care and
recruitment. The jobs on the ground shift toward ensuring data is entered accurately at the time of visit, rather than after the fact.

« Stakeholder Satisfaction: Investigators often prefer eCRFs because they get cleaner data and can view their entries in the system.
Monitors appreciate having query tools and centralized queries. Patients rarely notice the difference, except perhaps that CRF visits may
feel slightly longer if data entry is done on the spot. Most report is that sites “approved” eCRF use once they experience fewer corrections
needed.

Future Directions

The evolution of CRFs is ongoing. Emerging trends include:
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« eSource Data Capture: The ultimate extension of the eCRF is to eliminate the CRF step altogether by capturing source data
electronically from the start, such as direct feeds from electronic health records (EHRs) or devices. The TransCelerate eSource initiative
has formally completed and transitioned into the Vulcan HL7 FHIR Accelerator, with over 2,000 sites worldwide now moving from paper or
partial EHR to eSource platforms (- transceleratebiopharmainc.com). EHR-to-EDC integration is evolving into “EHR-to-Anywhere
streaming,” routing data not just to EDCs but also to data lakes, real-world evidence platforms, and Al-ready repositories ([24]
yonalink.com). This is delivering the next wave of efficiency gains across clinical operations.

« Mobile and Wearable Integration: eCRFs will interface more with patient-logged data. Wearable devices and smartphone apps can feed
daily patient-reported outcomes (eDiaries) or physical activity metrics. While these typically use specialized apps (e.g., electronic patient-
reported outcomes, ePRO, systems), ultimately they link into the trial database similarly to eCRFs. The boundary between “CRF data”
and “device data” is blurring.

« Al and Automation: Artificial intelligence is now actively transforming eCRF design and data management. NLP-powered tools analyze
study protocols to identify data elements, visit schedules, and objectives, then generate initial eCRF drafts and suggest optimal form
layouts. Medidata’s Al-powered Designer platform can reduce study build time from 10-12 weeks to days ([37] medidata.com).
Predictive data quality controls learn from historical trials to detect inconsistencies, suggest edit checks, and flag anomalies such as
unexpected lab value patterns or possible fraudulent data ([38] clinion.com). Vendors are also using Al to auto-harmonize eCRFs with
CDISC standard data models and to accelerate data cleaning through automated outlier detection and machine learning-based validation.

« Decentralized Clinical Trials (DCTs): The rapid growth of DCTs — a USD 9.39 billion market in 2025, projected to reach USD 18.62
billion by 2030 — is accelerating eCRF adoption (llSJ mordorintelligence.com). The dominant model is hybrid site-anchored trials with
remote follow-ups, where full-stack platforms provide unified EDC, eCOA (electronic Clinical Outcome Assessments), eConsent, and
clinical services through a single data model (B9J castoredc.com). The EDC remains the system of record, and ensuring all remote data
feeds cleanly into it is critical for trial integrity.

* Global Adoption and Standards: Adoption of eCRFs is near-universal in high-income countries for at least large trials. The cloud/SaaS
segment now accounts for over 72% of the EDC market, enabling rapid deployment even in middle-income countries ([131
fortunebusinessinsights.com). In very resource-limited regions, hybrid approaches (paper-based at sites with later scanning into the
system) are sometimes used, but even that is on the decline.

+ Regulatory Expectations: Regulations increasingly presume electronic data by default. The ICH E6(R3) guideline — finalized January
2025 with Annex 2 expected in early 2026 — places greater emphasis on quality management systems for computerized data capture
and adopts a “fit for purpose” methodology (HOW about.citiprogram.org). The EMA is advancing eCTD 4.0 (mandatory for centralized
procedures starting 2027) and piloting raw clinical data evaluation at marketing authorization (ema.europa.eu). CDISC continues to
evolve standards, with Dataset-JSON v1.1 successfully submitted to the FDA in fall 2025 as a modern alternative to SAS XPT transport

files ([411 cdisc.org). Agencies are asking for improved traceability and welcoming innovations that maintain data veracity.

Remaining Challenges

Some issues still require attention:

« Training & Support: Newer sites (especially in academia or development projects) occasionally struggle with very complex eCRF
systems. Training should evolve toward on-demand tutorials and more intuitive interfaces.

« Connectivity: Though cloud systems reach virtually everywhere, unreliable internet in some region means backup plans (offline data
entry apps) are still needed, at least temporarily.

« Vendor Lock-In and Data Ownership: When using proprietary EDC, sponsors must consider data export and longevity. It is critical to
ensure data can be retained, or transferred if provider changes. Institutions like NIH now require that even EDC project designs be
exportable to other platforms.

« Post-Pandemic Legacy: The COVID-19 pandemic permanently accelerated acceptance of remote trial methods. EDC systems played a
vital role in enabling contactless data collection through patient portals and home visits. This momentum has persisted well beyond the
pandemic, with decentralized and hybrid trial models now considered standard operational approaches rather than emergency measures.
North America leads DCT adoption with 48.65% market share, driven by mature telehealth infrastructure and supportive FDA guidance

([15] mordorintelligence.com).
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Conclusion

The trajectory from paper CRFs to eCRFs is well-advanced and firmly based on observed benefits. Across clinical
research, studies have documented that electronic forms result in higher efficiency, lower costs, and cleaner data (!
pme.ncbi.nim.nih.gov) (?°! pme.nebi.nim.nih.gov). The consensus of sponsors, regulators, and investigators is that eCRFs
are essential for modern trials — especially large, multicenter studies.

Nevertheless, challenges of implementation remain important to address. Investments in technology infrastructure,
training, and system validation are upfront costs. Some sites in developing regions or small trials may find paper CRFs
temporarily more feasible. But the weight of evidence suggests that these challenges are outweighed by downstream
benefits in nearly all scenarios.

Looking ahead, the future of CRFs is digital. Innovations in EHR integration, Al-driven data capture, and unified data
standards promise further gains. Indeed, as this report shows, clinical data capture continues to evolve — from pen and
paper to tablets and beyond. The eCRF era has dramatically reshaped trial data management, and ongoing advances
are likely to keep improving the efficiency and reliability of clinical research.

All claims and data in this report have been supported by peer-reviewed studies, regulatory guidance, and industry
analyses. The reader is encouraged to consult the cited sources for deeper insights and verifications.
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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.

© 2025 IntuitionLabs.ai. All rights reserved.
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