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About This Series

This primer is published as a two-volume series designed specifically for Al-driven health
technology founders entering the pharma R&D market.

Volume 1: The Foundational Ecosystem (this document) provides a comprehensive
reference for the core clinical trial technology landscape and the regulatory frameworks
governing it. It is designed for founders who need a solid grounding in the what and why of the
existing ecosystem before developing their go-to-market strategy.

Volume 2: Al Innovation & Strategic Playbook builds on this foundation with a highly
prescriptive, founder-centric guide to Al-specific strategy, commercialization, data acquisition,
regulatory pathways, competitive positioning, and funding.

Whether you are new to clinical trials or an experienced technologist pivoting into pharma R&D,
we recommend reading Volume 1 first to establish a shared vocabulary before diving into the
strategic guidance in Volume 2.

Note: Throughout both volumes, sidebar callouts highlight where Al is already being applied to
or disrupting each technology area.
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Part 1: The Clinical Trial Technology Ecosystem

Clinical trials depend on a complex, interconnected set of software systems. For startups
entering this market, understanding what each system does — and how they relate to each
other — is essential to identifying where your solution fits, who your buyer is, and what

integration expectations you'll face.

The Clinical Trial Workflow: End-to-End

Before diving into the individual technology systems, it helps to understand the clinical trial
lifecycle itself. Every trial — whether a Phase | first-in-human study or a global Phase Il pivotal

trial — follows a broadly similar sequence of stages. The chart below maps each stage to the

primary technology systems involved and the key activities that take place. This is the mental
model that every pharma buyer carries; understanding it will help you position your product

precisely.

Trial Stage Key Activities Primary Systems

EDC (CRF design),
CDISC standards

1. Study Design & Protocol authoring, endpoint

Protocol selection, statistical design,

Development CRF design, regulatory
submission planning

2. Study Start-Up  Site selection & feasibility,
ethics/IRB approvals,
regulatory submissions, site
contracts, system builds &
UAT, site training

CTMS, eTMF, EDC,
RTSM (build/validate)

eConsent, RTSM/IRT,
EDC, CTMS,
eSource/EHR

Patient identification, informed
consent, screening,
randomization, enrollment
tracking

3. Enroliment &
Recruitment

4. Trial Conduct
& Data Collection

EDC, eCOA/ePRO,
RTSM, Safety/PV,
eSource

Patient visits, data capture
(CRFs, ePRO, labs), drug
dispensation, adverse event
reporting, protocol
amendments

CTMS, RBQM tools, EDC,
eTMF

Source data verification, risk-
based monitoring, site audits,
quality management, key risk
indicator tracking

5. Monitoring &
Oversight

6. Database Lock Query resolution, data EDC, CDISC (SDTM,

& Analysis cleaning, database lock, ADaM), RTSM
SDTM/ADaM mapping, (unblinding)
statistical analysis, unblinding

7. Regulatory CSR writing, regulatory dossier  eTMF, Safety/PV, CDISC

Submission &
Study Closeout

assembly, TMF archival, site
closeout, drug reconciliation,
final safety reporting

(Define-XML), CTMS

Al Opportunity Areas

Protocol optimization, endpoint
feasibility analysis, automated
CRF generation

Site feasibility scoring,
automated document
processing, predictive site
activation timelines

NLP-based EHR patient
matching, predictive enroliment
forecasting, Al-enhanced
consent comprehension

Real-time data quality checks,
automated query management,
Al-driven supply optimization,
safety signal detection

Centralized statistical
monitoring, anomaly detection,
predictive risk scoring, remote
monitoring Al

Automated data reconciliation,
Al-assisted SDTM mapping,
accelerated database lock
processes

Automated CSR drafting, TMF
completeness checking,
submission-ready dataset
generation

Note: Most systems are active across multiple stages. EDC, for example, is configured during start-up, used
throughout conduct, and critical at database lock. The “Primary Systems” column highlights where each system plays

its most prominent role.
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A typical Phase lll trial runs 3-5 years from protocol to submission, though timelines vary
significantly by therapeutic area and complexity. The key takeaway for founders: your product
needs to fit into one or more of these stages, and the buyers at each stage may be different
people with different priorities. Understanding where in this lifecycle your solution creates value

is the foundation for every conversation that follows.

The sections that follow examine each technology system in detail.

The table below provides a quick-reference overview. Detailed descriptions follow.

System
EDC

CTMS

eTMF

RTSM/IRT

eCOA/ePRO

eConsent

eSource

Safety/PV

Electronic Data Capture (EDC)

What It Does

Captures clinical data via
electronic case report forms
(eCRFs)

Manages trial operations:
timelines, budgets,
milestones, site performance

Centralized repository for
essential trial documents

Randomizes participants and
manages investigational
product supply

Collects clinical outcomes
from patients, clinicians, and
observers

Digitizes informed consent
with multimedia and remote
signing

Enables direct digital data
capture at point of origin

Manages adverse event
reporting and
pharmacovigilance

Primary Users

Data managers, site
coordinators, monitors

Clinical operations,
project managers,
sponsors

Regulatory affairs,
quality, clinical ops

Pharmacists, site staff,
supply chain

Patients, site staff,
clinicians

Patients, investigators,
IRBs/ethics committees

Site coordinators,
investigators

Safety officers, medical
monitors

Key Integration Points

CTMS, RTSM/IRT, eCOA,
EHR, eConsent

EDC, eTMF, RTSM, site
portals

CTMS, EDC, regulatory
submissions

EDC, CTMS, supply/logistics
systems, eConsent

EDC, CTMS, eConsent,
wearables/devices

EDC, CTMS, eTMF, RTSM
eCOA

EDC, EHR

EDC, regulatory databases

EDC systems are the backbone of clinical data management. They replaced paper case report

forms with digital equivalents, enabling real-time data capture, validation, and query
management. Approximately 78% of data managed in clinical trials flows through EDC
systems, with the remainder coming from lab results and eCOA sources.
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Modern EDC platforms support complex validation logic, role-based access controls, and mid-
study amendments without downtime. Key compliance requirements include 21 CFR Part 11,
ICH-GCP, and GDPR. EDC systems increasingly serve as the integration hub connecting
RTSM, eCOA, eConsent, and safety modules.

Major platforms: Medidata Rave, Oracle Clinical One, Veeva Vault EDC, Viedoc, Castor,
OpenClinica

— Al Overlay

Al is being applied to EDC in several ways: automated CRF design from protocol text, intelligent edit
checks that learn from historical query patterns, Al-powered data review that flags anomalies across
sites, and predictive models that forecast data quality issues before they escalate. Al-assisted data
cleaning can dramatically reduce the manual query resolution cycle.

Clinical Trial Management Systems (CTMS)

CTMS serves as the operational project management layer for clinical trials. It centralizes
planning, personnel management, participant tracking, milestone monitoring, cost management,
and reporting. Some CTMS platforms are sponsor-level (managing portfolios of trials) while
others are site-level (managing a site’s activities across multiple sponsors).

Major platforms: Veeva Vault CTMS, Medidata Rave CTMS, Oracle Siebel CTMS, Trial
Interactive (TransPerfect). Emerging: Castor, Florence Healthcare.

— Al Overlay

Al-powered enrollment forecasting is one of the highest-value Al applications in CTMS. ML models
trained on historical enrollment data can predict site-level recruitment trajectories and trigger
proactive interventions. Al is also being applied to site selection (predicting investigator performance
and recruitment potential from demographic, disease prevalence, and historical data) and risk-based
quality management dashboards.

Electronic Trial Master File (eTMF)

eTMF systems provide a centralized, secure, digital repository for essential trial documentation.
They enforce standardized document structures based on the DIA (Drug Information
Association) TMF Reference Model, support version control, metadata tagging, and audit-
ready inspection reports.

Major platforms: Veeva Vault e TMF, Medidata Rave e TMF, Oracle e TMF, Trial Interactive
(TransPerfect), MasterControl, Montrium.
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— Al Overlay

38% of companies report fully or partially implementing Al/ML for TMF management (Tufts
CSDD/DIA 2025). Applications include automated document classification, completeness checking,
and intelligent extraction of metadata from uploaded documents.

Randomization and Trial Supply Management (RTSM / IRT)

RTSM manages participant randomization and investigational product supply. These
systems use sophisticated algorithms to ensure unbiased assignment of participants to
treatment arms, and they manage drug inventory across sites with automated re-supply alerts
and expiry tracking.

Note that IRT (Interactive Response Technology) is a legacy term for RTSM — as are the older
terms Interactive Web Response Systems (IWRS) and Interactive Voice Response Systems
(IVRS) (phone-based).

RTSM often acts as a hub connecting to EDC, CTMS, lab, and supply chain systems.
Integration between RTSM and EDC is considered a foundational integration in the broader
eClinical ecosystem.

Major platforms: Suvoda IRT, IQVIA IRT, Signant Health SmartSignals RTSM, Medidata RTSM,
Oracle RTSM, Veeva Vault RTSM, 4G Clinical Prancer. Note: Unlike most eClinical systems,
RTSM is rarely managed in-house; sponsors typically rely on specialized vendors for study
setup and validation.

— Al Overlay

Al is enhancing supply forecasting by predicting enrollment patterns and optimizing drug distribution
to reduce waste. Adaptive trial designs — where Al models analyze interim data to recommend
dosing or arm modifications — are increasingly supported by next-generation RTSM platforms.

Electronic Clinical Outcome Assessment (eCOA) and ePRO

eCOA is the umbrella term for digital collection of clinical outcomes from patients (ePRO),
clinicians (ClinRO), observers (ObsRO), and performance-based assessments (PerfO). A
critical consideration is that many instruments are copyrighted, requiring licensing agreements
and validated translations.

Major platforms: Signant Health, Clario, Medidata Patient Cloud, Kayentis, Clinical Ink, Castor.
The vendor landscape is consolidating rapidly, including Suvoda’s merger with Greenphire (April
2025) and Clario’s acquisition of WCG’s eCOA business.
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— Al Overlay

Al-powered patient engagement platforms use behavioral science and machine learning (ML) to
personalize reminders and content, improving compliance rates. Natural Language Processing (NLP)
is being applied to analyze free-text patient responses for sentiment and signal detection. Al-driven
spirometry quality assessment (e.g., Clario’s ArtiQ acquisition) demonstrates how Al can improve the
quality of performance-based outcomes.

Electronic Consent (eConsent)

eConsent platforms transform informed consent into an interactive, multimedia experience. Key
capabilities include knowledge checks, e-signatures, remote consent for decentralized trials,
and real-time protocol amendment updates.

Major platforms: IQVIA Complete Consent, Medidata eConsent, Signant Health SmartSignals
eConsent, Florence Healthcare, Veeva SiteVault eConsent, Castor, Medable Total Consent.

— Al Overlay

Emerging applications include Al-generated plain-language summaries of complex protocol
information, adaptive content presentation based on participant comprehension patterns, and
automated translation with human-in-the-loop validation for multilingual trials.

eSource and EHR Integration

eSource platforms enable direct digital data capture from the point of origin, eliminating the two-
step paper-then-transcribe process. Integration between Electronic Health Records (EHR) and
EDC systems is an important evolution, though technical barriers in developing interfaces
remain a significant challenge.

Major platforms: Clinical Ink (SureSource), CRIO, Castor eSource, Medrio, Florence Healthcare.
Note: eSource is a rapidly evolving space where many smaller innovators compete alongside
the major eClinical platform vendors.

— Al Overlay

NLP-based extraction from unstructured EHR data (clinical notes, discharge summaries) is a major
Al application area. Al can identify protocol-eligible patients from EHR data up to three times faster
than manual screening, with reported accuracy around 93% in some implementations.

Other Essential Systems

Safety / Pharmacovigilance: Manages adverse event reporting and SUSAR (Suspected
Unexpected Serious Adverse Reaction) notifications. Al overlay: Signal detection from large-
scale adverse event data; automated case narrative generation.
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Medical Coding (Coder): Assigns standardized codes to medical terms using MedDRA
(Medical Dictionary for Regulatory Activities, for adverse events and medical conditions) and
WHODrug (the World Health Organization’s drug dictionary, for medication coding). Al overlay:
Auto-coding suggestions with high accuracy, reducing manual review.

RBQM (Risk-Based Quality Management) Tools: Supports risk-based quality management
per ICH E6(R3). Al overlay: Centralized statistical monitoring, key risk indicator detection,
predictive analytics for site-level quality issues.
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Part 2: Governance & Regulatory Frameworks

Any technology entering the clinical trial ecosystem must operate within a defined regulatory
framework. For startups, understanding these requirements is not optional — it's a prerequisite
for market access.

ICH E6 Good Clinical Practice (GCP)

The International Council for Harmonisation (ICH) E6 is the international standard for clinical
trial quality. ICH E6(R3) was adopted in December 2024, effective in the EU from 23 July 2025,
with FDA final guidance published September 2025.

Key changes relevant to technology vendors:

* Emphasis on Quality by Design and proactive risk management
» Explicit accommodation of decentralized trial designs and digital health technologies

+ Strengthened data governance — risk assessments of software now carry weight
comparable to site selection

» Encouragement of fit-for-purpose data collection to reduce unnecessary complexity

Sources: ICH E6(R3) Step 4 Final Guideline (Jan 2025); Federal Register Sep 9, 2025; EMA implementation Jul 23,
2025.

FDA 21 CFR Part 11

Establishes criteria for electronic records and signatures to be trustworthy and equivalent to
paper. Core requirements: audit trails, role-based access controls, electronic signature
authentication, and documented system validation through Installation Qualification, Operational
Qualification, and Performance Qualification (IQ/OQ/PQ) — a structured testing process that
verifies a system is installed correctly, operates as intended, and performs reliably under real-
world conditions.

EU GMP Annex 11

Supplements EU Good Manufacturing Practice (GMP) rules for computerized systems.
Frequently referenced in clinical trial technology assessments, especially for investigational
product management. Covers risk management, IT qualification, validation, and data integrity.

EU Clinical Trials Regulation (EU) No 536/2014

Applicable since January 2022, introducing CTIS (Clinical Trials Information System) as the
centralized EU/EEA submission platform. All ongoing trials transitioned by January 31, 2025.
Key implications: standardized submission formats, transparency requirements, and GDPR
compliance obligations.
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GDPR and Clinical Trial Data

The legal basis for processing clinical trial data under GDPR is not participant consent (which is
an ethical/procedural requirement under CTR) but typically public interest or legitimate interest.
Key considerations include pseudonymization, data protection impact assessments, and cross-
border transfer safeguards.

CDISC Data Standards

The Clinical Data Interchange Standards Consortium (CDISC) develops and maintains the
global data standards that are mandatory for FDA submissions since December 2016.
These standards define how clinical trial data must be structured at each stage of the research
process. For any startup building data-adjacent technology, fluency in CDISC standards is
essential. The key standards form a connected pipeline:

+ CDASH — Clinical Data Acquisition Standards Harmonization: Defines the standard
fields and formats for collecting data at the clinical site level (e.g., what goes on a case
report form). Think of it as the “input” standard.

+ SDTM — Study Data Tabulation Model: Defines how collected data must be organized
and structured for submission to regulatory authorities. SDTM takes the raw collected data
and standardizes it into uniform domains (e.g., demographics, adverse events, lab results)
so that regulators can review it consistently across submissions.

+ ADaM — Analysis Data Model: Defines how data must be structured for statistical
analysis. ADaM datasets are derived from SDTM and are the basis for the tables, figures,
and statistical outputs that support regulatory decision-making.

» Define-XML: The metadata standard that accompanies every SDTM and ADaM
submission. It provides a machine-readable “data dictionary” describing the structure,
variables, and controlled terminology used in each dataset.

Looking ahead, the emerging ICH M11 standard for structured clinical trial protocols, combined
with CDISC standards and HL7 FHIR (Fast Healthcare Interoperability Resources — a modern
standard for exchanging healthcare data electronically), is creating an end-to-end
interoperability pipeline that will eventually enable machine-readable protocols to auto-generate
study builds and CRFs.

ALCOA+ Principles

Foundational data integrity framework: Attributable, Legible, Contemporaneous, Original,
Accurate, plus Complete, Consistent, Enduring, and Available. These principles apply to all
clinical trial data, including Al-generated outputs.
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Part 3: How Pharma Buys Technology

Understanding the technology is only half the picture. To sell into pharma, you also need to
understand how pharma buys. The procurement process for clinical trial technology is multi-
stakeholder, risk-averse, and often slower than startup founders expect. This section explains

who is involved, what they care about, and how the evaluation process typically unfolds.

Key Stakeholders and Their Priorities

A technology purchase in pharma is rarely made by a single decision-maker. Instead, it involves
a buying committee of five to eight stakeholders, each evaluating your solution through a

different lens. The founder who can anticipate and address each stakeholder’s concerns has a

significant advantage over the one who pitches only to the most enthusiastic champion.

Stakeholder

Primary Concerns

What They Need to See

Typical Role in
Decision

Clinical
Operations

IT / Information
Security

Regulatory Affairs
| Quality

Procurement /
Vendor
Management

Data Management
| Biostatistics

Finance / Budget
Holders

Research Sites /
Investigators

Trial timelines, site burden, data
quality, operational efficiency. Will
this tool slow us down or speed us
up?

Data security, system architecture,
integration complexity, hosting
model, SSO/identity management.
Where does our data go?

GCP compliance, audit readiness,
validation status, 21 CFR Part 11/
Annex 11 adherence. Can we
defend this in an inspection?

Cost structure, vendor financial
viability, contract terms, insurance,
business continuity. Will this
company still exist in three years?

Data quality, CDISC compliance,
export formats, integration with
statistical programming
environments. Does it produce
clean, standards-compliant data?

Return on investment, total cost of

ownership, budget cycle alignment.

Does the cost justify the efficiency
gain or risk reduction?

Usability, training burden, workflow
disruption. Sites already juggle 8—

12 systems per study; another tool
must earn its place.

Demonstrated workflow fit,
pilot data, references from
comparable studies

SOC 2 Type I, penetration
test reports, architecture
diagrams, data flow
documentation

Validation documentation
(IQ/0Q/PQ), audit trail
capabilities, regulatory
submission history

Vendor qualification
questionnaire responses,
insurance certificates,

financial references, escrow

agreements

CDISC mapping
capabilities, data export
specifications, edit check
logic, APl documentation

ROI models, pricing
transparency, cost
comparison with incumbent
solutions

Intuitive UX, minimal
training, demonstrated time
savings, integration with
existing site systems

Champion or primary
evaluator; often initiates
the search

Gatekeeper; can veto
even if Clinical Ops is
enthusiastic

Gatekeeper; compliance
failures are non-
negotiable

Process owner; controls
timeline from evaluation
to contract

Technical evaluator;
influences requirements
definition

Approver; final budget
sign-off often required at
VP or C-level

End users; site
resistance can Kill
adoption even after
contract

The critical insight for founders: your internal champion is not your only audience. A deal can

survive skepticism from one stakeholder, but it cannot survive a hard “no” from IT/Security or
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Regulatory. Building your sales materials and demo strategy to address each stakeholder's
concerns — before they raise them — dramatically shortens evaluation timelines.

The Vendor Evaluation and Selection Process

Pharma and biotech companies follow a structured vendor evaluation process that typically
takes four to twelve months from initial contact to signed contract. The timeline depends on deal
size, whether the technology is novel or a replacement for an existing system, and how many
internal approvals are required. Startups that understand this process can prepare the right
artifacts in advance and avoid common delays.

The process generally follows these stages:

Stage 1: Need Identification and Market Scan (Weeks 1-4)

A business need is identified — often by Clinical Operations or a study team encountering a gap
in their current capabilities. The team conducts an initial market scan, attending conferences,
reviewing analyst reports, and asking peers for recommendations. At this stage, most sponsors
are gathering information, not evaluating vendors. This is where conference presence, thought
leadership, and referral networks matter most.

Stage 2: Discovery and Shortlisting (Weeks 4-8)

The team narrows the field to three to five vendors, typically through introductory calls and high-
level demos. Requests for Information (RFIs) may be issued. Vendors are assessed on basic fit:
Does the solution address the core problem? Does it integrate with our existing stack? Is the
company credible? Many startups are eliminated at this stage because they cannot clearly
articulate how their product fits within the existing technology ecosystem described in Part 1 of
this document.

Stage 3: Deep Evaluation (Weeks 8-16)

Shortlisted vendors undergo detailed technical evaluation. This typically includes detailed
product demonstrations tailored to specific use cases, a Vendor Qualification Questionnaire
(VQQ) covering IT security, data privacy, regulatory compliance, business continuity, and
financial stability, technical architecture review with IT and information security, and proof of
concept (PoC) or sandbox access for hands-on evaluation. The VQQ alone can be 100-300
questions and take weeks to complete. Startups that have not prepared these materials in
advance lose critical momentum at this stage.

Stage 4: Contracting and Legal Review (Weeks 16—24+)

Once a preferred vendor is selected, the process moves to contracting. This involves
negotiation of a Master Service Agreement (MSA) or equivalent, data processing agreements
(especially under GDPR), service level agreements (SLAs) covering uptime, support response
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times, and escalation procedures, and often a pilot or limited deployment before enterprise-wide
commitment. Pharma legal teams are thorough and risk-averse. Redlines can go back and forth
for weeks. Startups should have their own legal counsel review standard pharma MSA
templates in advance so they understand what to expect.

Stage 5: Onboarding and Pilot (Weeks 24-36+)

After contract signature, the technology must be configured, validated (if GxP-regulated), and
deployed — often on a single study first. This pilot phase is critical: it is where the sponsor
evaluates whether the product delivers on its promises in a real operational environment.
Success here leads to enterprise adoption; failure often means the end of the relationship.
Founders should plan for dedicated implementation support resources during this phase.

What This Means for Startups

The vendor evaluation process has several practical implications that founders should
internalize:

Timelines are measured in months, not weeks. From first contact to a signed pilot contract,
four to six months is fast. Six to twelve months is more typical. Investor expectations of “10
pilots in Q1” often reflect a misunderstanding of pharma procurement reality.

You are selling to a committee, not a person. Your pitch deck needs to work for Clinical Ops,
IT, Regulatory, and Procurement — all of whom have different concerns and different definitions
of success. A single generic demo will not close a deal.

Readiness artifacts matter as much as the product. SOC 2 Type Il certification, completed
VQQ templates, validation documentation, data flow diagrams, and reference customers are not
optional extras — they are prerequisites. Missing any one of these can stall a deal for months or
eliminate you entirely.

Budget cycles create windows. Most pharma companies plan technology budgets annually
(typically Q3—Q4 for the following year). If you miss the budget cycle, even an enthusiastic
champion may need to wait 12 months for funding. Understanding your prospect’s fiscal
calendar is essential to pipeline planning.

The incumbent advantage is real. Switching costs in clinical trial technology are high — not
just financially, but operationally and in terms of revalidation effort. Displacing Medidata, Veeva,
or Oracle requires demonstrating not just a better product, but a compelling enough
improvement to justify the switching cost and risk. Many successful startups enter through a
“‘complement, don’t replace” strategy: integrating with the incumbent stack rather than
competing head-on.

Pilots are the proving ground. Nearly every pharma technology adoption begins with a single-
study pilot. This is your opportunity to prove value, build an internal champion, and generate the
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reference data needed for broader adoption. Over-promise during the sale, and the pilot will
expose it. Under-resource the pilot, and you lose the account. Treat every pilot as if your
company depends on it — because in the early stages, it does.

Understanding how pharma buys is just as important as understanding what pharma uses. The
technology knowledge from Part 1, the regulatory knowledge from Part 2, and the commercial
reality outlined here form the complete foundation a startup needs before entering this market.
Volume 2 of this series builds on this foundation with specific strategies for Al-driven health tech
founders, including go-to-market playbooks, competitive positioning, and the Al trust gap.

technology startups understand the clinical trial ecosystem they are entering. It is not intended

This primer was prepared by ClinTech Strategy Partners (clintechstrategy.com) to help health
as legal or regulatory advice. All data is current as of February 2026.
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