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Clinical Trial Phases 1–3: A

Comprehensive Guide for

Pharmaceutical IT Professionals

Introduction

Clinical drug development proceeds through sequential Phase 1, 2, and 3 trials before

regulatory approval. Phase 1 trials are first-in-human studies (often in healthy volunteers)

focusing on safety and dosing. Phase 2 trials involve patients with the target disease to assess

efficacy and optimal dose, while Phase 3 trials are large, confirmatory studies that establish

clinical benefit and monitor adverse effects. Each phase has distinct objectives, design features,

and regulatory requirements. Today’s trials are heavily supported by information technology –

from electronic data capture systems to clinical trial management software – so IT professionals

must understand the clinical and regulatory context. Notably, over 400,000 studies were

registered on ClinicalTrials.gov by 2022, with roughly 22,000 new trials initiated in 2020 alone.

All trials must operate under an active Investigational New Drug (IND) application (per

21 CFR 312) and comply with ethical and safety regulations (e.g. 21 CFR 50/56 for human

subjects and ICH E6 Good Clinical Practice). FDA regulations mandate that sponsors submit

essential preclinical and manufacturing data and a clinical protocol in the IND. Electronic

systems (e.g. EDC databases) must also comply with 21 CFR Part 11 controls (validated systems,

audit trails, secure user accounts). For example, FDA’s Part 11 guidance emphasizes validation

and audit trails for any e-records used to fulfill regulatory requirements. In October 2024, FDA

clarified that Part 11 is enforced once data enter the sponsor’s EDC system (raw EHR data used

as sources do not require Part 11 certification). All phases require IRB review and informed

consent, and serious adverse events must be reported under 21 CFR 312.32 and 312.64 to FDA

and investigators.

Phase 1: Safety, Tolerability, and Dosage Finding

Phase 1 trials are first-in-human studies designed to evaluate a drug’s safety profile,

pharmacokinetics, and tolerable dose range. These studies enroll a small cohort (typically 20–

100 subjects) and usually last several months. Most volunteers are healthy, though patient

populations (e.g. oncology, HIV) may be used if the drug is expected to have unacceptable

toxicity in healthy people. Common designs include single-ascending-dose (SAD) and multiple-

ascending-dose (MAD) regimens, sometimes with sentinel dosing to mitigate risk. Investigators
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carefully monitor subjects for dose-limiting toxicities and measure drug absorption, metabolism,

and excretion. If multiple doses or regimens are tested, crossover or parallel designs may be

used with intensive pharmacokinetic (PK) sampling.

Key Phase 1 metrics include dose escalation rules (e.g. “3+3” design), cohorts of 3–6 per dose,

and predefined stopping criteria. By the end of Phase 1, sponsors identify the maximum

tolerated dose (MTD) and generate preliminary safety data to inform Phase 2. Historically, about

70% of investigational drugs proceed from Phase 1 to Phase 2. Phase 1 trials are relatively short

(often <1 year) and less expensive than later phases. A study of U.S. trials estimated Phase 1

costs at roughly $1.4–6.6 million (varying by complexity and therapeutic area). The typical

sample size (20–100) and short duration contribute to lower overall cost and time for Phase 1.

FDA Guidance and Compliance – Phase 1. An approved IND (21 CFR 312.21) is required before

human testing. FDA’s Phase 1-specific guidance clarifies that Phase 1 IND submissions can be

streamlined: sponsors may submit an integrated summary of animal toxicology data and minimal

chemistry/manufacturing details, keeping the IND “no larger than two to three 3‑ring binders

(‘jackets’)”. In practice, Phase 1 INDs focus on essential preclinical safety data and proposed

protocols. Informed consent documents must clearly explain the experimental nature and risks.

Institutional Review Boards (IRBs) must approve the protocol and safety monitoring plan.

Although Phase 1 trials are small, all FDA regulations for human research apply: sponsors must

comply with Good Clinical Practice (ICH E6) and report serious adverse events promptly (e.g.

under 21 CFR 312.32). If a serious unexpected toxicity occurs, the IND may be placed on hold

(21 CFR 312.42). Phase 1 also invokes 21 CFR 312.66 (IRB review) and Part 11 for any electronic

records submitted.

IT Implications – Phase 1. Even small early-phase trials require validated IT systems. Electronic

data capture (EDC) systems or eCRFs ensure reliable recording of safety labs and PK

concentrations. Since data volume is low, sponsors may permit investigational sites to enter data

directly into an EDC or use secure spreadsheets that later upload to a database. Nevertheless,

all systems must be validated and secured: for example, part 11 requires audit trails on eCRF

fields and user authentication. IT personnel should integrate clinical labs via LIS (Laboratory

Information Systems) interfaces to reduce transcription errors. Because Phase 1 often involves

intense safety monitoring, some sponsors use electronic source (eSource) capture to directly

log vital signs and ECG results. FDA’s eSource guidance encourages capturing data

electronically at the source and tracing it through to submission, which can reduce errors. In

short, Phase 1 IT work focuses on reliable PK/PD data collection and ensuring traceability of

safety data (including metadata and time stamps), all under rigorous quality controls.

Phase 2: Efficacy and Dose Optimization

Phase 2 trials expand evaluation to patients with the target disease, to explore efficacy, optimal

dosing, and continued safety. These trials typically enroll ~100–300 patients and last from
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several months up to about two years. A Phase 2 protocol often tests multiple dose levels (dose-

ranging studies) or compares drug vs. placebo/active control, using endpoints that suggest

therapeutic effect (e.g. tumor response, biomarker changes, symptom scales). Phase 2

endpoints may be surrogate or intermediate measures, since pivotal outcomes may take longer

to emerge. Statistically, Phase 2 trials are not usually powered for definitive proof of benefit, but

to estimate effect size and refine protocols. Approximately 33% of drugs enter Phase 3 after

Phase 2.

Phase 2 designs vary widely by indication. Some trials are single-arm (no control) to get early

efficacy signals, while others are randomized, double-blind controlled studies. A Data Safety

Monitoring Board (DSMB) often oversees larger Phase 2 trials to review ongoing safety.

Endpoints and sample sizes are chosen to balance resource limits with the need to detect

clinically meaningful effects. Average costs are higher than Phase 1 – on the order of $7.0–19.6

million per trial in the U.S. – reflecting more patients, longer duration, and complex endpoint

assessments. Trial durations also tend to lengthen (e.g. 1–2 years) as sponsors gather enough

events to gauge efficacy and continue safety monitoring.

FDA Guidance and Compliance – Phase 2. Like Phase 1, Phase 2 trials operate under the same

IND. Sponsors must submit detailed protocols (21 CFR 312.23(a)(5)) and informed consent

forms to the IND. Because Phase 2 often explores multiple doses, sponsors should justify dosing

regimens with pharmacologic data. FDA often recommends an End-of-Phase 2 (EOP2)

meeting: after initial Phase 2 results, the sponsor may request FDA guidance on Phase 3 design

and confirmatory endpoints. (EOP2 meetings are not mandatory, but common practice.) Good

Clinical Practice applies fully in Phase 2, including rigorous site monitoring and source data

verification. All safety events (serious adverse reactions) continue to be reported in IND safety

reports per 21 CFR 312.32. Phase 2 trials must also adhere to 21 CFR 312.66 (IRB approval) and

record retention rules (maintaining records for several years after marketing).

IT Implications – Phase 2. Phase 2 trials require robust data management infrastructure.

Electronic Data Capture (EDC) systems are standard to collect case report form (CRF) data

across multiple sites. Sponsors often integrate an Interactive Voice/Web Response System

(IVRS/IWRS) for randomization and drug supply management, which ties into the clinical

database. Because subjects have the target disease, data may come from multiple sources: lab

values (LIS interfaces), imaging, patient-reported outcomes (ePRO apps), and specialized

devices (e.g. continuous glucose monitors). IT teams must ensure all inputs flow securely into

the trial database. The larger sample size also demands stronger data cleaning and monitoring:

data managers generate queries when inconsistencies appear, and ensure timeliness of entry.

Information security is critical, since patient records contain Protected Health Information (PHI);

systems must use encryption, role-based access, and routine backups. Clinical trial

management systems (CTMS) are also used to track site performance, enrollment rates, and

monitoring visits in Phase 2. On the standards side, sponsors typically plan for data submission

by tagging fields with controlled terminology (e.g. MedDRA for adverse events, WHO Drug

Dictionary for treatments) and following CDISC standards. In fact, FDA encourages using CDISC
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SDTM/ADaM formats for any datasets submitted to FDA (Phase 2 data may be submitted with an

NDA later).

Phase 3: Pivotal Efficacy and Safety Trials

Phase 3 trials are large, confirmatory studies designed to provide substantial evidence of a

drug’s effectiveness and safety in the intended population. These studies typically involve 300–

3,000 subjects or more, and last 1–4 years. Phase 3 trials are often multicenter (sometimes

international), randomized, double-blind, and include the final selected dosing regimen(s). The

primary endpoints are clinically meaningful outcomes (e.g. survival, disease remission rates,

prevention of events) defined in consultation with FDA. These trials collect comprehensive

safety data – including rare or long-term adverse events that smaller trials cannot detect. Given

their scale, Phase 3 trials are resource-intensive. An estimated cost range per Phase 3 trial in

the U.S. is $11.5–52.9 million, varying by therapeutic area and complexity.

The probability of moving from Phase 3 to approval is relatively low: only about 25–30% of

drugs entering Phase 3 ultimately succeed to FDA approval. By this stage, nearly all Phase 3

trials are randomized controlled trials (often versus placebo or active comparator). Statistical

rigor is highest in Phase 3: sample sizes are calculated to detect the expected effect with

sufficient power, and endpoints must meet prespecified success criteria (typically two-sided

α=0.05). FDA may require two adequate and well-controlled Phase 3 trials to demonstrate

efficacy (21 CFR 314.126), although sometimes one strong trial plus confirmatory data suffices.

Phase 3 data form the core of the New Drug Application (NDA) or Biologics License Application

(BLA).

FDA Guidance and Compliance – Phase 3. Phase 3 trials must follow the FDA IND regulations

and additional requirements for pivotal studies. This includes rigorous protocol adherence,

predefined statistical analysis plans (ICH E9), and timely results reporting. Sponsors continue to

submit IND safety reports and annual IND reports (21 CFR 312.33). Because Phase 3 is the last

clinical stage, trial quality is paramount: many sponsors engage independent Data Monitoring

Committees to periodically assess blinded data for safety. FDA’s guidance on E6 GCP

underscores that Phase 3 protocols must fully protect subject welfare and data integrity. Once

Phase 3 is complete, the sponsor compiles data (per 21 CFR 314.50) into an NDA, including

clinical summaries and tabulated data. Notably, FDA now requires or strongly encourages

submission of standardized electronic datasets (CDISC SDTM/ADaM) with the NDA.

IT Implications – Phase 3. Phase 3 trials pose major IT challenges due to their size and

complexity. An enterprise-grade EDC platform is essential to aggregate thousands of patient

records from dozens of sites. Clinical Data Management Systems (CDMS) enforce data

validation rules and manage query workflows. Large trials also rely on a CTMS to coordinate

activities (site initiation, monitoring, enrollment tracking, regulatory documents). IT must

integrate multiple data streams: Laboratory data via bi-directional interfaces, imaging via DICOM
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transfers, electronic patient diaries or apps for outcomes, and possibly wearable sensors or

digital biomarkers. Data volume and heterogeneity require robust database infrastructure (often

cloud-based or in controlled data centers).

From a compliance perspective, Phase 3 demands strict system validation and security. Before

trial launch, all computerized systems (EDC, eCOA apps, CTMS, eTMF) must be validated to

ensure they function as intended. FDA inspections expect sponsors to provide an inventory of

these systems and their validation documentation. Electronic Trial Master Files (eTMFs) now

replace paper binders; IT must ensure trial documents (protocols, consents, monitoring reports)

are stored with audit trails and backups. Importantly, FDA’s recent guidance clarifies that during

audits, sponsors must produce all records (including metadata like timestamps and change

histories) to “reconstruct a clinical investigation”. This means every eCRF entry, amendment, and

query is part of the regulatory record.

Data standardization and interoperability become critical in Phase 3. Clinical databases are

mapped to CDISC SDTM domains so that datasets can be submitted or analyzed efficiently.

FDA’s Study Data Technical Conformance Guide mandates CDISC SDTM for clinical data

submissions. Interoperability also involves integrating the clinical data warehouse with

biostatistical analysis tools (e.g. SAS). On the security side, Phase 3 systems must comply with

HIPAA (for patient privacy) and may undergo SOC 2 audits by sponsors. Network security (VPNs,

encryption) is enforced for any remote access (especially if monitors work off-site). Finally, as

trials are often global, multinational data transfer protocols (e.g. EU GDPR considerations for EU

sites) may be relevant; data from foreign sites to the U.S. must still meet FDA Part 11 standards

once entered into the EDC.

Industry Benchmarks and Comparisons

Below is a summary table of key metrics for Phases 1–3. Data are based on U.S. trials and

industry studies:

Phase Purpose Participants Duration
Advance

Rate

Typical

Cost

(US)

Phase 1

Safety,

tolerability,

PK/PD

20–100

(mostly

healthy)

Several

months

~70%

proceed to

Phase 2

$1.4–

6.6 M

Phase 2
Efficacy signal,

dose-finding

~100–300

(patients)

~6 mo–

2 yr

~33%

proceed to

Phase 3

$7.0–

19.6 M
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Phase Purpose Participants Duration
Advance

Rate

Typical

Cost

(US)

Phase 3

Confirm

efficacy and

monitor safety

300–3,000

(patients)
1–4 yr

~25–30%

achieve

approval

$11.5–

52.9 M

Additional industry trends: Clinical trial timelines are long. One analysis found the average

durations were ~2.3 years for Phase 1, 3.6 years for Phase 2, and 3.3 years for Phase 3. In total,

it takes roughly a decade (≈10.5 years) to move a drug from Phase 1 to FDA approval. Success

rates vary by therapeutic area, but across all drugs only about 10–14% entering Phase 1

eventually gain approval. These attrition rates underscore the importance of efficient trial

conduct.

IT Infrastructure and Data Management in Clinical Trials

Information technology is integral to modern clinical trials. Key areas where IT supports

phases 1–3 include:

Electronic Data Capture (EDC) and eSource: Sponsors now almost universally use EDC systems to

collect CRF data. FDA guidance encourages capturing data electronically at the source (eSource) to

improve quality. IT teams implement validated EDC platforms (e.g. Medidata Rave, Oracle Clinical)

with role-based access and audit trails. For example, an investigator may enter exam results directly

into an eCRF tablet at the visit. The system timestamps entries and logs changes, ensuring data

integrity per 21 CFR Part 11. EHR-to-EDC interfaces are also emerging: patient baseline data can be

auto-transferred from hospital records (with appropriate consent) to reduce manual entry.

Clinical Trial Management Systems (CTMS): CTMS software helps manage study workflows –

tracking site contracts, site selection, patient enrollment, and monitoring visits. IT configures CTMS

to notify managers of slow-enrolling sites or impending regulatory deadlines. Integration between

CTMS and EDC can provide real-time metrics (e.g. enrollment by arm) for project managers.

Data Monitoring and Remote Access: Technology enables risk-based monitoring. Instead of

100% source-data verification on site, monitors use EDC dashboards and central statistical checks to

find outliers or data anomalies. FDA’s recent guidance notes that validated electronic records (with

audit trails) allow remote monitoring: inspectors require that sponsors have documented all systems

used and their validation status. During COVID-19, many sponsors adopted remote site monitoring

using VPN access to EDC and video conferencing – a trend likely to continue.
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Data Security and Compliance: All clinical trial data are sensitive PHI. IT must ensure encryption of

data at rest and in transit, multi-factor authentication for users, and network firewalls. Systems must

be validated per GxP standards, and periodic security audits (e.g. SOC 2) are prudent. FDA’s final

Part 11 guidance emphasizes that, for inspections, sponsors need to supply all data and metadata to

reconstruct a trial. Thus, backup and disaster-recovery plans are mandatory: if a study database is

electronic-only, robust backup ensures no data loss. Regulatory compliance also means retaining

records: 21 CFR 312.57 requires sponsors to keep trial records for 2 years after marketing or 5 years

after IND discontinuation. IT systems must support these retention periods with reliable archival.

Standards and Interoperability: Data standards streamline regulatory review. The FDA mandates

the CDISC SDTM (clinical tabulation) and ADaM (analysis) standards for submitted clinical data. IT

and biostatistics teams work together to map EDC data into SDTM domains. Metadata (Define-XML)

and annotations must accompany datasets. Outside the regulatory domain, interoperability with

healthcare data is evolving: HL7 FHIR standards are being explored for trial data exchange (e.g.

patient eligibility queries), and some sponsors use common data models (OMOP, Sentinel) to link trial

data with real-world evidence. Ensuring correct use of standards requires coordination among data

managers, statisticians, and FDA liaisons.

Emerging Technologies: Modern trials increasingly use digital tools. Electronic Consent (eConsent)

platforms manage the informed consent process with multimedia content. Electronic patient-

reported outcomes (ePRO) systems allow patients to submit symptoms or diaries via smartphones.

Wearable sensors and home monitoring devices can feed data into EDC in real time. IT must vet

these technologies for data accuracy and regulatory compliance (e.g. confirming a wearable output

is audit-trailed). FDA encourages innovation but reminds sponsors to maintain data integrity: any

digital technology used in a trial should be validated and fit-for-purpose.

Conclusion

Phases 1–3 trials form the core of drug development, each with distinct goals, designs, and

regulatory expectations. Phase 1 focuses on safety and dose; Phase 2 on preliminary efficacy;

Phase 3 on confirmatory evidence for approval. Key industry benchmarks (such as sample sizes,

durations, success rates, and costs) differ markedly by phase, and sponsors plan accordingly.

For IT professionals, supporting these trials means deploying robust, validated electronic

systems for data capture, management, and analysis – all under strict FDA standards (21 CFR

312, Part 11, GCP). Familiarity with regulatory guidance (e.g. IND content, eSource and Part 11

guidances) is essential. In summary, effective IT infrastructure (EDC, CTMS, secure databases,

and adherence to data standards) is critical to the success and compliance of clinical trials in the

pharmaceutical industry.

Sources: Authoritative references include FDA guidance documents and websites, industry

analyses, and clinical trial databases as cited above.
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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.

AI-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 an AI software development company specializing in helping life-science companies

implement and leverage artificial intelligence solutions. Founded in 2023 by Adrien Laurent and based in

San Jose, California.

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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