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21 CFR Part 11: Electronic Records and

Signatures in the Pharmaceutical Industry

Background and History of 21 CFR Part 11

In the 1990s, as computerized systems became widespread in drug manufacturing and clinical

research, the FDA recognized the need for a regulatory framework to handle electronic records

and electronic signatures. Industry stakeholders had approached the FDA as early as 1991 to

discuss how “paperless” record systems could comply with Good Manufacturing Practice (GMP)

regulations govinfo.gov. This led to an Advance Notice of Proposed Rulemaking (ANPRM) in

1992 to gather public input on using electronic documentation and identity verification in

regulatory records govinfo.gov. After several years of development – including a proposed rule in

1994 – the final rule for 21 CFR Part 11 was published on March 20, 1997 and became effective

on August 20, 1997 federalregister.gov.

Why was Part 11 introduced? The regulation was created to allow the widest possible use of

electronic technology in FDA-regulated activities while ensuring record trustworthiness and

public health protection govinfo.gov. At the time, firms were eager to replace paper records and

handwritten “wet” signatures with electronic systems to improve efficiency kneat.com. However,

there were concerns that in the absence of clear rules, electronic records might not be seen as

reliable or equivalent to paper. Part 11 established criteria under which the FDA will consider

electronic records and signatures to be equivalent to their paper counterparts, provided

certain controls are in place govinfo.gov. In essence, Part 11ʼs goal was to legitimize electronic

record-keeping and signatures in regulatory contexts, provided strict measures are taken to

preserve data integrity and authenticity. This balance allowed modernization of record systems

while upholding FDA̓s mandate to ensure product safety and efficacy govinfo.gov.

Early implementation and industry reaction: When Part 11 first took effect in 1997, many

companies struggled with its interpretation and implementation. There was uncertainty about

which systems and records fell under the rule and how to technically meet all requirements

sharevault.com sharevault.com. The FDA initially issued multiple draft guidance documents (on

topics like validation, audit trails, etc.) and a Compliance Policy Guide to clarify expectations

sharevault.com. Still, by the early 2000s the pharmaceutical industry voiced concerns that Part

11 compliance was overly burdensome and was not clearly improving product quality

sharevault.com. Companies felt that the rule, as originally enforced, increased costs,

discouraged use of new technology, and provided little public health benefit sharevault.com. In

response, the FDA announced a “Pharmaceutical cGMPs for the 21st Century” initiative in 2002,

advocating a risk-based approach to regulation and a re-examination of Part 11. As a result, in

2003 the FDA withdrew the earlier guidance/CPG and published a new guidance narrowing the
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scope of Part 11 and easing certain enforcement aspects (discussed more under “Updates”)

sharevault.com fda.gov. Despite these adjustments over time, Part 11 remains in force as the

cornerstone framework ensuring electronic records/signatures can be trusted in the

pharmaceutical and life sciences industries.

Key Definitions and Scope

21 CFR Part 11 provides specific definitions to clarify its scope and application. Some key terms

include:

Electronic Record: “Any combination of text, graphics, data, audio, pictorial, or other information

representation in digital form that is created, modified, maintained, archived, retrieved, or distributed

by a computer system.” ecfr.gov In simpler terms, any information recorded in electronic form (as

opposed to paper) that is used to satisfy a recordkeeping requirement is an electronic record. Part 11

is concerned with ensuring such records are as trustworthy and reliable as traditional paper records.

Electronic Signature: “A computer data compilation of any symbol or series of symbols executed,

adopted, or authorized by an individual to be the legally binding equivalent of the individualʼs

handwritten signature.” ecfr.gov This can be a username/password combination, a digital certificate,

biometric, or other electronic authentication that a person uses with the intent to sign a record.

Under Part 11, electronic signatures carry the same legal weight as handwritten signatures once

proper controls are in place.

Digital Signature: A subset of electronic signatures that uses cryptographic methods to ensure the

identity of the signer and the integrity of the signed record ecfr.gov. Digital signatures (e.g. using

public/private key encryption) provide a high degree of security and are often used when records are

exchanged in open systems (defined below).

Closed System: “An environment in which system access is controlled by persons who are

responsible for the content of electronic records that are on the system.” ecfr.gov In other words, a

closed system is one where the organization maintains direct control over the system and its users

(for example, an in-house database on a companyʼs network where only authorized employees can

log in).

Open System: “An environment in which system access is not controlled by persons who are

responsible for the content of electronic records that are on the system.” ecfr.gov This typically

refers to situations where external or third-party access is involved, such as cloud-based services or

vendor-operated systems. Additional security measures (like encryption and digital signature use)

are required for open systems to ensure record integrity and confidentiality govinfo.gov.

Scope of Part 11: The regulation applies to all electronic records that are created, modified,

maintained, archived, retrieved, or transmitted to satisfy requirements of FDA laws or

regulations (often called predicate rules) law.cornell.edu. In practical terms, if an FDA regulation

(in GMP, GLP, GCP, etc.) says you must retain a certain record, and you keep that record in

electronic form instead of on paper, Part 11 applies. Part 11 also covers electronic records
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submitted to the FDA (for example, electronic New Drug Application submissions), even if those

records arenʼt specifically described in an FDA regulation law.cornell.edu.

However, Part 11 does not apply to everything electronic in a company. Notably, it does not

cover paper records that are merely transmitted electronically (e.g. fax or email of a paper

document doesnʼt invoke Part 11) law.cornell.edu. It also excludes certain records by regulation

(for instance, specific FDA food safety records and electronic signatures on certain retail

labeling, as per 21 CFR 11.1(f)–(h), are exempt). The key point is that Part 11ʼs scope is tied to

regulatory records: it comes into play only when electronic records/signatures are used in lieu of

paper records or handwritten signatures required by other FDA regulations law.cornell.edu.

When Part 11 does apply, the electronic records and signatures that meet its requirements are

considered trustworthy, reliable, and generally equivalent to paper records and handwritten

signatures for FDA purposes law.cornell.edu.

Core Requirements of 21 CFR Part 11

Part 11 lays out a series of technical and procedural controls that organizations must

implement to ensure electronic records and signatures are secure, authentic, and valid. These

requirements can be grouped into a few core areas:

System Validation: All computer systems subject to Part 11 must be validated to ensure they do

what they are intended to do accurately and reliably. The regulation specifically requires “validation

of systems to ensure accuracy, reliability, consistent intended performance, and the ability to discern

invalid or altered records.” law.cornell.edu In practice, this means companies need to follow a formal

Computer System Validation (CSV) process for software and databases that manage Part 11

records – typically involving documented testing, installation qualification, operational qualification,

and so on. A validated system gives confidence that it will produce trustworthy records consistently,

and will detect or prevent errors that could compromise data integrity.

Audit Trails: Part 11 famously requires secure, computer-generated audit trails to track changes

in electronic records. The system must “independently record the date and time of operator entries

and actions that create, modify, or delete electronic records”, and it must not allow old data to be

obscured (i.e. you cannot simply overwrite a previous entry without leaving a trace) law.cornell.edu.

In essence, any change to a regulated electronic record – whether itʼs editing a value, or deleting an

entry – should be automatically logged with who made the change, when, and what was changed.

Audit trails must be time-stamped and retained as long as the record itself is retained, and be

available for FDA review law.cornell.edu. This requirement ensures data traceability: an inspector

can later review the audit trail to see any additions, modifications, or deletions to critical data. For

example, if a quality control test result is changed after initial entry, the audit trail would show the

original value, the new value, who changed it, and why (often accompanied by a required reason for

change). Audit trails are a crucial defense against data tampering and are a cornerstone of data

integrity in electronic systems.

Understanding 21 CFR Part 11: Electronic Records & Signatures

© 2025 IntuitionLabs.ai. All rights reserved. Page 4 of 18

https://www.law.cornell.edu/cfr/text/21/11.1#:~:text=,been%2C%20transmitted%20by%20electronic%20means
https://www.law.cornell.edu/cfr/text/21/11.1#:~:text=set%20forth%20in%20agency%20regulations,been%2C%20transmitted%20by%20electronic%20means
https://www.law.cornell.edu/cfr/text/21/11.1#:~:text=,50%20executed%20on%20paper
https://www.law.cornell.edu/cfr/text/21/11.1#:~:text=,50%20executed%20on%20paper
https://www.law.cornell.edu/cfr/text/21/11.10#:~:text=,discern%20invalid%20or%20altered%20records
https://www.law.cornell.edu/cfr/text/21/11.10#:~:text=,authorized%20individuals
https://www.law.cornell.edu/cfr/text/21/11.10#:~:text=,authorized%20individuals
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf


User Access Controls: Controlling who can access and perform actions on electronic systems is

another fundamental requirement. Part 11 mandates limiting system access to authorized

individuals law.cornell.edu. Only personnel with the proper authorization (training and job role)

should be able to use systems that create or modify regulated records. This typically involves unique

user accounts for each person (no generic or shared logins) and a defined permissions structure so

that users only have access to functions necessary for their role (principle of least privilege). The

regulation also calls for authority checks to ensure that only authorized individuals can e.g.

electronically sign a record or perform certain high-impact operations law.cornell.edu. In practice,

this means the system should enforce user permissions – for instance, only a quality assurance

manager account can electronically sign a batch release record, and perhaps only an administrator

role can delete a record (if deletion is even allowed). Robust access control is backed by

procedures: companies must have SOPs to manage account provisioning, removal of access when

staff leave or change roles, and periodic review of accounts. The FDA expects that no two individuals

share the same credentials, and that there are measures to prevent unauthorized access (such as

passwords policies) greenlight.guru. Indeed, FDA guidance emphasizes that account sharing must

not occur and that password integrity must be maintained (including password aging – requiring

periodic changes – and safeguards for lost/compromised passwords) greenlight.guru.

Electronic Signature Components and Controls: Part 11 prescribes how electronic signatures must

be implemented to ensure they are as secure and attributable as handwritten signatures. Key

requirements include:

Uniqueness and identity verification: Each electronic signature must be unique to one individual

and not reassigned to anyone else law.cornell.edu. Before issuing an electronic signature credential,

the organization must verify the personʼs identity law.cornell.edu. These steps ensure that a given e-

signature can be definitively linked to a specific person.

Signature components (authentication factors): For non-biometric signatures (the common case,

e.g. using username/password), the system must “employ at least two distinct identification

components such as an identification code and password.” law.cornell.edu This usually means a user

ID + password combination. When signing on to a system initially, both components are used; for

additional signatures during the same session, one component (e.g. just re-entering the password)

may suffice, but if the session is logged out, the user must enter both again for a new signature

law.cornell.edu. The two-factor requirement makes it much harder for an unauthorized person to

impersonate someone elseʼs signature – it would require stealing two pieces of information (or

collusion of two individuals) law.cornell.edu. Biometric-based electronic signatures (like fingerprint

or iris scan systems) are allowed as well, but they must be designed to ensure they can only be used

by the genuine individual (e.g. a fingerprint template canʼt be used by anyone else) law.cornell.edu.

Signature manifestations: Whenever an electronic signature is applied to an electronic record, that

record (or its accompanying metadata) must clearly display who signed it, when, and why. Part 11

requires that signed electronic records contain: the printed name of the signer, the date/time of

signature, and the meaning of the signature (such as “approved,” “reviewed,” “verified”)

greenlight.guru. This information should be shown on any human-readable form of the record (for

example, a PDF printout of an electronically signed form should show something like “Signed by Jane

Smith on 2025-05-30 14:35:00 (Approval)”) greenlight.guru. Ensuring the context and intent of each

signature prevents ambiguity and mimics the way a paper record might be initialed and dated with a

notation of what the signature signifies.
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Signature linking: Once an electronic signature is applied, it must be permanently linked to the

record such that it cannot be removed, copied, or transferred fraudulently greenlight.guru

greenlight.guru. In other words, the system should bind the signature to the data – you shouldnʼt be

able to take a signature out of one record and paste it onto another, nor should you be able to alter a

signed record without invalidating the signature. Part 11 explicitly states that electronic signatures

(and any handwritten signatures applied to electronic records) shall be linked to their records to

prevent excision or falsification greenlight.guru. This is often achieved via cryptographic hashing or

checksum mechanisms in modern systems to detect any post-signing changes.

Additional Controls: Part 11 includes other requirements as well, such as operational system checks

(enforcing the correct sequence of steps in a process) law.cornell.edu, device checks (verifying

inputs from devices are valid) law.cornell.edu, and personnel training. Firms must ensure that

people who develop, maintain, or use these systems have the proper education and training to

perform their tasks and understand their Part 11 responsibilities law.cornell.edu. There is also a

requirement for written policies that hold individuals accountable for actions initiated under their

electronic signatures, to deter fraud (for example, a company policy declaring that an e-signature is

legally binding and misuse will have consequences) law.cornell.edu. Additionally, companies need to

maintain secure system documentation with revision controls – even the manuals and

specifications for the software should be controlled with version history, similar to how one would

manage SOP revisions law.cornell.edu.

In summary, the core of Part 11 is about ensuring integrity, security, and accountability for

electronic records. Systems must be validated and secure; every action on a record must be

attributable to a person (through unique logins and audit trails); and electronic signatures must

be unique, verifiable, and tightly bound to the records they sign. When these controls are in

place, an organization can confidently replace paper records and ink signatures with electronic

ones, and the FDA will accept them as equivalent evidence of compliance.

Compliance Challenges and Common Pitfalls

Achieving full compliance with 21 CFR Part 11 can be challenging, and companies in the

pharmaceutical and life sciences sector have encountered numerous pitfalls. Understanding

these common issues can help organizations avoid them:
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Interpreting the Scope and Requirements: Part 11ʼs requirements can be technically complex and

open to interpretation, especially for those implementing it for the first time. Many firms initially

struggled (and some still do) with understanding exactly which systems and records are subject to

Part 11 and what specific measures are needed. There can be ambiguity in how to apply the rules to

new technologies or hybrid paper-electronic workflows. As one industry analysis noted, “there is

often a lack of clarity concerning what characteristics and features a software solution must have to

comply with 21 CFR Part 11” clinicalleader.com. This uncertainty can lead to either over-engineering

(adding more controls than necessary) or, more dangerously, under-compliance (missing required

controls). Companies may mistakenly think Part 11 applies to all electronic data (creating undue

burden) or, conversely, assume something is “just an IT system” and not realize it generates

regulated records. Solution: Careful training and use of FDA guidance can clarify scope. When in

doubt, performing a Part 11 assessment on each system – mapping its functions to predicate rule

requirements – can determine if Part 11 applies and which controls are needed.

Inadequate Procedural Controls: A major pitfall is focusing only on technology (the software

features) and neglecting the human procedures around them. Even when using “Part 11 compliant”

software, the organization must have robust SOPs and user practices to ensure compliance. For

example, a system might have the capability for audit trails and unique logins, but if users share

passwords or if audit trails are not periodically reviewed, compliance is still compromised. As one

whitepaper observed, “Even when a solution meets all of its technical requirements, ensuring that

procedural requirements are met may be a bigger challenge.” clinicalleader.com Proper procedures

for user account management, system maintenance, data review, electronic signature usage, and

backup are all critical. Companies sometimes underestimate the effort to develop and enforce these

SOPs and to train personnel. A compliant system must be accompanied by a culture of discipline and

awareness around data integrity and security.

Legacy Systems Not Designed for Part 11: Many pharma companies have older laboratory

instruments or software (legacy systems) that were not originally built with Part 11 in mind. These

might lack features like audit trails, or they might not have user account controls. Upgrading or

replacing such systems to meet Part 11 can be difficult and costly, and if firms delay addressing

them, they become compliance weak spots. This challenge was explicitly noted as technology

advanced: updating legacy systems to meet new compliance standards is “a significant hurdle for

many” organizations arbourgroup.com. Retrofitting controls (like adding external audit trail tools or

migrating data to new platforms) can be complex. Mitigation: Companies often perform risk

assessments on legacy systems and prioritize remediation for those managing the most critical

records. In some cases, procedural controls or compensating measures can be used temporarily

(e.g. a manual log to document changes), but long-term, investing in compliant technology or

upgrades is usually needed.
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Resource Constraints and Cost of Compliance: Implementing Part 11 controls – especially system

validation – requires significant resources, expertise, and documentation. Smaller companies or

research institutions can find this overwhelming. Industry critics in the early 2000s argued that Part

11 “substantially increased the costs of using technology” due to needing extensive customization

and documentation sharevault.com. There is a continuing risk that firms treat compliance as a one-

time project and under-allocate resources for ongoing maintenance. Insufficient staffing for

IT/Quality roles to maintain validated state, or skipping periodic re-validation and system audits, are

pitfalls that can erode compliance over time. Mitigation: Leadership should recognize that ensuring

data integrity is a cost of doing business in a regulated industry. Investing in quality systems up front

(and leveraging risk-based approaches to focus efforts) can prevent far costlier regulatory actions

later. Engaging consultants or vendors with Part 11 expertise can also help fill knowledge gaps

efficiently outsourcedpharma.com outsourcedpharma.com (FDA warning letters increasingly suggest

hiring data integrity experts to assist in remediation).

User Errors and Culture Issues: People are often the weakest link. Common issues include: users

writing down passwords (defeating security), sharing login accounts, ignoring system prompts to

enter reasons for changes, or finding workarounds like saving data outside the validated system. A

lack of training or a culture that does not stress data integrity can lead to these behaviors. For

example, if employees are not made aware that modifying electronic data without authorization or

not reporting issues is a serious violation, they may not follow procedures rigorously. Gaps in training

and awareness were identified as a challenge; bridging these gaps through tailored programs helps

“foster a culture of compliance” arbourgroup.com. Another cultural hurdle is overcoming the fear of

technology after Part 11 – early on, some firms were so afraid of non-compliance that they avoided

implementing new digital solutions, ironically hindering innovation. Management must promote the

message that Part 11 compliance is everyoneʼs responsibility, and that following these rules is

integral to product quality and patient safety, not just a regulatory box-checking exercise.

Technical Pitfalls: Even with good intent, technical mistakes happen. Examples include mis-

configuring a system so that audit trail logging is turned off, failing to sync system clocks (so time

stamps may be inaccurate), or not properly validating spreadsheet calculations used for GMP data.

Another pitfall is not planning for data archival and retrieval over the retention period – e-records

must remain accessible and readable for years, which means migrating data when systems are

retired or ensuring old software can still be run. Companies sometimes neglect to include these

lifecycle considerations, leading to compliance issues when data can no longer be readily retrieved

or read by current systems law.cornell.edu.

In summary, compliance pitfalls span people, process, and technology. To avoid them,

organizations should seek clarity on requirements, invest in modern compliant systems (or

upgrade legacy ones), and reinforce procedural controls with regular training. Many challenges

can be overcome by adopting a proactive, quality-driven approach – treating Part 11 not just as a

legal obligation, but as a framework for good data management practices that protect the

business and patients.

Enforcement and Regulatory Expectations
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How does the FDA enforce Part 11? Since 2003, the FDA̓s approach to Part 11 enforcement has

been to focus on the underlying requirements for records (predicate rules) and on overall data

integrity, rather than penalize firms for every technical Part 11 lapse. In its 2003 guidance, FDA

announced it would “exercise enforcement discretion” for certain Part 11 provisions like

validation, audit trails, record retention, and copying of records fda.gov. This meant that while

Part 11 remained in effect, FDA would not routinely cite companies solely for, say, lack of an audit

trail, if there was no impact on data integrity or compliance with the predicate rule. The

emphasis shifted to whether the electronic records meet the requirements of the applicable

GMP/GLP/GCP regulations and are trustworthy, rather than a checkbox of every Part 11

technical detail. FDA made clear, however, that records still must be maintained per the

predicate rules, and the agency could take action if those underlying requirements or the overall

reliability of data were compromised fda.gov.

In practice, what this means is that FDA investigators seldom write a “failure to comply with Part

11” observation in isolation. Instead, if a Part 11 control is missing and it leads to unreliable

records, the FDA will cite it under the relevant GMP regulation (for drugs, often 21 CFR 211.68

which requires backup and security for computerized systems). For example, if audit trails are

disabled on a critical system and data could be changed without detection, an inspector might

cite this as a violation of 211.68(a) – not properly controlling computer systems to assure data

integrity gmp-compliance.org. A real-world case: in 2023, a drug manufacturer was warned for

not having appropriate controls such that analysts could alter or delete electronic test data at

will; the FDA quoted 21 CFR 211.68(a) (“failure to exercise appropriate controls over computer

systems”) and went on to expect that “all changes, deletions and additions of information to

electronic records are authorized and documented” gmp-compliance.org. This essentially

enforces the audit trail and security expectations of Part 11 without explicitly naming Part 11.

FDA expectations during inspections: FDA inspectors today will examine the firmʼs systems

and procedures to ensure that electronic data is trustworthy. Some things they typically look for

include:

Are unique user IDs in place for each operator? (No shared logins.)

Is there an audit trail enabled for critical data creation/modification? Inspectors may ask to review

audit trail logs for key records (e.g. batch production records, laboratory test results) to see if any

unreported changes or deletions occurred gmp-compliance.org.

Are there proper access controls? (For instance, check if any users have administrator rights that

allow them to overwrite or delete data without oversight – a warning flag for FDA gmp-

compliance.org.)

Are password policies being followed? (They might check if employees keep passwords confidential

and whether password expirations are enforced.)

How does the firm handle backup and data recovery? (Loss of data due to poor backup is a data

integrity issue.)

Understanding 21 CFR Part 11: Electronic Records & Signatures

© 2025 IntuitionLabs.ai. All rights reserved. Page 9 of 18

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/part-11-electronic-records-electronic-signatures-scope-and-application#:~:text=we%20will%20narrowly%20interpret%20the,noncompliance%20with%20such%20predicate%20rules
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/part-11-electronic-records-electronic-signatures-scope-and-application#:~:text=we%20will%20narrowly%20interpret%20the,noncompliance%20with%20such%20predicate%20rules
https://www.gmp-compliance.org/gmp-news/fda-warning-letter-on-data-integrity-issues#:~:text=,68%28a
https://www.gmp-compliance.org/gmp-news/fda-warning-letter-on-data-integrity-issues#:~:text=,68%28a
https://www.gmp-compliance.org/gmp-news/fda-warning-letter-on-data-integrity-issues#:~:text=,generated%20by%20the%20IT%20system
https://www.gmp-compliance.org/gmp-news/fda-warning-letter-on-data-integrity-issues#:~:text=,delete%20or%20modify%20HPLC%20files
https://www.gmp-compliance.org/gmp-news/fda-warning-letter-on-data-integrity-issues#:~:text=,delete%20or%20modify%20HPLC%20files
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf


Has the firm validated its computerized systems and can it show documentation of testing?

Are there SOPs for system use, and are users following them (e.g. always making a comment for any

data change, as required)?

Did the company submit the Part 11 certification letter to FDA if using electronic signatures (as per 21

CFR 11.100)? Inspectors can request evidence that management certified electronic signatures as

legally binding law.cornell.edu (this is sometimes on file in QA documentation).

FDA warning letters in recent years frequently highlight data integrity failings that tie back to

Part 11 principles. Common findings have included: no audit trail on instruments capturing

critical data, the ability for users to delete or modify data with no trace, lack of unique user

accounts (e.g. everyone using a common “lab” login), and inadequate audit trail review. In one

2024 warning letter, the FDA listed observations such as “laboratory equipment used to

generate data has no access protection,” “no adequate controls to prevent data deletion or

alteration,” “no unique user names and passwords,” and “no way to track individuals who

deleted or modified data,” among others gmp-compliance.org. These deficiencies show a failure

to maintain the basic controls expected by Part 11 and predicate rules, and FDA required the firm

to undertake significant corrective actions. In many letters, FDA strongly recommends hiring an

independent consultant with expertise in Part 11/data integrity to help remediate the issues

outsourcedpharma.com outsourcedpharma.com – underscoring that the agency takes these

matters very seriously.

Itʼs worth noting that since the FDA̓s enforcement discretion policy in 2003, Part 11

requirements are still very much enforced through the lens of data integrity. FDA inspectors

expect firms to implement the spirit of Part 11: records must be attributable, legible,

contemporaneous, original, and accurate (often abbreviated as ALCOA). In fact, FDA̓s 2018

Data Integrity guidance explicitly states that data should be “attributable, legible,

contemporaneously recorded, original or a true copy, and accurate (ALCOA)” fda.gov. If a firm

fails to have appropriate controls and as a result cannot trust the authenticity of its data, it will

face enforcement action. Data integrity has been a top focus area: analyses of FDA inspection

trends show that it remains a “significant concern” for the agency outsourcedpharma.com. The

FDA has not been hesitant to issue warning letters, impose import alerts, or even pursue consent

decrees against companies with systemic electronic record/data integrity violations.

Regulatory expectations in a nutshell: The FDA expects pharmaceutical manufacturers and

other regulated entities to implement effective controls such that only authorized personnel

can use systems, all changes to data are tracked, electronic signatures are used properly,

and electronic records are reliable and readily available for review gmp-compliance.org gmp-

compliance.org. The FDA has also been clear that simply having technology in place is not

enough – companies must have a quality-driven system in operation: validated systems,

comprehensive SOPs, and oversight of electronic records throughout their life cycle. Firms are

expected to self-audit and identify gaps rather than waiting for an FDA inspection to uncover

them. In summary, complying with 21 CFR Part 11 is seen by regulators as an integral part of
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complying with GMPs – itʼs about ensuring data integrity. As one FDA warning letter put it,

“comprehensive control of cGMP data” is expected; companies should be able to

demonstrate that their electronic records are trustworthy and that they have control over their

systems at all times gmp-compliance.org.

Best Practices for Achieving and Maintaining Compliance

Given the complexity of Part 11, adopting best practices can greatly help organizations sustain

compliance. Below are strategies and practices – drawn from FDA guidance and industry

experience – that pharmaceutical professionals can implement:

Perform Thorough Risk Assessments and Gap Analyses: Start with a detailed evaluation of your

systems and processes against Part 11 requirements. Identify any gaps (e.g. a legacy system lacking

an audit trail, or an SOP that doesnʼt cover password management) and assess the compliance risk

of each gap arbourgroup.com. FDA encourages a risk-based approach, meaning you should

prioritize fixing controls that affect critical data first covingtondigitalhealth.com. Documenting a

remediation plan with timelines, responsibilities, and resources is an excellent practice to ensure

management commitment to closing the gaps arbourgroup.com. This strategic planning helps focus

efforts where they matter most for data integrity.

Validate and Qualify Systems in a Scalable Way: Embrace a science- and risk-based validation

approach for computerized systems. Not every software requires the same level of testing; focus on

functions that impact GMP compliance or patient safety. Follow industry guidelines (e.g. ISPEʼs

GAMP5) for scalable validation deliverables. Ensure you have validation documentation (URS,

IQ/OQ/PQ, test scripts, etc.) for all GxP-relevant systems and that they demonstrate the systemʼs

fitness for intended use law.cornell.edu. Also remember to qualify supporting infrastructure (like

network or cloud environment) if they could affect record integrity. With FDAʼs current thinking,

continuous validation (periodic review and re-validation after changes) is expected – treat validation

as an ongoing lifecycle, not a one-time checkbox.

Leverage Vendors but Audit Them: Many companies use third-party software or cloud-based

services that claim to be “21 CFR Part 11 compliant.” While leveraging such technology is fine (often

itʼs more efficient than building in-house systems), you cannot outsource accountability. FDAʼs latest

guidance emphasizes that when using IT service providers, the regulated company (e.g. the

sponsor or manufacturer) is responsible for ensuring the vendorsʼ systems conform to Part 11

requirements covingtondigitalhealth.com. Itʼs a best practice to conduct vendor audits or

assessments. Before adopting a software for electronic records, audit the supplierʼs development

practices, see their Part 11 functionality (audit trails, security, etc.), and ensure they have a quality

system in place. Key questions: Do they control software changes? Can they provide documentation

for validation? Also establish clear quality agreements – for example, if using a cloud Electronic

Document Management System, specify that the vendor must not access or change your data

without authorization, and that they will support audits and regulatory inspections. Essentially, trust

but verify: use vendor tools to save time, but audit their Part 11 controls and perform your own

validation of the configured system.
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Implement Strong Procedural Controls (SOPs): Technology alone is not enough; codify all Part 11

related practices in your Standard Operating Procedures. Important SOPs and policies should cover

areas such as: user account administration (creation, modification, deletion of accounts, with

management approval steps), password/credential policies (unique accounts, password complexity

and expiry, no sharing rule), electronic signature procedures (how and when e-signatures are

applied, and statement that an e-sign has the same legal status as a handwritten signature), data

backup and recovery, audit trail review (who reviews audit logs, how frequently, and how to

document review), system maintenance and change control, and record retention/archiving strategy.

Also, a company policy should make clear that individuals are responsible for actions under their

electronic signatures and will be held accountable (this supports Part 11ʼs requirement for

accountability to deter falsification law.cornell.edu). Keep SOPs updated as systems or regulations

change. Regulators often ask to see these procedures, and well-written SOPs that align with Part 11

demonstrate a proactive compliance culture.

Train Personnel and Build a Compliance Culture: Humans must understand why these controls

matter. Provide regular training to all staff who use or manage electronic systems on Part 11

requirements and data integrity principles. Training should cover practical instructions (e.g. never

share your login, how to properly execute an electronic signature, how to document corrections

electronically) as well as the regulatory rationale. Emphasize ALCOA principles: that every piece of

data must be attributable to a person, recorded at the time of activity, original, accurate, etc. fda.gov.

Make it clear that data integrity is part of everyoneʼs job. Creating awareness helps avoid careless

mistakes and encourages employees to report issues (like if they notice a system isnʼt prompting for

a password when it should, or if they spot someone bypassing controls). A culture where staff feel

ownership of data integrity – rather than viewing Part 11 as just an IT or QA responsibility – is one of

the best defenses against compliance breaches. As observed in industry, “ensuring that all levels of

staff understand the importance of compliance” and continuous education can foster a strong

culture of compliance arbourgroup.com.

Use System Features Wisely (Configurations > Customizations): Modern software usually comes

with configurable Part 11 features (for example, turning on audit trail for all fields, setting password

rules, configuring electronic signature prompts). Leverage these configurations rather than complex

custom code, as they are more likely to be robust and vendor-supported. Avoid unnecessary

customization that could inadvertently compromise compliance or make validation difficult. Always

test configurations during validation to ensure, for instance, that audit trail captures all the required

events, or that the system prevents a user from deleting records without trace. If the system has

optional “Part 11 mode” settings, ensure they are enabled. Little things matter: ensure system

clocks are correctly set and time-zones documented (so time stamps are accurate), and set user

session timeouts to prevent unauthorized use of a logged-in session. Configure periodic password

expiry and automatic account lockout on repeated failed login attempts (to enhance security, per

Part 11 guidance) greenlight.guru.

Understanding 21 CFR Part 11: Electronic Records & Signatures

© 2025 IntuitionLabs.ai. All rights reserved. Page 12 of 18

https://www.law.cornell.edu/cfr/text/21/11.10#:~:text=to%20perform%20their%20assigned%20tasks
https://www.fda.gov/files/drugs/published/Data-Integrity-and-Compliance-With-Current-Good-Manufacturing-Practice-Guidance-for-Industry.pdf#:~:text=,ALCOA
https://www.arbourgroup.com/blog/2024/april/complete-guide-21-cfr-part-11-compliance/#:~:text=software%20solutions%20and%20prioritizing%20systems,fostering%20a%20culture%20of%20compliance
https://www.greenlight.guru/blog/21-cfr-part-11-guide#:~:text=,is%20limited%20to%20authorized%20individuals
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf


Audit Trails and Data Review as Part of Daily Work: Make audit trail review a routine part of record

review, especially for critical records like batch production records or lab results. For example, when

a quality unit reviews an electronic batch record, they should also check the audit trail for any

unusual events (such as an alteration of a critical parameter) and document that this review was

done. FDA expects that companies monitor their data for any signs of improper practices. Itʼs much

better that you catch a problem (and address it) before an inspector does. Use automated tools if

available – some systems can generate audit trail reports or highlight changes since last review. Also

maintain exception reports – e.g. a log of any instances where someone had to deviate from normal

procedure in the system – and ensure they are evaluated. In short, integrate the electronic

compliance checks into your quality workflow, rather than treating them as a separate exercise.

Periodic Internal Audits and Continuous Improvement: Periodically audit your own Part 11

compliance. This could be part of your internal GMP audit program or a dedicated data integrity

audit. Check whether systems are still in their validated state (no unauthorized software patches or

upgrades), ensure user access lists are current (remove any ex-employees promptly), and verify that

backups have been performed and are recoverable. Simulate an FDA inspection: for each electronic

system, ask “could we show an inspector that this systemʼs records are trustworthy?” – then probe

for weaknesses. If regulations or guidance get updated, promptly assess what that means for your

processes. Continuous improvement is key arbourgroup.com arbourgroup.com. Where possible,

collect metrics – for instance, track how often audit trail reviews find discrepancies, or how many

deviations occur related to electronic systems – and use that to improve training or system

configuration. Regulatory expectations evolve, so staying informed (attending conferences, reading

FDA guidances and 483 observations for trends) will help you anticipate and address new

compliance expectations proactively.

By following these best practices, companies create a robust framework that not only meets 21

CFR Part 11 compliance, but also enhances overall data quality and process efficiency. A

compliant electronic system, after all, yields benefits like faster information retrieval, reduction in

errors, and better process control arbourgroup.com arbourgroup.com – all of which ultimately

support better regulatory compliance and product quality.

Updates, Guidance, and Evolving Interpretation

Since its inception, 21 CFR Part 11 has been subject to evolving interpretation by the FDA, partly

to keep pace with technological advances and industry feedback. Here are some notable

updates and current perspectives:
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2003 “Scope and Application” Guidance: This FDA guidance (finalized in September 2003)

significantly clarified how the agency applies Part 11. FDA announced a “narrow interpretation of

scope”, meaning Part 11 would only be enforced for records that are required to be kept and

where electronic versions are used in lieu of paper fda.gov fda.gov. The guidance explicitly stated

FDA would not enforce certain provisions (such as validating every legacy system or having an audit

trail for every single record) if the firm had other controls and the electronic records were

trustworthy fda.gov. For example, if a system was in place before 1997 (“legacy system”), FDA

exercised discretion as long as it was fit for purpose. Importantly, the guidance did not waive

requirements, but indicated FDAʼs enforcement priorities would be risk-based. The 2003 guidance

encouraged firms to focus on fulfilling predicate rule requirements and on ensuring overall data

integrity, rather than treating Part 11 as a checklist. It also introduced the concept that innovation

should not be stifled by fear of Part 11 – a response to concerns that overly strict enforcement was

discouraging adoption of new technology sharevault.com. This guidance has effectively governed

FDAʼs approach for over a decade, and its principles still hold: use a reasonable, risk-based approach

and ensure the purpose of Part 11 is met, even if not every minor technicality is perfect. Notably, the

rule itself was not changed – the 2003 guidance is non-binding, but very influential.

Emerging Guidance for Clinical Investigations: With the rise of electronic systems in clinical trials

(electronic data capture, electronic Trial Master Files, e-diaries, etc.), FDA recognized a need to

clarify Part 11 in that context. In 2017, FDA issued a draft guidance “Use of Electronic Records and

Electronic Signatures in Clinical Investigations: Questions and Answers.” This Q&A-style

document (updated in draft form in 2023) expands on the 2003 guidance and addresses specific

scenarios in clinical research. FDA affirmed in this guidance a “narrow and practical

interpretation” of Part 11, again emphasizing a risk-based approach to validation, audit trails,

and record archiving in trials covingtondigitalhealth.com. For instance, it clarified that certain

temporary data (like information captured on an e-source device and then securely transferred to a

sponsorʼs system) might not need full Part 11 controls on the device if the final data resides in a

compliant system federalregister.gov covingtondigitalhealth.com. The guidance also tackled modern

tech issues, defining key terms like “Certified Copy” of electronic records and addressing the use

of cloud service providers and mobile health technology in trials covingtondigitalhealth.com

covingtondigitalhealth.com. A key message was that sponsors must ensure vendors (e.g. eClinical

software providers) meet Part 11, and that audit trails should be implemented for critical data in

trials (e.g. changes to clinical data must be tracked) covingtondigitalhealth.com. This draft guidance

was further revised and re-issued in 2023, indicating FDAʼs ongoing efforts to update Part 11

recommendations in the face of digital health innovations. As of 2025, we expect a final guidance

soon, which will likely supersede older docs (like the 2007 guidance on computerized systems in

clinical trials) and formally update industry on FDAʼs current thinking.
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Data Integrity Wave: The mid-2010s to now have seen a surge in global regulatory focus on data

integrity, with Part 11 as a central component. FDAʼs 2018 guidance on Data Integrity and

Compliance with cGMP reinforced many Part 11 principles without explicitly naming Part 11. It

defined data integrity (complete, consistent, accurate data) and provided frequently asked questions

on topics like audit trails, system access, and electronic copies fda.gov fda.gov. For example, the

guidance stated that audit trails should be reviewed by quality personnel and that computer

systems must be validated – echoing the requirements of Part 11 pharmaguideline.com. FDA even

noted that disabling an audit trail in the capture of critical data would raise a red flag. Although this

guidance was focused on pharmaceuticals (drugs and biologics), it showed FDAʼs current

expectations: firms should build quality systems that inherently ensure data integrity, and Part 11ʼs

controls are a means to that end. Regulatory investigators now commonly ask: “Show me how you

ensure this electronic data is reliable.” The answer needs to involve technical controls (audit trails,

etc.) and active oversight. Other regulators (such as MHRA in the UK with their 2018 data integrity

guide and WHO) similarly stress ALCOA+ principles, which align with Part 11. Pharmaceutical

companies should thus view Part 11 compliance as part of a broader data governance program. Itʼs

not isolated – it ties into how you manage all Good Practice (GxP) data and ensure patient safety and

product quality decisions are based on sound records.

EU Annex 11 and Global Harmonization: While not an FDA document, itʼs worth noting that the EU

has its own regulation (Annex 11 to EU GMPs) for computerized systems, which parallels many Part 11

concepts. Annex 11 and Part 11 are broadly aligned (both require validation, security, audit trails,

etc.), though there are some differences in emphasis. Many multinational companies design their

quality systems to satisfy both Part 11 and Annex 11, as well as any applicable local regs. This

harmonized approach is a best practice because it streamlines compliance globally. FDA and EU

inspectors alike are focusing on the same fundamental question: “Can we trust your electronic

records?” Therefore, implementing Part 11 controls usually positions a company to satisfy other

regulatorsʼ expectations too.

Upcoming Trends: The FDA is continuously adapting guidance to new tech such as cloud

computing, machine learning in GxP, and advanced analytics. We anticipate more detailed

guidance on topics like using Mobile devices or IoT in manufacturing (e.g. wearable devices for

monitoring – ensuring those records are Part 11 compliant), and cybersecurity for GMP systems

(since a breach could affect record integrity). Additionally, as more companies use electronic batch

records (EBR) and real-time release systems, FDA has been scrutinizing how well those electronic

batch records are controlled (for example, expecting that companies validate the permissions and

workflows in their EBR system so that itʼs impossible to bypass required sign-offs). While no major

revision to the Part 11 regulation itself has occurred (the text of the rule is essentially unchanged

since 1997), the interpretation continues to be refined through guidance and warning letter

precedents. Staying up-to-date by reading FDAʼs latest guidance documents, inspection

observation trends, and industry best practice papers is essential for compliance professionals. Part

11 is a living program within a company – as technology and regulations evolve, so too must your

procedures and controls.

In conclusion, 21 CFR Part 11 remains a critical regulation for any pharmaceutical or biotech

company employing electronic systems. Its core principles – authenticity, integrity, non-

repudiation of records – are foundational to data integrity. By understanding its history,

mastering the definitions and requirements, avoiding common pitfalls, and following best

Understanding 21 CFR Part 11: Electronic Records & Signatures

© 2025 IntuitionLabs.ai. All rights reserved. Page 15 of 18

https://www.fda.gov/media/119267/download#:~:text=,Complete
https://www.fda.gov/files/drugs/published/Data-Integrity-and-Compliance-With-Current-Good-Manufacturing-Practice-Guidance-for-Industry.pdf#:~:text=,ALCOA
https://www.pharmaguideline.com/2019/01/fda-new-data-integrity-guidelines.html#:~:text=FDA%20New%20Data%20Integrity%20Guidelines%3A,must%20be%20used%20by
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=understanding-21-cfr-part-11-electronic-records-signatures.pdf


practices, organizations can not only satisfy FDA requirements but also reap the benefits of

modern digital systems. The FDA̓s ongoing guidance ensures that Part 11 will continue to be

relevant as new technologies emerge, always with the underlying goal unchanged: to ensure

electronic records and signatures are trustworthy, reliable, and equivalent to traditional

paper records govinfo.gov law.cornell.edu, thereby safeguarding product quality and public

health in the digital age.
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