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Abstract:  
The pharmaceutical industry is undergoing a profound digital transformation, particularly in the realm of 
documentation and compliance. This review explores the evolution from traditional manual documentation to 
advanced digital platforms, highlighting the strategic importance of Electronic Document Management Systems 
(EDMS), Quality Management Systems (QMS), Laboratory Information Management Systems (LIMS), and other 
integrated software solutions. These systems enhance regulatory compliance, data integrity, operational 
efficiency, and audit readiness by automating document lifecycle management, enabling real-time access, and 
ensuring traceability through features like electronic signatures and audit trails. The paper contrasts manual and 
digital documentation practices, emphasizing the limitations of paper-based systems—such as human error, 
inefficiency, and security risks and the advantages of software-based approaches, including scalability, centralized 
access, and regulatory alignment with standards like FDA 21 CFR Part 11 and EU Annex 11. Additionally, the 
review examines the role of emerging technologies such as artificial intelligence, blockchain, and cloud-based 
SaaS models in shaping the future of pharmaceutical documentation. Case examples of widely adopted platforms 
like Master Control, Veeva Vault, Compliance Wire, and SAP illustrate current industry practices. The study 
concludes that digital documentation is not merely a technological upgrade but a strategic imperative for 
maintaining compliance, fostering innovation, and achieving operational excellence in a highly regulated 
environment. 
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Introduction 

In the pharmaceutical industry, accurate and 
efficient documentation is vital for ensuring 
regulatory compliance, product quality, and patient 
safety [1–4]. Over the years, the industry has seen a 
significant shift from traditional manual 
documentation to sophisticated digital systems [5,6]. 
This transition has been driven by the increasing 
complexity of regulatory requirements and the 
growing need for operational efficiency [7,8,9]. 

Manual documentation, though once the norm, is 
fraught with challenges such as human error, 
inefficiency, and security concerns [10]. To address 
these issues, pharmaceutical companies are 
increasingly adopting software solutions that 
provide a more streamlined and secure approach to 
managing documentation [5,11,12]. These digital 

tools not only ensure compliance with regulatory 
standards but also enhance the speed, accuracy, and 
accessibility of critical data [13,14]. As the 
pharmaceutical sector continues to evolve, the role 
of online documentation systems will become even 
more integral to maintaining high standards of 
quality, transparency, and operational excellence 
[15,16]. This article explores the various types of 
software used for online documentation, their 
advantages over traditional methods, and their 
impact on the pharmaceutical industry. 
Documentation is the cornerstone of compliance, 
quality assurance, and regulatory adherence in the 
pharmaceutical industry. From the development of a 
compound to its manufacturing and post-market 
surveillance, every step must be meticulously 
documented [1–3]. 

http://www.ijpqa.com/
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Importance of Documentation in the 
Pharmaceutical Industry 

In the pharmaceutical industry, documentation is 
essential for ensuring regulatory compliance, 
product quality, and patient safety [1–3]. Accurate 
and thorough records are critical for adhering to 
strict standards set by regulatory bodies like the 
FDA and EMA [1,2,4].  

Documentation supports transparency, traceability, 
and accountability in every phase of drug 
development and manufacturing [3,17]. It 
guarantees that all processes, from raw material 
sourcing to final product distribution, meet required 
safety and quality standards.  

Proper documentation helps mitigate risks, 
maintains consistency, and ensures that any 
potential issues can be quickly traced and addressed 
[4,18]. It also serves as a key defense in legal 
matters, protecting companies from liability claims 
[17]. 

As pharmaceutical operations become more 
globalized and data-driven, the limitations of 
manual systems have become more pronounced, 
necessitating the adoption of automated, centralized, 
and compliant software solutions [5-9]. 

Pharmaceutical documentation includes: 

• Standard Operating Procedures (SOPs) 
• Batch Manufacturing Records (BMRs) 
• Analytical Method Validation Reports 
• Equipment Calibration Logs 
• Change Control and Deviation Records 
• Audit Trails and Electronic Signatures 

[1,17,19] 

Proper documentation ensures: 

• Product quality and consistency 
• Regulatory compliance (FDA, EMA, WHO) 
• Transparency in clinical and production pro-

cesses 
• Data traceability and retrieval for audits 
• Legal defense in case of litigation or recalls 

[2,3,17] 

Online Documentation: Definition and Strategic 
Role 

Online documentation involves the digitization of 
all document-related processes — from creation and 
revision to approval, storage, and retrieval. It 
integrates with various systems and workflows such 
as QMS, LIMS, and ERP [9,20-23.]. Key benefits 
include: 

• Centralized access to controlled documents 
• Integration with enterprise-wide systems 
• Role-based permissions and enhanced data se-

curity 

• Audit trail capabilities in line with 21 CFR Part 
11 

• Streamlined workflows for document lifecycle 
management [15,7,12,20,24] 

Manual (Man Will) Documentation: Practices 
and Limitations 

Manual documentation, though historically 
standard, suffers from significant constraints: 

• Susceptibility to Errors: Illegible handwrit-
ing, missing signatures, outdated templates 

• Inefficiencies: Slow documentation cycles, es-
pecially in approvals and archiving 

• Security Risks: Easily damaged, misplaced, or 
altered physical records 

• Lack of Traceability: Poor version control and 
limited audit-readiness 

• Storage and Logistics: High physical storage 
requirements and poor scalability 

• Non-Compliance Risks: Difficulty meeting 
current regulatory expectations [8,10,25] 

These challenges make sustaining compliance, 
quality assurance, and efficiency difficult. [6-
8,12,16] 

Software Used In Online Documentation:  

In the pharmaceutical industry, online 
documentation is crucial for ensuring compliance, 
data integrity, traceability, and regulatory approvals 
[13,15].  

Several specialized software tools are used to 
manage and streamline documentation processes. 
[5,9,11,14,16,20,24,26,27] 

Types of Software: 

Electronic Document Management Systems 
(EDMS): 

• Examples: Master Control, Veeva Vault, Docu-
mentum, ZenQMS [18,21,24,28] 

• Function: Document lifecycle management, ap-
proval workflows, compliance tools 

Quality Management Systems (QMS): 

• Examples: Track Wise, EtQ Reliance, Sparta 
Systems (IQVIA), Greenlight Guru[22,29,30] 

• Function: Deviation management, CAPAs, risk 
management, audits 

Laboratory Information Management Systems 
(LIMS): 

• Examples: Lab Ware, STARLIMS, Thermo 
Fischer Sample Manager, Lab Vantage [23,31-
33] 

• Function: Sample tracking, lab data entry, re-
sults management 

Learning Management Systems (LMS): 
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• Examples: Compliance Wire, SAP Success 
Factors, Master Control Training 

• Function: Training records, regulatory certifica-
tion tracking [34,35] 

Enterprise Resource Planning (ERP): 

• Examples: SAP ERP, Oracle E-Business Suite, 
NetSuite 

• Function: Cross-departmental integration for 
procurement, inventory, and compliance [36-
38] 

Clinical Trial Management Systems (CTMS): 

• Examples: Medidata, Veeva Vault CTMS, Ora-
cle Siebel CTMS 

• Function: Clinical study document manage-
ment, trial master files (TMFs) [39] 

Electronic Lab Notebooks (ELN): 

• Examples: Benchling, LabArchives, Perki-
nElmer Signals 

• Function: Research documentation, chemical 
inventory, protocol management [9,40,41] 

Currently Used Software Platforms (2023–2025): 
The pharmaceutical industry increasingly relies on 
specialized digital platforms to manage 
documentation efficiently, securely, and in 
compliance with global regulatory standards.  

Below is a curated list of prominent software 
currently used in the sector [5,12,21,22,24,28-30]: 

 
Table 1: List of Software’s used in Pharma Industry and its uses 

Software Category Key Features Notable Use 
MasterControl [18] EDMS/QMS Document control, CAPA, training 

records, validation tools 
Widely used in FDA-regu-
lated environments 

Veeva Vault 
QMS/Docs [24] 

EDMS/CTMS Cloud-based, GxP-compliant, audit 
trails, role-based access 

Common in global pharma 
operations 

TrackWise (Sparta 
Systems) [22] 

QMS Quality event management, change 
control, configurable workflows 

Scalable for enterprise qual-
ity systems 

ComplianceWire 
(UL Solutions) 
[34,35] 

LMS 21 CFR Part 11 compliant training 
platform, regulatory eLearning 

Used by FDA and many 
pharma companies 

LabWare LIMS [31] LIMS Sample lifecycle management, test 
automation, analytics 

Leading LIMS in GMP and 
QC labs 

STARLIMS [23] LIMS Web-based interface, multi-lan-
guage support, lab automation 

Used in both pharma and 
public health sectors 

Greenlight Guru  QMS Designed for medical device compli-
ance, ISO 13485 alignment 

Excellent for FDA/CE-
marked products 

SAP SuccessFactors 
[37] 

LMS/HRMS Competency mapping, compliance 
tracking, integrated HR modules 

Enterprise-level compli-
ance training 

Oracle E-Business 
Suite [40] 

ERP Integrated documentation, inven-
tory, compliance modules 

Full-scale pharma enter-
prise resource planning 

NetSuite ERP [41] ERP Cloud-native ERP with GxP compli-
ance capabilities 

Ideal for mid-size pharma 
and biotech firms 

Documentum (Open-
Text) [21] 

EDMS Scalable document repositories, au-
dit trails, workflow automation 

Suitable for large-scale reg-
ulatory archives 

Benchling [14] ELN Digital lab notebook, protocol man-
agement, molecular biology tools 

Popular in R&D-heavy en-
vironments 

LabArchives [16] ELN Cloud ELN, real-time collaboration, 
version control 

Preferred in academia and 
early-stage research labs 

PerkinElmer Signals 
[26] 

ELN Integration with lab instruments, 
compliance reporting 

Used for GxP-regulated lab 
documentation 

Medidata CTMS [9] CTMS Clinical trial tracking, eTMF man-
agement, subject tracking 

Used in global clinical trials 

ZenQMS [28] QMS/EDMS Modular QMS, simple deployment, 
real-time updates 

Popular among smaller 
pharma/biotech companies 

EtQ Reliance [29] QMS Risk-based QMS platform, compli-
ance tracking, analytics 

Used in FDA-regulated 
supply chains 

LabVantage [32] LIMS Highly configurable, integrates with 
instruments, audit support 

Trusted in both pharma and 
biopharma labs 
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These platforms support compliance with key 
regulations such as 21 CFR Part 11, EU Annex 11, 
and ICH Q10, and offer features like electronic 
signatures, automated audit trails, cloud-based 
accessibility, and workflow automation. 
Laboratory Information Management Systems 
(LIMS) in the Pharmaceutical Industry: 
Laboratory Information Management Systems 
(LIMS) streamline laboratory workflows, ensuring 
data accuracy, regulatory compliance, and 
operational efficiency.  
In pharma, LIMS play a key role in drug discovery, 
development, manufacturing, and quality control 
(QC) [11,12,31]. 

Core Functions of LIMS: 

1. Sample and Test Management – Tracks sample 
lifecycle and test results. 

2. Data Integrity – Ensures compliance with AL-
COA+ principles. 

3. Automation – Interfaces with instruments 
(HPLC, GC) to reduce transcription errors. 

4. Inventory Tracking – Manages reagents, instru-
ments, and lab resources. 

5. Reporting – Generates compliance-ready audit 
reports [23,32,33,42]. 

Examples of LIMS: LabWare LIMS, STARLIMS, 
LabVantage, Thermo Fisher SampleManager. 

Future trends include cloud-based SaaS LIMS for 
scalability, AI-powered analytics for predictive 
quality control, and IoT integration for real-time 
instrument monitoring [14,16,26,27]. 

Electronic Document Management Systems 
(EDMS) in the Pharmaceutical Industry: 

Electronic Document Management Systems 
(EDMS) are specialized platforms designed to 
handle the lifecycle of regulated documents in the 
pharmaceutical sector[38-41]. They manage the 
creation, revision, approval, storage, retrieval, and 
archiving of documents in compliance with global 
regulatory requirements such as FDA 21 CFR Part 
11, EU Annex 11, and ICH Q10 [1-3,18,21,24,28]. 

Core Functions of EDMS in Pharma: 

1. Document Lifecycle Management – Automates 
drafting, version control, review, approval, and 
archival of critical documents. 

2. Regulatory Compliance – Features like elec-
tronic signatures, audit trails, and timestamping 
meet FDA/EMA inspection standards. 

3. Audit Readiness – Provides instant traceability 
of document histories and approvals. 

4. Collaboration – Supports multi-site, cloud-
based access for global operations. 

5. System Integration – Connects with QMS, ERP, 
and CTMS to create a unified ecosystem[5,12]. 

Examples of EDMS: MasterControl, Veeva Vault 
QMS/Docs, Documentum (OpenText), ZenQMS 

[18,21,24,28]. 
Recent trends indicate AI-driven EDMS platforms 
for document classification and predictive 
compliance monitoring, while blockchain-based 
solutions are emerging for audit trail 
security[16,26]. 

Compliance Wire:[35] 

Highly regulated industries such as pharmaceuticals, 
biotechnology, and medical devices leverage 
Compliance Wire to manage their compliance 
training programs. Developed by UL Solutions, 
Compliance Wire is a specialized learning 
management system (LMS) designed to meet FDA 
21 CFR Part 11 requirements and support global 
regulatory standards. The study, based on data from 
over 100 organizations, reveals that companies 
using Compliance Wire benefit from structured 
training workflows, automated assignments, and 
role-based learning paths that align with job 
responsibilities and regulatory expectations. 

One of the key findings is that organizations with 
high training completion rates tend to use advanced 
features like real-time dashboards, analytics, and 
automated notifications to track learner progress and 
ensure accountability. The platform’s ability to 
integrate with HR systems and quality management 
tools also streamlines compliance documentation 
and audit readiness. Mobile learning and 
microlearning modules are increasingly popular, 
offering flexibility and improving engagement 
among remote and field-based employees. 

Additionally, the study highlights the importance of 
continuous improvement in training programs. 
Many organizations use feedback mechanisms and 
performance data to refine content and delivery 
methods. Compliance Wire supports multilingual 
content and global deployment, making it suitable 
for multinational corporations with diverse 
regulatory environments. The benchmarking data 
also shows that companies investing in 
customization such as interactive modules and 
scenario-based learning, see higher user satisfaction 
and better retention of compliance knowledge. 

SAP: [36] 

SAP has emerged as a pivotal enterprise software 
solution in the pharmaceutical industry, offering a 
robust digital infrastructure that supports regulatory 
compliance, operational efficiency, and innovation. 
As pharmaceutical companies face increasing 
pressure to meet global standards, manage complex 
supply chains, and accelerate drug development, 
SAP provides an integrated platform to address 
these challenges. 

At the core of SAP’s offering is SAP S/4HANA, an 
intelligent ERP system that enables real-time data 
processing across procurement, manufacturing, 
inventory, finance, and quality control. This 
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centralized approach ensures data consistency and 
traceability—critical for meeting regulatory 
requirements such as FDA 21 CFR Part 11 and EU 
GMP guidelines. 

One of SAP’s standout solutions for pharma is SAP 
Advanced Track and Trace for Pharmaceuticals 
(ATTP), which helps companies comply with 
serialization mandates and track drug products 
across the supply chain. This is essential for 
preventing counterfeit drugs, managing recalls, and 
ensuring patient safety. SAP also supports quality 
management through its integrated SAP QM 
module, which embeds quality checks into every 
stage of the product lifecycle—from raw material 
procurement to final product release. This ensures 
that deviations are tracked, corrective actions are 
implemented, and compliance is maintained. In the 
realm of supply chain planning, SAP Integrated 
Business Planning (IBP) offers predictive analytics, 
demand forecasting, and real-time visibility. This 
empowers pharmaceutical companies to respond 
swiftly to market changes, optimize inventory, and 
avoid disruptions. 

Furthermore, SAP’s Business Technology Platform 
(BTP) enables pharma companies to innovate by 
integrating AI, machine learning, and IoT into their 
operations. This opens doors to predictive 
maintenance, smart manufacturing, and 
personalized medicine. SAP also facilitates clinical 
trial management and R&D data integration, helping 
organizations streamline research workflows and 
accelerate time-to-market. Its ability to integrate 
with laboratory information management systems 
(LIMS) and manufacturing execution systems 
(MES) ensures seamless data flow and operational 
transparency. 

With multilingual capabilities and global 
deployment support, SAP is well-suited for 
multinational pharmaceutical companies operating 
across diverse regulatory environments. Its 
scalability and modular architecture allow 
organizations to tailor solutions to their specific 
needs. 

SAP serves as a strategic enabler in the 
pharmaceutical industry, driving digital 
transformation while ensuring compliance, 
efficiency, and innovation. Its comprehensive suite 
of tools positions it as a preferred choice among 
enterprise software platforms for pharma companies 
aiming to stay competitive in a rapidly evolving 
landscape. 

Lab Archives- Electronic laboratory Notebooks: 
[37]: Electronic Laboratory Notebooks (ELNs) have 
become increasingly vital in pharmaceutical 
research and development, offering a digital 
alternative to traditional paper-based 
documentation. The strategic value of ELNs in the 
pharmaceutical sector, emphasizing their role in 

enhancing data integrity, collaboration, and 
regulatory compliance. 

ELNs are designed to capture experimental data in a 
structured, searchable, and secure format. Unlike 
paper notebooks, ELNs enable real-time data 
sharing, version control, and integration with other 
digital systems such as Laboratory Information 
Management Systems (LIMS), analytical 
instruments, and enterprise platforms like SAP. This 
connectivity supports seamless workflows across 
research teams and departments. One of the key 
drivers for ELN adoption is the need for compliance 
with regulatory standards, including FDA 21 CFR 
Part 11, which mandates secure electronic records 
and audit trails. ELNs provide timestamped entries, 
electronic signatures, and controlled access, 
ensuring that research documentation meets legal 
and quality requirements. 

ELNs facilitate intellectual property protection by 
maintaining accurate records of experimental 
timelines and authorship. This is particularly 
important in patent filings and dispute resolution. 
Moreover, ELNs support data mining and analytics, 
enabling researchers to retrieve historical data, 
identify trends, and accelerate decision-making.  

Despite their benefits, ELN implementation requires 
careful planning, including user training, change 
management, and integration with existing IT 
infrastructure. Resistance to change and concerns 
about data security were common barriers during 
early adoption phases. 

The study also emphasizes the collaborative 
potential of ELNs, especially in global R&D 
environments. By enabling remote access and 
standardized documentation, ELNs help 
multinational teams coordinate research efforts and 
maintain consistency across sites. As organizations 
continue to digitize their operations, ELNs are 
expected to play a central role in fostering 
innovation, ensuring compliance, and improving 
research productivity. 

Advantages of Software over Manual 
Documentation: The transition from manual 
documentation to software-based systems marks a 
pivotal shift in pharmaceutical operations. Below 
are key advantages that highlight why software 
platforms are now preferred over traditional paper-
based methods. 

Enhanced Accuracy and Data Integrity 

• Reduces transcription errors and illegible en-
tries 

• Implements mandatory fields, dropdowns, and 
validations to avoid mistakes 

• Supports version control, ensuring only the lat-
est approved document is used [5,7,12,20]. 

Real-Time Access and Centralization 
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• Enables instant access to documents from any 
authorized location 

• Eliminates delays associated with locating and 
distributing physical files 

• Promotes collaboration across departments and 
global sites [13,15] 

Automated Compliance and Audit Readiness 

• Built-in features align with regulatory standards 
(e.g., 21 CFR Part 11, EU Annex 11) 

• Provides time-stamped electronic signatures 
and audit trails 

• Facilitates readiness for internal and external in-
spections [1-4] 

Improved Efficiency and Productivity 

• Speeds up approval cycles with automated rout-
ing and notifications 

• Allows batch record creation, tracking, and re-
view in real-time 

• Reduces time spent on repetitive tasks such as 
document filing and retrieval [22,29] 

Superior Security and Access Control 

• Role-based permissions limit unauthorized ac-
cess 

• Data encryption ensures confidentiality and 
protection against breaches 

• Activity logs track who accessed or modified 
each document [18,24] 

Cost Savings 

• Reduces paper, printing, and physical storage 
costs 

• Minimizes labor-intensive administrative tasks 
• Lowers risks of regulatory penalties due to doc-

umentation gaps [39] 

Scalability and Adaptability 

• Supports rapid expansion as operations grow 
• Easily accommodates updates in regulatory re-

quirements or internal processes 

• Integrates with ERP, QMS, LIMS, CTMS, and 
other enterprise systems [12,40,41] 

Environmental Sustainability 

• Reduces paper waste and energy consumption 
associated with physical storage 

• Contributes to corporate environmental, social, 
and governance (ESG) goals [6,17] 

Regulatory Compliance and Data Integrity in 
Digital Documentation: With the increasing reli-
ance on digital platforms, maintaining data integrity 
has become a core regulatory requirement. Regula-
tory bodies like the FDA, EMA, and MHRA empha-
size the ALCOA+ principles (Attributable, Legible, 
Contemporaneous, Original, Accurate, plus Com-
plete, Consistent, Enduring, and Available). 
• How software solutions ensure compliance with 

21 CFR Part 11, Annex 11, and ICH guidelines. 
• Features like electronic signatures, audit trails, 

timestamping, and role-based access. 
• Validation of software systems (e.g., GAMP 5 

approach) to ensure they meet regulatory stand-
ards [1,2,4,9]. 

• Risk-based approaches to data governance and 
integrity assurance. 

Future Trends in Pharmaceutical Documenta-
tion: The digital documentation landscape is evolv-
ing rapidly. Emerging technologies are shaping the 
next generation of documentation systems, making 
them smarter, faster, and more secure 
[9,5,6,11,12,16,26,27, 43,44]. 
• Artificial Intelligence (AI): Automates docu-

ment classification, anomaly detection, and pre-
dictive quality metrics. 

• Blockchain Technology: Ensures immutable, 
transparent, and decentralized documentation 
trails. 

• Natural Language Processing (NLP): Assists 
in automated SOP creation, deviation analysis, 
and knowledge extraction. 

• Cloud Computing and SaaS Models: Provide 
scalable, secure, and cost-effective infrastruc-
ture for global access and collaboration.

Table 2: Difference between manual documentation and Software based documentation. 
Feature Manual System Software System 
Data Entry Handwritten and prone to errors Real time inputs with validation checks 
Access control Open physical files, limited security Role based, encrypted access across platforms 
Audit trials Manual logs, difficult to trace Automated, tamper proof digital logs 
Compliance High risk of non-compliance Built-in with regulatory checks (e.g. 21-CFR part 11) 
Version control Hard to track updates and revisions Auto-updated with full version history 
Collaboration Delayed, location bound work flows Real-time, multi-site collaboration 

 
Conclusion 

The transition from manual to digital documentation 
marks a pivotal evolution in the pharmaceutical 
industry, driven by the need for enhanced 
compliance, operational efficiency, and data 
integrity.  

As regulatory expectations grow more stringent and 
global operations become increasingly complex, 
traditional paper-based systems are no longer 
sufficient to ensure traceability, audit readiness, and 
real-time collaboration. This review highlights how 
integrated platforms such as EDMS, QMS, LIMS, 
ELNs, and ERP systems have become essential tools 
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for managing documentation across the 
pharmaceutical lifecycle—from R&D to 
manufacturing and regulatory submissions. Digital 
solutions not only streamline workflows and reduce 
human error but also embed compliance features 
like electronic signatures, audit trails, and role-based 
access controls that align with global standards such 
as FDA 21 CFR Part 11 and EU Annex 11. 
Furthermore, the integration of emerging 
technologies—such as artificial intelligence, 
blockchain, and cloud-based SaaS models—is 
reshaping the future of pharmaceutical 
documentation by enabling predictive analytics, 
secure data sharing, and scalable infrastructure. 
Ultimately, embracing digital documentation is not 
merely a technological upgrade but a strategic 
imperative. It empowers pharmaceutical 
organizations to maintain regulatory compliance, 
foster innovation, and remain competitive in an 
increasingly data-driven and quality-focused 
environment. As the industry continues to evolve, 
the adoption of intelligent, interoperable, and 
compliant documentation systems will be central to 
achieving operational excellence and safeguarding 
public health. 
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