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This review provides an overview of GAMP-5, highlighting its guidelines for validating computerized systems in the pharmaceutical industry. GAMP-5 primarily serves automated users and manufacturers, detailing various software categories, some customizable to meet end-user needs. Despite its complexity and resource-intensive implementation, which may challenge small-scale industries, GAMP-5 promotes a standardized approach that reduces errors and builds stakeholder confidence. However, the guidelines may lack precision in terminology, leading to complexities in certain areas. Global adherence to GAMP-5 is crucial for regulatory acceptance and standardization across the pharmaceutical sector, with potential for integration with Industry 4.0 and predictive management technologies. The review also covers regulations from Europe, Japan, and the USA, offering a global perspective on GAMP-5's application.
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Introduction

In today’s Era when technology and science are growing at an agile rate computerized systems that comply according to the GxP have come into effect as people are trying to work for skill development and management of different activities via computerized systems which would give acceptable results as well as the results with highest efficiencies, Managing the risks, (if built) (Bhattacharya et al., 2023). It also eliminates the burdensome approaches and manages them if they can be managed by computerized systems (Kilbourne et al., 2004). The GAMP (Good Automated Manufacturing practices) are the automated practices that are used by the users of automation and various other manufacturers of different areas who work within the GxP-compliant computerized systems which are important for ease in product and process understanding, monitoring different processes in the pharmaceutical industry like Storage, Autoclaving, Water purification, Production, and manufacturing also important for product reliability and quality (Pedro et al., 2023). It also makes sure that the GxP computerized system works according to the Regulations set by the ISPE (International Society of Pharmaceutical Engineering) in the GAMP-5 Guide at present, the concept of GAMP evolved in 1991, (Raghun & Athkuri, n.d.).The GAMP-5 Guide was released in 2008 and the latest GAMP -5 Second Edition was released on July 2022, which had various changes concerning the earlier guidance of GAMP-5 which was released in 2008, GAMP-5 involves various Risk Based Approaches which are difficult to assess and manage at some extent, GAMP-5 discusses various software, some of which are customizable and some are not, and some can be tailored according to the needs and requirements of the end users, (McCarthy et al., 2022) GAMP also helps in assessing and managing the risks by complying with regulations and further approaches for the risk management (Raviteja et al., 2014). Integration within the scope of Industry 4.0 allows the predictive management and also ensures the efficient technological advancement in the field of computer systems and their validation (Haleem et al., 2023).

Principles of Good Automated Manufacturing Practices

[bookmark: _Hlk152069958]Various principles are important to build the foundation of the computerized systems and these principles, if not followed accurately may lead to inappropriate effects seen by the end users and will not be completed and accepted as per requirement. The principles of GAMP involve (Mojahid, 2017).

(a) Appropriate knowledge of product and process and also understanding: It is important to ensure that the product and process are produced adequately and working effectively to achieve better patient safety, appropriate management of quality of product, and also maintaining the integrity of data (Krishnankutty et al., 2012). Before we understand the product and process it is important to create a URS which will further help in driving the whole process. URS must be formed based on comprehensive knowledge of the process and product specifications (Kasneci et al., 2023). It determines those locations that require a higher amount of testing and accordingly functional specification i.e., FS is developed (Ferrell, 2011).

(b) Scalable activities like lifecycle activities and others: Scalable activities like lifecycle activities and others, the pharmaceutical industries can scale the various lifecycle activities and validation is included in the scaling process as required (Farid et al., 2020). Because it is important to consider the product, process, and data to be consistent and as expected. Scaling the activities and documentation according to the risks, complexities, and novelties (Alzubaidi et al., 2021).

(c) Involvement of suppliers throughout the system: Involvement of suppliers, as suppliers are the major primary linkage for the initialization and retirement of the product and process, responsible for overall lifecycle activities which are conducted and will be conducted in the future, this becomes a standard to involve suppliers in these activities as much as possible (Martin et al., 2008). It is the responsibility of the regulatory authority to make sure that the suppliers are working efficiently and also working to achieve a high quality, guaranteed, and assured product (Fulton, 2018).

(d) Approaches working within QMS: The whole lifecycle activities must be followed and maintained under the QMS, i.e., the Quality Management System, this principle is divided into 4 stages – Making up of the concept, working on a project, operating the activities according to QMS, and Retirement will be the last stage (Zhemchugova & Levshina, 2020).

(e) Management of risks: Managing risk is one of the most important principal aspects in the pharmaceutical industry so that the chances of errors will be reduced and the best product can be manufactured as per the requirements of the end users (Jaberidoost et al., 2013).

(f) Documentation and traceability: Documentation is the primary and most important principle when it comes to any GxP practices (Bongiovanni et al., 2019). Documenting each lifecycle activity from the development to retirement phase appropriately and then further after tracing and then improving the traced recalls, complaints, or any kind of errors if found during the study or even after the study (Kt & Np, 2011).

The GAMP principles need to be applied throughout the process to ensure and prove that the system is working according to the compliance and when the process is monitored and found that it complies with the given standards then only the product, process, or data will be found authenticate otherwise not. These principles work for continual improvements also (Kruk et al., 2018).

GAMP-5 aims to provide a detailed exploration of the pharmaceutical companies that are involving themselves in validating computerized systems (Rantanen & Khinast, 2015). When the context of practical comes in that scenario it applies to both automated users and the other manufacturers who are involved in various other activities like creating, making, and then marketing. When it comes to users, it is totally about assurance of computerized system (pharmaceutical) that they are appropriated for the purpose for which it was created (Javaid et al., 2021). When comes to manufacturers, it ensures that the products meet the standards and comply with the risk-based approaches. GAMP-5 also aims to comply, assure quality, Integrating data, Productivity and effectiveness of the output (Ronolo, 2023).

Advantages Of Gamp-5

There are various advantages of GAMP which helps proper assessment, management, and functioning of all lifecycle activities, by adequately following the drivers and further Complying with GxP (Good Practices) the advantages are as follows-

A. Complying with the regulations termed as regulatory compliance- It gives the appropriately structured framework which helps in complying with the regulations and regulatory requirements for USFDA, WHO, EMA, etc (Wied & Leufkens, 2013).
B. Assuring the Quality- It works for managing the risk and building the product with quality which is as per the needs of end users. As it is the most important aspect for the pharmaceutical industry to produce a product with quality, and safe for the users (Hole et al., 2021).
C. Helps in appropriate documentation and enhances the documentation of development systems and different validation processes through computerized systems. (Sutton et al., 2020) It helps in rectifying and identifying errors or issues, maintains the accounts of all over activities of lifecycle activity; it helps in transparency and confidentiality of data (Vilhuber, 2023).
D. Standardization- It helps in the standardization of Validation, and other approaches which makes it easy to manage multiple systems, projects, and data.
E. Lifecycle and risk-based approach- This helps in promoting the system validation, and continuously meeting the needs of end users. This system helps in appropriately operating and validating the product from development to the retirement phase (Gübitz, 2023).
F. Confidence building of the stakeholders- It helps in appropriately building up the confidence of stakeholders and other individuals who are involved in the pharmaceutical industry like regulators who help in complying with the regulations, end users like customers, the individuals who are involving themselves in investing within the industry who are committing themselves towards the quality and safety (Srinivasan & Elley, 2018).
G. Continuous improvement- The GAMP also provides approaches for continual improvements (Carpinetti & Martins, 2001).
H. Allocation of appropriate resources- It helps in resource allocation which is a must according to the requirements, and major consideration must be the critical areas of the pharmaceutical industry (Alanazi et al., 2023).


Limitations of Gamp-5

As GAMP-5 has various advantages in pharmaceutical sciences and the development of automated systems, but it also has numerous limitations and they are as follows-

· Specificity- It is specific to the pharmaceutical industry i.e.; they find them more relevant to their sector or their field when compared to the other industries in the market (Ding et al., 2013).
· Complexity of the GAMP practices includes appropriate documentation, and operations that require sufficient time and resources, also expertise in the field is important which is challenging for a few industries (Javaid et al., 2022).
· Evolution- Constant evolution in the field of science and technology various changes and transformations are being conducted daily which need constant updates accordingly for the companies to regulate activities (Verhoef et al., 2021).
· Resource intensive- Pharmaceutical industries and even other industries require huge resources for the regular activities that are being conducted and every industry doesn't have to deal with budget and get expertise in the same (De Vrueh & Crommelin, 2017).
· Interpretations- Every industry has different interpretations for the activities to be conducted, which may bring inconsistencies in the constant and similar compliance with the same database globally (Khurana et al., 2022).
· Challenges during Validation- Validation can be challenging as it can be difficult to validate the complex computerized systems that are used during the lifecycle activities (Todde et al., 2017).
To deal with such limitations and challenges it is important to mitigate them as early as possible to achieve the target as per the needs and requirements of the end users, this all can minimised by applying the risk-based approaches.
                                              
Various Software Categories Involved in Gamp-5

CATEGORY 01: INFRASTRUCTURE SOFTWARE-

· Simplest software.
· Should be built in such a way, configured in such a way that the process and procedures or even any aspect that is critical, any configuration must be verified.
· Infrastructure is something that needs to be qualified Not Validated (Goossens, 2023).

There are two types of software in this category:

1. Layered software which is commercially available-
These are the software on which the different application is built and further developed in such a way that they are controlled. E.g., Database managers, programming languages, Middleware, ladder logic interpreters,Etc. (Singh et al., 2018).

2. Infrastructure software tools-
This software is not business-oriented but are supportive of hardware and networks. E.g., operating systems, network monitoring software, batch job scheduling tools, security software, anti-virus (Chopra, 2020).
Validation approaches which may be conducted-
(a) Record version numbers given to different items.
(b) Following the installation procedures which are verified (Gliklich et al., 2014).
CATEGORY NO 02: i.e. FIRMWARE is removed from the GAMP -5 and now it is not relevant, can be said that it is in disuse now, because it included FIRMWARE which itself has the characteristics that made it differentiate from other categories, but numbering remained same and remains consistent (Redmill & Dale, 1997).
CATEGORY 03: NON-CONFIGURABLE SOFTWARE-

Software that cannot be customized. No configuration may take place. Either available in the market (freely) or built within the hardware and further operated accordingly. To meet the requirements of business functionalities are added through various ways- standard modules, and various items of the library.
The electronic chart recorders, alarm set points, etc. may also be included in GAMP-3 (Dwivedi et al., 2022).
This software also includes off-the-shelf products for various business purposes.
COTS Software, Instrumentation software, and Spreadsheets are used as a database, software used for data acquisition, control panel viewers, other tools for statistical configuration, PLC for labelling and packaging, Firmware, etc. (Robinson et al., 2019).


Validation Approaches that may be conducted-

· Life cycle approaches (Abbreviated)- Validation plans, FS, DS, Validation reports, etc.
· Risk-based approaches for supplier assessment.
· Record version numbers are set, verification for the installation procedures.
· SOPs.
· URS (Mollah & Bozzone, 2013).

CATEGORY 04: CONFIGURABLE SOFTWARE-

This software can be customized, and configured according to needs and requirements. This category of software helps in providing various standard interfaces, that may allow configuration for the users to allow business processes to work efficiently (Saadatmand et al., 2019).
To use specific software various functionalities can be used which are configured from the front end, and no alteration in the coding to the backend.
E.g. ERP, SAP, LIMS (Towill et al., 2002).
Software may be simple as well as sophisticated to some extent, including SCADA, DCS, PLC, etc.
Validation approaches which may be conducted-
· Life cycle approaches (Abbreviated) - Validation plans, FS, DS, Validation reports, etc.
· Risk-based approaches for supplier assessment.
· Record version numbers are set, verification for the installation procedures.
· SOPs.
· URS (Mollah & Bozzone, 2013).
	
CATEGORY 05: CUSTOM SOFTWARE/ BESPOKE SOFTWARE-

These software systems are developed and maintained in such a way that meets the needs of regulatory industries/companies, designed and coded in such a way that it will suit the business. Same as configurable software up to some extent. Spreadsheets with VBA (Visual basics analysis), ERP (Enterprise Resource Planning) System, Etc. (IBM Documentation, 2024).
Summarised Interpretation of these categories, are discussed in (Table 1).

                                     Table 1: Summarised Interpretation of software categories.

	Category
	Discussion

	Category 1
Infrastructure system
	Operating systems come under this.

	Category 3
Non-Configurable products
	Only default configuration can be made and sometimes cannot be configured.

	Category 4
Configurable systems
	Configuration can be done according to user specific needs.

	Category 5
Custom Applications 
	Customized according to user requirements.



                                     
Comprehensive Explanation of Few Terms-

01. Database manager.

Database manager is a program that is computer-based, it provides basic management functions of the data that how to create data, how to restore, how to get a backup of data, and how to clone, delete, remove, or rename the databases from the computer to ease the operation (Database Systems: Design, Implementation, and Management, Ninth Edition, 2011.) We cannot operate or control any computer program or system without database maintenance. This management is invisible to the end users of the computer systems. These data managers are a part of database management systems. This builds a better interface between the application, user, and database. It makes it easy for the automated users to store, generate, and also modify the information. It also analyses the queries and reports accordingly when needed and it facilitates the management (Dayal, 1988).

Various Data managers or data management systems or Data managers-
There are various Database managers which are divided based on data models, the number of users involved, and based on distribution types.

Different functions of the database manager / DBMS.
It allows data management in such a way that the data is stored in such a way that no manipulation may take place, highly secured, and integrity is maintained, and in the future, if a failure takes place data can be recovered or restored (whenever required).
(A) They create a more effective, efficient, concise, and consistent database.
(B) They ease in searching for any kind of data when required by the users.
(C) Maintains Data integrity.
(D) Control of the movements.
Examples of DBMS include MySQL, Oracle, Microsoft SQL Server (Agrawal et al., 2005). 

02. Middleware.

Middleware is a kind that lies between the computer operating systems and the applications that are running on those operating systems. It enables communication and managing data for distributed applications and centralized applications, it is also known as PLUMBING, using middleware helps users submit forms on different web browsers. Examples include database middleware, server middleware, message-oriented middleware, Etc. (Baker & Apon, 2001).

03.  User Requirement specifications (URS).
These are the specs as per the needs of the users that they require from the system to work and perform. These specifications are usually required before the creation of the system, and before the validation is done. They are written and then maintained by the end users and the system owners who are working for output to achieve the best results. These are not the technical documents; these are the documents that can be easily read by the users and understand what the system is all about (Van Rooijen et al., 2017).
04. Laboratory Information Management System (LIMS).
It is a type of management software that helps in managing the samples and associated data, by using this system lab can be easily managed with automation abilities. Benefits of using the LIMS include Reducing human errors, improving time management, easier tracking, Data assessment, and storage appropriately (Gibbon, 1996).
05. Firmware.
It is programming, which is embedded into the hardware device during the manufacturing period, it works as a memory that when the data is removed or if the devices are turned off it can be auto-saved and data can be stored, or this may also happen when there is a loss in the external power supply or source. Used to run the programs of users likewise, it is software (Nadir et al., 2022).
06. SCADA.
It stands for Supervisory Control and Data Acquisition and is the software applications category that is used for controlling the processes, and data gathering in real-time from remote locations to control the conditions, machinery, and equipment (Upadhyay & Sampalli, 2020).
V-Model
V-Model, it is a cyclic approach and breaks down itself into different categories –
· [bookmark: _Hlk156491937]Planning according to the needs of end users.
· Specifying the requirements.
· Configure (if are configurable).
· Verification and analysis.
· Reporting the validated details (Kleijnen, 1995).
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                                                                      Figure 1 V-Model 

Planning is the first important aspect of the V-model which should be considered and must be clearly understood with no errors. Should include every activity, operating system, procedure, and timeline to be properly specified. Scaling the activities should be adequately done as per the requirements of the end users, which should more efficiently consider the complexity, novelty, safety of patients, quality of product and integrity of data to be maintained and assessed when required (Plögert, 1996). Then comes to the specifications, considering specs is important as they must be considered only based on needs and requirements of the end-users involved. Specs allow the systems to be accurately maintained, developed, and implemented by considering the risk profiles. Configuration is also vital, should be adequately done by complying with the standards and regulations, and must be controlled and repeated (if required) (Ashenden, 2008). Verifying the specifications whether they meet the requirements or not, is done either by reviewing the designs and testing, verification should also involve appropriate strategy as per the complexity, novelty, safety, etc. Assessments can be done if required. Test strategy can also be approved and reviewed by the SMEs (small and medium-sized enterprises) (Balogh et al., 2015). Reporting should be done which summarizes the activities, and deviations and with this must find the corrective and preventive actions within the limited time frame, if no deviations or errors are seen the report of FIT FOR USE must be provided. This is how the project be concluded at the last phase of lifecycle (Meyer et al., 2014).                                                          
[bookmark: _Hlk156492122]The V-Model or V-Cycle is an approach that includes upward and downward flow, downward flow includes requirements, and specifications until all these are accepted and assured, then an upward flow in which validation and the verification of both the Vs are important for a qualitative framework, both upward flow and downward flow gives a qualitative structure, A V-shaped model. The V-cycle is used for designing and validating various steps in the pharmaceutical industry, majorly for automated systems that are computerized (GfG, 2024).
The GAMP considers the following lifecycle activities which are divided into various phases:
· Understanding the concepts.
· V model general concept is framed.
· Various changes are made.
· Retirement of the system and further moving on to a new innovative system (Grieves & Vickers, 2016).

The First phase includes-
Evaluating to find the solutions according to the needs of the business process, analysing the benefits, finding the requirements, and also working on finding the solutions (Beerepoot et al., 2023).

The Second phase includes-
It includes systematically developing and further implementing, appropriate planning, selecting and assessing the suppliers, and applying risk management approaches to identify and then eliminate (if required) the risks (Power, 2009).

The third phase includes-
This phase is the lengthiest in the whole lifecycle, it majorly uses up-to-date, appropriately defined procedures which are further applied by the trained and authorized personnel, change management is important (Phillips & Klein, 2022).

The fourth phase includes-
Now the lifecycle of various activities comes to an end point, and various advances are made making a transitional change in the activities, with appropriately considering the policies and the regulations (McDowall, 2010).

The V-model involves the customer and supplier, customer inputs like requirements, specifications, and design give a descending shape, whereas the outputs after being implemented (configuration or coding) include IQ, DQ, and PQ and give an ascending shape.

      
Various Drivers of Gamp-5

These are the various drivers that make easy working and development of the GAMP within the pharmaceutical field, and help in the effective and efficient involvement of suppliers, systems, software, and drivers are used as deliverables who can deliver according to the needs and requirements of the end users, drivers are important for the continuous improvements (Hafner et al., 2016). They are as follows: Focusing on the quality of the product, safety of patients individually and in population, and integrity of data. Appropriately and effectively governing the GxP compliance maintenance and achievement, QbD (Quality by Design), Critical quality attributes, continuously making improvements within the QMS, Involvement of software which is configurable and various models, Effective supplier relationship, Using the existing knowledge, Using the existing documents (Konduri et al., 2018).

Various Updates in Gamp-5 

· The Non-Linear Recognition (Moussa et al., 2022).
· Change in documentation.
· Thinking critically. 
· Updating appendices for the development. 
· Electronic records production’s appendix updates. 
· ITIL. 
· Appendix about blockchain and distributed ledger technology. 
·  Appendix about AI and ML (Mikalef & Gupta, 2021).
· Appendix for the use of agile methodologies within a GxP environment. 
· Appendix about new infrastructure and its management criteria and guidance.

Challenges in Implementing GAMP-5

Compliance with GAMP-5 guidance poses significant challenges throughout the implementation process, as well as before and after its execution. The dynamic nature of regulatory documents necessitates continuous adaptation, which can strain resources and timelines (Brunner et al., 2021). Implementation hurdles often arise due to the substantial costs involved, both in terms of financial investment and skilled labour acquisition. The complexity of computer systems necessitates expertise that may be scarce, further complicating adherence to GAMP guidelines. Additionally, the validation of software to meet quality standards presents a formidable task, with potential consequences including software bugs, reduced productivity, and non-compliance with regulatory requirements. These challenges underscore the intricate nature of GAMP-5 implementation and the multifaceted considerations required to achieve successful integration within existing industrial frameworks (Saha et al., 2022).

Regulatory Perspective of GAMP-5 in different Countries

Different regulatory agencies and geographical areas may have different opinions about how to interpret and approve GAMP-5 (ISPE GAMP 5: Computerized System Expectations for Pharma, 2022)

United States (USFDA)

Although the US Food and Drug Administration (FDA) recognizes GAMP-5 as a useful framework for compliance, it does not explicitly endorse it. The GAMP-5 principles are congruent with the FDA's guidance, such as "General Principles of Software Validation" and "Quality Systems Approach to Pharmaceutical CGMP Regulations." The FDA stresses how crucial it is to validate systems, guarantee their dependability, and adhere to the necessary quality requirements. Companies can use GAMP-5 as a reference to show that their computerized systems in regulated settings comply with FDA standards (FDA Software Validation, 2002).

Europe (EMA)

Although it does not officially adopt GAMP-5, the European Medicines Agency (EMA) recognizes its usefulness as a recommendation. Directives and standards, such as EU GMP Annex 11, which specifies certain requirements for computerized systems, serve as the foundation for the regulatory framework governing computerized systems in Europe. Meeting these standards can be accomplished practically with GAMP-5, particularly when it comes to areas like documentation, risk management, and system validation. It is used by European pharmaceutical companies to ensure compliance with EU regulations (Guidance on Good Manufacturing Practice and Good Distribution Practice: Questions and Answers | European Medicines Agency (EMA), 2021).

Japan (PMDA)

The Pharmaceuticals and Medical Devices Agency (PMDA) in Japan does not specifically endorse GAMP-5 but considers it a valuable guideline for the pharmaceutical industry. Japan's regulatory requirements for computerized systems are similar to those in the United States and Europe, emphasizing the importance of system validation, quality assurance, and risk management. GAMP-5 is frequently used by Japanese pharmaceutical companies to comply with local regulations and align with international standards.

Integration of Industry 4.0 with Good Automated Manufacturing Practices

The current trend of automation and data exchange in the manufacturing sector is commonly referred to as "Industry 4.0." It includes cloud computing, cognitive technology, the Internet of Things (IoT), and cyber-physical systems in the manufacturing setting (Javaid et al., 2023). The intent is to establish "smart workplaces" that are more versatile, self-optimizing, and productive. GAMP on its other hand is a set of the guidelines and regulations set forth for automated users with respect to computerised systems in different industries like healthcare industry and pharmaceutical sector. It assures that the automated systems which are used by users are appropriately designed, maintained and also implemented properly in accordance with regulatory standards and requirements, producing safe, effective and quality product. Integration of Industry 4.0 with GAMP will leverage the basis of both the frameworks to create to create manufacturing environment that is advanced and compliant too (Szafrański et al., 2017).

Smart Manufacturing Systems: Industry 4.0 is a framework that places and puts an enormous value on the use of intelligent and smart sensors and devices that offers collecting and analysing data consisting the real time alert system. GAMP ensures that these systems are validated and compliant according to regulatory requirements (Tagde et al., 2021).

Integrity of data: Big data processing and analytics plays an essential part in Industry 4.0. To maintain conformity in regulated businesses, GAMP offers criteria for ensuring data security and reliability (Wang et al., 2022).
Interoperability: Industry 4.0 fosters software, systems, and machine interoperability. By ensuring that these linked systems are properly integrated and examined GAMP lowers the possibility of mistakes and guarantees compliance with legal requirements (Nilsson & Sandin, 2018).
Continuous Improvement: Through monitoring and analysing manufacturing procedures in real-time, Industry 4.0 promotes continuous improvement. This is supported by the GAMP principles, that provide standards for the validation of software and equipment updates as well as change control (Toyosi et al., 2024).
Risk management has been emphasized by both Industry 4.0 as well as and GAMP. Manufacturers may use modern technologies to increase production and efficiency while concurrently recognizing and reducing potential risks associated with automated systems by combining the two frameworks (Zhong et al., 2017).

In a nutshell, the combination of GAMP with Industry 4.0 helps organizations operating in highly regulated sectors to make the most on the benefits of sophisticated automation and data interchange, all the while guaranteeing adherence to regulatory standards and upholding the safety and quality of their products (B. Ding, 2018).

Discussion 

This review article covers comprehensive analysis of the challenges encountered, recent updates, and the application of the latest Good Automated Manufacturing Practice (GAMP-5) guidelines in the pharmaceutical sector. Emphasizing scalable activities and the necessity of in-depth product and process expertise, the review discusses various software solutions pertinent to automation. The V-model framework, central to GAMP-5, is elucidated, detailing its planning phase tailored to end-user requirements. This structured approach encompasses both upward and downward flows, encompassing requirement definition, specification, verification, analysis, and reporting, ensuring comprehensive validation and verification crucial for the qualitative framework of automated systems. The utilization of the V-cycle within the pharmaceutical domain for process creation and validation further underscores its significance in ensuring regulatory compliance and product quality assurance.
Integration of 4.0 in GAMP-5 guidelines must be incorporated to enhance the Quality, safety and integrity of pharmaceuticals developed worldwide in healthcare sector and pharmaceutical sector.

Conclusion

This study presents a rigorous examination of the suitability of Good Automated Manufacturing Practice (GAMP) for fostering optimal outcomes in automation endeavours within the pharmaceutical sector. Through meticulous evaluation, GAMP emerges as a superior choice compared to alternative manufacturing methodologies, particularly in terms of maintenance, comprehension, and the secure storage of data. Its stringent prerequisites ensure that only authorized personnel, possessing requisite expertise, engage in GAMP practices, thereby underscoring the significance of adept time and resource management throughout automation system operations. Notably, GAMP-5 incorporates a multifaceted array of validation strategies, as elucidated by the V model, underscoring its robust approach to system validation. Our investigation underscores the criticality of cybersecurity measures in preserving data integrity within automated systems. Despite GAMP's prominent role in prioritizing data integrity, patient safety, and product quality, its global acceptance remains variable, necessitating alignment with universally recognized standards. Moreover, our findings reveal that while GAMP-5 lacks mandatory status in several jurisdictions, its adoption stands to significantly augment process efficiency and product profitability within the pharmaceutical domain.
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