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Regulatory Management Of Nitrosamine Risk 

Assessment During Post-Approval Changes 
 

 

 

1.1 Overview of Nitrosamines 

Nitrosamines are a class of N-nitroso compounds characterized by the presence of a nitroso functional 

group (–N=O) attached to a nitrogen atom, typically derived from amines [1]. These compounds are 

widely recognized for their potent mutagenic and carcinogenic properties, making them a significant 

concern in pharmaceutical and toxicological sciences [2]. 

Nitrosamines can be formed through chemical reactions involving secondary or tertiary amines and 

nitrosating agents such as nitrites, especially under favorable conditions like acidic pH and elevated 

temperatures [3]. Due to their ability to interact with DNA and induce mutations, nitrosamines are 

classified as genotoxic impurities, which require stringent control even at trace levels [4]. 

In pharmaceutical products, nitrosamines may arise as: 

 Process-related impurities 

 Degradation products 

 Contaminants from raw materials or packaging 

The presence of nitrosamines in medicinal products has become a major regulatory concern due to their 

potential impact on patient safety [5]. 

1.2 Chemical Structure and Formation Mechanism 

Nitrosamines are typically formed via nitrosation reactions, where nitrosating agents react with amines to 

produce stable N-nitroso compounds [6]. 

Nitrosamine Formation Mechanism Reaction Mechanism Overview 
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Fig. No. 01 - Formation Of NDMA Impurity From Nitrites 
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Fig. No. 02 – Synthesis Pathway Nitrosamine Impurity 

 

 

Stepwise Mechanism 

Step 1: Formation of Nitrosating Agent 

Under acidic conditions, nitrite ions (NO₂⁻) are protonated to form nitrous acid (HNO₂) 

 

 

Step 2: Formation of Nitrosating Species 

Nitrous acid decomposes to form nitrosating agents such as: 

 Nitrosyl cation (NO⁺) 

 Dinitrogen trioxide (N₂O₃) [2] 
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Fig. No. 03 – Nitrosamines formation from Amines 

 

 

Step 3: Reaction with Secondary Amine 

The nitrosating species reacts with a secondary amine (R₂NH) to form N-nitrosamine (R₂N–N=O) 

 

 

 

Fig. No. 04 – NDMA formation from DMF Step 4: Formation of Stable Nitrosamine 

The final product is a stable nitrosamine compound, which is often: 

 Carcinogenic 

 Genotoxic 
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 Persistent under normal conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. No. 05 – Different Pathways Nitrosamine Factors Affecting Formation 

 Acidic pH (most critical) 

 Presence of secondary/tertiary amines 

 Nitrite contamination 

 Temperature and reaction time 

 Solvent and process conditions [5] 

General Reaction: [7] 
 

Fig. No. 06 – Nitrosamine formation 
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Factors influencing formation: 

 Presence of amines 

 Nitrite concentration 

 Acidic pH 

 Temperature 

 Reaction time [8] 

Understanding the formation mechanism is essential for identifying potential risk points during 

pharmaceutical manufacturing [9]. 

1.3 Classification of Nitrosamines 

Nitrosamines can be classified based on their structure, source, and regulatory significance. 

1.3.1 Based on Chemical Structure 

 Volatile nitrosamines (e.g., NDMA) [10] 

 Non-volatile nitrosamines (higher molecular weight compounds) [11] 

1.3.2 Based on Source 

 Process-related nitrosamines 

 Degradation-related nitrosamines 

 Environmental contaminants [12] 

1.3.3 Based on Regulatory Concern 

 Cohort of concern (highly potent carcinogens) [13] 

 Less potent nitrosamines 

This classification assists in determining appropriate regulatory control strategies [14]. 

 

 

1.4 Carcinogenicity and Toxicological Profile 

Nitrosamines are among the most potent chemical carcinogens, primarily due to their ability to undergo 

metabolic activation, forming reactive intermediates that bind to DNA and cause mutations [15]. 

Carcinogenic Risk Concept 
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Fig. No. 07 - Metabolic Activation of Reactive Intermediates That Bind To DNA toxicological effects: 

 DNA alkylation 

 Mutagenicity 

 Carcinogenicity [16] 

Fig. No. 08 – Different DNA Phases 
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Nitrosamines are classified as probable human carcinogens based on animal and epidemiological studies 

[17]. 

Threshold of Toxicological Concern (TTC): 

The TTC concept is used to establish acceptable exposure limits, typically in the nanogram per day (ng/day) 

range [18]. 

 

 

1.5 Occurrence of Nitrosamines 

Nitrosamines are widely distributed in the environment and may be found in: 

 Processed foods 

 Drinking water 

 Tobacco smoke 

 Industrial pollutants [19] 

Their presence in pharmaceuticals is particularly concerning due to direct and prolonged patient exposure 

[20]. 

 

 

1.6 Historical Background: Nitrosamine Crisis (2018) 

The regulatory importance of nitrosamines increased significantly following their detection in 

pharmaceutical products in 2018, particularly in angiotensin receptor blockers [21]. 

 

 

Fig. No. 09 – Nitrosamine Crisis Timeline 

 

Events: 
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 Detection of NDMA in drug products 

 Global product recalls 

 Regulatory investigations [22] 

Root causes: 

 Changes in manufacturing processes 

 Use of contaminated reagents and solvents [23] 

Impact: 

 Increased regulatory scrutiny 

 Development of new guidelines 

 Mandatory risk assessment requirements [24] 

This event marked a major shift toward proactive impurity control [25]. 

 

 

1.7 Regulatory Importance of Nitrosamine Control 

The presence of nitrosamines in pharmaceuticals has led to the development of stringent regulatory 

frameworks by: 

 International Council for Harmonisation 

 European Medicines Agency 

 U.S. Food and Drug Administration 

 World Health Organization 
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Fig. No. 10 – Timeline of Consumers Product 
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These frameworks emphasize: 

 Risk-based assessment 

 Lifecycle management 

 Continuous monitoring [26] 

 

 

Lifecycle Control Approach 
 

Fig. No. 11 – New Drug Application Types 

 

 

1.8 Nitrosamines in Pharmaceutical Products 

Nitrosamines may originate from multiple sources within pharmaceutical products, including: 

 API synthesis processes 

 Excipients and raw materials 

 Packaging interactions 

 Degradation during storage [27] 
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Fig. No. 12 – life cycle management for medicinal products (Clinical Trials Phases) 

 

 

Common contributing factors include: 

 Presence of secondary amines 

 Nitrite impurities 

 Contaminated solvents [28] 

 

 

1.9 Need for Risk Assessment 

Risk assessment is essential for: 

 Identifying potential sources of nitrosamines 

 Evaluating risk levels 

 Implementing control strategies [29] 

This process is guided by principles of quality risk management as described in regulatory guidelines [30]. 
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1.10 Importance of Post-Approval Changes 

Post-approval changes represent a critical stage in the pharmaceutical lifecycle, where modifications may 

introduce new risks. 

Examples of changes: 

 Process modifications 

 Raw material changes 

 Site transfers [23] 

Such changes can significantly affect nitrosamine formation, making re-evaluation mandatory [24]. 
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CHAPTER 2 

LITERATURE REVIEW 
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FDA (2020/2023) – Nitrosamine Control Guidance 

The U.S. Food and Drug Administration guidance provides a comprehensive framework for controlling 

nitrosamine impurities in pharmaceuticals. It emphasizes risk-based assessment, confirmatory testing, and 

mitigation strategies. The guideline introduces acceptable intake (AI) limits and mandates evaluation during 

post-approval changes. It highlights that even minor process modifications can introduce nitrosamine risks. 

The document also stresses the importance of analytical method validation (LC-MS/MS). This guidance is 

considered the most stringent and enforceable regulatory approach globally. It plays a key role in shaping 

industry practices for lifecycle impurity control. 
 

 

Zhang et al. (2025) – Regulatory Status Review 

Zhang and co-workers analyzed the global regulatory landscape of nitrosamine risk assessment up to 2025. 

The study highlights evolving regulatory expectations and increasing harmonization between agencies. It 

emphasizes the growing importance of NDSRIs (nitrosamine drug substance-related impurities). The authors 

discuss how post-approval changes remain a major risk factor due to process variability. The paper also 

identifies gaps in predictive toxicology and risk modeling. It concludes that regulatory science is shifting 

toward proactive risk assessment and digital monitoring tools. This work is highly relevant for 

understanding future regulatory trends. 
 

 

Patel et al. (2024) – Regulatory Perspectives (USFDA, EMA, Health Canada) 

Patel et al. compared regulatory strategies across major agencies. The study highlights differences in 

acceptable intake limits, reporting requirements, and enforcement mechanisms. It emphasizes that while 

frameworks are aligned through ICH, implementation varies regionally. The authors note that post-approval 

changes require re-validation of risk assessments. The paper also discusses control strategies such as nitrite 

limitation and process optimization. It concludes that global harmonization is improving but still 

incomplete. This study is important for understanding regulatory comparison and compliance challenges. 
 

 

Sharma et al. (2023) – Regulatory Scenario in Global Markets 

Sharma and colleagues reviewed nitrosamine regulations across the US, Europe, and Canada. The study 

highlights the rapid evolution of regulatory requirements after the 2018 crisis. It emphasizes the importance 

of lifecycle management and continuous monitoring. The authors identify analytical challenges in detecting 

trace-level impurities. They also stress the role of post-approval 
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change management in impurity formation. The study concludes that regulatory systems are becoming more 

risk-based and science-driven. It provides a strong foundation for understanding global regulatory 

expectations. 
 

 

Vikram et al. (2024) – Systematic Review on Nitrosamine Crisis 

Vikram et al. conducted a systematic review focusing on toxicology, root causes, and risk assessment. The 

study identifies key causes such as nitrite contamination, amine presence, and process changes. It 

emphasizes that post-approval changes were a major contributor to the crisis. The authors highlight the 

importance of preventive strategies and robust quality systems. The review also discusses toxicological 

thresholds and carcinogenic risks. It concludes that integrated regulatory and scientific approaches are 

essential. This paper is critical for understanding the origin and impact of nitrosamine issues. 
 

 

Schlingemann et al. (2024) – NDSRIs Study 

This study focuses on nitrosamine drug substance-related impurities (NDSRIs). It explains their formation 

during synthesis and degradation processes. The authors highlight challenges in toxicological risk 

assessment due to structural diversity. The paper emphasizes the need for compound-specific risk 

evaluation. It also discusses regulatory expectations for controlling NDSRIs. The study concludes that 

NDSRIs represent a new regulatory challenge in pharmaceutical quality. It is highly relevant for advanced 

risk assessment strategies. 
 

 

Al-Ghobashy et al. (2023) – Nitrosation Pathways 

This study explores the chemical pathways of nitrosamine formation. It identifies key factors such as pH, 

temperature, and nitrite presence. The authors emphasize the role of process chemistry in impurity 

formation. The paper highlights that uncontrolled reactions during manufacturing can lead to contamination. 

It also discusses preventive strategies such as process optimization and impurity control. The study is 

important for understanding the mechanistic basis of risk assessment. 
 

 

Kumar et al. (2025) – Risk Assessment to Compliance 

Kumar et al. provide a comprehensive overview from risk assessment to regulatory compliance. The study 

integrates analytical methods, control strategies, and regulatory requirements. It highlights the importance 

of LC-MS/MS techniques for detection at ng/day levels. The authors 
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emphasize the need for continuous monitoring during lifecycle management. The paper also discusses 

challenges in post-approval change evaluation. It concludes that a holistic approach is essential for effective 

control. This study is highly practical for thesis application. 
 

 

Powley et al. (2024) – Toxicological Risk Assessment 

This study focuses on mutation potency and acceptable intake limits. It provides insights into in vivo risk 

assessment models. The authors highlight the importance of compound-specific toxicity evaluation. The 

paper discusses limitations of the TTC approach for nitrosamines. It emphasizes the need for advanced 

toxicological studies. The findings support regulatory decisions on safe exposure levels. This study 

strengthens the scientific basis of risk assessment. 
 

 

EMA (2019) – Sartan Case Study 

The European Medicines Agency report on sartans identifies root causes of nitrosamine contamination. It 

highlights the role of process changes and contaminated solvents. The study emphasizes the importance of 

post-approval change control. It also discusses regulatory actions such as product recalls and guideline 

updates. The report serves as a real-world example of regulatory failure and response. It is essential for 

case-based understanding. 
 

 

ICH M7(R2) (2023) – Genotoxic Impurity Framework 

The International Council for Harmonisation provides the scientific basis for genotoxic impurity control. It 

introduces the TTC concept and risk-based approach. The guideline emphasizes lifecycle management and 

regulatory flexibility. It supports evaluation during post-approval changes. The framework is globally 

accepted and forms the basis of all regulatory systems. It is essential for theoretical understanding. 
 

 

EMA (2020) – Nitrosamine Guidance 

The European Medicines Agency guideline introduces a 3-step risk management approach. It emphasizes 

risk evaluation, testing, and reporting. The document highlights the importance of continuous monitoring 

during lifecycle changes. It also provides guidance on acceptable intake limits. The guideline is widely 

adopted in Europe. It is critical for regulatory compliance. 
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FDA (2021) – Updated Nitrosamine Control 

The U.S. Food and Drug Administration expanded its guidance to include analytical methods and risk 

mitigation strategies. It emphasizes strict regulatory enforcement. The guideline requires manufacturers to 

evaluate all products for nitrosamine risk. It also stresses post-approval change assessment. This document 

is essential for practical regulatory implementation. 

 

 

WHO (2013) – Quality Risk Management 

The World Health Organization provides fundamental principles of risk management in pharmaceuticals. It 

emphasizes systematic identification, evaluation, and control of risks. The guideline supports integration 

into quality management systems. It is particularly useful for developing countries. It forms the foundation 

for regulatory frameworks. 

 

 

ICH Q9 (2005) – Risk Management Framework 

The International Council for Harmonisation outlines principles of quality risk management. It emphasizes 

risk identification, analysis, and control. The guideline supports decision-making during post-approval 

changes. It is widely adopted across regulatory agencies. It provides a structured approach for managing 

nitrosamine risks. 
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CHAPTER 3 

REGULATORY FRAMEWORK COMPARISON 
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The increasing concern over nitrosamine impurities has led to the development of comprehensive regulatory 

frameworks by major international authorities. These frameworks aim to ensure the safety, efficacy, and 

quality of pharmaceutical products by implementing stringent controls on genotoxic impurities. 

Regulatory bodies such as the International Council for Harmonisation, U.S. Food and Drug 

Administration, European Medicines Agency, and World Health Organization have issued guidelines to 

address nitrosamine risks. Although these frameworks share common principles, there are notable 

differences in implementation, requirements, and regional expectations [31–34]. 

 

 

3.1 Overview of Major Regulatory Authorities 

3.1.1 International Council for Harmonisation 

ICH provides harmonized guidelines for pharmaceutical regulation across major regions. 

Guidelines: 

1) ICH M7(R2): Genotoxic impurities 

2) ICH Q9: Quality Risk Management 

3) ICH Q10: Pharmaceutical Quality System 

1. ICH M7(R2): Genotoxic Impurities 

ICH M7(R2) is the most critical guideline for managing nitrosamine impurities. It provides a risk-based 

framework for the assessment and control of DNA-reactive (mutagenic) impurities. 

I. Introduces the Threshold of Toxicological Concern (TTC) concept 

II. Recommends structure-based risk assessment 

III. Defines acceptable intake limits 

IV. Emphasizes control throughout the product lifecycle 

This guideline is directly applicable to nitrosamines because they are classified as genotoxic 

carcinogens, requiring strict regulatory control. 

 

 

2. ICH Q9: Quality Risk Management 

ICH Q9 outlines the principles of systematic risk management in pharmaceutical development and 

manufacturing. 

I. Focuses on risk identification, evaluation, and control 
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II. Supports decision-making during process changes 

III. Encourages use of tools like FMEA (Failure Mode and Effects Analysis) 

IV. Promotes a science-based and proactive approach 

In nitrosamine management, ICH Q9 is essential for identifying risks associated with raw materials, 

manufacturing processes, and post-approval changes. 

 

 

3. ICH Q10: Pharmaceutical Quality System 

ICH Q10 provides a framework for establishing a robust pharmaceutical quality system (PQS). 

I. Integrates risk management (Q9) into quality systems 

II. Supports lifecycle management of pharmaceutical products 

III. Ensures continuous improvement and control 

IV. Emphasizes change management and CAPA systems 

This guideline is particularly important for controlling nitrosamine risks during post-approval changes, 

ensuring that any modification is scientifically evaluated and properly documented. 

 

 

 

 

Fig. No. 13 - Pharmaceuticals Regulatory Bodies In World 
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Role: 

 Establish scientific principles 

 Promote global harmonization 

 Provide risk-based framework 

ICH acts as the foundation for all regional regulatory systems [31]. 

 

 

3.1.2 U.S. Food and Drug Administration 

The FDA regulates pharmaceutical products in the United States and provides product-specific and 

enforceable guidelines. 

Features: 

 Acceptable intake (AI) limits 

 Mandatory risk assessment 

 Strict enforcement 

Approach: 

 Science-based decision making 

 Strong focus on patient safety 

FDA guidelines are considered highly stringent and detailed [33]. 

 

 

3.1.3 European Medicines Agency 

EMA regulates medicinal products in the European Union and introduced a structured approach for 

nitrosamine risk management. 

Three Step Approach: 

1. Risk evaluation 

2. Confirmatory testing 

3. Regulatory reporting 

Features: 

 Lifecycle monitoring 
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 Variation classification system 

EMA emphasizes systematic risk management and lifecycle control [32]. 

 

 

3.1.4 World Health Organization 

WHO provides global guidance, particularly for developing countries. 

Role: 

 Promote harmonization 

 Provide technical guidance 

 Support regulatory capacity building 

WHO guidelines are generally advisory rather than enforceable [34]. 

 

 

3.2 Comparative Analysis of Regulatory Frameworks Regulatory Framework Comparison 

Overview 

 

Fig. No. 14 – Global Regulatory Harmonization Efforts 
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Fig. No. 15 - Pharmaceuticals Companies Formulation With API 

3.2.1 Comparative Table 
 

Parameter ICH FDA EMA WHO 

Nature Harmonized 

guidelines 

Regulatory 

authority 

Regional authority Global advisory 

Legal Status Non-binding Legally 

enforceable 

Legally 

enforceable 

Advisory 

Focus Scientific 

framework 

Compliance & 

safety 

Lifecycle 

management 

Global 

harmonization 

Nitrosamine 

Control 

Via M7(R2) Specific guidance Dedicated 

guideline 

General guidance 

Risk Assessment Required Mandatory Mandatory Recommended 

Acceptable Intake 

Limits 

TTC-based AI-based AI-based TTC-based 

Post-Approval 

Changes 

Covered in Q12 Strict control Variation system General guidance 

Table No. 01 – Comparative Data Between Regulatory Authorities 
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3.3 Key Similarities Across Regulatory Frameworks 

Despite regional differences, major regulatory authorities follow several common principles in managing 

pharmaceutical quality and safety. A risk-based approach is central to all frameworks, emphasizing the 

identification, evaluation, and control of potential risks associated with drug products. In addition, lifecycle 

management is widely adopted, ensuring continuous monitoring and control of products from development 

through post-approval stages. Another key similarity is the strong focus on patient safety, where the 

primary objective is to minimize health risks associated with impurities such as nitrosamines. Furthermore, 

regulatory decisions are grounded in scientific justification, relying on validated data, analytical evidence, 

and risk assessment models. These shared principles highlight the significant influence of the International 

Council for Harmonisation guidelines, which serve as the foundation for harmonizing global regulatory 

systems.These similarities reflect the influence of ICH guidelines on global regulatory systems [31]. 

 

 

3.4 Differences Between Regulatory Authorities 

3.4.1 Acceptable Intake Limits 

I. FDA&EMAApproach: 

 

Regulatory agencies like the U.S. Food and Drug Administration and European Medicines Agency establish 

compound-specific acceptable intake (AI) limits for individual nitrosamines based on toxicological data, 

ensuring precise and stringent control. 

 

II. ICHApproach: 

 

The International Council for Harmonisation applies the Threshold of Toxicological Concern (TTC) 

concept, which provides a general safe exposure limit for genotoxic impurities when compound-specific 

data is not available. 

 

III. WHO Approach: 

 

The World Health Organization adopts generalized or guideline-based limits, offering broader safety 

recommendations mainly for global applicability, especially in regions with limited data availability. 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882 

IJCRT21X0411 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org x320 
 

 

 

Fig. No. 16 – Differences Between FDA & EMA 

 

 

3.4.2 Regulatory Enforcement 

 FDA: Strict enforcement 

The U.S. Food and Drug Administration applies legally binding regulations with strong compliance 

monitoring. Non-compliance can lead to warning letters, product recalls, or market withdrawal. 

 EMA: Structured but flexible 

The European Medicines Agency follows a structured regulatory system with defined procedures. However, 

it allows flexibility based on scientific justification and case-by-case evaluation. 

 WHO: Advisory only 

The World Health Organization provides non-binding guidelines intended to support member countries. 

Implementation depends on national regulatory authorities. 

 

 

3.4.3 Reporting Requirements 

 FDA: Immediate reporting required 

The U.S. Food and Drug Administration requires prompt reporting of any nitrosamine detection or risk. This 

ensures rapid regulatory action and patient safety protection. 
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 EMA: Variation-based submission 

The European Medicines Agency requires reporting through a structured variation system. Changes are 

categorized and submitted based on their regulatory impact. 

 WHO: Not mandatory 

The World Health Organization does not enforce mandatory reporting. It provides guidance, leaving 

implementation to national authorities. 

 

3.4.4 Analytical Requirements 

 FDA: Detailed method requirements 

The U.S. Food and Drug Administration specifies validated analytical methods such as LC-MS/MS. It 

requires high sensitivity for detecting nitrosamines at trace levels. 

 EMA: Risk-based testing 

The European Medicines Agency recommends testing based on risk assessment. Analytical requirements 

depend on the likelihood of nitrosamine presence. 

 WHO: General recommendations 

The World Health Organization provides general analytical guidance. It does not mandate specific methods 

but supports adaptable testing strategies. 

 

3.5 Regional Differences in Regulatory Approach Global Regulatory Differences 

 

Fig. No. 17 - Regional Differences in Regulatory Bodies 
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Fig. No. 18 - UK vs EU vs US Pharmacovigilance Frameworks 

In the following figure presents a comparative overview of the drug approval processes followed by 

CDSCO (India) and the U.S. Food and Drug Administration. Both regulatory systems begin with pre-

clinical studies to evaluate safety before progressing to human trials. The CDSCO pathway involves 

application submission, followed by clinical trials (Phase I–III) and evaluation by an expert committee prior 

to marketing authorization. In contrast, the US FDA process includes clearly defined phases for safety and 

efficacy, followed by a centralized FDA review with specified timelines. The FDA may also involve an 

advisory committee review for critical decisions. Both systems emphasize post-marketing surveillance 

(Phase IV) to ensure long-term drug safety. The figure highlights similarities in scientific evaluation while 

showing differences in regulatory structure and timelines. This comparison is important for understanding 

global regulatory frameworks in pharmaceutical approval and lifecycle management. 
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Fig. No. 19 – Drug Approval Process Between CDSCO & US-FDA 
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Fig. No. 20 – Drug Approval Guidelines 

 

 

United States – U.S. Food and Drug Administration 

 Highly stringent 

The FDA enforces strict regulatory standards to ensure drug safety and quality. Compliance requirements are 

detailed and legally binding. 

 Fast regulatory action 

The FDA responds quickly to safety issues such as nitrosamine contamination. Actions include alerts, 

recalls, and rapid guideline updates. 

 Strong enforcement 

Non-compliance can result in warning letters, import bans, or product withdrawal. This ensures high 

accountability among manufacturers. 

 

 

European Union – European Medicines Agency 
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 Structured variation system 

The EMA uses a well-defined system (Type IA, IB, II) for managing post-approval changes. This ensures 

systematic regulatory control. 

 Lifecycle approach 

EMA emphasizes continuous monitoring and control throughout the product lifecycle. Risk assessment is 

integrated at every stage. 

 Harmonized within EU 

Regulations are standardized across EU member states. This ensures consistency in regulatory decisions and 

product quality. 

 

 

Global – World Health Organization 

 Focus on developing countries 

WHO provides guidance mainly for countries with developing regulatory systems. It supports global access 

to safe medicines. 

 Flexible guidance 

Guidelines are non-binding and adaptable. Countries can modify them based on local needs and capabilities. 

 Capacity building 

WHO promotes training and regulatory strengthening programs. This helps improve global pharmaceutical 

quality systems. 

 

 

ICH Regions – International Council for Harmonisation 

 Harmonized scientific principles 

ICH develops globally accepted scientific guidelines. These ensure consistency in drug development and 

evaluation. 

 Basis for all regulations 

Most regulatory authorities adopt ICH guidelines as a foundation. They form the backbone of global 

pharmaceutical regulation. 

 

 

3.6 Impact on Pharmaceutical Industry 

Regulatory differences create challenges such as: 

 Multiple submission requirements 
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 Increased compliance burden 

 Need for region-specific strategies 

However, harmonization efforts reduce duplication and improve efficiency [32]. 

 

 

3.7 Challenges in Regulatory Harmonization 

 Differences in regulatory expectations 

 Variability in timelines 

 Lack of uniform standards 

These challenges highlight the need for global alignment [33]. 

 

 

3.8 Future Trends in Regulatory Frameworks 

 Increased harmonization 

 Use of digital technologies 

 Risk-based regulatory science 

 AI-based decision making 
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CHAPTER 4 

AIM & OBJECTIVES 
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Aim: 

To evaluate regulatory management strategies for nitrosamine risk assessment during post-approval changes. 

 

 

Objectives: 

 Study regulatory guidelines 

 Analyze risk assessment process 

 Evaluate change management strategies 

 Identify challenges and gaps 
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CHAPTER 5 

REGULATORY FRAMEWORK FOR 

NITROSAMINE RISK MANAGEMENT 
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Nitrosamine impurities are a class of highly potent genotoxic and carcinogenic compounds that may be 

present at trace levels in pharmaceutical products. Their regulatory significance has increased substantially 

following multiple global incidents of nitrosamine contamination in medicinal products. As a result, 

regulatory agencies have established stringent frameworks to ensure their identification, assessment, and 

control throughout the product lifecycle. 

The regulatory management of nitrosamines is primarily based on a risk-based approach, integrating 

principles of quality risk management (QRM) and lifecycle management. This framework requires 

pharmaceutical manufacturers to proactively evaluate potential sources of nitrosamine formation and 

implement appropriate control strategies to ensure patient safety [35,36]. 

 

 

5.1 Evolution of Regulatory Concern 

The detection of nitrosamines in pharmaceutical products marked a turning point in impurity regulation. 

Initially, nitrosamines were mainly associated with environmental and food contaminants. However, their 

presence in medicinal products highlighted the need for dedicated pharmaceutical regulatory control. 

Regulatory authorities responded by: 

 Issuing guidance documents 

 Establishing acceptable intake limits 

 Mandating risk assessments for all products 

This evolution reflects a shift from reactive control to proactive risk management in pharmaceutical quality 

systems [37]. 

 

 

5.2 International Regulatory Authorities and Guidelines 

 

 

5.2.1 International Council for Harmonisation 

The ICH provides the core scientific and regulatory foundation for nitrosamine control. 

ICH M7(R2): Assessment and Control of DNA Reactive Impurities 

 Classifies nitrosamines under “cohort of concern” 

 Introduces the Threshold of Toxicological Concern (TTC) 
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 Recommends risk-based control strategies Principle: 

“Genotoxic impurities should be controlled at or below acceptable limits to minimize carcinogenic risk.” 

Additionally, ICH Q9 (Quality Risk Management) and ICH Q10 (Pharmaceutical Quality System) support: 

 Risk evaluation 

 Lifecycle monitoring 

 Continuous improvement 

 

5.2.2 European Medicines Agency 

The EMA introduced a structured 3-step approach: 

1. Risk Evaluation 

2. Confirmatory Testing 

3. Regulatory Reporting 

Key features: 

 Mandatory review of all products 

 Continuous lifecycle monitoring 

 Requirement to submit variations if risk is confirmed 

 

5.2.3 U.S. Food and Drug Administration 

The US FDA provides: 

 Acceptable intake (AI) limits 

 Product-specific recommendations 

 Testing and reporting requirements The FDA emphasizes: 

 Rapid risk assessment 

 Timely mitigation 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882 

IJCRT21X0411 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org x332 
 

 Patient safety prioritization 

5.2.4 World Health Organization 

WHO supports: 

 Global harmonization of standards 

 Adoption of risk-based approaches 

 Guidance for developing countries 

WHO guidelines align closely with ICH principles and promote uniform regulatory practices worldwide 

[38]. 

 

5.3 Regulatory Framework Overview Global Regulatory Workflow 

 

Fig. No. 21 – Implementing ICH Q9 
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Fig. No. 22 – Quality By Design Framework 

 

 

The regulatory framework for nitrosamine management follows a systematic lifecycle approach: 

Components: 

 Risk identification 

 Risk evaluation 

 Analytical confirmation 

 Risk control 

 Regulatory submission 

 Continuous monitoring 
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This framework ensures that nitrosamine risks are managed proactively and consistently across all stages of 

drug development and commercialization [39]. 

 

 

5.4 Acceptable Intake Limits 

 

 

Nitrosamines are controlled based on acceptable daily intake (ADI) levels derived from toxicological data. 

 

 

Characteristics: 

 Expressed in nanograms per day (ng/day) 

 Based on carcinogenic potency 

 Vary depending on the specific nitrosamine Example concept (generalized): 

 Highly potent nitrosamines → lower limits 

 Less potent → relatively higher limits 

 

 

 

A key characteristic of acceptable intake limits is that they are typically expressed in nanograms per day 

(ng/day), reflecting the extremely low levels at which nitrosamines can pose a risk. These limits are primarily 

based on the carcinogenic potency of each individual nitrosamine, which is evaluated using animal studies 

and extrapolated to human risk. As a result, acceptable limits are compound-specific and may differ 

significantly between different nitrosamines. For instance, highly potent nitrosamines such as NDMA are 

assigned very low intake limits, whereas less potent compounds may have comparatively higher permissible 

levels. 

 

The determination of acceptable intake often follows the concept of lifetime cancer risk, typically set at an 

acceptable risk level (e.g., 1 in 100,000). When compound-specific data are not available, a generalized 

approach such as the Threshold of Toxicological Concern (TTC) recommended by the International Council 

for Harmonisation may be applied. This provides a conservative default limit for genotoxic impurities, 

including nitrosamines. 
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Toxicological Basis of Limits 
 

 

Fig. No. 23 - Cumulative distribution of calculated internal NOEL’s 
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The limits are derived using: 

 TTC (Threshold of Toxicological Concern) 

 Lifetime cancer risk estimation 
 

 

 

Fig. No. 24 - Dose/Response Curve for Non-Carcinogen 

 

 

 

5.5 Regulatory Expectations for Industry 

Pharmaceutical companies are required to follow comprehensive regulatory expectations to effectively 

manage nitrosamine risks. They must first perform detailed risk assessments to identify potential sources of 

nitrosamine formation within the manufacturing process, raw materials, and supply chain. This is followed 

by analytical testing using validated methods to confirm the presence or absence of nitrosamine impurities 

at trace levels. Companies are also expected to implement appropriate control strategies, such as process 

optimization and nitrite control, to minimize or eliminate the risk. Furthermore, it is essential to submit 

regulatory updates to authorities like the U.S. Food and Drug Administration and European Medicines 

Agency whenever risks or changes are identified. Finally, organizations must maintain thorough 

documentation, providing scientific justification and supporting evidence for all risk assessments, testing 

results, and control measures to ensure compliance and transparency. 
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Fig. No. 25 – Clinical Data 

 

5.6 Role of Quality Risk Management (ICH Q9) 

Risk management plays a central role in regulatory compliance. 

Risk Management Process 

 

 

Fig. No. 26 – Communication Risk Management Process 
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Steps: 

1. Risk identification 

2. Risk analysis 

3. Risk evaluation 

4. Risk control 

5. Risk review Tools used: 

 FMEA (Failure Mode and Effects Analysis) 

 Risk matrix 
 

Fig. No. 27 – Quality Risk Management Cycle 

5.7 Lifecycle Management Approach 

Regulatory authorities emphasize that nitrosamine control is not a one-time activity, but a continuous 

process. 

5.7.1 Lifecycle stages: 

I. Development Stage 

During the development phase, the focus is on early identification of potential nitrosamine risks. This 

includes evaluating raw materials, synthesis routes, and formulation components for the presence of amines 

and nitrites. Risk assessment tools are applied to predict possible impurity formation. Designing a robust 

process at this stage helps in preventing nitrosamine formation before commercialization. 

 

II. Manufacturing Stage 
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In the manufacturing stage, emphasis is placed on process control and consistency. Manufacturers must 

monitor critical parameters such as pH, temperature, and reagent quality to prevent nitrosamine formation. 

Implementation of Good Manufacturing Practices (GMP) and in-process controls ensures that impurity 

levels remain within acceptable limits. Continuous monitoring helps maintain batch-to-batch consistency. 

 

III. Post-Approval Stage 

After product approval, any changes in process, formulation, or suppliers must be carefully evaluated. This 

stage focuses on change management and re-assessment of risks, especially during post-approval variations. 

Even minor modifications can introduce nitrosamine impurities, so re-validation and regulatory approval 

may be required. This ensures that product quality is maintained throughout its lifecycle. 

 

IV. Market Surveillance Stage 

Market surveillance involves continuous monitoring of the product after it reaches the market. Regulatory 

authorities and manufacturers track adverse events, stability data, and new scientific findings. Periodic 

reviews and post-marketing studies help identify any emerging risks. This stage ensures long-term safety and 

regulatory compliance of pharmaceutical products [39]. 

 

Requirement: 

“Any change in the manufacturing process must trigger re-evaluation of nitrosamine risk.” 

 

 

5.8 Challenges in Regulatory Framework 

Despite advancements, several challenges remain: 

 Lack of complete global harmonization 

 Evolving regulatory guidelines 

 Analytical limitations at trace levels 

 Complexity in predicting formation pathways 

These challenges highlight the need for continuous regulatory refinement and scientific innovation [40]. 
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CHAPTER 6 

NITROSAMINE RISK ASSESSMENT PROCESS 
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Nitrosamine risk assessment is a systematic, science-based process used to identify, evaluate, and control the 

potential presence of nitrosamine impurities in pharmaceutical products. Due to their genotoxic and 

carcinogenic nature, even trace levels of nitrosamines pose a significant risk to patient safety. 

Regulatory authorities worldwide require pharmaceutical manufacturers to implement a risk-based approach 

for nitrosamine evaluation, particularly during post-approval changes, where modifications in 

manufacturing processes, raw materials, or packaging may introduce new risks [41, 42]. 

The risk assessment process is guided by principles of Quality Risk Management (QRM) as described in 

International Council for Harmonisation guidelines, ensuring a structured and lifecycle-oriented evaluation. 

 

 

6.1 Objectives of Nitrosamine Risk Assessment 

The primary objectives include: 

 Identification of potential sources of nitrosamine formation 

 Evaluation of risk based on probability and severity 

 Determination of need for confirmatory testing 

 Implementation of appropriate control strategies 

 Ensuring compliance with regulatory limits 

This structured approach ensures that nitrosamine risks are proactively managed rather than reactively 

controlled [43]. 

 

 

6.2 Scientific Basis of Nitrosamine Formation 

Nitrosamines are typically formed through nitrosation reactions, involving: 

 Secondary or tertiary amines 

 Nitrosating agents (e.g., nitrites) 

 Favorable conditions such as acidic pH and elevated temperature 
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Nitrosamine Formation Mechanism 
 

 

 

 

 

Fig. No. 28 - Nitrosamine Formation Mechanism 

 

 

The formation of nitrosamines depends on: 

 Chemical structure of intermediates 

 Process conditions 

 Presence of contaminants 

Understanding these factors is essential for effective risk assessment. 

 

 

6.3 Stepwise Risk Assessment Process 

The nitrosamine risk assessment follows a structured, stepwise approach based on regulatory guidance. 
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Risk Assessment Workflow 
 

Fig. No. 29 - Risk Assesment Process 
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Fig. No. 30 - Framework for Management By Quality 

 

 

 

 

6.3.1 Step 1: Risk Identification 

This step involves identifying all potential sources of nitrosamine formation within the product lifecycle. 

Sources include: 

 Active pharmaceutical ingredient (API) synthesis 
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 Use of amine-containing reagents 

 Nitrite impurities in raw materials 

 Contaminated solvents or water 

 Packaging materials 
 

 

 

Fig. No. 31 – Elimination of impurity 

Approach: 

 Review of manufacturing process 

 Evaluation of chemical structures 

 Supplier qualification 

 

 

6.3.2 Step 2: Risk Evaluation 

Once risks are identified, they are evaluated based on: 

 Probability of occurrence 

 Severity of toxicity 
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 Level of patient exposure 

 

 

Risk Evaluation Matrix 

 

 

Fig. No. 32 - Evaluated Based On Risks 

 

 

Tools used: 

 Failure Mode and Effects Analysis (FMEA) 

 Risk ranking and filtering 

 Hazard analysis 

The outcome categorizes risks as: 

 Low 

 Medium 
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 High 

 

 

 

 

6.3.3 Step 3: Confirmatory Testing (with Case Study & Analytical Data) 

Once a potential risk of nitrosamine formation is identified during risk assessment, confirmatory testing 

becomes mandatory to establish whether the impurity is actually present and at what level. Regulatory 

authorities such as the U.S. Food and Drug Administration and European Medicines Agency require the use 

of highly sensitive and selective analytical techniques, typically LC–MS/MS or GC–MS, capable of 

detecting nitrosamines at trace levels (ng/day range). These methods must be fully validated as per 

International Council for Harmonisation guidelines (ICH Q2 and ICH M7), ensuring accuracy, precision, 

specificity, and low limits of detection. 

 

 

Analytical Workflow for Confirmatory Testing 
 

 

Fig. No. 33 – LC–MS/MS Analytical Workflow for Nitrosamine Detection 
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This figure illustrates the overall workflow involved in the detection of nitrosamine impurities using LC–

MS/MS techniques. It begins with sample preparation, including extraction and filtration, followed by 

chromatographic separation using a suitable column. The separated compounds are then introduced into the 

mass spectrometer for detection and quantification. The use of tandem mass spectrometry enhances 

selectivity and sensitivity, enabling detection at trace levels. This workflow ensures accurate identification 

of nitrosamines in complex pharmaceutical matrices. It is widely adopted in regulatory-compliant analytical 

laboratories. 

 

 

Fig. No. 34 – Representative Chromatogram of NDMA Detection 

 

 

This figure represents a typical chromatogram obtained during the analysis of NDMA using LC–MS/MS. 

The peak corresponding to NDMA appears at a specific retention time, confirming its presence in the 

sample. The sharp and well-resolved peak indicates good chromatographic separation and method 

specificity. The peak area is directly proportional to the concentration of NDMA, allowing for quantitative 

estimation. This chromatographic profile is essential for verifying impurity presence during confirmatory 

testing. It also demonstrates the reliability of the analytical method. 
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Fig. No. 35 – Calibration Curve for NDMA Quantification 

 

 

In this figure (Fig. No. 35) shows the calibration curve used for quantifying NDMA in pharmaceutical 

samples. It represents the relationship between known concentrations of NDMA and the corresponding 

detector response. The linearity of the curve, typically indicated by a high correlation coefficient (R² > 

0.999), confirms the accuracy of the analytical method. This calibration is essential for determining 

unknown sample concentrations. It also validates the method’s suitability for trace-level detection. Such 

calibration curves are a critical requirement as per regulatory guidelines. 
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Sample Preparation and Dilution Strategy for Nitrosamine Analysis 
 

 

 

Fig. No. 36 – Different Dilution For The Study 

 

 

This figure (Fig. No. 36) illustrates the sample preparation and dilution workflow used prior to analytical 

testing. It compares conventional solid-phase extraction (SPE) with advanced techniques such as SOLAµ 

extraction. The process begins with dilution using acidic media (e.g., H₃PO₄), followed by extraction and 

concentration steps. Conventional SPE involves larger elution volumes and additional reconstitution steps, 

while SOLAµ provides higher concentration efficiency with lower solvent use. The final concentration of 

analyte is increased significantly, improving detection sensitivity. This preparation method is critical for 

achieving low detection limits required in nitrosamine analysis. It also minimizes matrix interference and 

enhances reproducibility. The figure highlights the importance of optimized sample preparation in ensuring 

accurate and reliable analytical results. 
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LC–MS/MS Chromatograms of Nitrosamine Impurities 
 

 

Fig. No. 37 - Case study of drug with different chromatograms 

 

 

This figure (Fig. No. 37) represents multiple LC–MS/MS chromatograms used for the detection and 

identification of various nitrosamine impurities such as NMBA, NDEA, NEIPA, NDIPA, and NDBA. Each 

peak corresponds to a specific nitrosamine at a defined retention time, confirming its presence in the 

sample. The use of MRM (Multiple Reaction Monitoring) mode enhances selectivity and sensitivity, 

enabling detection at trace levels (ng/mL range). The chromatograms show clear and well-resolved peaks, 

indicating good method specificity and separation efficiency. The variation in peak intensities reflects 

differences in concentration levels of each impurity. This analytical approach is essential for confirmatory 

testing in risk assessment, ensuring accurate quantification. The figure demonstrates the capability of 

LC–MS/MS in meeting regulatory 
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requirements for nitrosamine analysis. It supports the reliability of the method for pharmaceutical quality 

control. 

Case Study: Detection of NDMA in Valsartan (Sartan Crisis) 

A widely cited real-world example involves the detection of N-nitrosodimethylamine (NDMA) in valsartan 

APIs following a manufacturing process change. 

Background 

During routine risk assessment, a manufacturer identified the possible formation of NDMA due to: 

 Use of dimethylamine-containing solvents 

 Presence of sodium nitrite under acidic conditions 

 Process modification in tetrazole ring formation This triggered confirmatory analytical testing. 

 

Analytical Method Used 

 Technique: LC–MS/MS 

 Ionization mode: Positive ESI 

 Detection mode: Multiple Reaction Monitoring (MRM) 

 Internal standard: NDMA-d6 

 

 

Chromatographic Conditions (Reference Example) 
 

 

Parameter Condition 

Column C18 (150 × 4.6 mm, 5 µm) 

Mobile Phase Water + 0.1% formic acid : Methanol 

Flow Rate 0.5 mL/min 

Injection Volume 10 µL 

Run Time 10 min 

Table No. 02 – Chromatographic Conditions for LC–MS/MS Analysis 
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Validation Parameters (as per ICH) 
 

 

Parameter Result 

Linearity 0.5 – 100 ng/mL (R² > 0.999) 

Limit of Detection (LOD) ~0.1 ng/mL 

Limit of Quantification (LOQ) ~0.3 ng/mL 

Accuracy 95–105% 

Precision (%RSD) < 5% 

Table No. 03 – Method Validation Parameters (as per ICH Guidelines) 

 

 

Analytical Results (Sample Data) 
 

 

Sample NDMA Detected (ng/g) Acceptable Limit (ng/day) 

Batch 1 45 ng/g 96 ng/day 

Batch 2 120 ng/g 96 ng/day 

Batch 3 Not detected 96 ng/day 

Table No. 04 – Analytical Results of NDMA in Valsartan Samples Interpretation 

 Batch 1: Within acceptable limit → acceptable 

 Batch 2: Exceeds limit → requires regulatory action 

 Batch 3: No detection → compliant 

This confirms that analytical testing is essential to differentiate between theoretical risk and actual 

contamination. 
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Purpose of Confirmatory Testing 

 Verify actual presence of nitrosamines identified during risk assessment 

 Quantify impurity levels to compare with acceptable intake limits 

 Support regulatory decision-making 

 Enable risk mitigation strategies 

 

 

Regulatory Impact 

Based on confirmatory results: 

 Non-compliant batches were recalled globally 

 Manufacturers were required to modify processes 

 Regulatory agencies updated guidelines and limits 

This case clearly demonstrates that confirmatory testing is a critical control step in post-approval change 

management. 

 

 

6.3.4 Step 4: Risk Control 

Risk control involves implementing strategies to reduce or eliminate nitrosamine formation. 

Strategies: 

 Modification of manufacturing process 

 Replacement of raw materials 

 Control of nitrite levels 

 Optimization of reaction conditions 

Objective: 

 Maintain impurity levels below acceptable limits 

 

 

6.3.5 Step 5: Risk Review and Monitoring 

Risk assessment is not a one-time activity but requires continuous monitoring. Activities: 
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 Periodic review of risk 

 Stability studies 

 Re-evaluation after changes 

6.4 Risk Ranking and Decision-Making Risk ranking helps prioritize control measures. Classification: 

 High risk → Immediate action required 

 Medium risk → Monitoring and control 

 Low risk → Routine surveillance 

Decision outcomes: 

 No action required 

 Further testing needed 

 Process modification required 

 

 

6.5 Documentation and Reporting 

Proper documentation is essential for regulatory compliance. 

Documents include: 

 Risk assessment reports 

 Analytical data 

 Justification for decisions 

 Regulatory submissions 

Regulatory expectation: 

 Transparent and traceable documentation 

 

 

6.6 Integration with Post-Approval Changes 

Post-approval changes may significantly impact nitrosamine risk. 
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Changes requiring reassessment: 

 Process modifications 

 Raw material changes 

 Manufacturing site transfer 

 Packaging changes 

Regulatory requirement: 

“Any change that may impact impurity profile must be evaluated for nitrosamine risk.” 

 

 

Change Impact Assessment 
 

 

 

Fig. No. 38 – Examples of Fishbone Analysis For Risk Identification 

 

 

6.7 Challenges in Risk Assessment 

Several challenges are associated with nitrosamine risk assessment: 

 Complexity of formation mechanisms 

 Analytical limitations at ultra-trace levels 
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 Variability in raw materials 

 Lack of predictive models 

 

 

Fig. No. 39 – Redundancies In The Post-Approval Change Management Process 

 

 

These challenges necessitate continuous improvement in both regulatory and scientific approaches [44]. 

 

 

6.8 Regulatory Expectations 

Regulatory authorities require: 

 Comprehensive risk assessment for all products 

 Timely confirmatory testing 

 Implementation of mitigation strategies 

 Submission of updated data Agencies include: 

 European Medicines Agency 

 U.S. Food and Drug Administration 
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CHAPTER 7 

POST-APPROVAL CHANGE MANAGEMENT 
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Post-approval change management is a critical component of the pharmaceutical quality system that ensures 

continued safety, efficacy, and quality of medicinal products after regulatory approval. Any modification in 

manufacturing processes, raw materials, packaging, or analytical methods may significantly impact the 

impurity profile, including the potential formation of nitrosamine impurities. 

Regulatory authorities mandate that all post-approval changes be evaluated through a risk-based approach, 

ensuring that any potential risk to patient safety is identified and controlled. Nitrosamine risk assessment has 

become a mandatory regulatory requirement following global incidents of contamination, making change 

management more stringent and scientifically driven [45,46]. 

 

 

7.1 Classification of Post-Approval Changes 

Post-approval changes are categorized based on their potential impact on product quality. 

Types of Changes: 

Minor Changes (Type IA/IB) 

Minor changes are those that have a minimal or negligible impact on the quality, safety, or efficacy of the 

pharmaceutical product. These changes are generally low-risk and do not significantly alter the product’s 

characteristics or performance. 

 Type IA variations are very minor changes that can be implemented immediately, 

with post-implementation notification to the regulatory authority.

 Type IB variations are slightly more significant but still low-risk, requiring short-

term notification before or soon after implementation.

Examples include minor equipment changes, small adjustments in manufacturing conditions, or 

administrative updates. These changes are managed efficiently to avoid unnecessary regulatory delays while 

maintaining product quality [47]. 

 

Major Changes (Type II) 

Major changes are those that may have a significant impact on product quality, safety, or efficacy, and 

therefore require thorough evaluation. These changes cannot be implemented without prior approval from 

regulatory authorities. 

Type II variations involve substantial modifications such as: 

 Changes in manufacturing process

 Alteration of raw material sources

 Modification of formulation or dosage form
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Such changes require comprehensive supporting data, including risk assessment, analytical validation, and 

stability studies. In the context of nitrosamine risk, major changes are critical because they can introduce or 

increase impurity levels if not properly controlled [47]. 

 

Fig. No. 40 – Post-Approval Changes 

 

 

Change Classification Overview 
 

 

Fig. No. 41 – Energy Profile Data 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882 

IJCRT21X0411 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org x361 
 

7.2 Types of Changes Affecting Nitrosamine Risk 

Certain changes are more likely to influence nitrosamine formation: 

Manufacturing Process Changes 

 Modification of synthesis route

 Change in reaction conditions

Raw Material Changes 

 Introduction of new suppliers

 Presence of nitrite impurities

Solvent/Reagent Changes 

 Use of amines or nitrosating agents

Packaging Changes 

 Interaction with packaging materials

Site Transfer 

 Change in manufacturing location

 

 

7.3 Impact of Post-Approval Changes on Nitrosamine Formation 

 

 

Post-approval changes may lead to: 

 Formation of new nitrosamines

 Increase in impurity levels

 Changes in degradation pathways
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Change vs Risk Relationship 
 

Fig. No. 42 – Change Control Management 

Concept: 

“Even minor changes can result in significant changes in impurity profile if not properly assessed.” 

 

 

7.4 Regulatory Requirements for Change Management 

Global regulatory authorities require: 

Risk Assessment 

 Evaluate impact of change on nitrosamine formation

Confirmatory Testing 

 Analytical testing if risk is identified

Regulatory Submission 

 Submission of variation dossier

Stability Studies 
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 Assessment of long-term impact

 

 

Authorities: 

 European Medicines Agency

 U.S. Food and Drug Administration

 World Health Organization

 

 

7.5 Stepwise Change Management Process 

 

 

Change Control Workflow 
 

 

 

 

 

Fig. No. 43 – Redundancies in the postapproval change management process contribute to delayed 

approval. 
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Fig. No. 44 – Regulatory & Company Level Process 

 

 

Step 1: Change Identification 

 Define nature and scope of change

 

 

Step 2: Impact Assessment 

 Evaluate effect on:

o Quality 

o Safety 

o Nitrosamine risk 
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Step 3: Risk Assessment 

 Apply principles of QRM (ICH Q9)

 Categorize risk level

 

Step 4: Analytical Evaluation 

 Conduct testing if required

 

Step 5: Implementation 

 Apply change with controls

 

Step 6: Regulatory Submission 

 Submit variation dossier

 

 

Step 7: Post-Implementation Monitoring 

 Ongoing surveillance [48].

 

 

7.6 Case-Based Explanation 

Case Study: Nitrosamine Formation Due to Process Change 
 

Fig. No. 45 - Process Change Due to Nitrosamine Formation 
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Scenario: 

 A pharmaceutical manufacturer modifies the synthesis process to improve yield

 Introduction of a new reagent containing amine functionality

 Presence of nitrite impurity leads to nitrosamine formation

 

 

Outcome: 

 Detection of nitrosamine impurity

 Product recall

 Regulatory investigation

 

 

Lessons Learned: 

 Importance of pre-change risk assessment

 Need for control of nitrite sources

 Requirement for analytical confirmation

 

 

7.7 Regulatory Comparison 
 

 

Aspect EMA FDA WHO 

Risk Assessment Mandatory Mandatory Recommended 

Testing Required if risk identified Required Recommended 

Submission Variation filing Supplement submission Case-based 

Lifecycle Monitoring Strong emphasis Strong emphasis Moderate 

Table No. 05 – Optimization Regulatory Aspects 
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7.8 Change Control Strategy for Nitrosamine Risk Preventive Approach: 

 Avoid nitrosating agents

 Use high-purity raw materials

Control Measures: 

 Process optimization

 Nitrite level control

 Packaging evaluation

Monitoring: 

 Periodic testing

 Stability studies

 

 

7.9 Lifecycle Management 

Change management is part of continuous lifecycle management. 

elements: 

 Ongoing monitoring

 Periodic reassessment

 Regulatory compliance

 

 

7.10 Challenges in Post-Approval Change Management 

 Predicting nitrosamine formation

 Analytical limitations

 Regulatory differences across regions

 Managing multiple changes simultaneously
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Fig. No. 46 – Change Control Workflow[47]. 
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CHAPTER 8 DISCUSSION 
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Nitrosamine impurities have emerged as one of the most significant pharmaceutical quality concerns in 

recent years due to their genotoxic and carcinogenic potential. The discovery of nitrosamine contamination 

in several marketed medicines, particularly sartans, ranitidine, and metformin products, led to a global 

regulatory response and highlighted the importance of robust impurity control throughout the 

pharmaceutical product lifecycle. The present study on “Regulatory Management of Nitrosamine Risk 

Assessment During Post-Approval Changes” demonstrates that effective management of nitrosamine 

risks requires a combination of scientific evaluation, regulatory oversight, quality risk management, and 

lifecycle monitoring. 

The review of regulatory frameworks indicates that major authorities such as the U.S. Food and Drug 

Administration, European Medicines Agency, World Health Organization, and International Council for 

Harmonisation have adopted a risk-based approach toward nitrosamine control. Although differences exist 

in implementation strategies, all regulatory systems emphasize risk identification, confirmatory testing, 

mitigation measures, and continuous monitoring. The harmonized principles provided by ICH have served 

as the foundation for global regulatory expectations, particularly through ICH M7(R2), ICH Q9, and ICH 

Q10 guidelines. 

One of the major findings of this study is the critical role of post-approval changes in the formation and 

introduction of nitrosamine impurities. Changes in manufacturing processes, raw material suppliers, 

synthetic routes, solvents, reagents, catalysts, packaging materials, or storage conditions can significantly 

alter the risk profile of a pharmaceutical product. Several reported cases have demonstrated that process 

modifications introduced after product approval were directly associated with nitrosamine formation. 

Therefore, post-approval changes should not be considered routine administrative activities but rather 

scientifically significant modifications requiring comprehensive risk assessment and regulatory evaluation. 

The risk assessment process discussed in this study highlights the importance of a systematic and structured 

approach. Effective nitrosamine risk assessment involves identifying potential sources of nitrosating agents, 

evaluating the presence of amines and nitrites, assessing manufacturing conditions, and determining the 

likelihood of impurity formation. The application of Quality Risk Management principles as outlined in ICH 

Q9 enables manufacturers to prioritize risks and implement appropriate control measures. This proactive 

approach minimizes the possibility of nitrosamine contamination before it reaches the market. 

Analytical testing was found to be a crucial component of nitrosamine risk management. Regulatory 

agencies require confirmatory testing whenever a potential risk is identified. Advanced analytical techniques 

such as LC-MS/MS, GC-MS, and high-resolution mass spectrometry provide the sensitivity necessary to 

detect nitrosamines at trace levels. The ability to quantify impurities in the nanogram-per-day range supports 

accurate risk evaluation and regulatory decision-making. The analytical case studies reviewed in this work 

demonstrate that validated methods are essential 
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for confirming impurity presence, establishing compliance with acceptable intake limits, and ensuring 

patient safety. 

The concept of acceptable intake limits plays a vital role in regulatory management. These limits are 

established based on toxicological and carcinogenicity data and provide a scientific basis for evaluating 

patient exposure. The study revealed that highly potent nitrosamines require stricter limits, whereas 

compounds with lower carcinogenic potential may have relatively higher permissible exposure levels. This 

risk-based approach allows regulators to balance patient safety with the continued availability of essential 

medicines. 

The comparative evaluation of global regulatory frameworks demonstrates both convergence and 

divergence among regulatory agencies. The FDA is characterized by stringent enforcement and rapid 

regulatory action, while the EMA follows a structured lifecycle approach supported by a formal variation 

system. WHO guidelines provide broader recommendations that assist countries with developing regulatory 

infrastructures. Despite these differences, all authorities share common objectives centered on patient safety, 

scientific justification, and continuous quality improvement. 

Risk mitigation strategies were also identified as a critical element of regulatory compliance. Control 

measures such as process optimization, reduction of nitrite sources, selection of suitable raw materials, 

solvent control, packaging evaluation, and enhanced analytical monitoring have been shown to effectively 

reduce nitrosamine formation. Successful implementation of these strategies requires collaboration among 

regulatory affairs, quality assurance, manufacturing, analytical development, and toxicology teams. 

The findings further indicate that the pharmaceutical industry faces several challenges in nitrosamine 

management. These include limited toxicological data for newly identified nitrosamines, analytical 

complexity, evolving regulatory expectations, and the need for global harmonization. The emergence of 

Nitrosamine Drug Substance-Related Impurities (NDSRIs) has added another layer of complexity, requiring 

more advanced scientific assessment and regulatory guidance. 

Overall, the discussion highlights that regulatory management of nitrosamine risk during post-approval 

changes is a dynamic and multidisciplinary process. Successful implementation depends on robust risk 

assessment, validated analytical methods, effective change management systems, and adherence to evolving 

regulatory requirements. Continuous improvement and proactive lifecycle management are essential for 

maintaining product quality, regulatory compliance, and patient safety. 
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Nitrosamine impurities have become a major concern in the pharmaceutical industry due to their genotoxic 

and carcinogenic nature, making their control a critical regulatory requirement. The global nitrosamine 

crisis highlighted the potential impact of manufacturing processes, raw materials, storage conditions, and 

post-approval changes on the formation of these impurities. As a result, regulatory authorities worldwide 

have established comprehensive frameworks to ensure the effective identification, assessment, control, and 

monitoring of nitrosamine risks throughout the product lifecycle. 

The present study on “Regulatory Management of Nitrosamine Risk Assessment During Post-

Approval Changes” demonstrates that post-approval changes represent one of the most significant sources 

of nitrosamine risk in pharmaceutical products. Modifications in manufacturing processes, suppliers, raw 

materials, packaging systems, analytical methods, and storage conditions can alter product characteristics 

and create conditions favorable for 

nitrosamine formation. Therefore, every post-approval change should be supported by a thorough scientific 

evaluation and risk assessment before implementation. 

The study revealed that regulatory agencies such as the U.S. Food and Drug Administration, European 

Medicines Agency, World Health Organization, and International Council for Harmonisation have adopted 

risk-based approaches for nitrosamine management. Although differences exist in regulatory procedures and 

reporting requirements, all authorities emphasize patient safety, scientific justification, quality risk 

management, and lifecycle monitoring. The harmonized principles established through ICH guidelines have 

significantly contributed to global consistency in nitrosamine control strategies. 

Risk assessment was identified as the cornerstone of nitrosamine management. Systematic evaluation of 

potential sources of nitrosating agents, amines, manufacturing conditions, and process changes enables early 

identification of risks before product quality is compromised. Furthermore, confirmatory testing using 

highly sensitive analytical techniques such as LC–MS/MS and GC–MS plays a vital role in verifying the 

presence of nitrosamines and ensuring compliance with acceptable intake limits. These analytical methods 

provide the sensitivity and reliability necessary for trace-level impurity detection and regulatory decision-

making. 

The study also highlights the importance of implementing effective risk mitigation measures, including 

process optimization, control of nitrite-containing materials, supplier qualification, packaging evaluation, 

and continuous quality monitoring. Such strategies help minimize nitrosamine formation and maintain 

compliance with evolving regulatory expectations. In addition, the lifecycle management approach adopted 

by regulatory authorities ensures that nitrosamine risks are continuously monitored from product 

development through post-marketing surveillance. 
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Overall, the findings of this study confirm that successful regulatory management of nitrosamine risk during 

post-approval changes requires a multidisciplinary approach involving regulatory affairs, quality assurance, 

manufacturing, analytical development, and toxicological evaluation. Continuous risk assessment, robust 

change management systems, validated analytical methods, and adherence to international regulatory 

guidelines are essential for maintaining product quality and protecting public health. 

In conclusion, effective regulatory management of nitrosamine risk assessment during post-approval 

changes is fundamental to ensuring the safety, quality, and efficacy of pharmaceutical products. A proactive, 

science-based, and lifecycle-oriented approach will remain essential for addressing current challenges and 

future regulatory expectations related to nitrosamine impurities. 
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CHAPTER 10 

FUTURE PERSPECTIVES 
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The management of nitrosamine impurities is no longer limited to regulatory compliance alone but has 

become an integral component of modern pharmaceutical quality systems. Continuous vigilance, scientific 

innovation, and effective regulatory oversight are essential to ensure patient safety and maintain confidence 

in pharmaceutical products worldwide. The management of nitrosamine impurities future perspectives are 

as follows : 

 

 

1) Development of more sensitive and rapid analytical methods for nitrosamine detection. 

 

2) Increased global harmonization of nitrosamine regulations and acceptable intake limits. 

 

3) Greater application of predictive risk assessment and computational toxicology tools. 

 

4) Enhanced control strategies for Nitrosamine Drug Substance-Related Impurities 

(NDSRIs). 

 

5) Strengthening of lifecycle management and post-marketing surveillance programs. 

 

6) Adoption of advanced manufacturing technologies to minimize impurity formation. 

 

7) Improved international collaboration among regulatory authorities and pharmaceutical 

manufacturers. 
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