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Disclaimer

This presentation reflects the views of the author and 
should not be construed to represent FDA’s views or policies.​
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Introduction

• The presence of nitrosamines (NAs) in drugs continues to present  
challenges and impacts drug supply  

• Today’s session will address two areas of nitrosamine risk assessment:
1. Safety assessment of nitrosamines: small molecule nitrosamines (e.g., NDMA) 

and complex nitrosamines (e.g., NDSRIs)
Challenge: Carcinogenicity data are limited to small molecule nitrosamines 
so alternate methods are needed to assess risk of NDSRIs

2. Nitrosamine formation during manufacturing and in drug product formulations
Challenge: Nitrosamine formation may occur at multiple steps, making root 
cause determinations and mitigation efforts complex
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Safety Assessment of Nitrosamines
• FDA recommends a step-wise approach to determine Acceptable Intakes 

(AI) for nitrosamines.  This is the product of research and collaboration
1. Carcinogenicity Potency Categorization Approach (CPCA) – AI determined based on 

chemical structure without additional data
2. In vitro characterization – Enhanced Ames Assay, in vitro mammalian assay and 

metabolism assessment to obtain up to 1500 ng/day
3. In vivo mutagenicity assay – To qualify levels above 1500 ng/day
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CPCA and Adjustments to AIs 
• Exploring enhancements to CPCA through collaboration

– Refinement of CPCA Category AIs based on new and existing data
– Inclusion of new activating and deactivating features for 

CPCA scoring, including consideration of molecular weight

• Significant ongoing efforts through HESI to advance Structure 
Activity Relationship (SAR) research to inform CPCA changes 
using quantum mechanics (QM)-based methods 

• Challenges remain:
– Access to computational resources and expertise to use them
– Lack of new carcinogenicity data to validate QM/(Q)SAR methods 

and expand SAR knowledge of complex nitrosamines
• Advancing alternative testing methods to assess carcinogenic potency will 

expand SAR knowledge and inform CPCA updates 

– Knowledge gaps in how competing metabolic pathways in complex 
nitrosamines impact carcinogenic potency

Potency 
Category

Recommended 
AI (ng/day)

1 26.5

2 100

3 400

4 1500

5 1500
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Less Than Lifetime (LTL)
• Challenge: Is the ICH M7 LTL framework adequately protective 

for nitrosamines?
– Carcinogenicity data cancer potency is a function 

of the lifetime cumulative dose (LCD) vs daily dose

• Regulatory concerns/data gaps: 
– Is the ICH M7 LTL framework adequately protective for nitrosamines?

• Potential to overwhelm DNA repair with high daily exposures  
• Potential for polypharmacy to result in exposure to multiple NAs
• Findings that some NAs have been found to induce tumors in rodents following a single or few 

exposures

• Continued research and data analyses focused on addressing data gaps 
for nitrosamines and non-nitrosamines are ongoing
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In Vitro Mutagenicity Assessment
Ongoing research and opportunities

• Refinement of in vitro assays for mutagenicity assessment
– Enhanced Ames Assay conditions and positive controls
– In vitro mammalian assays and utility of a battery of studies
– Mechanistic studies on metabolism of NDSRIs

• Challenge: in vitro data is positive or negative, but does not define 
carcinogenic potency
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In Vivo Mutagenicity Assessment

• Leveraging in vivo mutation assay results for quantitative assessment
– Transgenic rodent (TGR) assay is used for hazard ID
– Studies underway to determine whether output from this assay can be used to assess potency 

across chemical classes, including nitrosamines
– Study design elements are critical to support quantitative assessment

• Ongoing work:
– Correlate mutation response to carcinogenic potency using Benchmark Dose (BMD) analysis
– Assess utility of error-corrected Next Generation Sequencing (ecNGS) in quantifying mutation 

response, compared to established traditional tissue evaluation
– Standardize TGR study design elements for nitrosamines 
– Standardize and validate models for ecNGS
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Nitrosamine Formation and Mitigation
• Nitrosamines may form at various stages in drug manufacturing or during shelf-life 

In Active Pharmaceutical Ingredients (APIs) 
• E.g., Contaminated raw materials or recovered solvents

In Drug Products
• Nitrite impurities in excipients reacting with APIs containing amine groups
• Container closure systems and manufacturing processes

• Opportunity: Continued research on root cause and mitigation strategies
• Addition of anti-oxidants (e.g., ascorbic acid, α-tocopherol, cysteine HCl) can mitigate formation of some 

NDSRIs 
• Modification of pH to neutral or basic using excipients like sodium carbonate
• Processes and container closures that minimize nitrosamine formation
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Conclusion
• Nitrosamines continue to present challenges, but research and 

collaboration resulted in substantial progress
• Continued collaboration and research efforts are vital to progress

– Safety assessment: CPCA enhancement and maximizing value of in vitro 
and in vivo assays for hazard and risk assessment approaches

– Nitrosamine formation:  Progress has been made via research on the 
effects of antioxidants, pH control, and management of heat and 
moisture throughout manufacturing process

– Continued efforts are needed to understand how manufacturing 
process and container closures contribute to nitrosamine formation
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