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Revisiting the Landscape of Potential Small and Drug Substance Related Nitrosamines in

Pharmaceuticals

Michael Burns (Principal Scientist, Lhasa Limited)

With the emergence of NDSRIs as a cause for concern in pharmaceuticals, the scale of the problem for drug
manufacturers was previously explored in silico and highlighted the potential risks associated with up to 43% of
known APIs. Subsequently in June 2023 regulatory authorities released a new approach, namely the
Carcinogenicity Potency Categorization Approach (CPCA), which had the potential to drastically alter the
landscape for NDSRIs. Utilising the methodology previously used to explore the risk, the data has been revisited to
understand how big an effect the CPCA has had on the control of NDSRIs. The results indicate that 2/3 of
Nitrosamines derived from secondary amines within APIs belong to either class 4 or 5 from CPCA, and would
therefore be controlled to the standard 1.5 pg/day TTC limit associated with other mutagens. In addition, tertiary
amines provide a disproportionate source of class 1 and 2 Nitrosamines, but following an analysis based on
learnings from recent experimental work, this risk is likely only applicable to ~18% of tertiary amines. This work
demonstrated the significant steps forward the CPCA approach has provided to addressing nitrosamine risks within

pharmaceuticals, but also identified a number of remaining challenges.
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NDMA and Beyond: Factors Affecting the Risk of Nitrosamine Formation in
Solid Dosage Products

Ian W Ashworth
[a] Chemical Development, Pharmaceutical Technology& Development, Operations, AstraZeneca, Macclesfield,
United Kingdom

lan.ashworth@astrazeneca.com

The unexpected finding of nitroso dimethylamine NDMA in valsartan drug substance in 2018 and the subsequent
findings of nitrosamines in additional drug products led regulatory agencies to call for pharmaceutical companies to
review their products to determine the risk of nitrosamine contamination.[1] After an initial focus on drug substance
synthesis, where obvious risks exist, it was found that traces of nitrite present in excipients could react with secondary
amines present in solid drug products to form nitrosamines.[2,3] Given that many drug substances are secondary
amines or contain secondary amines as specified or trace impurities many drug products could potentially contain
nitrosamines. The environment within a drug product, method of drug product processing and storage conditions are
all factors that may influence the formation of nitrosamines within in a product over its shelflife.

A predictive model based on the published solution phase kinetics of amine nitrosation has been developed and
validated.[4,5] The use of some conservative assumptions makes it possible to extend this model to consider the
nitrosation of an amine occurring within a solid drug product. Limited validation of this approach has been carried

out, which suggests that it may have some utility within the context of conducting a nitrosamine risk assessment.
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Finally, the complex structures of many active pharmaceutical ingredients means that it is not always clear where
reaction with nitrous acid will occur and if the product will be stable. Nitrosation experiments[6] may be used to
investigate if an API will undergo nitrosation and where reaction will occur. Such experiments may also help to

identify if a tertiary amine containing API is at risk of forming a nitrosamine upon exposure to trace nitrite.[7]
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Ian W Ashworth
[a] Chemical Development, Pharmaceutical Technology& Development, Operations, AstraZeneca, Macclesfield,
United Kingdom

lan.ashworth@astrazeneca.com
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Management of Nitrosamine impurities in the EU

Robert Bream (European Medicines Agency (EMA))

The presentation will cover the latest regulatory policies as a result of progress on the scientific understanding of
nitrosamines. This will include recent developments in understanding of root causes for nitrosamine formation in
finished products, as well as approaches for setting Acceptable Intakes based on an understanding of the impact of

structural features.
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Inhibition of nitrosamine formation by formulation

David Keire (Food and Drug Administration (FDA))

Formulation studies performed in US FDA CDER OPQ laboratories show that the inhibition potency of
antioxidants vary depending on the drug product studied. In this presentation, data obtained on formulation studies
with bumetanide or metformin activated pharmaceutical ingredients (APIs) will be presented. For these APIs,
different amounts of the antioxidants, ascorbic acid, ferulic acid or caffeic acid were added or pH modifiers were
used. For bumetanide formulations, ascorbic acid or pH adjustment with bicarbonate were the most effective
inhibitors of nitroso-bumetanide formation. For metformin formulations, ferulic acid at 0.1% concentration or pH
adjustment with bicarbonate were the most effective inhibitors of N-nitroso dimethylamine (NDMA). All tested
antioxidants showed complete mitigation of NMDA formation at 0.5% and 1% levels. Overall, each API, drug
manufacturing process and drug product has unique properties that require different strategies to mitigate the

presence of nitrosamines to acceptable amounts.
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Setting Limits for NDSRIs

Raphael Nudelman (Teva)

The landscape of N-nitrosamines is constantly changing. Setting acceptable intake (Al) limits for Nitrosamine Drug
Substance Related Impurities (NDSRIs) has also undergone extensive changes, primarily based on understanding
the mechanism of action of this class of nitrosamines and the constant emergence of new toxicological data.
Originally all nitrosamines needed to be controlled to the lowest defaults limits that were based on the available
carcinogenicity data at the time, and eventually, after understanding that NDSRIs are in a different chemical space
than the small dialkyl-nitrosamines and that SAR has a major effect on the mutagenic potential and potency, new
paradigms were developed including the Carcinogenicity Potency Categorization Approach (CPCA) and the
enhanced Ames test (EAT). Further investigations that are still ongoing are assisting in updating these paradigms as
well as introducing new methods to set Als for NDSRIs. This presentation will focus on the investigations that

brought us to the position we are currently at, and on future expectations.
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