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The chemical synthesis and supply of a drug substance is a time critical step in
the process of defining and selecting a lead drug candidate for progress into a
toxicology program and subsequently into first-in-human clinical trials. The
presence of impurities can hinder toxicology results and delay entry into the
clinic therefore it is important to identify and mitigate this risk. There are
multiple potential causes of the formation or introduction of impurities
regardless of the synthesis route used, including the materials used, the
process conditions, potential cross-contamination, etc., and these can lead to
several types of impurities (see table 1).

Organic impurities Inorganic impurities Residual solvents

- Starting materials - Elemental impurities like heavy | -  Class 1 solvents: solvents

- Byproducts metals or other residual metals to be avoided

- Intermediates - Inorganic salts - Class 2 solvents: solvents

- Degradation products - Other materials (e.g., filter to be limited

- Reagents, ligands, and catalysts aids, charcoal) - Class 3 solvents: solvents
with low toxic potential

The case of N-nitrosamine impurities

Therecent recalls of sartans and other medicinal products due to the presence
of N-nitrosamine impurities, increased the awareness of the impact of material
selection, process changes, and cross-contamination, as well as the limitations
of the existing analytical methods used. Many N-nitrosamines are known to be
carcinogenictoanimalsandarereasonablyanticipatedtobehumancarcinogens.

N-nitrosamines can be formed by a nitrosating reaction between an amine
(secondary, tertiary, or quaternary amines) and a nitrosating agent (e.qg., nitrite
salts) under acidic reaction conditions. Nitrosating reactions can potentially
occur during production under certain conditions and when nitrogen-
containing solvents, reagents, and other raw materials are used. In addition
impurities can be carried over during the manufacturing process when using
already contaminated equipment or reagents. In cases where N-nitrosamines
can form or are carried over during production, the impurities should be
controlled and removed during the manufacturing process.

Reqgulatory requirements and documentation

Since this discovery of N-nitrosamines in pharmaceuticals, regulatory
authorities in Europe and the U.S. have undertaken numerous activities to
assess the extent, understand the root cause, establish expert working groups,
and develop appropriate N-nitrosamine impurity guidelines.



Figure 1:
N-nitrosamine investigation
Step-by-step plan, Step 1
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One of the essential parts of Health Authority requlations is a risk assessment
of the chemical synthesis. Based on a solid understanding of the root causes
of formation of N-nitrosamines and relevant experience in chemical synthesis,
the occurrence of N-nitrosamines in the drug substance can be avoided and/
or controlled sufficiently. Ardena ensures compliance with these guidelines
through coordinated action among its Centers of Excellence. The Ardena
Dossier Development team has a critical role to play in all this and has written
over 100 nitrosamine risk assessment reports for multiple customers.

These risk assessments consist of 3 steps.

The first step is to perform a comprehensive risk evaluation to identify if there
is arisk of N-nitrosamines being present in the APl and/or finished product. As
illustrated in Figure 1, both the potential formation of N-nitrosamines and the
cross-contamination risk are scrutinized.
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The presence of amines and nitrosatingagentsin combination with the reaction
conditions and potential inducers or inhibitors of nitrosamine formation are
examined. Potential cross-contamination is evaluated by looking at recycled
materials, multipurpose equipment, packaging, etc.

As illustrated in figure 2, if a risk is identified, confirmatory analytical testing
(i.e., Step 2) is required in order to confirm or refute the presence of
nitrosamines. If the presence of nitrosamines is confirmed, effective risk
mitigating measures should be implemented (i.e., Step 3).

Figure 2:
N-nitrosamine investigation
Step-by-step plan, Step 2 & 3
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Proactive risk mitigation - Case study

N-nitrosamine risk assessments are not only required for commercial
products. The EMA also requires a nitrosamine risk assessment for
investigational medicinal products (IMPs) which should be included inthe IMPD.

The importance of assessing potential N-nitrosamine contamination early in
development can be illustrated by a typical customer request that Ardena
addressed successfully In a drug substance synthesis project, one of the raw
materials was a piperidine derivative. The manufacturer of this raw material
indicated that during the synthesis piperidine-like structure secondary and/
or tertiary amines were used in the same and subsequent steps as nitrosating
agents. As the raw material was introduced in one of the final steps of the
drug substance synthesis, it could not be excluded that N-nitrosamines would
be present in the eventual drug substance. In addition, theoretical purging
calculations did not conclude that the potential nitrosamines were sufficiently
purged. As a proactive mitigation plan in order to avoid analytical testing (i.e,,
Step 2 in Figure 2), the synthesis route was modified with the introduction of
the piperidine derivative at the start of the synthesis as well as the addition of
an extra crystallization step in the end.

By monitoring this potential nitrosamine formation early in development, we
were able to react quickly and immediately choose the most suitable synthesis
route for further development, without the risk of having to change the
synthesis later in development.

To ensure the rapid initiation of toxicology studies and entry into the clinical
phase, itis not sufficient to rely only on controlling the impurities below phase-
appropriate specification limits. The synthesis of the drug substance must
also be well understood, controlled, and accompanied by phase-appropriate
analytical methods. To meet the reqgulatory requirements comprehensive
documentation is essential as well as confidence in the scalability of the
chemical synthesis to support the later clinical phases and commercialization.
More information about this in our previous whitepaper ‘Phase-appropriate
analytical method development’. To avoid undesirable and unexpected
impurities during later phases, these should be considered during synthesis,
analytical method development, and requlatory documentation.

The relevant CMC documentation and if necessary direct support in FDA,
pre-IND, or EMA scientific advice meetings is provided by Ardena’s requlatory
experts. More information about this in our previous whitepaper ‘Leverage the
power of CMC in early drug development’.



Table 2: Some specific

N-nitrosamines and their
acceptable daily intake (ADI)
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N-nitrosamines — Acceptable limits in medicinal products

A specific challenge of N-nitrosamine impurities is their very low acceptable
levels, as defined by their acceptable daily intake (ADI; Table 2). Consequently
they depend on the targeted daily clinical dose which can quickly exceed the
ADI.
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An integrated approach to manage N-nitrosamine
impurities in clinical drug supplies

As illustrated above, by carrying out a risk assessment before deciding on the
synthesis route of a new drug substance Ardena ensures that impurities are
reduced to a minimum and that a targeted analysis is carried out regarding
the possible impurities. This risk assessment is later formalized to support the
regulatory documentation according to the ICH Q11 quideline.

By their nature N-nitrosamines are impurities that occur in the ppm range and
canbe presentin various analytical artifacts. In addition to the requlatory need
to determine the presence of N-nitrosamines in marketed pharmaceutical
products, there is a demand for appropriately sensitive and specific analytical
methods. The challenge is that the methods must be developed and qualified
specifically for each drug substance and/or drug product. Analytical method
development includes appropriate sample preparation, separation, and
detection of individual N-nitrosamines. In the case of N-nitrosamines, thermal
and pH stability must be taken into account during sample preparation. Due
to the extremely low concentration of the N-nitrosamine impurities extraction
methods are also usually used, mostly solid phase extraction (SPE), liquid-
liquid extraction (LLC), or direct liquid extraction (DLE). The resulting sample is
then further separated by gas chromatography (GC) or liquid chromatography
(LC) and the individual N-nitrosamine artifacts determined.
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The limit of quantification (LoQ) plays an important role as it provides the
minimum level at which an analyte can be quantified with acceptable accuracy,
and it should be used for N-nitrosamine testing and decision-making

To cover the full range of possible N-nitrosamines, Ardena develops a product-
specific approach from one or several analytical methods that provide the
highest possible resolution while being cost- and time-efficient.

Conclusion

Ardena’s integrated science-driven and concerted approach in drug substance
synthesis, analytical method development, and regulatory documentation
assures compliance with the latest N-nitrosamine impurity guidance and
requirements.
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