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Introduction
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Wichitnithad et al., 2023 https://doi.org/10.1016/j.jsps.2022.12.010

Vulnerable Amines Nitrosating agents Conditions

Raw materials/Solvents/Reagents (e.g. DMF, TEA, etc.) Raw materials Manufacturing steps (wet process, micronization, etc.)

Drug substance (+ related impurities) (“NDSRIs”) Water Manufacturing conditions (temperature, duration, etc.)

Excipients (e.g. meglumine) Excipients Formulation (pH, moisture)

Packaging material (Leachables) Air (NOx) Stability

Water (water purification)

SOURCES

Multiple contributing sources and multiple contributing conditions might be present 
=> Potentially requiring control/remediation on multiple levels to ensure acceptable/effective outcome   

Grahek et al., 2026 https://doi.org/10.1016/j.xphs.2026.104296



Control challenges, risks and costs
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Control challenges
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• Drug Substance is Secondary Amine

• Drug Substance impurity Secondary Amine

• Carry-over/recycling reagents/solvents

• Nitrosating agents in Drug Substance

• No control of vulnerable amine possible 
⇒ Remediation based on nitrosating agents/conditions required

• Control at levels below Q3A, if possible1 
⇒ Additional purification, in process controls, etc.

⇒ Drug Substance manufacturer support depending & potential 
increase in costs

• Control at levels below Q3C2 
⇒ Additional purification, in process controls, etc.: 

⇒ Drug Substance manufacturer support depending & potential 
increase in costs

• Control in DS, if possible 
⇒ Additional purification, in process controls, etc.: 

⇒ Drug Substance manufacturer support depending & potential 
increase in costs

Drug Substance

Rootcause Challenge (Nitrosamine Formation in drug product)

1. Yu et al., 2026 -  https://doi.org/10.1016/j.xphs.2026.104337
2. Ritzler et al., 2026 - https://doi.org/10.1021/acssuschemeng.6c02602
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Control challenges
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• Nitrosating agents in Excipients

• Excipient is secondary amine

• Excipient contains secondary amines

• Control in Excipient, if possible (risk can be inherent to 
manufacturing process)1 

⇒ additional purification, in process controls, etc.

⇒ Excipient manufacturer support depending & potential increase in 
costs

• No control of vulnerable amine possible 
⇒ Remediation based on nitrosating agents/conditions required

⇒ Change excipient => impact on formulation (Q1/Q2?, still BE)?

• Control at levels as low as possible
⇒ additional purification, in process controls, etc.

⇒ Excipient manufacturer support depending & potential increase in 
costs

Excipients 

Rootcause Challenge (Nitrosamine Formation in drug product)

1. Boetzel et al., 2023 -  https://doi.org/10.1016/j.xphs.2022.04.016

https://doi.org/10.1016/j.xphs.2022.04.016
https://doi.org/10.1016/j.xphs.2022.04.016
https://doi.org/10.1016/j.xphs.2022.04.016
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Control challenges
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• pH is acidic

• Wet process steps 

• Nitrosating agents

• Nox

• Packaging (leachables, Nitrocellulose, permeability)

• Modify pH 
⇒ Formulation change: impact on Q1/Q2? BE? Stability? Quality 

(impurity profile)?

• Change to dry process steps
⇒ BE? Stability? Quality (impurity profile)

⇒ Nitrosamines can also form in “dry” products

• Scavengers/Antioxidants
⇒ Formulation change: impact on Q1/Q2? BE? Stability? Quality 

(impurity profile)?

⇒ Not all scavengers work in each product (Trial & Error)1

• In-process controls (e.g. reduction drying time) / packaging / 
Air Filtration

⇒ Impact still not entirely clear1

⇒ Impact on BE? Stability? Quality (impurity profile)? Costs? 

• Change of Packaging material
⇒ Stability? Quality (impurity profile)? Costs? 

Manufacturing process & formulation & Packaging

Rootcause Challenge (Nitrosamine Formation in drug product)

1. Homšak et al., 2022 -  https://doi.org/10.3390/pr10112428
2. Grahek et al., 2026 - https://doi.org/10.1016/j.xphs.2026.104296 
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Case Studies
Case 1: Mitigation by 
implementing controls:
⇒ No composition change 
⇒ Implementation of multiple 

controls required.
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Rootcauses:
- Secondary Amine: Degradation Impurity of API
- Main Nitrite sources: MCC & API
- pH: ~5 
- AI: 100 ng/day

Remediation:
- Control Nitrite in MCC and API (< 50 ppb)
- Control Nitrosamine in API (< 10% of AI)
- Control Secondary amine in API (< Q3A reporting threshold)

Verification Remediation:
- Reaction-network kinetic modelling (Ordinary Differential 

Equations (ODEs))
- Testing of Lab/tech batches, at release and stability (longterm 

& accelerated)

=> Nitrosamine levels in FDF under control (NMT 30% of AI until 
end of Shelf-life)



Case Studies
Case 2: Mitigation by scavenger:
⇒ Composition change

⇒ Prolonged Release Formulation => No 
impact on Bioequivalence to be 
demonstrated => Uncertainty concerning 
regulatory acceptance (lack of proper 
guidance)

⇒ Although successful remediation, 
redevelopment project stopped due to 
costs and uncertainties regulatory 
requirements

Cracking the NDSRI Code9

Rootcauses:
- API has secondary Amine (AI: 400 ng/day)
- Main nitrosating agent sources: Excipient (uptake nitrite shown) & 

NOx (impact differences seen hourly, daily, seasonally)
- Impact Fluid bed process (wet mass/air exposure)
- High stability variability – up to 3x AI
Note:  pH: ~9

Remediation:
- Handling restrictions
- Scavanager

- Selection (FCT) - 0.25%: ascorbic acid, L-cysteine, propyl gallate
- Placement: intragranular sol., dry addition
- Solubility, Permeability/dissolution: no impact expected, based on 

L-cysteine properties & in vitro studies
Verification Remediation:
- In Vitro/In Vivo correlation / PBPK modeling (BE impac
- Testing of Lab/tech batches, at release and stability (accelerated)

=> Nitrosamine levels in FDF under control (NMT AI until end of Shelf-
life)



Lessons learned & Potential Gaps
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- One fits all solution does not exist & often multiple controls at multiple levels required.

⇒Therefore remediation is:
⇒not straight forward
⇒can impact drug product efficacy, quality and cost.
⇒ takes time (monitoring on stability, BE study, effectivity check)
⇒Risk for failure remains high

- Potentials Gaps:

 Limited guidance concerning BE (Limited to IR formulations) and deviating from Q1/Q2 
 Understanding of impact of NOx, pH, stability in Solids still limited
 Understanding of complex nitrosamine (NDSRI) formation kinetics is still limit => 

formation possible at “unfavourable” conditions => almost always testing needed to 
understand levels of which can be formed.

 Lack of guidance concerning need for control of vulnerable impurities below Q3A/B 
thresholds 

 Nitrite in raw materials (other than excipients)
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